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Figure 1- Interaction of planting pattern and sowing date on grain yield
The columns having at least one common letter are not significant differences on the level of five percent by Duncan test.
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Figure 2- Interaction of planting pattern and nitrogen fertilizer on grain yield
The columns having at least one common letter are not significant differences on the level of five percent by Duncan test.
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Table 1- Mean sguar es from analysis of variance yield and component yield, leaf and flower rutin
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Ns, *, **. Non significant, significant at level of p<0.05, 0.01, respectively
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Table 2- Mean comparison of yield and component yield, leaf and flower rutin
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(kg ha®) 9 9t{9 Number of ear per plant ~ Total namber of per cent per cent
seed per plant
(P) cuis il
P, 2021.91a 27.50a 20.9%a 146.56b 0.47a 0.85a
P, 2127.88a 27.79a 21.33a 171.46a 0.47a 0.61b
(D) e &6
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D3 238la 28.93a 24.87a 277.20a 0.42d 0.77b
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(N) o595 358
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[\ 2181b 28.05a 22.90a 158.15¢ 0.48b 0.68c
(PXD) s g 5 x atS Ll
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P.D4 1655 h 25.70b 16.98c 80.30g 0.60b 0.69c
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P.D, 2398 b 27.86a 24.70a 134.34d 0.33d 0.91b
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(DXN) 5952 298 X 2t g0)b
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Means followed by the same | etter in each column are not significantly different (p=0.05)
» 45l 330 (Feng, 2003; Omidbaigi and Mastro, 2004) sl q, )u‘._: w35 o Halbrecq et al, (2005)
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Figure 3- Interaction of planting pattern and sowing date on leaf rutin
The columns having at least one common letter are not significant differences on the level of five percent by Duncan test.
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Figure 4- Interaction of planting pattern and nitrogen fertilizer on leaf rutin
The columns having at least one common letter are not significant differences on the level of five percent by Duncan test.
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Table 3- Mean comparison among all treatmentsinteraction for yield and component yield, leaf and flower rutin
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Figure 5- Interaction of planting pattern and sowing date on flower rutin
The columns having at least one common letter are not significant differences on the level of five percent by Duncan test.
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Figure 6- Interaction of planting pattern and nitrogen fertilizer on flower rutin
The columns having at least one common letter are not significant differences on the level of five percent by Duncan test.
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Introduction

Buckwheat which has been scientifically named Fagopyrum esculentum can be considered as a yearling
broad-leaved plant belonging to the family of Polygonaceae which is known as false Cereal. Its seeds are in use
as a nutritional and medicina product that is due to the rutin content of them. As the population is rapidly
increasing worldwide, a solution must be found to supply necessary food. What agriculture science is responsible
for is to produce more products with better quality in order to meet this increasing population’s needs so that
food poverty and starvation are more likely to be removed and keep food safety. Considering the fact that
buckwheat is of a variety of medical, industrial and food applications and in our country and some other ones, it
has not been seriously cultivated, this plant must be used as a new plant and it should be extensively applied in
multiple planting systems (summer planting) for commercial goals through producing seeds while its nutritional
value is more than grain and it can be regarded as a rich source of high quality protein, amino acid necessary for
lysing, high starch percent, minerals and vitamins for different applications involving cake flour, frumenty and
soup and improving the optimal rate of rutin as a secondary metabolite having effective medical features
concerning our country’s climatic conditions.

Materialsand M ethods

In order to investigate the effects of sowing date, planting patterns and nitrogen on leaf and flower rutin,
yield and yield component of Buckwheat plant, a field study was conducted during 2010 and 2011 in
Agricultural Research Institute of Arak, Iran. The experimental design was regarded as the randomized complete
block design in the form of split plot factorial with three replications. Planting treatments as the fundamental
elements may be implemented at two levels including the mounds with the width of 50 cm associated with two
planting rows regarding the distance intervals of 20 cm (P;) and those with the width of 60 cm aong with three
planting rows which are of the distance intervals of 15 cm (P,). Sowing date and nitrogen treatments were
considered as the minor elements are likely to be studied at four levels of dates and weights involving 20" June
(Dy), 5" July (D), 20" July (Ds) and 5" August (D4) and 0 (Ny), 50 (N,), 100 (N3) and 150 kg ha’ (N,),
respectively. With respect to the fixed density of 100 plants per square meter, the distances between the planting
lines were specified as four and five cm for treatments of P; and P,, respectively. Dimensions of each plot for the
planting patterns of P; and P, have been determined as 1.6x2 and 1.6x2.4 m consisting of four planting rows.

Results and Discussion
Results showed that the interaction effects of sowing datexplanting pattern x nitrogen were significant on
grainyield and 1000- grain weight (p<0.05). the number of seedsin plant, leaf and flower rutin percent also were
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significant (p<0.01). But, number of bunch in the plant were non significantly. Maximum grain yield with 2857
kgha', 1000- grain weight (29.28 g), and number of the seeds in the plant 434.1 was observed P,D;N; The
highest of number of bunch in the plant with 33.20 was produced P,D,N3;. Maximum leaf rutin percent with 1.01
was observed to P,D,N, treatment also highest flower rutin percent (1.36%) observed to P;D3N; treatment. The
lowest rates of grain yield as 1074 kg ha, 1000- grain weight as (23.96 g), number of bunch in the plant (11.72),
number of seeds (60.18), leaf rutin (0.14%) and flower rutin (0.30%) have been found for the treatments of
P1D3N;, P.D4N3, P,D4N,, P1D4No, P,DoNy, P,D3N,.

Conclusions

If application of this plant is just for grain consumption, the treatment P,D3sN3 to produce active substances as
a medicinal plant should be considered. For the extraction rutin leaves P,D4N, treatment and flower P;D3N3
treatment is suitable for extraction rutin.

Keywor ds: Flower rutin percent, 1000- grain weight, Leaf rutin percent, Planting row
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Figure 1- Relationship between %Ndff with grain yield (a), NO. spike m? (b), plant height (c) and grain
protein (d)
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Figure 2- Relationship between dry matter with nitrogen concentration in plant (a) and nitrogen rates with nitrogen stress index (NSI)
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Introduction

Nitrogen (N) is the most important input in many Iranian cropping systems and applying the optimal amount
of N in the right place at the right time is a significant challenge for wheat growers. Previous research results
indicated that nitrogen fertilization can increase the use of soil moisture, which lead to increase of wheat grain
yield in dryland area. Heat and drought stress are the most environmental factors that cause significant yield and
quality reduction of dryland wheat by disruption of plant metabolism. Although these stresses, in most cases, are
impossible to control, farmers can reduce their unfavorable effects by optimizing nitrogen fertilizer applications.
Nitrogen use efficiency in different wheat genotypes depends on plant characteristics such as root system
distribution, plant growth stages, plant nutrient requirements, soil moisture and temperature, soil nutrient content
and nutrient interactions, some of these factors can be improved by nitrogen fertilizer management. Recently, the
use of ®N in soil-plant systems is a great help to identify the actual uptake of nutrients from fertilizers. This
technique determine nitrogen rate and application times, >N derived from fertilizers , °N use efficiency, fate of N
residuals in soil profile and N accumulation and redistribution in plant organs exactly. In addition, many other
new indices have been identified with high sensitivity to changes nitrogen status in plant such as remote sensing
techniques. These indices are capable of higher accuracy and easy identification of nitrogen status in plant for
instance insufficient, sufficient and excessive conditions. The most important of these indicators can be cited
nitrogen stress index (NSI). There are high negative correlations between yield and grain components and are
also high significant positive correlations among nitrogen uptake, nitrogen status in plant and plant
relative chlorophyll meter (RCM). Therefore, nitrogen stress index (NSI) can identify the critical periods of
nitrogen stress in dryland wheat that provide reasonable recommendations for the lifting of nitrogen nutrition
restrictions.

Materials and Methods

To determine effect of rates and times of nitrogen applications on the production and nitrogen status of
dryland wheat, this study was conducted as split-split plot design based on randomized complete block design
with three replications as which >N application times (fall, 2/3 in fall and 1/3 in spring) were assigned to the
main plots and N rates were arranged to the sub plot (0, 30, 60 and 90 kg ha™*), and 7 wheat genotypes to the sub-
sub plots (Azar2, Ohadi, Rasad and 4 other genotypes as genotypel to genotype4) in three replications in
Dryland Agricultural Research Institute (DARI) during 2011-12 cropping seasons. In three elongation (ZGS32),
flowering (ZGS64) and maturity (ZGS87) stages, we determined wheat dry matter accumulation and nitrogen
concentration. Nitrogen stress index (NSI) was calculated by plant N concentration and dry matter using Data fit
9 software. Plant chlorophyll content also was measured in the three upper developed leaves randomly in each
plot by chlorophyll meter (SPAD-Hansatech, CI-01 model) in three mentioned steps. Total nitrogen and **N/*N
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isotopic ratio was determined in grain and straw by mass spectrometry method.

Results and Discussion

The results showed that nitrogen application time had no significant effect on yield and nitrogen uptake
parameters. But, nitrogen application significantly (P<0.01) increased dry matter (2052 kg ha®), grain yield
(1053 kg ha™), biological yield (3403 kg ha™), nitrogen uptake (21.8%), nitrogen uptake from fertilizer
(10.3%), ®N% in plant (1.75 atom percent), N derived from fertilizers (21.9%), nitrogen stress index (0.3)
and grain protein content (1.3) on average. Application of N60 was suitable rate to reduce nitrogen stress and
optimal production of dryland wheat genotypes. Azar2 was the most desirable genotype while genotypel and
genotype2 were inappropriate genotypes in this respect.

Conclusions
The nitrogen stress index (NSI)and ®N derived from fertilizers (%Ndff) were the best indices to
determine nitrogen status and nitrogen application times and rates for dryland wheat genotypes. The nitrogen
status in plant was an effective factor for increase of grain protein.

Keywords: Grain yield, Nitrogen stress index (NSI), *N derived from fertilizer (%Ndff)
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Introduction

Soybean (Glycin max L.) is one of the most important oilseed crops in the world. It can provide oil and
vegetable protein suitable for feeding humans as well as animals. The productivity Increasing of thiscrop in Iran
has been the subject of continuous investigation over the past few years. It is well known that adequate water
supply is considered as a very important factor to affect the accumulation of dry matter in the plant as well as
vegetative growth of most crops. Irrigation is an important factor affecting soybean growth and yield and its
related components. Exposing soybean plants to soil moisture stress at any phase of its life cycle may lead to a
detrimental effect on growth, yield and its components. The methanol spraying can lead to increase in yield,
expediting in maturity and reduction in drought stress impacts and water requirement of crops.

Material and Methods

The experiment was conducted as split plots based on randomized complete block design with three
replications at the Research Farm, Faculty of Agriculture of Moghan, Iran, in 2011. Treatments included three
levels of drought stress as follows irrigation after, 40 (control), 55 and 70 percentage of available soil moisture
depletion as main plots, and four levels of methanol spraying including O (control), 7, 21 and 35 volumetric
percentage as sub plots. The studied traits were included plant height, leaf area, number of pod and seed per
plant, 1000 seed weight, biological and seed yield, stomatal conductance and proline contents. Statistical
analysis was carried out using SAS version 9.1 software. Significant difference was set at p < 0.05 by using
Duncan’s multiple range test.

Results and Discussion

The results showed that the plant height, leaf area, number of pod and seed per plant, 1000 seed weight,
biological and seed yield, stomatal conductance and proline contents as well as number of leaf per plant
significantly affected by drought stress and methanol spraying. By increasing drought stress, proline content
increased, while other traits were decreased and 70 percentage of available soil moisture depletion decreased the
seed yield by 51.2%over than the control. With increasing of methanol spraying to 21 of volumetric percentage,
all the investigate traits, except the proline content increased and increasing the volumetric percentage methanol
more than it, was reduces them. The maximum amounts of quantity traits and stomatal conductance of soybean
obtained at 21 volumetric percentage of methanol spraying, and the seed yield of this treatment was 25.6%higher
than the control . These results are in agreement with those obtained by Purmousavi et al., (2009), Ruhul Amin
et al., (2009), Shahmoradi et al., (2009) and lbrahim and Kandil, (2007), who found that deficit irrigation,
caused a significant decrease in yield and yield components of soybean. In general, irrigation decreasing may be
lead to reducing photosynthesis activity and induce imbalanced relations between plant hormones and biological
processes in the plant organs as a whole. These conditions in the treated soil are undoubtedly of great importance
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throughout the vegetative growth and dry matter accumulation in soybean plants. Drought stress reduces |eaf
size, stem extension and root proliferation; it disturbs plant water relations as well as dry matter production
(Farooq et al., 2009).

Conclusions

In general, the results of experiment showed that the maximum amounts of quantitative traits, stomatal
conductance and proline content of soybean, obtained by 21 volumetric percentage of methanol spraying and by
this treatment, the seed yield was 25.6 % higher than control.

Keywords: Leaf area, Leaf proline, Moisture depletion, Seed yield, Stomatal conductance
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Table 1- Traits of used chickpea genotypesin experiment
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Identifying codein Used sources

seed bank of plant

gy U g Likio
Origin and name of genotype

Institute
MCC' 80 Ganjedli et al., 2011(a) Iran, 5311 -7\ ¢!
MCC 358 Ganjeali and Bagheri, 2010 Iran, Kargj cultivar — z,5 8, )l
MCC 361 Ganjeali and Bagheri, 2010 Iran, Jam cultivar — o5 o8, )l
MCC 392 Ganjedli et al., 2011(3) Iran, native [ot of — olisle,S e 03¢5 )yl
Kermanshah
MCC 427 Ganjedli et al., 2011(b) Iran, native lot of 25 (o 05 oyl
Bojnurd
MCC 537 Ganjedli et al., 2011(3) Iran, native [ot of — sLUS g 0355 <))
Gonabad
01Suing3y s SOl Jgtme YAV 2 o s @l S
MCC 693 psle 93 )N .JW' i T )i)sa"“’ Sl Iran - ),
(Ao sy olKuiily LS
MCC 696 Abrishamchi et al., 2012 Iran — !
MCC 950 Mansoorifar et al., 2012 Iran, Hashem cultivar - yals 43, <!
i3l Jome S Wlasuin -Y Joua
Table 2- Traits of soil of experiment location
Colua . . . . osle .
Syt S, S i S by ol e gy P i v G
I“3|; - N P K Fe Cu Zn Mn Sand Silt Clay
EC  (pm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) OC (%) (%) (%)
(dsm™ (%)
7.29 4.26 861 38 413 7620 1516 1410 17152 087 2913 6534 5.53

1- Mashhad Chickpea Collection
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Figure 1- Effects of Biofertilizer on seed yield of chickpea
Means that have a common |etter, have not significantly different together based on Duncan's test at 1%.
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Figure 2- Effects of chickpea genotypes on seed yield of chickpea

Means that have a common |etter, have not significantly different together based on Duncan's test at 1%.
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Table 4- Intractions of Biological fertilizer and chickpea genotypes on some studied traits

.. . olS BBl iy ;
st 395 N P 03 Pr“ ofplant‘ t:gj; ;2;; ;ﬂ;;
bio-fertilizer ~ (MCC) uptaked N (mgg™) ‘ (mgg?) g %’;_1)
696 1.257 efghi 7.856 cdef 1134 ijk
358 1.006 hij 6.285 ef 925k
361 1.080 ghij 6.747 def 876 ki
‘ 693 1.432 cdef 8.950 bedef 1370 ghij
Fosae) 950 1.124 fghij 7.022 cdef 7901
Rhizobium 392 1.414 cdefg 8.835 bodef 1907 de
80 1.079 ghij 6.743 def 1488 gh
427 1.632 bed 10.200 bed 1957 cde
537 1.841b 11510b 2085 bede
696 1.436 cdef 8.975 bedef 1187 hijk
358 1.201 efghij 7.506 cdef 1285 hij
_— 361 1.213 efghij 7.581 cdef 1185 hijk
693 1.666 bed 10.410 be 1431 ghi
hesgSee + 950 1.222 efghiij 7.635 cdef 1124 ijk
Rhizobium 392 1.696 bc 7.856 cdef 2352b
+Mycorrhiza 80 1.090 ghij 6.814 def 1615fg
427 2.390a 14940 a 2226 be
537 2.579a 16.120 a 2730a
696 1.147 fghij 7.169 cdef 1085 jKI
, 358 0.892] 5579 f 924kl
Fomar) 361 0.993 ] 6.208 ef 1094 jkl
SlygSeedsd + 693 1.349 defgh 8.431 bedef 1375 ghij
SBb 950 1.033 hij 6.454 ef 1347 ghij
Rhl zobium 392 1.256 efghi 7.850 cdef 1817 ef
+like-endo 80 1.077 ghij 6.733 def 1302 hij
Mycorhiza 427 1.440 cdef 9.002 bedef 2099 bede
537 1.521 bcde 9.506 bcde 2203 bcd

)55 L 7Y s o 3 ()1 e GBS 5SSl 90T ol it S i Byp Sy JBlas (ol &S b nSile
Means have a common letter, have not significantly different together based on Duncan's test at 1%
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Figure 3- Effects of
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bio-fertilizer on micro elements of chickpea tissues, a, b, c and d are effects of bio-fertilizer on Cu, Zn, Mn
and Fe, respectively

Means that have a common letter, have not significantly different together based on Duncan's test at 1%.

-
2
2
._‘I = 32
o E 27
R
o= Sb 22
1838,
4 =
S
. = 12
- £
§ 7
P
=2 350
2
o E
4 £ _300
- S50
y B Sb
1 £ =
“ =250
S
“, E
- =
g 200

b

—t

g - a-— all
=]
a :
3 a &8 & 3 3 » 4 2 a
= = 20 @ a a a & a a g2 a
1 =
2 EE
2 2%
3 = B
4 ~“ = j0
o T
“ =
a = 5
=
MCC MCC MCC MCC MCC MCC MCC MCC MCC =] MECC MCC MCC MCC MCC MCC MCC MCC MCC

696 358 361 693 950
29 g\ nnind

chickpen genotypes

d-— <
a a a @ @ a 5 a
I | | I I I I I I
MCC MCC MCC MCC MCC MCC MCOC MCC MCOC
696 358 361 693 950 392 B0 427 537

a5 gl
chickpen genoty pes

392 BO 427 537 696 358 361 693 950 392
295U gl dind]

80 427
chickpea genotypes
C -

a a a a a a a a
I I | I I I I I I
MCC MCC MCC MCC MCC MCC MCC MCC MCC
696 358 361 693 950 392 80 4427 537

S LB gl
chickpea genoty pes

537

250

Sl e e

content of Mn in plant tissues

“;
T

100

OBl g e (59 e yle 1 S BT e FA -0 9 0 o Wl 3950 GBEBL 3 ke polis yladle 1 a1 -E S

D)5 50K b oy 0 Jleis] e )3 ()l sine ST S cygal ool s S j2ke B> (el sla e Sibe

Figure 4- Effects of chickpea genotypes on micro elements of chickpea tissues, a, b, ¢ and d are effects of chickpea genotypes

on Cu, Zn, Mn and Fe, respectively

Means that have a common |etter, have not significantly different together based on Duncan's test at 5%.
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respectively
Means that have a common |etter, have not significantly different together based on Duncan's test at 1%.
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Figure 6- Effects of chickpea genotypes on macr o elements of chickpea tissues, a, b and c are effects of bio-fertilizer on P, K
and N, respectively
Means that have a common |etter, have not significantly different together based on Duncan's test at 1%.
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Introduction
Improving of nutrients absorption by biological approaches, in addition to emphasis on sustainable
agriculture, will increase or stabilize crop yield. It seems that microorganisms such as mycorrhiza and rhizobium
can improve the nutrients absorption in crops such as chickpea. Rhizobiums are effective to provide biological
nitrogen for crops and mycorrhizal fungi are involved to supply biological phosphorus to the plants. Among
them, the endo myccorihza (or Vesicular Arbuscular Mycorrhiza) that is abbreviated VAM, in creation of
symbiosis with the roots of crops such as legumes have been more successful. Of course, the mycorrhizal fungi
and rhizobium bacteria before creating symbiosis with host plant, directly affect in the overlay in rhizosphere
environment of host plant. Creating colonies in the roots by mycorrhizal fungi leads to conducive for forming
nodulation of rhizobium. In other words, mycorrhiza fungi creats favorable conditions for the production of
rhizobium nodules on the roots and also they affect on greater availability of phosphorus for nitrogenase
enzymes involved in rhizobium bacteria. In contrast, rhizobiums affect in better absorption of nitrogen and
followed by the synthesis of amino acids and amino acid availability for required mycorrhiza. It seems that this
symbiotic relationship between plants, mycorrhizal and rhizobium can be either normal or adverse
environmental conditions, which is effective in promoting the product of crop. However, the Triplet symbiosis of
chickpea, mycorrhiza and rhizobium and aso chickpea genotypes response to this symbiosis should be

examined.

Materials and M ethods

This study was conducted to investigate the inoculation of kabuli seeds of chickpea genotypes with
arbuscular mycorrhiza and like - endomycorhiza, in 2014, in split plot by arrangement of two factors with a
randomized complete block design and three replications in Research Field, Faculty of Agriculture, Ferdowsi
University of Mashhad. Main plots were consisted of three levels of mycorhiza (arbuscular mycorhiza of Glomus
mosseae, like - endo mycorhiza of Piriformospora indica and non - used mycorhiza) and sub plots were
consisted of nine genotypes of chickpea: MCC 80, MCC 358, MCC 361, MCC 392, MCC 427, MCC 537, MCC
693, MCC 696 and MCC 950. (These genotypes had good yield potentials and selection and presented in the
studies on germplasm from the Institute of Plant Sciences, Ferdows University of Mashhad seed bank). All
seeds of genotypes were infected to the symbiotic rhizobium bacteria of chickpea. In the mid - flowering the
content elements of nitrogen, phosphor, potassium and micro elements of iron, zinc, copper and manganese were
determined by kjeldahl, spectrophotometer, flame photometer and the atomic absorption, respectively.

Results and Discussion

The results indicated that mycorrhiza significantly increased seed yield. But using of like - endomycorhiza
was not effective to increase seed yield. In other words, superiority of like - endomycorhiza was not significant.
Among the genotypes in this study, the highest seed yield was dedicated to genotype of MCC 537. Arbuscular
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mycorhiza significantly improved the uptake of N, P, K, Fe and Mn, but it did not imposed any significant effect
on uptake of Cu and Zn. Genotypes of MCC 537, MCC 427, MCC 80 and MCC 392 significantly were excelled
in uptake of macro elements, but there is not significant difference to uptake of micro elements. In the study was
observed the interactions effects between mycorrhizal and chickpea genotypes that the highest seed yield
belonged to the factor of arbuscular mycorrhiza — MCC 537 genotype. Also the most uptaked nitrogen and
protein of plant tissues belonged to the factor of arbuscular mycorrhiza — MCC 537 genotype. But other
interactions effects were not significant. In addition, in traits of uptaked nitrogen and protein of plant tissues in
factor of arbuscular mycorrhiza — MCC 427 genotype was in a same statistical class with factor of arbuscular
mycorrhiza— MCC 537 genotype.

Conclusions
Application of mycorrhiza along with rhizobium could improve the uptake of macro and micro elements in
chickpea genotypes. But, application of like - endomycorrhiza had not significant effect on the absorption of
nutrients in chickpea. In a general conclusion, among the studied genotypes, MCC 537 and MCC 427 were
better than the others.

Keywords: Biological fertilizer, Nutrition elements and Pulses
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Table 1- Physical properties of experimental field soil before planting

LT N RS PY oo e sy ol s ™ -
ocC N. tot Cla W i B i BB Cle LB ol G i S8 s LB
% % Mo. ava P. ava K. ava Fe. ava Mn. ava Zn. ava Cu. ava

(mgkg™)
0.53 0.05 0.1 6.66 204 4.1 13.94 0.54 1.12

dand g lgd olail g dudy ) )3 adge L 9 3,50es 1 (65 g (9o B Z gk (Sl o (ko) il ylg 41505 -F Joao

adyy slao,S
Table 2- Analysis of variance (mean of squares) for the effect of molybdenum and rhizobium on yield, concentration of
molybdenum in the root and shoot and root nodules

(MS) ©lry o (1ibo

3 1931 oy oz & oo
i golin LTS PIV Hhge Sis o,Sdos iy s 0,5 o ayy imdse
df 2led Dry Matter The number of
S.0.v . Root mo
shoot mo Yield root nodule
A5 2 0.019ns 2.55* 0.32ns 0.056ns
Rep
(1) 551 il 1 3.10* 27.54% 1.89ns 8.17%
Inoculant (1)
() s 2 0.082 0.9 0.14 0.082
Error (1)
Odlge Alisce gglaus
(Mo) 2 62.91** 21.43** 2.34%* 155.37**
Molybdenum (Mo)
Mo x | 2 0.43** 1.81* 0.39** 0.87**
. 8 0.028 0.29 0.24 0.08
Error
CV% - 3.78 3.25 4.62 4.87

203 ) 90 Jlois! pdaws )3 j3 gixe g 5 gxe & cad ey g % NS
ns,” and " nonsignificant, significant at 0.05 and 0.01 level of probability, respectively.
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Table 3- Simple effects of rhizobium bacteria on dry yield, concentration of molybdenum in root and shoot and r oot nodules

Cduo Aiay (o ,S slaxs Ay g0 <2le? eIl yadee S 3 ySlos
Treat The number of root mo shoot mo Dry Matter Yield
root nodule (ppm) (ppm) (ton ha'?)
(1D) 555U b s 3.7a 6.52a 4.88a 17.99a
(10) s 5SL b s pae 3.07a 5.17b 4.05b 15.51b

)6 doyd gy g §d I dze BB (gt o 1> S yde By syl ola ko %
*In each column, means followed similar letters are not significantly different (p<0.05).
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Figure 1- Effects of molybdenum concentration and seeds inoculation on dry matter yield on alfalfa
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*In each column, means followed similar |etters according to Duncan test at 5% difference are not significant.
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Figure 2- Effects of molybdenum in concentration and seeds inoculation on concentration of molybdenum in shoot on alfalfa
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*|n each column, means followed similar letters according to Duncan test at 5% difference are not significant.
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Figure 3- Effects of molybdenum in concentration and seeds inoculation on concentration of molybdenum in alfalfa r oot
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*In each column, means followed similar |etters according to Duncan test at 5% difference are not significant.
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Figure 4- Effects of molybdenum in concentration and seeds inoculation on concentration of the number of root nodulein

alfalfa
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*In each column, means followed similar letters according
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to Duncan test at 5% difference are not significant.
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Table 4- Smple effects of molybdenum in on dry yield, concentration of molybdenum in root and shoot and r oot nodules

Ay g0 ,S dlasi Ay y 9o w2l Il adge Sis >, Slos
Treat The number of root mo shoot mo Dry Matter
root nodule (ppm) (ppm) Yield (ton ha®)
(M0oQ) wwls 2.69c 1.49c 1.89c 14.87c
s > 8,5 O oaliiwl
el (’M';’; )“’L; . 3.61b 4.61b 3.3% 18.65a
5 3,5 Y« ool
idad (:\/I ;’15 6);[":% 3.88 11.44a 8.10a 16.73b
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*|n each column, means followed similar letters are not significantly different (p<0.05).



OFY .. S Sluogas 9 Sinorhizobium meliloti cutzs o1, b,

5 0x9h aste 1 (g 395 Mdy g9y (sl ol L5 3590 ()79
Sl Gt By ine g a8l S @ S 13 p,55lS O 30 4
oS et (sl s,y lled 5 M el oyt (eladgS do
lord Clis a4 olS (Stualy el g 0ad S S 53 (17954
¢, (Nadia Gad, 2012) 5, Slas ;3 il 3-8 doecs )0 39

2l anlgs

ol b g 2,8 b glajlog 5 Slas 55 ol )

(N2) J3-Sge 059, Jods dy yoie & (g pd () S
dodyy 3 3520 SLaSe)S)s (NH3) poigel & jhuail )3 33250
2 Oddge y5eS Cln 4 a9 b ol plh (bl e 090 lalS
035 gl y9ds b slogt 3l ol Cunsay 5 Slos ity 9 (2lsmpl]
A8y Sly e IS 53 p)SokS O e yhdge Jgl daw )

Cpyimun 9l Cwddny (gl oS canl ol ool Bl S
el sl (303 Jl i g3 5 B) alspo S5 > Laid o Shos

References

10.

11
12.

13.

14.

15.

16.

17.

Agarwala, S. C., Sharma, C. P., Faroog. S., and Chatterjee, C. 1978. Effect of molybdenum deficiency on the
growth and metabolism of cornplants raised in sand culture. Canadian Journal of Botany 56: 1905-1909.

Allen, R. M., Rall, J. T., Rangaraj, P., Shah, V. K., Roberts, G. P., and Ludden, P. W. 1999. Incorporation of
molybdenum into the iron-molybdenum cofactor of nitrogenase. The Journal of Biological Chemistry 274: 15869-
15874,

Bortels, H. 1930. Molybdénals Katalysatorbei der biologischen Stickstoffbindung. Archives of Microbiology 1:
333-342.

Brodrick, S. J., and Giller, K. E. 1991. Root nodules of Phaseolus: efficient scavengers of molybdenum for N2-
fixation. Journal of Experimental Botany 42: 679-686.

Chatterjee, C., Nautiyal, N., and Agarwaa, S. C. 1985. Metabolic changes in mustard plants associated with
molybdenum deficiency. New Phytologist Journal 100: 511-518.

Chatterjee, C., and Nautiyal, N. 2001. Molybdenum stress affects viability and vigour of wheat seeds. Journal of
Plant Nutrition 24: 1377-1386.

Emami, A. 1996. Methods of plant analysis, Volume I, Technical Publication No. 982, Soil and Water Research
Institute, Tehran.

Gupta, U. C., and Lipsett, J. 1981. Molybdenum in soils, plants, and animals. Advances in Agronomy 34: 73-115.
Hagstrom, G. R., and Berger, K. C. 1965. Molybdenum status of three Wisconsin soils and its effect on four
legume crops. Agronomy Journal 55: 399-401.

Kaiser, B. N., Gridley, K., Brady, J. N., Philips, T., and Tyerman, S. D. 2005. The role of molybdenum in
agricultural plant production. Annals of Botany 96: 745-754.

Marschner, H. 1995. Mineral Nutrition of Higher Plants. 2nd ed. New Y ork: Academic Press, pp. 369-379.
Marieta, H., Maria, G., and Ira, S. 2009. Effect of foliar feeding on nitrogen assimilation in alfalfa plants at
insufficient molybdenum supply. Journal of Acta Biologica Hungarica 2: 211-219.

Pasricha, N. S., Nayyar, V. K., Randhawa, N. S, and Sinha, M. K. 1977. Influence of sulphur fertilization on
suppression of molybdenum uptake by berseem (Trifoliumalexandrium) and oats (Avena sativa) grownon a
molybdenum-toxic soil. Plant Soil 46: 245-250.

Nadia, G. 2012. Influence of Molybdenum on Groundnut Production under Different Nitrogen Levels. World
Journal of Chemistry 7 (2): 64-70.

Taiz, L., and Zeiger, E. 2002. Plant Physiology. 3 edition.p 270-273.

Vieira, R. F., Vieira, C., Cardoso, E. J. B. N., and Mosguim, P. R. 1998. Foliar application of molybdenum in
common bean. Il. Nitrogenase and nitrate reductase activities in a soil of low fertility. Journal of Plant Nutrition
21: 2141-2151

Wen, H. D., Xin, H. T., Zhi, Z. C,, and Alan, H. 2009. Effects of Micronutrients on Seed Yield and Yield
Components of Alfalfa. Journal of Plant Nutrition 5: 809-820.



Iranian Journal of Field Crops Research ) Olnl =155 Sleiurgy 4 2t
Val. 15, No. 3, Fall. 2017, p. 536-545 FUA I BYF-OFD .o MRS 1l ¥ o)leds O ulo

Evaluation of SinoRhizobium meliloti Efficiency and Qualitative Traits of Alfalfa
under Application of Molybdenum

F. Ahmadi Dana’- M. N. Gheibi®- M. R. Ardakani®- F. Paknejad*

Received: 19-04-2015
Accepted: 08-08-2016

Introduction

Agriculture depends heavily on nitrogen which is biologically fixed through the symbiotic association
between rhizobia and legume plants in nodules located on plant roots. Alfalfais alegume that should fix most of
its own N requirement if it is sufficiently nodulated by viable Rhizobium meliloti inoculums. The process of

nitrogen fixation is done by the help of an enzyme called nitrogenase and molybdenum which is an important
element in the formation of this compound. Molybdenum is required by plants for protein synthesis and is
especialy important for legumes as it is needed for nitrogen fixation by rhizobia. Therefore the following
research was done aimed on studying the effect of different amount of molybdenum and S rhizobium bacteria on
alfalfa’s yield.

Material and Methods

Alfalfa (Medicago sativa) were grown in a field. The experiment was conducted at Kargj in 2013 in split plot
arrangement based on completely randomized block design (RCBD), including 2 caring S rhizobium inoculated
seed and non-inoculated (as the main plot factor)and 3 levels of Molybdenum (0,5,10 kg ha™) from ammonium
molybdate (as the sub plot factor) in three replications. Sinorhizobium meliloti bacteria were cultured on plates.
Then half of the seeds were inoculated by Snorhizobium meliloti. Nitrogen fertilizer was added only in one stage
before planting up to 50 kg per hectare. Plants were grown until flowering. The data were analyzed by the SAS
(9.1) software and mean comparisons were done by Duncan's MRT at the 1% and 5% probability level.

Results and Discussion

The results showed the effect of different levelsof molybdenum and S Rhizobium bacteria on dry matter
yield, molybdenum concentrations in shootsand rootsand the number of root nodules was significant. This
treatment was significant in comparison to the control treatment with thel4.27 ton per hectare.

Increasing of molybdenum application, led to increasing of root nodules and showed a meaningful difference
from non-inoculated. Concentration of molybdenum in shoot and root increased, this increase in S Rhizobium
inoculated case was more than non-inoculated cases.
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Conclusions

The use of molybdenum and Rhizobium bacteria increase the production yield and also nitrogen-fixing
nodules. The increase in the use of treatments with molybdenum, resulting biological nitrogen fixation leading to
conversion of molecular nitrogen (N,) in the atmosphere into ammonium (NH3) in nodules on the roots of plants.
Studies have showed that molybdenum important role in nitrogen fixation in legume family of plants, and adding
this element increased growth by increasing the efficiency of nitrogen fixation and nitrogenase enzyme in the
node structure, which ultimately will lead to increased yield and higher quality in afafa Thus, molybdenum
increased the number of branches of the fertile and increase the number of stem and leaf.

Molybdenum is essential to plant growth as a component of the enzymes nitrogenase. Legumes need more
molybdenum than other crops, such as grass or corn, because the symbiotic bacteria living in the root nodules of
legumes require molybdenum for the fixation of atmospheric nitrogen. If sufficient molybdenum is not available,
nodulation will be retarded and the amount of nitrogen fixed by the plant will be limited. If other factors are not
limiting, the amount of molybdenum will determine the amount of nitrogen fixed by the plant. Increasingly
vigorous plant growth, higher protein contents and greater buildup of nitrogen in the plant and soil accompany
nodulation and symbiotic microbial activity. Therefore, due to less absorption of molybdenum in the shoot and
the highest yield obtained from treated seeds inoculated with the first level of molybdenum, the amount kg ha™.
Molybdenum is suitable for growing of afafa. It isimportant to obtain maximum yield in just one stage (before
the first two weeks of growth) for the supply of nitrogen for growth, nitrogen from urea at the rate of 50 kg ha
added to soil, excessive consumption of nitrogen fertilizers can impair the activity of the nitrogen-fixing
bacteriain nodules, and plant dependence to nitrate chemical, then the yield will not increase.

Keywords: Legume, Nitrogenase, Nitrogen fixation, Yield
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Figure 2- The effect of density on the regression coefficientsa and b of leaf surface with thermal unit
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Table 2- The estimated coefficients of the equation describing the changein LAl with 16 days after planting

)LO{; n at+SE b +SE

C+SE RMSE CV (%) R?

50 48 0.099+0.011 136.8+1.65
100 47 0.080+0.008 132.6+1.91
200 45 0.079£0.011 1328+251
350 48 0.061+£0.005 124.2+1.94
500 48 0.062+0.007 121.5+2.42
650 46 0.053+£0.005 1125+258
800 48 0.056+0.004 110.0+1.93

L)lgye
50 46 0.096+0.010 138.6+1.51
100 47 0.070£0.006 1275+1.97
200 46 0.074+£0.006 126.8+1.65
350 483 0.060+0.005 1183+211
500 45 0.067+0.005 122.7+1.79
650 45 0.060+0.005 115.1+1.80
800 46 0.057+£0.005 118.0+2.32

cuiangs 329 0.059+0.003 1224+ 1.15
ylge 323 0.062+0.002 1225+1.01

50 93 0.097+0.007 137.6%1.11
100 94 0.074+0.005 130.0%1.40
200 91 0.076+0.006 130.0%1.63
350 96 0.060+0.004 121.3+1.46
500 93 0.064+0.004 1222+155
650 91 0.056+0.003 1139+1.54
800 94 0.055+0.003 1139+1.57

79.21+7.63 0.41 6521 0.83
130.3+11.29 0.55 5530 084
128.3+1449 071 7093 0.73
132.1+£9.13 041 3955 0.80
1739+1520 0.70 4804 081
2345+1867 0.77 3881 084
209.2+1325 057 3481 0.89

81.59 +7.07 0.37 5726 0.86
138.5+£10.78 0.51 4836 0.85
1123+ 4.74 0.37 4681 0.88
121.6+8.99 0.41 41.02 0.85
141.1+9.64 0.44 4443  0.87
2369+ 1503 0.66 37.80 0.89
2236+17.09 0.72 4121 0.86

158.3+6.29 0.73 5159 0.74
151.8+5.54 0.66 5182 0.77

80.55+5.16 0.38 60.77 0.84
135.1+ 7.86 0.53 5165 084
120.1+8.37 0.57 62.37 0.78
127.0+£6.51 0.41 4057 0.86
158.1+9.09 0.59 4793 0.83
2352+1189 0.71 3844 0.86
2184+1111  0.67 3815 0.86

X 652 0.061+0.002 122.4+0.76

155.1+4.18 0.70 5173 0.76

ol 48l 10 S 8laxi b blS,) 13 Sy g ad Wi Ol put 008 o gl Y = X dlalae calpd oposs — ¥ Jodo
Table 3- The estimated coefficients of the equation Y = x” describing the changes in relation to the number of leaves, leaf area
index

oSl n bxse

Cv 2
RMSE (%) R

50 53 2.33%0.02
100 54 2.33+0.02
200 56 221+001
350 56 218+0.01
500 56 211+0.01
650 52 2.06+0.01
800 54 1.98%0.01

24.39 2687 0.87
22.08 2327 091
16.41 2242 0.93
16.32 2424 093
14.36 2523 0.93
12.94 2624  0.92
9.65 2242 094

Js 381 217+0.00

21.57 3274 0.87
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Figure3- Model y = x” leaf areain relation to the number of leaves on the main stem of different density
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Figure 4- Regression coefficient b for the density effect in relation to the number of leaves, leaf area
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Table 4- The estimated coefficients of the equation Y = ax” describing the changes in leaf area and leaf green dry weight in
relation to the density

btse RMSE CV R?

Sl n atse
50 53 7.09+111 0.67+£0.03 1472 2618 0.9
100 54 631+121 061004 1768 2750 094
200 56 464+121 066+0.05 1681 2824 0.93
350 56 279%#0.70 0.75+0.05 1344 2465 0.9
500 56 228+£0.79 0.73x0.07 1532 29.77 0.92
650 52 227+090 064+007 1548 3132 090
800 54 241+098 060+008 1425 30.87 0.89
Js 381 808+118 046+0.03 2790 3899 0.78
s pd 4l 5l (Lieth et al., 1986) ) San g ol il jlike ,1a5 j1 pAS (glonSl o 45 ol S5 calps usy
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Figure 5- Model y=ax” the green leaf area and leaf dry weight in relation to the different density
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Table 5- The estimated coefficients of the equation Y = x® describing the changes associated with high LAl for different

density

Sly¥  n btse RMSE CV R?

50 52 119+0.00 11.07 2055 0.94
100 53 118000 1857 2639 0.93
200 54 1.09+001 2113 3616 0.89
350 55 1.08+0.00 1652 2699 0.93
500 55 1.03+0.00 1453 2650 0.93
650 51 1.00+0.00 1056 2220 0.95
800 53 097+000 992 2404 094

JS 373 1.06+000 2313 3945 085
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Figure 7- Model y=x" relationship between leaf area and plant height at different densities
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Introduction

Crop models are the most important components of ecological models. These models could provide the
possihility of crop systems prediction in addition to increase the understanding of their performance. Allometric
relationships of plants show changes of growth of one part in comparison to other parts of the plant. Determine
the appropriate plant density in crops, especialy wheat has the high importance which affects some
characteristics such asyield and yield component. This affects varies in different stages of plant growth.

Materials and M ethods

This research has been done in research station of Gorgan University of Agricultural Sciences and Natural
Resources (37°45'N, 54°30'E and 120m above sea level) in the growing season of 2012-13. The experiment was
conducted in a factorial experiment with randomized complete block design with four replications as base.
Treatments consisted of two wheat cultivars (Koohdasht and Morvarid) and 7 plant densities (50, 100, 200, 350,
500, 650, 800 seed.m?). Each replication consisted of 14 plots and each plot had 10 rows with length of 5 m,
width of 2 m and a row spacing of 20 cm. Plot distances from each other was 40 cm and block distances was 1 m
to each other. Measurements were done from tillering to the end of the growing every 7 to 10 days (depending
on weather conditions). Cumulative thermal units were calculated using GDD_Calc program. Power model and
non-liner segmented regression model were used to describe allometric relationships.

Results and Discussion

For fitting equations related to leaf area versus days after planting, coefficient of determination was 0.73 and
root mean square error ranged between 0.37 and 0.77 which revealed that the logistic model could well describe
increasing leaf area during the time. There is a significant effect for a, b and ¢ coefficients in different plant
density of wheat and increasing density could lead to -the increasing coefficient and decreasing the a and b
coefficients. In addition, regarding the relationship between leaf area and number of leaves in different plant
density, coefficient of determination values greater than 0.87 and ranges of root mean sguare error between 9.65
and 24.39, belong to the plant densities of 800 and 50, respectively, which showed a good correlation between
leaf area per plant and the numbers of leaves. In this regard, b coefficient has a significant difference in various
wheat density.

The relationship between leaf area and green leaf dry weight coefficient of determination greater than 0.78
and the root mean square error between 31.44 and 17.68, respectively belong to plant density of 350 and 100
with no significant difference in b coefficient. In connection with the relationship between leaf area and plant
height, coefficient of determination greater than 0.85 and the root mean sguare error between 9.29 and 21.13
cm.m?2.plant™ respectively belong to plant density of 800 and 200. We found a significant difference in b
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coefficient and decrease about 0.0003 unit with increasing plant density.

Conclusions

The results of relation between leaf area of each plant with the number of leaves in main stem, dry weight of
green leaf and plant height showed good allometirc correlation until booting stage (0.87, 0.78 and 0.85,
respectively). In addition, significant effects were investigated for correlation between leaf area of each plant and
the number of leaves and plant height, however, correlation between leaf area of each plant and dry weight of
green leaf area of plant was not significant.

Keywords: Allometeric, Cultivar, Leaf area, Plant density, Vegetative traits
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Figure 1- Mean comparison of economical yield of wheat in different patterns of row intercropping based on Duncan's
multiple rangetest at level 5%
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Figure 2- Mean comparison of biological yield of wheat in different patterns of row inter cropping based on Duncan's
multiple rangetest at level 5%
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Figure 3- Mean comparison of economical yield of canola in different patterns of row intercropping based on Duncan's
multiplerangetest at level 5%
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Figure 4- Mean comparison of biological yield of canola in different patter ns of row intercropping based on Duncan's
multiplerangetest at level 5%
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Table 2- Results of mean comparison of land equivalent ratio in row intercropping of wheat and canola
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Numbers followed by the same letters are not significantly different based on Duncan's multiple range test (P<0.05)
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Table 3- Mean comparison of Physiological efficiency, absor ption efficiency and nitrogen use efficiency of wheat in the
inter cropping
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Numbers followed by the same letters are not significantly different based on Duncan's multiple range test (P<0.05)
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Table 5- Mean comparison of Physiological efficiency, absor ption efficiency and nitrogen use efficiency of canola in the
inter cropping

Nitrogen  (yjg,5

o — ;
Treatments _ ‘5‘199190*9 u'i_')_ls . _ oda _u-:',lf' .
Nitr ogen physiological efficiency (kg.kg™)  Nitrogen absor ption efficiency (%)

Nitrogen use efficiency
(kgkg?)

e 26.12i 69.71a 2345a
Ocapy

(V:Y) BT -x4)l
Alvand- Ocapy 27.65 efgh 58.17 abc 16.49 cd
(2:2)
(¥:¥) 1=l
(2:2)
(¥:7) 251~
3:3)
(1:1) 85—l
Alvand- Zarfam 2951 cd 82.55 cde 18.12 cd
1
(¥7) ploysg)
(2:2)
(V%) ploy; —wqll
Alvand- Zarfam 28.19 cdefg 40.71 defg 20.91 abc
(3:3)
Pl oAl 26.72 fghi 58.78 abc 18.92 abcd
Zarfam
(1:)) S
Falat- Ocapy 26.59 ghi 50.98 cd 19.45 abcd
(0}
(VsY) oM
Falat- Ocapy 31.45ab 48.45 cde 1758 cd
(2:2)
(F¥) QoM
Falat- Ocapy 2954 ¢ 46.74 cdef 19.27 abcd
(3:3)
(1:) pléy -
Falat- Zarfam 28.41 cdef 64.81 cdef 20.33 abcd
(0}
(V=Y) playj-cMs
Falat- Zarfam 32.29a 31.82¢g 15.69d
(2:2)
(%) pld,-cMe
Falat- Zarfam 29.09 cde 39.34 efg 23.25ab
(3:3)

2303 SO (slaals dix yg051 b (P<O.05) o sine BMS] (gl (ygiw o )3 Sy By b sl
Numbers followed by the same letters are not significantly different based on Duncan's multiple range test (P<0.05)
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Table 6- Mean comparison of Physiological efficiency, absor ption efficiency and Phosphor us use efficiency of canolain the
inter cropping

.
o : Phosphorfjs :
Treatments Sigdgrid 21,8 oo 2,8 bpan )8
Phosphor us physiological efficiency Phosphor us absor ption efficiency Phosphor us use efficiency
(kgkg?) (%) (kgkg™)
w51 o2l 2.43d 19.85a 1345a
Ocapy
(1)) S~
Alvand- Ocapy 3.31 bed 17.63 bed 1252h
(0]
(V=) 21 =gl
(2:2)
(%) 81 —sl
Alvand- Ocapy 4.19 bed 18.30 bed 12.94 de
3:3)
(3:1) plo; —g)
Alvand- Zarfam 31lcd 17.85 bed 12.60 g
(0]
(Y:Y) ,nlé))'—.).@”
(2:2)
(1) o5 —aig)
Alvand- Zarfam 4.58 bed 18.25 bed 13.31b
3:3)
P ool 9.56a 17.00 de 12.76 f
Zarfam
(1)) 53t 628D 16.97 def 12771
Falat- Ocapy (1:1)
(V) 513 4.65 bed 18.46 abc 1319¢
Falat- Ocapy (2:2)
Ry 4.18 bed 18.65ab 1287e
Falat- Ocapy (3:3)
(V:Y) ploy—cMs
Falat- Zarfam 5.95 bc 17.81 bed 13.01d
(0]
(V") PL.%))"*C)M.'Q
Falat- Zarfam 11.08a 15.55 f 12.39i
(2:2)
(V) ploy—cMs
Falat- Zarfam 4,53 bed 17.07 cde 12.89f
3.3

23l e oSSl glasals wix y905] b (P<O.0B) ls sime YS! (chyls ygm y2 1> S yiidie gy b sl
Numbers followed by the same letters are not significantly different based on Duncan's multiple range test (P<0.05)
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Introduction

Intercropping is one of the most effective approaches for developing sustainable agriculture which causes
control of soil erosion, decreasing usage of agrochemicals, increasing biodiversity, yield in area unit, quantity
and quality of the product and it finally makes stability in agronomical ecosystems. Many researchers consider
the multiple cropping as the most important factor for increasing the diversity of cultures in agricultural
ecosystems. Increasing crop diversity through intercropping can be effective to improve the ecological functions
and ecosystem services.

The aim of this study was to determine the best pattern of wheat and canola intercropping based on yield and
nutrition use efficiency.

Materials and M ethods

In order to study the effects of intercropping on yield and nitrogen and phosphorus use efficiency, a field
experiment was conducted as randomized complete block design (RCBD) at Agricultural Research Station,
Ferdows University of Mashhad, Iran, during 2012-2013 growing season. Experimental treatments were
included planting patterns of wheat (Alvand and Falat cultivars) and canola (Ocapy and Zarfam cultivars)
intercroppi ng with ratios of 1:1, 2:2, 3:3 and sole cropping of them with three replications. The size of each plot
was 6 m" and distance between plots and blocks were 0.5 and 1 m, respectively. Planting of wheat and canola
cultivars were done with densities of 320 and 80 plant per m?, respectively, at the same time.

Nitrogen content of plant was determined by microkejeldal machine and wet digestion method. Phosphorus
content was measured by spectrophotometer machine and Olsen method. Land equivalent ratio (LER) was used
to evaluate the advantage of the intercropping. Analysis of variance was done with SAS ver 9.1 software and
means were compared with Duncan’s test at the 5% level of probability.

Results and Discussion

The results showed that the highest economical yield was obtained from sole cropping of Alvand (4199.77 kg
ha'). Treatment of Alvand-Ocapy intercropping (3:3) had the highest economical yield within different patterns
of intercropping. The highest and lowest biological yield of wheat were revealed from sole cropping of Alvand
and Falat-Zarfam intercropping (2:2), respectively. The sole cropping of Ocapy and Falat-Zarfam intercropping
(2:2) had the highest (4034.54 kg ha™) and lowest (1691.98 kg ha') economical yield of canola. The highest and
lowest amounts of canola biological yield were obtained from sole cropping of Ocapy and Falat-Zarfam
intercropping (2:2), respectively. Land equivalent ratio (LER) in al different patterns of intercropping was more
than one which shows advantage of the intercropping. The highest LER was obtained from Alvand-Ocapy
intercropping (3:3). The highest nitrogen and phosphorus physiological efficiency were observed in sole
cropping of Falat cultivar (wheat) and in the case of canola was obtained from Falat-Zarfam intercropping (2:2).
The sole cropping of Alvand and Alvand-Ocapy intercropping (3:3) had the highest use efficiency of nitrogen
and phosphorus, respectively. The highest amount of nitrogen and phosphorus uptake was obtained from
Alvand- Ocapy intercropping (3:3) and sole cropping of Ocapy (respectively, for wheat and canole).
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Conclusions
The results of this study indicated that treatment of Alvand- Ocapy intercrroping (3:3) had the highest
economical yield, land equivalent ratio and also the highest amount of nitrogen and phosphorus uptake. This
planting pattern can be suggested to obtain proper yield of wheat and canola as well as appropriate amount of
nitrogen and phosphorus uptake.

Keywords: Harvest index, Intercropping, Physiological efficiency, Uptake efficiency, Use efficiency
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Table 2- Interaction effect of organic fertilizers and dates of application on seed and biological yield of safflower in 2013 and
2014 gr owing season

OSB3 0 FghS—ails 3 Shos IS8 53 0,5k —Sajolam 3,Slas
Seed yield kg ha! Biological yield kg ha*
yloj L) 31 a3 25 4o g 3
S8 I 0B aassS OlojpR (B335 SN CIPLILY Olojp (23395
e . .zsb kX .‘.s . :.sb
Ly . Fertilizing before T o T
Treatments - o lol s ,lows planting Fertilizingat  Fertilizing before  Fertilizing at
planting time planting planting time
\ray-ay (2013)
awls Control 1347c-f* 1098fg 5540e-g 52869
O5eyis iSm 3 p,SsksVe- 100 kg.ht nitrogen 1348cf 1825a 6166¢-g 8526a
CasgeeS smys So 3 5 ¥ 4tonha® vermicompost 1501a-d 1457af 67460-f 6873b-e
CawgueS omys iSm 3 ¥ 7 ton.ha™ vermicompost 1791ab 1503a- 68000-f 6653c-f
CawgeeS cays o 3 5 V+ 10 ton.ha™ vermicompost 1400b-f 1403b-f 6266¢-g 6840b-e
95 355 Sa 5 5 Y+ 20tonha® cow manure 1723a-c 881g 7476a-C 5496fg
&5l 365 S 55 5 vy 33 ton.hat cow manure 1541a-d 1508a-¢ 7413ac 8033ab
455 355 LSa 3 5o 50ton.ha® cow manure 1461af 12730-f 6553c-g 7413ac
5 ton.ha’* solid waste compost
6 L) S S 3 55 1709a-c 1379c-f 7980ab 6513c-g
10tonha solid waste compost 1338c-f 1133e- 6260fc. 57660
e Al CungaS S 53 (5N g 9 9
15tonha” solid waste compos 1541ad 1266e- 7080b-d 6473c
e A3 g i 33 50 9 9
Lwgie Average 1518 1338 6753 6716
yyay-ay (2014)
1als Control 4041 590g-i 1751h-j 1913hi
Oisr S 5 p,SsksVee 100 kg.h? nitrogen 5761-i 885hc 1984gh 276cl
CawgaaS oyg S j> 5 ¥ 4 ton.ha* vermicompost 355l 906b 1196k 3082b
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CawgeeS sayg JiSo ;5 5 V- 10ton.ha® vermicompost 672ei 714ef-h 24420 2570c-e
&5l5 355 S 3 7 ¥+ 20 ton.ha™ cow manure 736d-g 525i-k 2784c 1685ij
&5l 368 S 3 3 vy 33 ton.ha’ cow manure 874b-d 538ij 3157b 1600j
&5l 358 Sa 3 5 o- 50 ton.ha’ cow manure 608f-i 1045a 2240fg 3733a
5 ton.har* solid waste compost 1088a 7780-¢ 3108b 2592c-e
b Alj CangraS LS 5 150
10 ton.ha* solid waste compost 936 h 97 o000 o3146f
e Al CengeaS JiSn 3 51+ 9
15 ton.ha *solid waste compos .
394Kkl 725e-h 1622 2442d-f

e Al CangraS LS 5> (5510
lwgo Average 649 745 2275 2485

5y (o)l gime MBI /D i prlaws p3 disl S e B> S )b &S Slan ke oly5 Jlo 5w
* |n each growing season means with the similar |etters are not significantly different at P<0.05
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Table 3- Interaction effect of organic fertilizersand dates of application on number of head per plant and number of seed per
plant and biological yield of safflower in 2013 and 2014 gr owing season

Wy 40 @b dlaws b > 4l Doy
Head per plant Seeds per head
3 Ja8 23 .
TIPSy ujen e A b b olejen oS
"'“Lo’i 7Y w o - o - oo
eyl S8y Fertilizi s s Cuis
Treatments e[;elf(l)fgg Fertilizing at Fertilizing Fertilizing at
planting planting time before planting planting time
way-ay (2013)
awls Control 3.7kI* 3.5 18.6d-h 15.7h-k
Oisys USe 3 p S5lsV -+ 100 kg.h™ nitrogen 4.3k 4.7kl 16.9d-g 17.4d-
CungeeS o9 Jia ;3 o3 ¥ 4 ton.ha® vermicompost 4kl 6h-l 17.7d-h 18.9d-i
CawgaS says S > 3V 7 ton.ha vermicompost 4.3kl 4.3kl 23.6b-f 18.7d-i
CuogpoS o039 JiKn 53 o3 )+ 10ton.ha vermicompost 4.8k 4.9KI 18.3d-i 18.4d-i
95 555 a3 5 ¥+ 20 ton.ha™ cow manure 3.6l 4.5kl 18.7d-i 11.3k
55 355 S 53 i ¥Y 33 ton.ha’ cow manure 3.9k 6.1l 16.8c-i 14.6ik
&5l 355 JiSa 3 50+ 50 ton.ha™ cow manure 3.7k 5k 19.7¢-h 16g-k
5 ton.ha'* solid waste compost _ _
e Al sy S 0 4.3kl 4.5kl 17.90+ 17.3cH
10 ton.ha! solid waste compost . . .
s Al CasgaS S 3 5 1 4kl 5.1j- 18de-i 16.5f-]
15 ton.ha'* solid waste compos
6 4 Cagea S 53 15 1D 3.7k 4.6kl 16.7e-h 16.6fg-k
lawge AVerage 4 4.8 18.4 16.5
yyay-ay L (2014)
Control . .
ol 8.8d-h* 8.2ei 13.2jk 25a-f
Sisrs Sy p,SeksVe 100 kg.ht nitrogen 8.8d-h 11.1b-e 25.5a-e 32.7a
CamgeaS 5039 )i 5 5 ¥ 4 ton.ha® vermicompost 5.6i-I 12.9hc 26.3a-¢ 324a
CuwgeoS op9 S 3 5V 7 tonha® vermicompost 11.2b-e 10.9¢-f 30ab 30.5ab
10ton.ha® vermicompost
- ogia a5 5 10.5¢-f 10.1c-f 25.8a-f 29a-c
CuwgraS (09 )LEB 43 (5 ) *
20 ton.ha* cow manure _
515 355 i 3 i Y- 12.5bc 8.2ei 26.4a-d 25.7af
33 ton.ha™ cow manure
5 555 S 3 o5 Y 14ab 6.7g-k 31.2ab 22.4b-g
50 ton.ha™* cow manure
ol 355 iSa o 0 10.5¢-f 15.9a 25.6a-f 24 5af
9 J ) ‘
5 ton.ha’* solid waste compost
6 L) S S 3 55 11.6b-d 10.5¢-f 28.8a-c 25.9af
) gl ) ruo
10 ton.ha* solid waste compost .
6t 4} Camgse S 55 5 ) 9.3d-g 11b-e 18.9d-i 25.7af
1) e ) J :
15 ton.ha* solid waste compos )
6t 4} CamgeeS S 55 5 1D 7.9+ 10.2¢-f 22.3b-g 32.3a
1) e ) J
Lwgio Average 10 10.5 25 27.8
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* |n each growing season means with the similar letters are not significantly different at P<0.05
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Introduction

Soil organic matters impose direct and indirect effect on crop production through providing of nutrients and
also improvement of soil physical condition and stimulation of plant growth. It also seems that plant production
based on application of organic fertilizers is more stable than application of chemical fertilizers. So, there has
been lots of attention from agronomists, ecologists and consumers toward organic fertilizers. In organic farming,
agricultural ecosystem is considered as a living thing and integrated totality, so in this system, soil, crop,
microorganisms and micro-climate affect on each other and also are under the effect of each other. For better
performance of this system, each component should be in its appropriate condition. Periodical reverse of organic
matter to soil and crop rotation will improve biological and physical characteristics of soil. However, balance of
nutrients in organic matter which is available for plant is important because causes less dependence to chemical
fertilizers. Indeed, nutrients balance is more important than application of chemical fertilizers that can lead to
water pollution and decreasing quality of food products. Application of chemical fertilizers caused considerable
increasing of farmer's income in last decade. These fertilizers also imposed ecological and environmental
problems. In Iran like most of the countries, overusing of chemical inputs like fertilizers has caused destruction
of water and soil resources. In addition, leaching of soluble chemical fertilizers specially nitrogen fertilizers has
caused pollution of drinking water and overfilling of the water of lakes and ponds in some regions. So
researchers have done a lot of effort to replace organic and biological fertilizers with chemical one. The aim of
this experiment was to study the effect of organic fertilizers on safflower production.

Materialsand M ethods

In order to evaluate the effect of organic fertilizers and two different application dates of them on safflower
an experiment was conducted at Islamic Azad University of Shirvan, Iran, in growing season of 2012-2013 and
2013-2014. Date of first application was two month prior of planting and date of second application was
simultaneous with planting. Amounts of vermicompost included 4, 7 and 10 ton ha®, municipal solid waste
compost included 5, 10 and 15 ton ha, cow manure included 20, 33 and 50 ton ha?, nitrogen chemical fertilizer
included 100 kg ha™* and control. Experiment was conducted as split plot based on randomized complete block
design with three replications. Application time of organic fertilizers located in main plots and each one of
organic fertilizers levels with nitrogen fertilizer and control as a independent treatment located in subplots.
Required rates of different fertilizers were scattered by hand into the plots on 20" Feb then no operation was
done until April 21™. On April 21", main plots which should have been applied fertilization simultaneous with
planting were received fertilizers. At this time, all of the plot which have been received fertilizers on Feb 20"
plus plots which received fertilizers recently were planted simultaneously. Data were combined analyzed by
MSTAT-C software and means were compared with Duncan’s test at the 5% level of probability.

Results and Discussion

The results showed that in first growing season, fertilizer application before planting caused 12% yield
increment of safflower compared with fertilizer application at planting time but in second growing season,

1- Associated Professor, Department of Agronomy, Shirvan Branch, Islamic Azad University, Shirvan, Iran
(*- Corresponding Author Email: mortezaazimzadeh@gmail.com)
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fertilizer application at the time of planting caused 12.8% vyield increment of safflower compared with fertilizer
application before planting. Enough time for manure decomposition can be the reason for this difference. In first
year in fertilizer application before planting, all treatments except 10 ton h™ municipal solid waste compost
produced more seed yield than control and chemical fertilizer treatments. In fertilizer application at planting
time, chemical fertilizer treatment produced the highest seed yield compared with other treatments. The faster
availability of nitrogen chemical fertilizer is the reason for more seed yield in this treatment compared with
organic fertilizers. In second year in fertilizer application before planting al treatments except 4 ton h'
vermicompost and 15 ton h™ municipal solid waste compost produced more seed yield compared with control
and chemical fertilizer treatments but in fertilizer application at planting time chemical fertilizer, 4 and 7 ton h*
vermicompost showed higher seed yield.

Conclusions

According to the results of this experiment, using 5 ton h™ municipal solid waste compost before planting is
the best treatment to use in safflower production in northern Khorasan.

Keywords: Cow manure, Municipal solid waste compost, Nitrogen, Vermicompost
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Table 1- Analysis of variance (mean of sguar es) for yield and yield components of sesame
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A factor: cropping system and B factor: intercropping proportions.
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Table 2- Effect of cropping system on the number of seeds per plant, seed yield and harvest index of sesame

CuiS g9 Qg > Ald laas &bl > Slos Cuild p sl
Cropping system Number of seeds per plant Seed yield (t.ha?) Harvest index (%)
) S 972.90a 0.93a 28.05a
Row planting
Rt 842.33b 0.85b 25.89b
Mixed planting
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In each column, numbers followed by the same letter are not significantly different by Duncan test (a=0.05).
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Table 3- The effect of different intercropping treatments on yield and yield components of sesame
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50s50b 3.50abc 30.83a 40.00abc 1232.8a 2.76¢ 0.84d 30.95ab
75s25b 3.49abc 30.00a 33.00bc 971.5b 3.51b 1.18c 33.62a
100s10b 3.41abc 20.50b 41.00ab 845.2bc 4.22a 1.318b 31.12ab
100s20b 2.99c 23.16b 33.00bc 770bc 4.29a 1.26bc 29.57b
100s30b 3.13bc 20.16b 30.33c 609.3c 4.10a 1.18c 29.04b
10s100b 2.16d 21.66b 33.00bc 719.7bc 1.43e 0.259 17.64c
20s100b 2.16d 21.16b 32.83bc 685hc 2.22d 0.41f 18.69¢c
30s100b 2.23d 20.50b 34.50abc 707.8bc 2.87c 0.50f 17.75¢c
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In each column, numbers followed by the same letter are not significantly different by Duncan test (a=0.05).

Intercropping treatments include pure sesame (100s), 25% -75% sesame bean (25s75b), 50% -50% sesame bean (50s50b), 75% -25%
sesame bean (75s25b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100% -30% sesame bean
(100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame bean (30s100b).
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Table 4- Analysis of variance (mean of square) for yield and yield components of bean

GYE slani palslag paibslas Sks \ sl o
b goljlanys al> 5l 559 Qg , N A e ol s
o Degr ees of 1000-seed Number  Number of  Number of Sis Economic Harvei:t
SO.V. freedom weight of pods  seedsper seeds per DM . .
’ seedsyield index
per plant pod plant Yield
Sl
2 88.65™ 461™ 0.81™ 443.61™ 0.13™ 0.04™ 29.29™
Block
A st
Factor 1 2263.10* 9.60™ 0.60"™ 0.26"™ 0.96** 0.14** 6.78™
A
A s 2 288.05™ 3.05™ 1.05™ 362.71™ 0.03™ 0.01™ 48.26™
Error A ' ’ ' ' ’ ' ’
B e
Factor 9 15590.87** 77.51** 4.60** 3653.37** 8.97** 1. 19** 187.15**
B
A*B 9 77.09™ 478"™ 0.41™ 94.82™ 0.16 0.02** 9.02™
Eu::or 36 222.79 2.53 0.72 195.77 0.10 0.005 18.65

Al o gyl gine pas g [0 of o) Jloinl o )3 (g)l3 dxe a4 NS g 3 e
bglre cuiS il slacuS 5B o8 )05 5 sl gla jsgy A Lol 556
# «% and ns, significant risk of 0.01, 0.05 and ns are not significant, respectively.

A factor: cropping system and B factor: intercropping proportions.

Lug) s 83l 3,Sas g aild 15 (439 1 balduo CuiS g9 510 Joua
Table 5- Effect of cropping system on the weight of 1000- seed and dry matter yield of bean

CuiS g9 Suis o3l 3 ,Sdos &y Gl 439
Planting system DM yield (t.ha) 1000-seed weight (g)
i) S 2.43a 162.76a
Row planting
et 2.18b 150.48b
Mixed planting

S5 50085 b Sl 90T b doyd gy Jlein] e )3 ()l sime NS cauliio By > b (sl 3 Silio ¢ygin yo p
In each column, numbers followed by the same letter are not significantly different by Duncan test (0=0.05).
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Table 6- The effect of different intercropping treatments on yield and yield components of bean

CuiS 5y low sl 3, 8os 2 413 slass pabslas P AL slasi
. " 3 5es & . & ail> 158 (339
bglses Codls sdLad! . % NV »
) : Suis odlo 1000-seed
. Number of Number of
Intercropping Harvest 4ils DM vield seed Number of d weight (g)
treatments index (%) Seed vield Y S per seeds per pod pocs per
y! plant plant
100b 33.97a 4.25a 92.66a 4.83a 19.33a 223.13a 100s
25s75b 35.84a 2.75¢ 76.5ab 4.16a 18.16a 205.39%9a 25s75b
50s50b 36.48a 1.99d 61.83b 3.83abc 16.16b 180.53b 50s50b
75s25b 36.04a 1.03e 61.5b 4.00ab 15.5b 176.23b 75s25b
100s10b 24.45b 3.58b 34.66¢ 3.00bcd 11.66cd 104.32c 10s100b
100s20b 23.51b 3.10c 28.16c 2.5d 11.33cd 94.52¢ 20s100b
100s30b 21.99b 3.04c 18.83c 2.16d 8.66e 68.81d 30s100b
10s100b 33.88a 0.59f 36.00c 2.83cd 12.5¢ 116.44c 100s10b
20s100b 31.58a 1.00e 30.66¢ 2.66d 11.33cd 106.43c 100s20b
30s100b 33.09a 1.70d 26.83c 2.66d 10.00de 62.14d 100s30b
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In each column, numbers followed by the same letter are not significantly different by Duncan test (a=0.05).
Intercropping treatments include bean monoculture (100b), 25% -75% sesame bean (25s75b), 50% -50% sesame bean (50s50b), 75%
-25% sesame bean (75s25b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100% -30% sesame bean
(100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame bean (30s100b).
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| Mixed intercropping

Row intercropping
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Figure 1- Interaction between cropping system and inter cr opping treatments on seed yield of bean
Intercropping treatments include: bean monoculture (100b), 25% -75% sesame bean (25s75b), 50% -50% sesame bean
(50s50b), 75% -25% sesame bean (75s25b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100%
-30% sesame bean (100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame
bean (30s100b). Vertical bars represent Standard Error (SE).
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Table 7- Analysis of variance (mean of sguar es) for land equivalent ratio (LER) in different treatments of sesame and bean

JOVES R I o031 an 45 xS S LER Ly J3» LER byl cuwis LER
S.O.V. Degrees of freedom Slight Sesame LER Slight Bean LER I ntercropping LER
chik 2 0.06** 0.001"™ 0.07**

A st 1 0.05** 0.03** 0.17**

Factor A
Al 2 0.01* 0.005™ 0.007™
Error A ’ ’ ’

Fic)tﬁlés 8 0.53** 0.57** 0.013**

A*B 8 0.002™ 0.003"™ 0.007™
(k> 32 0.003 0.002 0.005
Error

bl oo gy dme pas g o [oB o/ i) pdaw jd (gl bxe S NS g
Lglseo cuiS Gilises (slocaS 5 B 058 15516 g cuils’ sla bgy A Lol g
# <% and ns, significant risk of 0.01, 0.05 and ns are not significant, respectively.
A factor: cropping system and B factor: intercropping proportions.
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Table 8- Effect of intercropping system on partial and total land equivalent ratio of sesame and bean

CuiS g4 Wy S LER a8 S LER JSLER
Planting system Partial LER of bean Partial LER of sesame Total LER
) i 0.54a 0.64a 119

Row planting
0.49b 0.58b 1.08b

555,005 b 5SSl ygei b oy gy Jleis] grdaw 53 (g5 dime S cilitie g b (sloySSlis (ygi yb )
In each column, numbers followed by the same letter are not significantly different by Duncan test (a=0.05).

g 9 oS US 9 (2 (e (52132 Commd 2 boldee CulS (bl 51 -1 Jgu
Table 9- Effect of intercropping treatments on partial and total land equivalent ratio of sesame and bean

bglseo CuiS jloy Wy S LER xS S LER JSLER
I nter cr opping treatments Partial LER of bean Partial LER of sesame Total LER

25s75b 0.77b 0.45d 1.22a
50s50b 0.57c 0.62c 1.19ab
75s25b 0.29d 0.86b 1.15abc
100s10b 0.10f 0.96a 1.06¢c
100s20b 0.18e 0.92ab 1.11bc
100s30b 0.28d 0.86b 1.14abc
10s100b 0.94a 0.18f 1.13abc
20s100b 0.76b 0.30e 1.06¢c
30s100b 0.78b 0.37e 1.15abc

S5 50085 b Sl 90T b doyd gy Jlesn] e )3 ()l sime NS caliio g y> b (sl 3 Silio ¢ygin sy
7N+ o (75525b) Lyg) 7¥0—s5uS 70 (50S50D) Lug) 70 —aouS %0+ (25S75D) Loy ZV0—15uS 7¥0 (100b) Loyl (el cusS : Jolis bgle oS (sla,low
Logd 7\ + =258 7Y+ (10S1000) Log) 73+ + a5 7+ (100S300) Lug) 7%+ —aoiS 7N+ + (100S200) Lyg) /¥ +—aziS’ 7+ + ((100SL10D) Lyg) 73 +— S
(30S100b) Lyg) 71 + +—a5uS ¥+ (20s100b)

In each column, numbers followed by the same letter are not significantly different by Duncan test (a=0.05).
Intercropping treatments include: bean monoculture (100b), 25% -75% sesame bean (25s75b), 50% -50% sesame bean (50s50Db),
75% -25% sesame bean (75s25b), 100% Sesame -10% bean (100s10b), 100% -20% sesame bean (100s20b), 100% -30% sesame

bean (100s30b), 10% -100% sesame bean (10s100b), 20% -100% sesame bean (20s100b), 30% -100% sesame bean (30s100b).

by Lo ciS (hg) (i dmliie dmd o L bs 5 S S 5 4o
il bl cuiS 3 &5 wmd o (L 5 (30l g (odul38 S 53 Lyg) 9 45uS 5, Shos 48 0y ()Lt auls chigen

S Sy (6590 453 9 dal Caanddy (5 ey (e Sl o s5r90l b gy sty bsle catS sl 5 o Cund Lalls
Py Sy DS indy S pizan ol ol (e by e S 4y bigyye (slalod 5 (ys0) (il Cormd (3 yiahs
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Introduction

Intercropping is a kind of multi-culture system where two or more plants are cultivated in a piece of land
simultaneously. The aim of intercropping is optimizing the use of space, time and physical resources in both the
top and under of the soil surface through maximizing positive relationship and minimizing negative relationship
between the components of agricultural ecosystems. In intercropping due to better use of available resources
such as land, labor, time, light, water and nutrients, as well as reducing damages caused by pests and diseases
and socio-economic advantages, increase in production per unit area can be expected. In this study, yield and
yield components of sesame and bean in additive and replacement intercropping with mixed and row planting
type was evaluated and the possible advantages of intercropping to monoculture as well as the types of
intercropping were compared.

Materialsand M ethods

This experiment was conducted in Agricultural Research Station of Ferdowsi University of Mashhad, located
in 10 kilometers south-east of the city of Mashhad, Iran (latitude 36° 17" N, longitude 59° 35’ E and 985 m
elevation) in 2013 and 2014. Climate of the area is cold and dry. A Split-Plot experiment based on randomized
complete block design with three replications was used with the factor of cropping system (as main plot) and
intercropping proportions (as sub plot). The cropping system was included; mixed and row cropping and
intercropping proportions were included; monoculture of bean (100b), 25% sesame- 75% bean (25s75b), 50%
sesame- 50% bean (50s50b), 75% sesame- 25% bean (75s25b), monoculture of sesame (100s), 10% bean- 100%
sesame (10b100s), 20% bean- 100% sesame (20b100s), 30% bean- 100% sesame (30b100s), 100% bean- 10%
sesame (100b10s), 100% bean- 20% sesame (100b20s), and 100% bean- 30% sesame (100b30s). Planting was
done using common varieties of the region (Esfarayen and Derakhshan varieties for sesame and bean,
respectively). Hand-weeding method was used for controlling weeds. The first was done when most plants were,
in the 6 leaf stage and in the height about 15cm, continued every 13 days until the growth of the canopy limited
the growth of weeds. There was not used any fertilizer during the growing season. At the end of the growing
season traits such as 1000 seed weight, number of capsules or pods per plant, number of seeds per capsule or
pod, biological yield, seed yield and harvest index were recorded. In addition, the land equivalent ratio (LER)
was caculatedto determine the advantages of intercropping. Analysis of variance and Duncan's mean
comparison were used for statistical analysis.

Results and Discussion

The results showed that intercropping had a significant effect on al traits, in sesame and bean. 1000 seed
weigh, number of capsules or pods per plant, number of seeds per capsule or pod and harvest index in the
treatments of 25s75b, 50s50b and 75s25b, were the highest amounts. Number of seed per plant, seed yield and
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harvest index in sesame and 1000 seed weight, biological yield and seed yield in bean were affected by planting
type which row planting had higher value than mixed planting. This can be due to better use of resources and
avoid inter and intra species competition, in the circumstances stated above. The results showed that the total
LER, LER of sesame, and LER of bean were higher in replacement intercropping planting than mixed planting.
In addition, replacement intercropping had better performance in total LER, LER of sesame, and LER of bean, to
additive intercropping. Also, total LER was more than 1 which highest values were observed in the treatments of
25s75h, 50s50b, 30s100b, 75s25b, 100s 30b and 10s100b (1.22, 1.19, 1.15, 1.15 and 1.14, respectively). It seems
that better utilize of the growth resource in the inter cropping led to reach this result. The results showed that
presence of bean in intercropping had positive effects on sesame, so that the symbiosis of bean roots with
nitrogen-fixing bacteria could be the main reason.

Conclusions

In general, the results showed that seed yield of sesame and bean in monoculture were higher than other
combinations of intercropping; However higher LER was observed in the treatments of intercropping. This
shows more exploitation of unit area in intercropping. In addition, greater amount of LER in replacement
intercropping than additive intercropping highlights the necessity of appropriate density of plants per unit area in
the intercropping. Also row planting showed better performance compared with mixed planting that suggests the
effect of planting correct arrangement for further exploitation of resources in the intercropping.

Keywords: Economical yield, Harvest index, Land equivalent ratio (LER), Multi-culture
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Introduction

Nitrogen availability is an important limiting factor in low input farming systems which reduces the system
productivity. Therefore, in organic farming systems, use of legume plants and composted fertilizersis crucial for
balancing crop growth and nutrient demands. Biological N fixing by legume plants depends on plant
morphology, density and competitive ability. In mixed intercropping, especialy in arid region, crop mixed with
legume plants isimportant in terms of cop quality and soil fertility.

Materialsand M ethods

To determine the best combination of mixed intercropping of barley and fenugreek, an experiment was
conducted as split plot based on randomized complete block design in Ramin Agriculture and Natural Resources
University of Khouzestan, at 2014-15 growing seasons. In this study, composted manure levels (zero, 12, 24 and
36 ton ha') were investigated in main plots, and mixed intercropping proportions (100% barley, 75% barley+
25% fenugreek, 50 % barley+ 50% fenugreek, 25% barley+75% fenugreek, 100 fenugreek, 100 % barley+16.6
% fenugreek, 100 % barley+33.3 % fenugreek and 100% barley+50 % fenugreek) in sub plots. Mixed
intercropped plants were harvested at the physiological maturity stage of barley grains.

Results and Discussion

Highest forage dry matter was obtained from application of 36 ton manure/ha in proportion of 100% barley +
50% fenugreek. Highest N content of mixed forage was observed from the rate of 36 ton manure/ha and 100%
fenugreek. However, highest N yield of mixed forage was observed from 100% barley+ 50% fenugreek with
application of 36 ton manure/ha. Highest forage P content was observed in 100 % barley and lowest P content in
100 % fenugreek. Effect of manure application on Zn content of mixed forage was fitted by a linear application.
Therefore, by increasing the application of one kg of compost manure per hectare, an increase of 0.8 mg Zn
content was observed.

Generally, fenugreek as a legume plant with N fixation ability had a higher content of N than barley.
However, barley plants had higher levels of P and Fe content due to their stronger root system to absorb these
nutrients from the soil. In al treatments, mixed forage of barley and fenugreek were supplement together in
terms of nutrient value. But, highest quality and forage yield were obtained by application of 36 ton composted
manure/ha and mixed intercropping of 100 % barley+50 % fenugreek.

Keywords: Dry matter, Nitrogen fixation, Organic agriculture, Phosphorous, Zinc
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Figure 1- Average of AF/F,s parameter of sugar beet cultivars after freezing stressin controlled conditions
(Common letters are not significant at a 0.05 probability level by Duncan's multiple range test)
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Introduction

A sustainable cropping system can be designed by choosing crops that can use the solar radiation and water
more efficiently. Sugar beet (Beta vulgaris L.) is a highly productive crop which is widely under cultivation in
different regions in Iran. Sugar beet production in Iran, scarcely limited by the solar radiation, but heavily relies
on limited available water in such arid and semi-arid regions which makes the spring cultivation of it very
expensive. Autumn cultivation of sugar beet is considered as an aternative to avoid water stress in Khorasan
province, which is the main producing land of this crop in Iran. Variation of chlorophyll florescence parameter is
an important criterion as well as suitable and nondestructive method which has been employed to determine the
differences between plant species on resistance to environmental stresses such as freezing stress, and has been
widely used as an important index to quantify the response of cold resistant varieties of corn and rice and heat
resistance of sunflower cultivars.

Materialsand M ethods

In order to study the possibility of using the chlorophyll fluorescence parameters for evaluation freezing
tolerance of sugar beet varieties, an experiment was performed by using a factoria based on randomized
complete block design with three replications at agricultural faculty of Ferdowsi University of Mashhad. Seven
sugar beet varieties (Jolge, Giada,Monatunno,SBSI1, Palma, Suprema,andPP8), exposed to ten freezing
temperature levels (Zero, -2, -4, -6, -8, -10, -12, -14, -16 and -18), and their yield of quantum efficiency (AF/Fp.s)
were measured in four levels of recovery periods (2, 12, 24 and 72 hours). Chlorophyll fluorescence was
measured on control plants along with plants which were under 2, 12, 24, 72 hr. recovery after freezing.
Measurements were carried out by using a portable fluorometer in the margina region of the youngest fully
expanded |eaves.

Results and Discussion

Photochemical efficiency of photosystem Il had strong regression with plant survival percentage (R>=0.90").
Monatunno variety had the highest and SBSI1 had the lowest photochemical efficiency of photosystem Il. There
were no differences between sugar beet varieties on photochemical efficiency of photosystem |1 until -14°C, but
lower temperatures severely declined that parameter. There was a reduction on efficiency of photosystem Il in
the first 24 hr. duration of recovery, but after 72 hr. increased up to the before freezing conditions. Monatunno
cultivar had the suitable recovery where exposed to the -16°C, but the efficiency of photosystem Il on SBSI1
cultivar was decreased dramatically at the same temperature. Fluctuation trends of AF/F.sbetween freezing
treatments and recovery periods showed sensible decrease trend until -14°C, but negative trend started at -16°C
and reached to lowest values at -18°C in recovery period. Hasselt (1996) showed significant decrease in (AF/Fs)
between wheat varieties started at temperatures lower than -8°C. Fluctuation trend of AF/Fs parameter of
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Monatunna and Sbsil varieties as resistant and sensitive varieties with respectively highest and lowest survival
percentage under severe freezing treatments (-14, -16 and -18°C) indicated clear difference between Monatunna
and Sbsi1 at -16°C.

Conclusions

Yield of quantum efficiency of sugar beet varieties showed highest differences in recovery period, this
parameter quantity in Monatunna as a resistant genotype recovered near to before stress conditions during
recovery period (except -18°C freezing treatment) but Sbsil as a sensitive variety did not show recovery
especially in severe freezing levels. Based on this study, we can determine Monatunna variety as high resistant to
freezing stress with quick recovery period compared to other study varieties in early growth period which is
almost the most important part of growth cycle of sugar beet varieties.

Keywords: Efficiency of photosystem I, Recovery period, Sugar beet, Survival
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Table 1- Chemical properties of the soil 2014-2015

. S ges
S s Zn Cu Mn Fe K P
. i N% C% PH EC
Soil texture S°'('C§ne§t“ (ppm) (ppm) (ppm) (A.P) (ppm) (ppm) ° °
) o 0-30 1.08 0.63 7.96 6.16 590 7 0.18 1.83 7 0.3
Loamy clay

IFAY-AE ey Sl o dilale (MM) (F05,)b ol5e0 =Y Jgun

Table 2- Amount of rainfall (mm) monthly rainfall during growing season 2014-2015

3l 5 Canlige3 | o395 Sl o &3 A ol e
May April March February January December November October September
- 19 471 785 234 34.7 38 88.8 50.2
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plos! (Velikova et al., 2000) yiogils YE+ )3 59,0 duunSTy
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F e 5 5ol YA+ oo b > o s jl (Asada, 1981
)5 G515 se Jsb o ol g

du)l}élf)_i )I odlawl L quo)i osls d)LoT L;Lasdg.}:gd’
odliwl b Wmosly (pSile duslie b9, 9 pbl MSTAT-C 4 SAS
D9 LD Iy gme M3 JBlas 9050

Jrad > (S0l IS e (litlgn )Ll sloosls ol
pASS 58y 50 s yd by dBli g yio leo YVA NYAV-AY  clyj
YA 5505 30l ol 15 (5, lise &5 )5 6945 ol bl 4>
2 A5 S 0593 Cled 3 Al S5 g (S g e
8l sl g 5lel 23,3 g Cuigmd )l (2359,8 slaole ;D 83, 93 ya
el 135 )3 Ly g e e £7 olo aw pl )3 (S)k S5 oliee
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S o A D Jidg IS iy Sid g S colue Joli
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U9y 4 a395)lS 9 b @ J 89l palde (5 Sojl]
slaJssyd wluwly o (Lichtenthaler and Wellburn, 1983)
A5 duolxe 4o
Chilorophyll a (ug/ml)j=12.21(A663)-2.81(A646) (1)
Chlorophyll b (ug/ml)=20.13(A646) — 5.03(A663) ()
Car = [(1000A470-1.8 Chl.a-85.02 Chl.b)/198] (v
Sladsiges w2y S p sy Jsb g 2l 5 pSojlal cux
FYUVCRS N ANV EE R SN B
Tearetal., ) 3235 plosl 2 Sy 29y gdaw | Gl bl
e by (e ol g Jsbo 6 S ojlail ca (1971
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5 00 Sl A3 00h ol Ag JEE (g, oS (1 a5
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Sl ad S g dobre @ye o Bl cus S Colue
;| (Diaz-Perez et al., 2006) )59, 4o s o (slgixo (puuss
g adaly jlosliiwl Ly g (o)l mdssel o2 S dw Jlod 2
13,5 dnwlxe Sy s Ol (slgime
RWC= (FW — DW)/(TW — DW) x100 ()
DW:,5 550 PW ¢ s O (gl e RWC YL dslas 5
ol gLl 59 TW 4Sis 59
I (Flinet et al., 1966) sg; 4y Sor Culd (6 pSojl0l Caa
Sloslat wl Uy S cutd e .8 )8 plodil (gl pdiges v Sy
355 dolxo o Jgey8
~ X 100 ()
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Table 5- Comparisons means of anatomical leaf Genotype
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Xylem Vessel diameter
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Upper epidermis area (pm?)

PESTRL SURLIN W

Ay Sl g
Dry weight (g)

i §5 ails Mo

i

yeis’]
Genotype

Bundle sheet area  Xylem Vessel area

Flag leaf area

(um’)

(um?)

(em®)

Number of grains per spike

11a

113a
84b

67a
59b

6a

2.9a
2.6b

43a
33b

10b

324b

5b

oM il

Cross Sabalan

[LSD=%5) caul 70 Jlozs! o 33 )l im0 B3] e S0k 920y ) ailiie g

Means in each column followed by similar letters are not significantly different at 0.05 probability level, using LSD (Least Significant Difference) Range test.
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Introduction
Water deficit is the major abiotic factor limiting plant growth and crop productivity around the world. In al
agricultural regions, yields of rain-fed crops are periodically reduced by drought. Among various strategies, pre-
sowing treatment and priming of seeds are easy, low cost, low risk and effective approaches to overcome the
environmental stress problems. Various priming strategies include osmopriming, halopriming, hormonal priming
or hydropriming, etc. Hydrogen peroxide, a stress signal molecule, was evaluated as seed treatment to produce
the metabolic changes, which could lead to improved drought tolerance in wheat. The interaction of signals
conferring stress tolerance in accomplishing better crop growth and yield is a priority area of research. Here we
report some anatomical, physiological and biochemical changes induced by Hydrogen peroxide during seed
treatment and their involvement in conferring drought tolerance upon wheat.

Materials and Methods

A field study was conducted out at the research farm of agricultural collage of Ilam university during 2014-
2015 cropping season. This study was aimed to investigate the priming seed with hydrogen peroxide on two
wheat genotypes (Cross Sabalan (bread wheat) and Saji (durum wheat)), under dryland farming system
condition. Experimental design was factorial, arranged in randomized complete block, with three replications.
Two main factors were wheat genotypes and four soaking treatments of seeds with different concentration (zero,
25, 50 and 80 Mm) of Hydrogen Peroxide. Seeds of each genotype were sown at 6 rows of 3 m length with lines
space of 20 cm in depth 5 cm. At heading stage physiological traits were measured on selected leaves and then
samples were taken to determine leaf area, Leaf rolling, number and length of Stomata on the epidermis, RWC,
electrolyte leakage, photosynthetic pigments concentrations (Chla, b and carotenoid) and antioxidant enzyme
contents (catalase, ascorbate peroxidase) and at tillering stage Anatomical traits (mesophyll area, bundle sheet
area, upper and lower epidermis cells layer and both length and area of xylem and phloem vessels)were
measured using image anaysis technique by Dino-eyeanalysis software. Data were analyzed based on
experimental design model. Means comparison was performed based on LSD test (P<0.05). All calculations
were performed using SAS (version 9.1) software.

Results and Discussion

All studied parameters, anatomical, physiological and grain yield, of genotypes were significantly affected by
priming seeds with hydrogen peroxide. Positive changes in anatomical and physiological traits in response to
hydrogen peroxide increased grain yield in both experimental genotypes. Priming of seeds with hydrogen
peroxide produced plants with higher relative water contents, photosynthetic pigments concentrations (Chla, b
and carotenoid) and antioxidant enzyme contents (catalase, ascorbate peroxidase) comparing with non -primed
seeds. Plants of hydrogen peroxide primed seeds produced higher leaf area, stomata length, fresh and dry
weights, and lower rate of electrolyte leakage and leaf rolling comparing to non-primed seeds. Priming seeds
with hydrogen peroxide increased mesophyll area, bundle sheet area, upper and lower epidermis cells layer and
both length and area of xylem and phloem vessels. Anatomical changing due to hydrogen peroxide priming in
enhanced growth and yield of both genotypes was positive since primed plants with hydrogen peroxide had
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produced higher grain yield compared to non-primed plants. Overal, priming seeds with hydrogen peroxide
improved grain yield of both wheat genotypes, especialy grain yield of bread wheat Cross Sabalan cultivar.

Conclusions
The anatomical and physiological characteristics improved in dry conditions and lack of available water to
the plant is essential for achieving high yield. The results showed that the concentration of 80 Mm hydrogen
peroxide as a pre-treatment seed through positive effects on physiological and anatomical features could increase
theyield of Sgji and cross Sabalan under rain-fed conditions.

Keywords: Grain yield, Mesophyll, Number of grains per spike, Phloemvessel, Xylem vessel
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(Bisheshwor et al., cowl yiiy cilpe dy g o 4l
2013)
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o=l 3l @by sl amd Al Gl e g Canyj Laoee
S3ogdS Cromw dn C8 p (SB (gilols Copte g O
55 31 o (Ahmad abadi et al., 2011) 595 s duogs b
L Gls Gua b ) sagS jl edlawl jluly (65,0liS" jo Lol
b S 90k Gl 5 (olend (rodls Bpas ials
o (i smdgS lse 5| (KoOOChEKi et al., 2008)
oS lais i L cp 5 5e ol 45 300 pU ) (89t
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Siglgm called g M olgo d5e Gl Sl & ABl o pelipapley
sy Slae il e 0l (sl lie polic adye 5 Sk
Se5sdsm 355 (Kocabas et al., 2010) 53,5 o Jyamo
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Table 1- Results of soil chemical characteristicsfor farm of research

(PPM) e (PPM) 59, (PPM) 53Kia  (PPM) al  (PPM) pawly  (PPM) Jhud  (PPM) ;! PRI
Cu Zn Mn Fe K P N Organic Carbon
Per cent
1.06 0.86 8.56 4.22 285 7.8 1.01 1.2
ialejl 0,95 b wlillgr glaoals —F Jouo
Table 2- Meteorology data during the experimental period
olo Y Lod Jlas Lod SSTas
Month Rainer (mm) Temperaturemin (°C)  Temperature max (°C)

August (2014) Ay Jlo e 70.3 10.91 28.86
September (2014) yray Jlo Ul 27.22 4.3 18.7
October (2014) vy Jlo ) 9.6 2.6 144
December (2014) y¥aY Jlo (o> 9.6 -0.5 12.2

January (2014) \YaY Lo et 336 2.7 15.6
February (2014) \ay Jls sl 52.9 2.4 16.4

March (2015) y¥a¥ (34,8 51.4 6.1 21.2

April (2015) \WYa¥ Lo cuiges)) 126 105 29.6

May (2015) \¥a¥ Jlo sl 3 0.2 15.57 37.26

e b > oSl 271 5.77 2158

Mean agriculture season
ucl))' J‘“ﬁ 2 L?S'b')l-? J{ 204.42
Total Rainer

Cod 1) 5y g e Grhugd slasnlp dadjy) (Ab iy

&S e slatli g L oSes b g o s b

AHelS by o ighie JiS Of Joudly b ditis jsboay
iy Lyl 2ol by 3l e 3,8 &S Jb )3 3,8 e tte
Sy gLyl ) e alidl cage sladgle )3 )5 sl
9y y Olalllas zls (Moazen Ghamsari et al., 2009) 4,5 5
Lyl al5ol el O3l pgu 1 oolinul 4 ol olas | glaslsy )3
33 Sledan asdlas ol jl ol gmbs b 45 09d e oS @iy
T85,05 oLS s alie Slides .(Yousefi Fard et al., 2011)
dgu g0 LS oyl 50 gla)l iuli8l cely Sy yis 248 a8 b LS
4568 ol s S e laiss 4 495 L (Nadi et al., 2013)
ol L s 355 53 35250 slogs 5L o 58 bl g
2 ais o=l O B 5 isr Cat ol A Ll yd (35
3y50 (solul dlge Qo b Polate el 0lS adyy plugus L]
S gl alox I lsn slaplil dnwgi Cage g 00l ol L3
sanliiie 5iod (] 5> .(SAlmani biary et al., 2010) 55,5

1- Zea Mayes
2- Cartamus Tinctoris

lslog 15l byye (uilyly anjord gl 14y W5
g S cops ool Jole a8 0l ol 6y las)l y calisee
Sy 353 (P<O.05) b3 sine crdls ygeo X cypS 5yt blita
Joiz) 23,5 (P<O0L) )b dne g2 ei5)] (59 2 j6 Pl g
(520055l FYVA) &gy £165,) 1508 5sS0lio Slaglio ol (¥
Byman phe e —(Byd bolad podd ctS o 4 by
DVIVE) gLyl oyt § 992 e yygms B o pis g (a9
(9~ Jlod bghad (69 o S o b lasiye (10 5L
@b (¥ Jgiz) 290 @3l ppgw Bpan 5 gy Bpuae pis
e by s gg) 1 &S oladig &S amd e i adlls oy
g gl blad a4 sl bulyd sl S cuils g
@l Sy Ay gl o Cols (Y Jada) Slaily
29 ity €8l b g O 5l e (sp90 00 31 U Wl e clS
odcld dy y95 Jiao D985 cge (g —(Jlod S Bl 085
oab (g 5y 0y93 JHS 5 Jsho poles haljal doms 13 g 0lS
33,5 0 (s m B Gacd) & s uyy LRI e
S 4y g Jobo pobel 2 5B L Ol 3908 (Osvat, 2014)
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Table 3- Mean square effect of rows direction on (A) and nitroxin (B) and super absor bent (C) on narbon vetch (Vicia
narbonensis)
ESbe bl
Ot gl anyd Fatig) aBlw s GYE dlani b slani 15 459 4l >, Shos 3 Sl ol
ol «e  Diameter Ligyys Sy seed als Grain yield Saj99m Codls
DF Plant stem Number Number  Thousand Biologic Har vest
height pod of in pod seed yield index
plant weight
155 (R) 2 2.37® 0.053"™ 0.12™ 2.24™ 24.76™ 5925.16™ 272128.16™ 112.64™
cax 1 8.97 0.38 0.57™ 0.96™ 267.33™ 7824.16" 6240.37™ 48.39™
cus(A)
s (8) 2 0.17 0.02 0.05 0.87 22.87 3028.16 520914.50 114.00
oS (B) 1 0.90™ 0.19° 6.72" 81407 2801527 777600.007 247491037 = 212.29°
AB 1 0.18 0.12™ 0.00™ 18.72" 10.01"™ 7993.50™ 590.04 5.18™
obyse(C) 1 56360 0737 0.00™ 0.60™ 1426™  30530.66° 52244504 255.45°
AC 1 477 0.27 0.0°® 0.00™ 24.20™ 1504.16™  451278.37™ 121.88™
BC 1 99.87" 171" 315" 19.44° 1433.76°  94752.66" 19323.37™ 177.01™
ABC 1 3.40™ 0.00™ 0.70 6.20™ 1.76™ 840.16™ 64377.04™ 19.87™
s (b) 12 0.16 0.22 0.04 0.40 21.99 1959.21 107234.66 41.78
Js 23
cv 471 5.77 7.07 9.04 6.01 8.52 12.89 18.00
Oy g >
%)

M ize gl pas NS o yd S o jd I x5 o )d gy prdaw )3 5 xe
ns: Not significant *, **: Significant at 5% and 1% probability levels, respectively.

Al ol A5 33,5 o rlge o b s 5 25 < Jsbo ol
S oolial S s )3 33,5 o ol iy 25 nlS & orio
gy ) GRIBl o 5 00,5 (£S5l (15 alml Sl 3l 5
S5glgm 395 48 Lowl Il oas dBlw i ok Lol
) 2l b ol 35585 005 s 55T 53 ol (e 85
Sl i ady) ghaw (s ) Sl Ol ok & b St
a3 88 ol 4l Gl ayaly S Mo 5 olieolge
(Azmzadeh and Azimzadeh, .U o ilj8l olS oS a5,
G (peansS g5 a5 365 3y3)8 aS0ly Ui padizs .2013)
O & e ) (oS 955 e il 03,5 o 4Bl b ol
9 O 35le 15 L ygoygm e 5 4SS )3 pguby ]
(Samani biary sls Cows (590 4y (ow yiwd dgeky 9 (S sl
.etal., 2010)
Laoaly il ylg i Jgdn pulis igs 4 GYE dlaws

B Cdio gy odly Luibylg 435 g guls 18l ylad
4w~5u_g>du)lo«;)»l_,u_>ﬁun_«o ool &S aly s dBle
Msize ©3a pg X rnSg i 9 Qg (S gk
O3l g X CdS cpgy Jolite $ pismed (03,5 (P<0.01)
(¥ Joo) 5k Slunlie 3ubo (Y Jgio) 0 (P<0.05) jly sxe
bpas Lo 53 (o son YIVY) (isn L L b 3505
G pgw Byae pis (S s Bpae pis ()8 =Sy
Hlos an bgye (o oo ¥/¥Y) Bl ylaB oy sy 9 A5 odalie
S 95 Span pie oy — Jlad bslad (59, p 0rd S
b){)u FEENN ul_uvu SOlalllao ("?L.J A odnlie u.)l>).)9.w &_9)4\440
o g bl Bl jlad b (59y (5l tme b OOl g sardy
99 YU |y el ol e oliies ol o1y3)S dbl b 138l
(Yousefi Fard et al., 2011) 15,8 ,$5 Ul G yame LS
nat S Uy (i bl 5 ol o cudls bl oo o
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J=B ol ciglate jolie 5 (glandss Cglite Cumdg 4 bgyye
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2350 oloi 3 5 (BLS palie 4 gli polie § T elS gai 5 0,
gy 38y iall g Lol e b ol 8 515 olS st s 5l
lizl 0,5 wnlss walyd cuslio il a3yl |y e 595
(Koocheki et al., 2008) 5] o 393545 I, g lbo 5, Shoe
55 Gl g canlio 405 b 51 Syl 5 o3lizel Yiezs!
BYLe > 4l slawi dgups g (2AS iol38l Ol ge olS g iumgid
5 b it ] L5 L OBl g panly ol 03,0 il Iy
Wl 0033,8 s 365 e il il el Sis i

3 Sdas Lol glial 5l (S a5 g 1ty HI3R 59
&byl 59 a8 ol lis Wealy iyl i WLl o jledbay il
PSR S FY-APRUC UL FY % O
CuiS Yo )3 (p5 AV e ) &l Jlia (g g peS (1 Jgia) €85
P (S gt Bpman pis () —( By bgld (59) pord
sless 3 (5 WWYIV) &l jl30 (59 cpyndin 9 @3 g B pae
(S 9y Bpas pie g —Jled bglad (g9, p o cutS
Lo alsie oS 5% (F Jgaz) el ooty O3l yyg0 8 yuce
AU elS 093 @it yolie (Il g st Cld 405
M= iy ol L bLs)l ) bl ansls &by jlia (yjg » (stite
Ol 48 il JLebl Gl on gt sladgS 2 )8 Jlis 4 il
PR A § (395 S 2 oSy 53 & Wlgie il
O3sr ogt i polis i Gl ol o 4 g (lady) el
5,8 (Yousefpoor and Yadavi, 2014) 54 odls s
oLy &by i (s Ll el laily @b (g 0 O g
45 53,5 o bluzl e (Yousefi Fard et al., 2011) 15
iy bl ool o OO g olyed ) (pnSg 15 5.0l
Loyl ol a s |y a0ly ln ()55 9 Canl 0 (g Sumlio
SLilos, S 1 6 Talls ol 3 (jp Juuslly caol 03,2 Y
e Ngdioe x Slie 4 4 Caled 3 bal (ol Jg 09500 (e
e Ol 38 ayls (S 4l i 1 (b WSk Ly
293 obly Jwily a4 il &S 29 dalgd xe la  Sliles,S
iz pll QLB L b o SRR &I 5 () g S gel
5 da5s 0 asb alasy (il cps 40 (sa)gi (g jtuwgid dlae il
ollial o glus (i85 slae (pl g ol B e dig 3 BME laas
(Salehi etal., 2007) 5)ls &by Hl3a 439 o)l 1 5)Sas

3 355 550)5 S Cps ol Jole as ol ol (Y Jgas)
s o o DI g X (S 9k einen g (e 9 55
Ul aw plize gl .aczsls (P<O.0L) 6yl eyl wigs po 3
WAy ime (P<O.05) Cla g X oS g0 X S S
S (08 A3 o L5 (¥ Jo2) b pSSle Sluglie Jgi
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= ogde (e wg fuawilly 4 olitwd (BMe 5 5 slaales
13T oyl (K joo ades jl lamo byl 4y olS 8D bl s
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dly (B Cagby g 288 polie (ogada s culis olS
ol_:f P y—wd yd U)\J_c )_AoL..C U‘)—"A wu])_él Q}Jl)"\—"’ )
9 A jew ) Gl g olS A3 S0 el (i pepad 4
by sl ygeygn gudyi ol Jleisl 4y g o gy 3 B dluss
9 S 95 )3 S350 0AS CensS sl g 38l 2529 > 4 alS
39y Jloinl adlllae opl 55wl odd &gy j3 BME Dlaay iol38l
= Lokl (615)),8) o dler | cuslie Josme byl sl b &S
5 (P ps 2p)LS) SB cugh) (o5 —Jlod bolas 55,
Col s 4 (k8 (092 o pd 50 9 Geslie (Slapdss Ll
2 dg 50 AL sl el punSs i 3 D950 (sl S|y lawgy &l
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Table 4- Comparison mean detachment effects of rows direction on (A) and nitroxin (B) and super absorbent (C) on
attributes on narbon vetch (Vicia narbonensis)

13 dlaxi S0

[ Slaxi 5,Slos 5L
) . U sl G vk 4l 2R T U»,
R pmSei dapew YR pigmee 7 A Thousand &l 5 il
“uiS (B) (© r!l:’lal‘;]t sem g Seegi seed s Biplelogic H_ardvest
eight mm Number  number : : yi index
*) em M T inpod e (* N O
WE N; - 47.61° 3.85% 34.80 22.37° 125.0° 1114.9° 2883% 40.77°
NS N, - 47.05% 353° 4.46° 20.20% 117.0° 998.2° 28412 37.00%
WE No - 46.22° 3.46° 3.71° 18.28™ 102.1° 752.5° 2231° 33.89%
NS No - 46.00% 3.42° 3.43° 16.92° 96.68" 674.8° 2208° 31.98°
WE - Co 49.31° 3972 4317 19.68% 113.8% 97857 2809° 40.06°
WE - C, 47.20% 351° 4.20% 19.60° 113.3° 923.0° 2567% 38.28°
NS - Co 45.35° 3.41° 3.98% 19.30% 108.6% 880.2% 2546%°  36.37*
NS - (o 45.02° 337 3.91° 9.18° 105.12 793.0° 2240° 28.92°
- N; Co 50.49° 410° 4.98° 22.13° 129.5% 1172 3038% 44.86°
- N, (o 47.03° 357° 4.28° 20.43% 112.5° 975.2° 2686% 33.48°
- No Co 46.02° 3.38 3.95° 18.55™ 106.3° 740.0° 2339 32.39°
- No C, 43.34° 3.21° 3.20° 16.65° 92.42° 868.5° 2100° 32.90°
WE N; Co & b a 23.73° 132.7% 12342 32057 46.19°7
NS Ny Co :'? gfabc ggfm jgga 2100  1262°  1111®  2896°  4353®
WE N, (o 4733 353c 306 20.53% 117.2" 1064° 2870  38.01%¢
NS N, C 4674 3og 303 19.87° 110.3% 886° 2476  34.74%¢
WE No C 4,67 326 3.90° 18,73 107.8™ 781.7% 2413  33.92%°
WE No Co 43,97 3 93 326" 18.37™ 102.4% 723.3¢ 2264  33.04%°
NS No C 4271 310 > ot 17.83™ 93.83° 700.0° 2197° 30.03°
NS No Co . : : 15.47° 91.00° 649.7 2004° 27.80°

53,5 duolde £) maw ) o, Sle
*Means in each column followed by similar |etter(s) are not significantly different at 1% probability level, using Dancan Multiple
Rang Test.

YL 0 Sles (gl psin — Jlodi s )0 i S lalS 4
4 gadge oyl ) Guios y> (Austenson et al., 1969) L
WU coss csls dilise glacags p 0,8las 4ty Sl
(Somnathjha 5,5 . )3 (gjiuwsd Colled g 595 B pan yloll,
365 by ne 45 dad e i wlallles .and  Subbarao, 2012)
3ySdes g (Sofgom 0 Sdas Gl o (S 935 (S5og
Slao 05 (o piwd pd Jdd a0l s Cunl 0dds 1315 0LS j0 wily
(Azmzadeh and cwlolS sy joluws J ol o olie
odliul Loy y3 5,Sdas yiul38l oyl #8ly ,> Azimzadeh, 2013)
2 SBd (29)500 Caned 3929 5l (86 Slgi o0 Sojolam 305 5l
slsu! dJ.._M:y._» 48 asb Al oJ..u‘)sl dl.bd)jb b )9.3.3 f_:.&.l? ).:I
by 0y9d Jobo yo iy oD baas (158l o lde dlge a3 >
g ol i Galidl g aiy) (LS ol b e,
380ae b ol by 5 3l 50 gy 3 B o0 0lS A3 sl
= Cido g 4l ixe )»b b il paw &S Wb 0ald lis yd &l

(Fazeli Rostam poor et al., 2011) cul o 5V &l

slajasls oy ytege 5l (S il 5, Sas adld D)Slc&
Laodls Lub,lg 4550 zols bl oo slesdas ol 5> Wg (ool
bgbd gy yo a8 Slals j ash 5,Slee o conl o 5 Sl
Lybs g5 3 oS LS 5,8k b alons cutS g — Jlod
ol 05,8 (P<0.05) jls ixe dilod s S e — B b
X S 9 i 3 pyga0 Slge ¢S 9 (S ] 995 (ppionen
ashy 5, Slos oy oS (Y o) ai (P<0.01) s xe o3l yygus
(S 9y Span pie 3 ()8 = (Syd bgld 3 (p)5hS FYAY)
sl o ySlas b o s )3 0d Juols QO yygw B puas pic
33 5 i~ Jad by b > (p S5k WWTE) Sike
(F Jgaz) sl sty 895 ypa> e 3 5 O3 g
olals coiS & oy i )5 ©jge pAiS 59y 0 &S Sliios
(2f B byld b awglie 3 pgix —Jled bgld (55,
Sl 9550 (al & sl 53V 3 Shos (lial 5 3 )Slee ()l
(Bisheshwor sl adily a4 dls o )3 yigy siweid dawlyd
&y s kS 5, Slos a5 ol Lt clasw €t al., 2013)
Cwl 039 glate cudls (alisee (glacqa ;3 Wy)lgpe ()5l 5 puS
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Introduction

The excessive use of fertilizers has caused severe damages to the bio-cycle in the fields and has destroyed the
sustainable agricultural machinery. These destructive effects have led to the recommended use of bio-fertilizers.
Biodiversity is one of the key sources of supplying nutrients in sustainable agriculture. The use of biological
fertilizers in a sustainable agricultural system leads to sustained yield in plant production. Biological fertilizer of
nitroxin has increased biological yield and grain yield in fodder corn. Water shortage as a limiting factor has
limited vegetation growth and development in these areas. Considering that Iran is a dry country, the use of
super adsorbent is one of the ways to reduce water consumption. Investigators in the study of superabsorbent
showed that superabsorbent had a significant and positive effect on the yield of forage plants. Crop directions
can affect the amount of the product by increasing the leaf area and absorbing light. Proper orientation of crop
lines increases the photosynthetic efficiency and increases the yield and yield components of the plant. Research
has shown that yields are much higher in plants planted on the north-south lines compared with plants planted on
east-west lines.

Materials and Methods

In order to investigate the effect of nitroxin and superabsorbent fertilizer on yield and yield components of
broad leaf vetch in aresearch field of agricultural faculty, Lorestan University, as a split plot factorial based on a
complete block design randomization was performed in three replicates. In this research, for main lines, the main
factors were considered in the North-South and East-West directions in the main plots. Sub-factors In this
experiment, nitroxin biosynthesis and superabsorbent materials were applied at two levels of consumption and
non-consumption in sub plots. Nitroxin fertilizer was used as a seed lot at a rate of 1 liter per hectare and the
stockosorb polymer was 100 kg/ha at planting time under cultivating lines under the seed at a distance of 2 cm.
In this experiment, the pesticide leaf was grown with 97% volatility and 1000-weight weight of 109.56 grams
with plant density of 200 plants per square meter. The raw data obtained from the measurement of each of the
traits tested after the normal distribution was analyzed using MSTAT-C software. Comparisons of the meanings
were compared using Duncan's multiple range tests at probability levels (1 and 5%).

Results and Discussion

The results showed that using nitroxin fertilizer on stem diameter, number of pods per plant, number of seeds
per pod, 1000 seed weight, grain yield, biological yield and harvest index had significant effect (P <0.01).
Probably the secretion of plant growth hormones due to the presence of stabilizing bacteria in nitroxin and the
gradual release of substances has been shown to stimulate growth and increase yield. Studies have shown that
the use of nitroxin biological fertilizer has increased biological yield and seed yield in rapeseed plants due to the
availability of food in the critical stages of plant growth. Therefore, increasing the amount of nutrients available
to the plant, especialy nitrogen, stimulates plant growth and increases dramatically and increases yield. Also,
plant height, stem diameter, grain yield, biological yield and harvest index increased in superabsorbent
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application than control. Super absorbent polymer has reduced the negative effects of drought stress and
increased yield. Under stress conditions, the plant faces a severe decrease in cellular inflammation, cell growth
and division, which leads to a decrease in vegetative growth while the use of superabsorbent prevents stress and
increases vegetative growth. The results of reaserch on corn showed that the use of superabsorbent increased
plant yield, which was consistent with the results of this study (Y ousefifard et al., 2011). North-South cultivation
direction had a positive effect on many traits. Performance in different directions of planting is affected by the
efficiency of light consumption and photosynthesis activity. The results of this study indicate that the plants
cultivated on the north-south lines have been more favorable in terms of plant height. Research showed that the
yield of barley, corn, wheat and pearl millet in different directions was different, and cultivated plants in the
north-south direction had a higher yield. Differences in plant height in different planting orientations can result
from better water productivity or more sunlight.

Conclusions
The results show that the North-South crop line has better results than the East-West lines. The remarkable
point in this study was that the combined application of superabsorbent and bio-fertilizer nitroxin in al
treatments affected all studied traits and significantly increased their amounts. The use of nitroxin and
superabsorbent fertilizers for plants planted on the northern-southern rows increases the yield and yield
components of the pesticide plant.

Keywords: Forage production, Grain yield, Stockosorb polymer, Sustainable agriculture
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Slicing interaction of wild oat density in nitrogen fertilizer application levels for wheat grain yield and wheat and wild oat total

dry weight
(P) Jloz>! sk
. @y’ - e nx ) . "
O399 i PuS &ls > Slos pS SUis oabo g BY g SiA 02k
S
. 1 oo Wheat total dry Wild oat total dry
Nitrogen (kg.ha™) df Wheat grain yield weight weight
N1 35 (30%) 4 <.0001 0.0013 <.0001
N2 70 (60%) 4 <.0001 <.0001 <.0001
N3 115 (100%) 4 <.0001 <.0001 <.0001
N4 140 (120%) 4 <.0001 <.0001 <.0001

g BV 9 @S (b5l 3590 S S g p1 (Mg BV 05155 5 (359,55 OIST-Y Jgaa
Table 3- Effects of nitrogen and wild oat density on evaluated traitsin wheat and wild oat

Al dlaxi > &> dlaad BEIRSTS 4l >, Shos

olojl g1 Lo PAS SWd (39 BV SWES 159

& Fo 2 bt ail> e
Treatments No of » No of . g}roaloﬂ Wheat grairrl1 Wheat dryr1 Wild oat dr){1
Spikem Grainspike weight yield (kg ha™) matter (kgha™)  matter (kg ha™)
Nitrogen levels
N1 (30%) 455.30c 24.02d 28.36¢c 3326.9¢c 7657.5d 2026.5 ¢
N2 (60%) 499 b 27.80c 31.64b 45526 b 10882.3¢ 2587.6 ¢
N3 (100%) 570.50 a 31.05b 34.40a 6420.1a 15375b 3383.7 b
N4 (120%) 591.95 a 3482a 35.20a 6630.4 a 16705 a 44293 a
wild oat Density
D1 (0) 561.87 a 32.71a 35.59a 6262.75 a 14286 a -
D2 (25) 553.84a 31.77a 35.23a 6104.90 a 14077 a 1936.6d
D3 (50) 530.56 b 30 b 32.74b 5466.33 b 13022.5b 2682.8c
D4 (75) 510.37¢ 27.62c 30 ¢ 451758 c 115619¢ 3488.1b
D5(100) 489.87d 25 d 28d 3823.40d 10326.4d 43193 a

D)5 ()l gime gl 5SS g0l il p At S yiiie gy gyl &S (eolael Jale pa (g e pa 5
Means in each column and for each factor followed by similar letter(s) are not significantly different using Duncan test
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Figure 1- Effect of nitrogen fertilizer application and wild oat density treatments on wild oat dry matter. Vertical bars

represent + standard error of the mean (n = 4). N1, N2, N3 and N4 show 30, 60, 100 and 120% of wheat demand to
nitrogen and D1, D2, D3, D4 and D5 show wild oat plant density per m™, respectively
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Table 4- Analysis of variancefor wheat characteristics evaluated in nitrogen fertilizer application and wild oat density

treatments
(P) Jloz>! zolaws
axyd
P &0 o > dlow dlaas A > dild dlass 1> 415 439
SOV Joves iy Y% d.f No of Spikem™ No of Grainspike® 1000 grain weight
Block Sl 3 0.001 0.0004 0.1383
Nitrogen (N) 039y 3 <.0001 <.0001 <.0001
Error 5 ol sl 9
Density(D) oSl 4 <.0001 <.0001 <.0001
NxD WSTx 039 12 <.0001 <.0001 <.0001
Error = sls 48
C.V (%) N - 4.63 3.66 2.77
Slypss

paS 2,8las elinl 2 (595 365 208 elaylast )3 g Y5y o515 9 (550 e 1 ey
Slicing interaction of nitrogen fertilizer and wild oat density on yield components in nitrogen fertilizer application treatments

Pr) Jlozs) gl
2
Y59 i Ko 50 > dlwuw Doy A )d aild dlaes 1> 158 439
S35
Nitrogen (kg ha) df No of Spikem™ No of Grain spike 1000 grain weight
N1 35 (30%) 4 <.0001 <.0001 <.0001
N2 70 (60%) 4 <.0001 <.0001 <.0001
N3 115 (100%) 4 <.0001 <.0001 <.0001
N4 140 (120% 4 <.0001 <.0001 <.0001
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Figure 2- Effect of nitrogen fertilizer application and wild oat density treatments on wheat spikem™. Vertical bars

represent + standard error of the mean (n = 4). N1, N2, N3 and N4 show 30, 60, 100 and 120% of wheat demand to
nitrogen and D1, D2, D3, D4 and D5 show wild oat plant density per m™, respectively
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Figure 3- Effect of nitrogen fertilizer application and wild oat density treatments on wheat number of grain

spike’l. Vertical barsrepresent + standard error of the mean (n = 4). N1, N2, N3 and N4 show 30, 60, 100 and 120% of
wheat demand to nitrogen and D1, D2, D3, D4 and D5 show wild oat plant density per m, respectively
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Figure 4- Effect of nitrogen fertilizer application and wild oat density treatments on 1000grain weight. Vertical bars
represent = standard error of themean (n = 4). N1, N2, N3 and N4 show 30, 60, 100 and 120% of wheat demand to nitrogen
and D1, D2, D3, D4 and D5 show wild oat plant density per m?, respectively
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Figure 5- Effect of nitrogen fertilizer application and wild oat density treatments on wheat dry matter. Vertical bars
represent + standard error of the mean (n = 4). N1, N2, N3 and N4 show 30, 60, 100 and 120% of wheat demand
to nitrogen and D1, D2, D3, D4 and D5 show wild oat plant density per m™, respectively
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Figure 6- Effect of nitrogen fertilizer application and wild oat density treatments on wheat grain yield. Vertical bars
represent + standard error of the mean (n = 4). N1, N2, N3 and N4 show 30, 60, 100 and 120% of wheat demand
to nitrogen and D1, D2, D3, D4 and D5 show wild oat plant density per m™, respectively



VA 5l F oyledd N0 wlx (! 81y Slinkgfy 45yt FOA

S Ve oS5 2o YVIV 4 pisg S5 jpas pis Lalyd
3y Sdes pid GialS Js 4 lgie sl () & Aoy @pe e
5Ll pan gl (A JSCh) sl olS Sts (i 4 s &
d9 5 B.axs 3 (ZarearFeizabady et al., 2009) -, Son
o515 9 (ot g 3Rl L sy padls oS il ol
O Orimen 305 (pl gl Cutly (L0l ) (odong SY
S eShS 9 039 295 3 Gl Rl piSen y o S

(Y Jgi2) 392 o dine yuf oS Culoyy b Ll oy SV

44 -

43 A
42
41

= 40
39
38
37

36 o
35

Culoy ol

Cacdila o AL
9 039 395 2 )8 i GRIBIL puS Cudlyy jasli
A s (uSTly 395 5l 53 dne yobots ¢ pdng SV gy gy oS
395 3 p)LS Olie QI L paS ey adls (¥ Jgi2)
YUY 4 ((alS b 20 ¥ (0058 daw) 2103 V10 5l 59505
86 Sl o o dw) (LS 55 20 )3 WWe (355" ) b0y
Ol a il oo b annlie 53 olS (pag) i Y (ST
iy SV o515 GBI L (Y JS8) 8l (395 208 Oljee
2 o FYIY oS gyobay bl ials puiS cuilby (asls o

N1

N3 N4

(Nitrogen levels) 555,05 55955 Fabw

(N=4) il 31 3,lliuwl glad £ 20dd i (o308 (LAl (oS Culild p s L 31 (5955 355 353,5 y5u0 o 51 -V S
Col ig i & @S JLi do > YT e g Ve r o Fe Cud iy 003 Wi N4 s N3 N2 N1 USG5 ol 3> el

Figure 7- Effect of nitrogen fertilizer application treatment on wheat harvest index. Vertical barsrepresent + standard
error of themean (n =4). N1, N2, N3 and N4 show 30, 60, 100 and 120% of wheat demand to nitrogen, r espectively
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Figure 8- Effect of wild oat density treatment on wheat harvest index. Vertical barsrepresent + standard error of the
mean (n = 4). D1, D2, D3, D4 and D5 show wild oat plant density per m?, respectively
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Table 5- Correlation coefficients between grain yield and yield components for wheat

Traits &l 1 2 3 4
Wheat grainyield = pu8 «ls 5,Slos 1
No of Spikem? gy yio > dliw dluss 0.88"" 1
No of Grain.spike® aliw ,» aily sluws 073" 0.86" 1
1000grainweight b )l s 075" 0.76"" 0.79"" 1

o> K5 g ey gokaw 3 () sime gy g
* and **: significant at 5% and 1% probability levels, respectively

S 5 Ao

039 o d YVA Lisli8l ay v (BY gy digy Voo jods baylyid
iy SV g (aSly 5l s &S 05 jm ile oyl IS Sas
s SS9t s9-ime laljdl 4 Gl 3 PS4 s
395 3L Olie (Alj8l 48T CB )5 aonis (lgi oo S yebay
Gl el Les s pass (alS L sl e 4 o
Yoy piib it dlge S Ll )3 b aSl s puiS 3 Slae
byl 59 jl o ay el b CunyB olS S oS g
90, Shos Lo Sho » (6 50ad Oylud 4 e 5 035 edlisl
L cewl jigg €S lgi oo dlis (opl calis b s 5 Sles (3ol
Ol (Al S i g (e 355 oY ke (3,84
ol a0t o ST LS Sl (Ol g 5l 5pm cile
Cald) 3 paiS (Vb Uy 2 (e guod Olisioss (503 5 Baios
oy Shos GEaLS > (5yl3Hme pie g o5 slanST > SYg L
S5 w515 a8 Slej (pland sla i cile 3 5l ol oo

R S s

References

g Y g 5y dile aSloul ol s aiss ol ol

ORl38 Ly )l S b o (K055 Sl (23951 ool oy
Slin 393 (B P p b Cudly (595 395 3 ljee
PSS (e p D90 Sl S hg plod (6 pSedix O)lud sl
g Ve g VO slaeSTy o isg BY g Ojlud i D)
SYou omls lapS1y 53 pAS (ores b sdalie @ o )
395 38 oS e )3 391 )1y 0 63V (B Bl 5l (i
4395 38 Glise GBI g 39yl paiS (W65 Olg5 ()39 5
A 4 cdl Bl BV (2B ply paS (LS Sl e 5l e
eda 2lLS 5 pieg Vg VL Uy @l ool S oo
Oz 5 A8y sl oo 53 pelage 4o o i g polie
2ty 5 o st elis)) Sy e puS 9 () sl
Wean Ve 5l 03apm 395 3 )8 Glise laljdlail 4y ol
g Yo i cale jl go)le byl pd g3 puiS alS 5l oy
Oialidl s Jlo jo s iy 5 Sles (oo yn ¥/5 )il sl s

1

Ebrahimpour-Noorabadi, F., Ayeneband, A., Nour-mohamadi, Gh., Mossavinia, H., and Mesgarbashi, M. 2003.
Study of some wheat ecophysiologic indices as influenced by wild oat interaction. Pajouhesh & Sazandegi 73: 117-
125. (in Persian with English abstract).

2. Andfjeh, Z., Fathi, G., Ebrahimpour, F., Zand, E., and Chaab, A. 2008. Study on competitiveness of wild oat
(Avena fatua L.) with wheat (Triticum aestivum L.) Chamran cultivar. Iranian Society of Weed Sciences 4: 35-46.
(in Persian with English abstract).

3. Armin, M., and Asgharipour, M. R. 2011. Effect of Plant Density on Wild Oat Competition with Competitive and
Non-Competitive Wheat Cultivars, Agricultural Sciencesin China 10: 1554-1561.

4. Asadi, S., Aynehband, A., and Rahnama, A. 2013.Wheat Yield Response to the Competition Stress and Different
Levels of Nitrogen. Iranian Journal of Field Crops Research 11: 365-376. (in Persian with English abstract).

5.

Blackshaw, R. E. 2004. Application method of Nitrogen fertilizer affects weed growth and competition with winter
wheat. Weed Biological and Management 4: 103-113.



AP 3l F o )loids NO wlox oyl ! (8155 Gleiurgfy 4 pits FFe

10.

11

12.
13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Bussan, A., and Maxwell, B. 2000. Grant submitted to Montana noxious weed trust fund. Montana State
University. Ann 4: 28-32.

Dezhkam, H., Dejam, M., and Zakerian, A. 2011. Breaking Dormancy and seed germination of (Avena loudviciana
L.). National Conference of Agriculture management, 26 May 2011. Jahrom, Islamic Azad University Jahrom. (in
Persian with English abstract).

Dhima, K. V., and Eleftherohorinos, |. G. 2001. Influence of Nitrogen on Competition between winter cereals and
sterile oat. Weed Science 49: 77-82.

Hassanzadeh-Dlouhy, M., Rahimian-mashhadi, H., Nasiri-mahaati, M., and Nor-mohammdi, Gh. 2002.The
Competitive effects of wild oat (Avena ludoviciana L.) on winter wheat (Triticum aestivum L.) at different
densities. Iranian Journal of Crop Sciences 4: 116-127. (In Persian with English abstract).

Hesammi, E. 2011. Different densities of weeds and wild oats (Avena ludoviciana L.) and canary grass (Phalaris
Minor) on yield and yield Components of wheat Cultivar Chamran. Advances in Environmental Biology 5: 2497-
2500.

Kazzazi, M., Bandani, A. R., and Hosseinkhani, S. 2005. Biochemical characterization of a-amylase of the Sunn
pest, Eurgasterintergriceps. Entomological sciences 8: 371-377

USDA, Last update on August 15. 2015.

Koocheki, A., and Khajeh-Hosseini, M. 2008. Modern Agronomy.Jahade-e-Daneshghahi Mashhad Press. (In
Persian).

Mondani, F., Nasiri-Mahallati, M., Koocheki, A., and Hajiyan-Shahri, M. 2015. Simulation of wild oat (Avena
ludoviciana L.) competition on winter wheat (Triticum astivum L.) growth and yield. I: Model description and
validation. Iranian Journal of Field Crops Research 13: 218-231. (In Persian with English abstract).

Mondani, F. 2012. Simulation effects of climatic change on wild oat and sunn pest damages of winter wheat under
Mashhad weather conditions. Ph.D. thesis. Ferdows university of Mashhad. (in Persian).

Montazeri, M. 2007. Influence of winter wild oat (Avenaludoviciana L.) annual canary grass (Phalaris Minor) and
wild mustard (Snapis arvensis at) different density on yield and yield component of wheat. Pgjouhesh &
Sazandegi 74: 72-78. (In Persian with English abstract).

Moradi-Telavat, M. R., Siadat, S. A., Fathi, Gh., Zand, E., and Alamisaeid, Kh. 2010. Effect of Nitrogen and
Herbicide Application on Competition between wheat and wild oat. Iranian Journal of Crop Sciences 12: 364-376.
(in Persian with English abstract).

Mousavi, S. H., Siadat, S. A., Alami-Saied, Kh., Zand, E., and Bakhshandeh, A. M. 2013. Evaluation of
competitive performance of spring bread wheat cultivars with wild oat weed. Iranian Journal of Crop Sciences 14:
358-369. (In Persian with English abstract).

Parchami, P., and Behdarvand, P. 2009. Competition of different densities of wild oat whit spring wheat under
different Nitrogen levels. Crop physiology 1: 381-88. (In Persian with English abstract).

Qasem, J. R. 2007. Chemical control of wild oat (Avena sterilis L.) and other weeds in wheat (Triticum durum
Desf.) in Jordan. Crop Protection 26: 1315-1324.

Seed and Plant Improvement Institute. 2012. http://www.spii.ir/spSPI1/default.aspx?page = Document & app =
Documents & docld = 11746. (in Persian).

Zarea-Feizabady, A., Sarban, H., Rajabzadeh, M., and Khazaei, H. 2009. Competitive relationship between wheat
cultivars at different densities of wild oat. Iranian Journal of Crop Sciences 7: 465-472. (in Persian with English
abstract).



Olel =) Sleturg iy 4 puid
FFA-FEY .o AFAF b ¥ o)l 10 ul>

Iranian Journal of Field Crops Research
Val. 15, No. 3, Fall. 2017, p. 649-662

The Effect of Nitrogen Fertilizer Application on Wild Oat (Avena ludovicianalL.)
Competition Ability with Winter Wheat (Triticum asetivumL.) in
Kermanshah Climate Condition

A. Jalilian®- F. Mondani? - A. Bagheri®- M. K horramivafa?

Received: 21-12-2015
Accepted: 23-07-2016

Introduction

Ceredls are the main agricultural production. Wheat is an annua crop, which plays an important role in
human’s source of food. Wheat grains have various nutrients such as carbohydrates, proteins and various amino
acids. The annual per capita consumption of wheat is about 232 in Iran, which is about double time of the world
capita consumption. Weed interference decrease the quality and quantity of wheat production. Weed
management in wheat farms is one of the main cost and time-consuming practices. Wheat yield decrease
significantly by weed competition. Therefore, effective weed management dependents on knowledge about the
effect of competition on yield and yield components. Response of the yield and yield components to weeds
competition is different in crop species during the growth period. Yield components in development stages show
the maximum sensitivity to weed competition. Wild Oat is the most important weed in wheat fields. Synchrony
in development stages of wild oat with development stages of wheat is much more important reason in reducing
of wheat yield and yield component. On the other hand, wild oat damage on wheat yield and yield components
depends on several factors including species, plant density, wheat cultivars, nutrients consumption, sowing date,
row spacing, and other ecological conditions. Moreover, leaf areaindex, plant height, leaf area density in canopy
determine competitiveness of wild oat among wheat. Therefore, the objective of the present study was to
evaluate the effect of wild oat competition in different plant densities and levels of Nitrogen fertilizer
consumption on yield and yield components of wheat under Kermanshah climate.

Materials and Methods

This study was conducted to evaluate the competition of wild oat and winter wheat at the Research Farm of
Campus of Agricultural and Natural Resources of Razi University during 2014-2015. The experiment was
arranged in a split plots based on randomized complete block design with four replications. Treatments included
amounts of 30, 60, 100, and 120 % of wheat demand to nitrogen fertilizer as a main plot and wild oat plant
density of 0, 25, 50, 75 and 100 in m? as a subplot. Fertilizer applications were based on soil test
recommendations at the rates of 250 kg ha™ urea and 100 kg ha' super phosphate triple. All phosphate and 1/3 of
urea fertilizer were applied at planting, and 2/3 of urea was applied later. The experimental farm was ploughed
using a mold board plough and then it was disked twice before sowing. Wheat and wild oat seeds were planted
on November 20. Wheat plant density was 400 plants m?. The experimental plot includes 10 planting row of
three meters length with 25 cm row spacing. Wild oat seeds were collected from surrounding farms and pocket
companies. In order to breaking wild oat seed dormancy was used KNOs 2% about 24 hours. Irrigation was done
using a surface method based on plant demand. Analysis of variance was conducted by SAS software (version
9.4). Also, post-anova analysis performed to dlicing interaction of nitrogen fertilizer application and wild oat
plant density. The comparison of means was done based on LSD at 5% level.

Results and Discussion
The results showed that number of spike per square meter (24%), number of grain in spike (31%), 1000
grains weight (19.4%), grain yield (49.82%), wheat total dry weight (54.1%) and wild oat total dry weight
(54.2%) improved by increasing of Nitrogen fertilizer application from 30 to 120 % wheat demand. Also number

1- MS.c Student in Agroecology, Department of Agronomy and Plant Breeding, Razi University, Kermanshah, Iran
2- Assistant Professor, Department of Agronomy and Plant Breeding, Razi University, Kermanshah, Iran
(*- Corresponding Author Email: f.mondani @razi.ac.ir)
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of spike per square meter (12.8%), number of grain per spike (23.5%), 1000 grains weight (21.8%), grain yield
(38.9%), and wheat total dry weight (27.7%) decreased by increasing of wild oat plant density from zero to 100
plant per square meter. The results of interaction of nitrogen fertilizer application and wild oat plant density
showed that the extent of wild oat damage on yield and yield components of wheat were increased with the
increasing of nitrogen fertilizer application.

Conclusions
Our results demonstrated that higher resources absorption by wild oat and converting them to biomass
compare to wheat increased the ability of wild oat in competition for resources and production of higher biomass
and, consequently caused to more damage on yield and yield components of wheat especially with more nitrogen
fertilizer application. In addition, it can be concluded that an increase in application of nitrogen fertilizer to
higher than wheat demand not only did not improve wheat yield and yield components but also wild oat damage

increased.

Keywords: Grainyield, Harvest index, Plant density, Wheat total dry weight, Wild oat total dry weight
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Table 1- Main chemical properties of the soil (0-30 cm) at the study site
oct N P K pH EC T.NV?

% ppm dsmt %
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Table 2- Analysis of variance (mean of square) plant height, number of spike m™, length of spike, number of seed per spike,

grain weight per spike, thousand seed weight, biological yield, economical yield and harvest index of wheat as affected by
tillage and sugar beet residue

SOV Oy aulie

. . T
ok Sipss b LG LSt 5 Ol

Block Tillage Error Residual T|II_age T v

xResidual otal CVv

error
Df (ooljl as ) 2 2 4 2 4 12

Plant height ws, lis)| 144" 90.1™ 359 1.33™ 127" 49.1 8.91
Number of spike per m? gy yze 53 At slass 6050™ 9362™ 16396 37391™ 48072™ 42148  26.90

Spike Length aliw Job 442" 0.079™ 0.044 0.114"™ 0.237™ 0.251 4.96

Number of grains per spike alis ;> 4ils sl 478" 59.6™ 10.4 235" 89.5™ 47.0 6.70

Grain weight of spike i , &b s 1.68" 0.851" 0.130 0.108™ 0.203™ 0.138 4.59
1000 grain weight «s a5 765" 165" 29.0 19.2 135™ 10.3 7.26
Biological yield cS;jslss 5,Sos 188863000 36449078 6409911 1574144™ 6716806™ 3933796 18.74
Economical Yield gslasl 3 Sloe 65925787 8920178 1222222  888844™ 2768722"™ 906519 1593
Harvest index c.sls,s jasls 705™ 25.9™ 21.8 14.0™ 84.1™ 343 1514
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* ** and ns significant at level of 0.05, 0.01 and not significant at level of 0.05, respectively
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Table 3- Effect of tillage practice on plant height, number of spike.m™, length of spike, number of grains per spike, grain
weight per spike, 1000 grain weight, biological yield, economical yield, and harvest index in wheat
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Conventional Tillage Reduced Tillage No Tillage

Plant height (cm) «g, ¢lis)| 63.0% 67.1% 69.2%
Number of spike per m? g e e 5 aliw 3las 4422 518° 643°
Spike Length (cm) alw Jsb 7.28° 7.20° 7.09%
Number of grains per spike ali. , 4l slass 40.8% 4552 41.4%
Grain weight of spike (g) 4w ;> 4l 54 1.69° 2.26% 1.78%
1000 grain weight (g) «ls )l js 41.3° 49.12 422
Biological yield (kg.ha™) <55se: 3,Slos 9.09 9.79 12.87
Economical Yield (kg.ha™) slazl s Sles 3.50° 3.78° 5.34°
Harvest index (%) cuils s jasls 38.6% 37.9% 41.12
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The same lettersin each row based of Duncan test are not significant at the level of 0.05

= S o e ol SB olowd 5 Sojd Jolge b cou
OS5 (e L Jole pl &S 039 e SB- 0900 slacylled
20y 5 0 oS (gl (2id polie A5 o s B cage I dlse
3t 35 (S (bl 3,15 ol 0 GBI 1S3 Bl Sl
Singh et ) 3950 p5 )3 g5 (alS” el (BB (g 208
o] > o gy Job 5 chlies clacsls adllas .(al., 2004
cwlio Jlads 5l odlaisl pac oS oy (LS (g90) ool ) Sl
O e oI cage (LS bl 40 e 45595k 368
Ol 59y Cnldy> 45733, (o0 L5 3)90 (o alS 5 SB-
Zarea Feizabadi and ) ol iS5t a s Jw oy
6598 Cldas ials calllas -yl 4o (Nourihosseini, 2013
cdld e 5 0slay S o) Jolse ) (6 ya8 Ao Yais]

(PS+/21) Jla e b o piS Jpuaeo S55l5e: 5Shos
Oliee GBS LV Joa2) €85 5118 (65)9 S cilisee (slalows
ol 38l e Bl Sl 8l Sujlon 3 )Mes (65)5 S Clles
S5 B oS [he) & Camd (65)9 S B (g il )3 0355y
Gjlos o 3939 opl b dg duo > YA/Y 5 YV/A (i gy Jgliio 4
colel BMS! Jslase (65,5515 wtus § 55,95 o5 by,
Y Jgse) ais samlive (P2+/+0) (gl sizo

DSy g 1B e (LS (Ll o pae gLyl ]
Sgdgn 3y Slas  (2LS GLE Copte § (655 slajles
(¥ oY Jgia) 295 (P2+/+0) jls gme paiS” Jyparee

Lol gandss il (65,9138 )3 S5 Jalse v ke ]
el sl & A8l o S5 3 35390 e 5 e yuolic ] oolid



PPV aidjaiser (LS bl Co o 9 530056 Glghy) €19l il

G2l 3 4 sl (S0 0350y (LS Sl (I3 b
Balota et ) asl (g)See cadld alS g oyt JB (5955
(al., 2003

LS L 0395 Lialil el sl 00> al33l 1, ]
oo yd B polie (ialidl s 4 cul (Sen 55y S Slles
phe f 503 Byl il S5 0w Jolge yuin collad 4oy

315 39 el 3 AId (59 cdlidw )d AlD 3lani cdliuw Jab (&0 o yd Al dlai cdigy gLl L Co e 51 (ke dglio —€ Jous

ONS 1> Cuild p ad bl g (gLl 3 Slos (S5 jolgm 3l il
Table 4- Effect of crop residue management on plant height, number of spike.m™, length of spike, number of grains per spike,
grain weight per spike, 1000 grain weight, biological yield, economical yield, and harvest index in wheat

Residue management Ll Cy o

Olho Llay o L sy Ve Las L oy T Lis
Traits Noresidue Remaining 30% of resdue Remaining 60% of residue
Plant height (cm) «, ¢l 66.2° 66.9% 66.2%
Number of spike per m? g e e 5 aliw slas 4612 5562 5842
Spike Length (cm) als Jsb 7.092 7.31°2 7162
Number of grains per spike aliw ;> 4l slas 434° 40.7% 436%
Grain weight of spike (g) aliw ;> &l 54 2.022 1.802 1912
1000 grain weight &l Jlza 55 458° 439° 429°
Biological yield (kg.ha®) 55lss 5,5kes 10.32 11132 1042
Economical Yield (kg.ha™) gslazil 3 Slee 4,042 4572 4012
Harvest index (%) cuslsy asls 38.68° 40.63% 38.30°
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The same lettersin each row based of Duncan test are not significant at the level of 0.05
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Table 6- Computational foundations of economic evaluation based on the price of 2013 (10 Rials)

Input a3l SR 3 aze wedli ““'"é
Cost per ha  Output  Price
Disk s 26000 Grain«ly 760
Moldboard Plow ,ls s )3, w5es 65000 Straw .5 210
Leveler sauspmlans 25000
Furrower 4,16 14000
Planting seeder e 5,4 40000
Pneumatic seed drillS s 8% 72000
Collection and transportation of straw(each Kg) (sLS ,a) o5 Jos 5 (5yglaes 30
Transportation grain (each kg) (sLS ,a) Jowame Joo 30

June 2013 market price
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Introduction

Low organic matter in arable land is one of the problemsin arid and semi-arid regions that can be effective in
reducing yield and increasing production costs. Soil organic matter, however, influences severa critica soil
functions and is affected by land management practices. Soil organic matter enhances water and nutrient holding
capacity and improves soil structure. Appropriate soil carbon management can enhance productivity and
environmental quality, and can reduce the severity and costs of natural phenomena, such as droughts. In
addition, the practice of increasing soil organic matter levels may help in reducing atmospheric CO, levels that
contribute to climate change. Decreases in soil organic matter contents, through cultivation or tillage
intensification, are often related to the deterioration of soil structure. Effects include the loss of aggregate
stability, increased crust formation, increased runoff and soil erosion, increased soil compaction, slower water
infiltration and a slower exchange of water and gasses. Organic matter impacts the physical, chemical and
biological characteristics of the soil. Soil water holding capacity is controlled primarily by the soil texture,
structure and the soil organic matter content. Organic matter can hold up to 20 times its own weight of water as
the level of organic matter increases in a soil, the water holding also increases, due to the affinity of organic
matter for water. The output of organic matter comprises the organic matter losses or exits, i.e. organic matter
that is considered not available for spreading on land or in-situ losses due to soil processes. A certain percentage
of organic matter produced will end up in landfills or will be used in bio-energy plants. Conversation tillage
approaches and plant residue management could play an effective role on sustainable production of agro
ecosystems, environment and lower input application through its direct effect on soil physical and chemical
criteria

Materials and Methods

The field experiment was conducted in the Agricultural Research Station of Jolge Rokh, Khorasan Razavi
province, Iran in an area of 1.5 hectares of land which was under sugar beet cultivation in the previous year,
during the 2013-2014 growing season. Experimental design was split plot based on Randomized complete block
design with three replications. Three soil tillage types comprising conventional tillage (moldboard plow, disk,
leveler, furrower and planting with seeder), reduced tillage (packer chisel, cyclo-tiller and planting with seed
drills) and no tillage (direct seeding with GASPARDO pneumatic seed drills) and three residue management (no
residue remaining of 30 and 60 percentage of residues) were considered as main and sub-plot, respectively.
Wheat cultivar was used the Mihan. For residue management treatments, 30 and 60 percent residue of the sugar
beets grown in the previous season and was conserved and managed in the soil.

Results and Discussion
No significant effect was observed among tillage types according to plant height, number of spike per square
meter, spike height, number of seed per spike and harvest index, while the difference between biological yield,
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seed weight per spike, 1000-seed weight and seed yield were significant. Result showed that, use of tillage
operations led to favorable conditions for plant growth and height. In the other hand no significant change was
shown in plant height with increasing residue, possibly due to incomplete decomposition of plant residue and
stabilization of nutrients, especially nitrogen. The highest and the lowest wheat seed yield were obtained in these
two types of tillage. No significant effect was observed on any of the studies parameters. Different tillage
treatments had the significant effect on biological yield. Biological yield increased with reduced tillage. Tillage
operations had significant influence on grain weight per spike. The highest and the lowest seed weight per spike
were related to reduced tillage and conventional treatments.

Conclusions
Generally, biological yield was increased as tillage intensity was decreased, but remaining sugar beet

residues had no effect on this parameter.

Keywords: Agro ecosystems, Conventional tillage, No-till, Reduced tillage
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Introduction

Osmotic adjustment in plants can be achieved by the accumulation of compatible solution or metabolites.
These compounds are known as compatible metabalites that accumulate naturally in tolerant plants due to non-
interference in the normal metabolic response of plants to adapt or supplement. Proline, soluble sugars and other
metabolites accumulation that are involved in osmotic adjustment have been reported for various plants.
Different studies show that water absorption in sorghum plant, is due to osmotic adjustment and appropriate and
fairly extensive root system. Moreover, there are some differences from genotype to genctype regarding the
osmolites accumulation under drought stress conditions. Thus, the aim of this study was to investigate the effects
of drought in the vegetative and reproductive growth stages on yield, its components and biochemical traits in
grain sorghum genotypes.

Materials and M ethods

In order to evaluate the effect of water stress on grain yield and its components and some biochemical traits
in grain sorghum genotypes (Sorghum bicolor L.), afield experiment as a split plot design was carried out with 3
replications in 2014 at the research farm of the southern Khorasan Agriculture and natural resources research and
education center. Water stress treatments including normal irrigation (control), irrigation cut off in vegetative
growth stage (emergence of termina leaf as rolled) and irrigation cut off in generative growth stage (50% of
plants in start of flowering) as the main plot and 10 genotypes of sorghum including KGS29, MGS2, Sepideh,
KGFS27, MGS5, KGFS5, KGFS17, KGFS13 and KGFS30 were considered as sub plots. Each plot consists of 4
rows with a length of 6 m and row spacing of 60 cm, between plants on row was 10 cm. In addition, between
each plot and the adjacent plot a row was considered to side effect reduction. To determine the yield components
of each plot, half a meter in length was harvested and the number of plants, the number of panicles, grain yield,
1000 grains weight and the number of seeds per panicle were determined. To determine the yield, after removal
of 2 marginal lines and a half meter of the beginning and the end of each plot, plants were harvested from the
surface of 3 m?. Biochemical parameters including chlorophyll a, chlorophyll b, carotencids, proline and
carbohydrates were measured on the flag leaf after flowering stage in each plot. Flag leaves immediately
wrapped in aluminum foil and transferred into liquid nitrogen tanks after separating from the plant. The samples
were transferred to a freezer at -20 ° C to be measured traits on them. Measurement of the biochemical
characteristics, such as chlorophyll a content, chlorophyll b, total chlorophyll a and b and carotenoid content was
done according to Arnon method. Measuring the concentration of soluble carbohydrates was performed using
sulfuric acid method. Measurement of free proline was done by Bates method. Sugar percentage of stem (Brix)
was read by arefractometer after cutting and placement of juice out of it.
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Results and Discussion

Results showed that water stress had a significant effect on grain yield, 1000 grain weight, the numbers of
seed per panicle and caused to decrement of them. The performances of different genotypes varied significantly
for al traits, indicating high variability among them. In case of 1000 seed weight, the interaction between water
stress and genotype did not show a significant difference, however, other traits which mentioned above showed
a significant difference in this aspect. Regarding the biochemical characteristics, the impact of drought in the
vegetative and reproductive growth stages was different, as drought reduced the content of chlorophyll and
carotenoid and increased the content of soluble sugar and free proline and stalk sugar content (Brix). In term of
grain yield, genotype KGFS13 with the average yield of 5060 Kg per hectare and then genotype KGFS17 had
the highest yield. Comparison of interaction between genotype and stress about carbohydrate (sugar solution)
concentration of leaves indicated that genotype KGFS30 in severe drought stress, had highest level and genotype
KGFS27 in normal irrigation and genotype KGS33 in medium drought stress condition commonly had the
lowest carbohydrate content of |eaves respectively.

Conclusions

Overal results indicate that proline and soluble carbohydrates and stem sugar content increased under
drought stress and photosynthetic pigments are reduced.

Keywords: Free proline, Generative growth, Irrigation cut off, Soluble carbohydrates



Iranian Journal of Field Crops Research
Val. 15, No. 3, Fall. 2017, p. 691-708

121 =15 ey iy 4yl
FAN-YA o YRS Jub o oyl O uls

L},\NQ_;SJ;Q:,}J.‘:.:J};_.)|d,@.ﬁ@blfj&jb}s‘gw\smdu%jj|

(Vigna unguiculataL.) L,1..1.,‘....9 Lo s (Panicummiliaceum L.) Jgens O3,

T Mo (6 s (s — S sS Lo e =T Dlga e ' o5LT i S Al
WAF/N /XY 123l s a0

WO/ V8 i

LXVCS

WA Jlo (b ealojl 9t 5 o Bpao LS (s 365 Sl oalisol g (Lipia Lugh 5 (Jgane 013yl bgbie cutS 51 5] jghaiony
Y yoylo Sliud ) 39S aws 93 b pl 1S5 aw b bolas oS clacSsh #yb b posd 3,5 slacs)S & jgods bl sbiciss
shagw byl (slacus 5 (hpade bogd pall ctS «(Jgane (j)) palls cutS: ol cullS oS 5 (g (ol 08 ole lgieas
Lagh e 0l 700w g (bt Lagd VD +0 551 700 e+ ety Lagh 7200 4051 70+« (ot Lagd ZXD 4050 ) -+ 2ol (ool
DS el 05955 oLl ol e (L 5 (s 355 514 0l (L s b a8 S s 0 (o8 &S bele plyisas (bt
@S lapasls g ol Bpae QIS 5 )lme Sl o cdlS sl g1 I gine (s Spas 2D 5 Sjdejd 2L ol
Db Jrols (b L ZY0 405 Ve e et )0 655 93 ggamme sl g palS cudS > Llieda L) (el e ibipiz Lgd ZYOF )
b slilas als ) Se LSEEIA o YY DO/Y) (59055 Sigdgzed 2l (o yd Wo/Y 9 VoY VIV (5955 ol 0T, oyt paioed
2 03l = e (SB (98 p)S kS o il als p S5k YA 5 YVIV XYIY) (595 Bpas (2L 5 (0395 Comj 0355 )55hS
Canddy b Logd ZVO + 05 700+ Jloss 13 35 965 93 geme sl g o alls S )3 g (sl by Lagh YD +0j) 7N+ e
i $Lm3gS  oalizl g byl cutS clagium (SoiglsS] Slo 5 Sl 3] quomo S5y (e G e 45 3950 blitl iz 1]
ond oS lie an (Sily 5 oaizsn (alS oglls g pslaieas (039550 5 ) e Sl e odlind 5 6050 S (Bl Vs oo
A5k (659l slalobs ) (Jae Canj (slaylid 5 o Sogll ials

0 yhd w3 355 339y Byan )5 il 3, Slas ¢ ol Bl cla gy 1 gdS g0y

5918 Sy (gouiSaguome ¢ Jae g (oorldl (sla Sy &S
g ol gd el Sidd o o Sid blis Wil citun
sl»ogi (Mahdavi- Damghani et al., 2007) cwlos )5
Fad (b ag Il s 4 1) o] gl (5,9l
Sl JLsayge bulyd (39 5 Jlgj e & (y5bay cilaslyl
Gliessman, ) cusloss )l i 5l Giw oloj 438 50 b W
13 6,55 oyl 51 (1998; Nasiri- Mahallati et al., 2001
e okl 4 bgype (sla)Sal) 5 (gjy5liS” Jslie (slroges
S e Ll g |) 395 Comnl gy (L3Sl g (e

doddo

s ol JLod 4o g (b wlie o 55 o Camer 138
Sorel sbd (bl Lo il 5l ol3e Sl (aljal 4 p e
iblio 3 la_tlls ] (Javanshir et al., 2000) 35, o labe;

09,5 ksl g ltils (oelyj (cwlidpg 685 getild ci i Vg Y
Apebio (owg3y8 oKl ¢(gyliS” 0aSiily LS pMol 5 csly;

(Email: jahan@um.ac.ir

DOI: 10.22067/gsc.v15i3.52944

1] s DMuans g5 — )



QS 3l F olois NO wlo> ol ! oy Sleiepgly 4 pis FAY

ORIl sl gy a5 e 103 5l e 1938159y Came
Najafi et al., ) coul ablo gy9yud |y osly; &Y guams 1y
srosMe oS 4l o S gilols o oo (2015
S S Gl (s 55 i 5 oliasd gl Sogll Sials
g o8l Pl 4l o o ¢ ol polie 49y 0 9 905 5
(Koocheki et al., 2010) Aas o i3l 1, Laesles T,LS
il L Gis G Uy 1 g ) cslasS gloil 51 ozl
S colie Jool) S i oliand rodls Bpas ) pSeie>
Salen ) 39, jlo—dan bl (55,518 ) b LSS cul » ads
Cnor U 010515455 dlge (5l ¢ i) sladsS (Rastin, 2001
Sglio slmodyglyd 5 (HSB s Jlle o) g5 Lz S a0
i g SLS 3ol sy solaieds & din Slisage oyl
Mk (655l i S )3 oL jlinyee (2l ol sl
oS, (Jahan and Nasiri Mahallati, 2010) 154, 54,
OlalS 4ty (5335500 5 S5danied 2 i o Sl ) S e
Olels yiie Ay 5 2l polie Cla (Ll cage oad il
Y5yl yewd i 3eS (Mahdavipur et al., 2001) L4 o
&S cul Bacillus, Pseudomonas s 50 3l ola o ySL (g5l
b GBlind o351 g I slaswl i g5k 93 5l oolazul b
x5l 3 oS sl iy LB S |y S Jgloals
40,8 4,35 Madani et al, (2006) .(Hosseinzadeh, 2005)
F om0 ¥e Ly ag Siid (59 5 0395 j il 3)Shos oS
oiies B8 )8 i 398 Cilises glgil pil cos cusls
3y Sdos dizy9Sue 5 Gland (oS o (slags 8L oS 058 ol
S o8y (gl cyd po 1y UMy j0 als slaws g @byl )59 caily
Dilegp-Kumar .(Sani et al., 2008) assls (yiol5-8 V¥ l,S
xS L2950 byio il a5 08 3135 et al, (2007)
Job Bl ela)) yiulj8l 4 ,oxe Pseudomonas fluorescens
b Sl 4y Copnnd 0lS SIS (g 9 A
o)) g bl (sl S 3925 LS S5
O J(Sharpe et al., 2001) cul ik (6555liS” (lopitans
0355 o (Al (o blod 4y SLs 518 sl okl
@Yl 3 Slas (lgiee (3955 395 3 g Bl (8 29y
e Jelse alos 51 .(Huggins and Pan, 1993) 5] cussas
o olpe oy cleplss 3 Qe ol LI Gl 5 S5
5 5 ool bglte cuiS (Slaptun I (550 5 (63l90
A S | dnlie ) L2tS din clopllss 3,8 o)Ll juw 35
I3 b e p3e sy 2L L) (3% dle 5l e
o3le s 9 (19,8 Sl al3Sl el cpl > &S i oo
odlitul g ity LS Gl (9 5 FYL E98 iz 9 S
Ll g5pnlb .(KOOChEKi €t al., 2010) cuul alio j1 2

S oS Conl bolsee cuiS «55elgST Glanl b Liwlyon (sloogud
S djl e (Sae dsyie S 3 |y g dix b 93 plojen
Py I8 o Slae sl diwslys caliseo sbowaldl 9 sblie ) bl
0gMe it Cpl a2 ol allb cuiS L duslio 3 pdaw dsls
ooy s (Sl et LS 5 SuJglsST ol i
slacile o bgyloy «ll 86 @l il o Slas oS
5 dlail iy ol y b claxsl byl daps 03 YL 5 550
(Javanshir et al., 2000) .S o JLs 1y ol cuslio 45
b as el (g)Lis ol pllas Sl (g3505 bglsee cuiS
5 ol (g0 il wlie colod ;I aingy odliuwl ales 51 Jlglyd Cuanl
(5 jsbbas (Koocheki, 2001) il o SLs i polis
olals Clsasl )5 1 balswe cuiS (sl i ) 5,Slos oy p
s g cnlsy Blas sloyl gl calio Olaw a3lg 5 )55l
Nachigera ) sib o cuwlis =l); Sllos (6,554 5 g kon
—oMe by e ciS (et al., 2008; Naafi et al., 2015
glssl nSdaene 5 (rSsed J (S (poS) - po)yet) g
Cowlabl, 5 mus Hlea bls gyl )0 &5 cusl byl el
Francis, 1986; Francis, 1996; Papendick et al., 1983; )
» ol (Touzi et al., 2010, Wahuma and Miller, 1987
=l 5l ae d AY 5l i d s 10 00,5 e S byl
bg 1o S dylse il (gl 10 Ngd o CuiS bl gy
@) ((Sorghum bicolor L.) o5 5w ¢ Aubipia Logd Ly 3]
)50 (Arachis hypogaea L.) —iwejebls 4 (Zea mays L.)
2 g oo S Al S Gygody @ylidy )l s )0 0,5 e
ale 455 5, Slas a8 05,8 ssmlive 50,8 Lug) g 3, balsee cuiS
ol Lo s Lalls clacuiS j 5V ilye 4y bglses cuiS
)_ADLA.C ;ui uA_> b é.)l_m )l odlawl e u;'l)lf 4 ‘) Srp
Coel)) ol JSis plals (o5l )3 )5 e o 5 (2ie
by loee ¢S piuw ;o (Tavassoli et al., 2010) wals s
aS ad h)l38 3o (Viciasativa L) Soile U asy yo ;)
O S ymly Camaws (alls oS b dunlio jd bolses 5,Slas
Oiore SLall ) o)) sSene 4]y el ol gl o)ls 5V
Sirousmehr et ) 1l Cuuws glaigS yg)d culd) Lials 5 Sl
(al., 2003
9 3=by S92 3 oo 9 By polic I jand g gy
2S5l b Jaoreciun ; MU Ll 2lyj lalS 5 Slas
Sl g Lagl Bpae 5 Al gladizo (olond bodsS )0
) (25 splipg (6)lulogs 5 () sz p & ike



FAY L Jaexe oyl balke coiaS 10 395w § ol Byuan (1)1 1 S ) 995 5 CudlS cilizko glocwS i 5

il el o canl s (s Salanisd 5 Stiglyypm B!
Cely; Sglon 65 29,5 (o Sglite (S58T sla ]
Tavassoly et al., ) cowl mlis 5 5 ol eoliuw] aoi bl
Jele T a8 ) ile Stany S 3ble 5 (2010
2HLS S an claplas 5l odlitul b olef oo cansl 008 D900
Francis (1996) .(Mazaheri, 1994) sls ol38l1, Ol Gy e
hlS b 5l balste cuiS (ol codgise balys )3 45 conl Adine
ploul b oS smd o ylis cldllas 1 oyl )15 Cujo Ol B pan
oslizl LS (2l 51 edlizel S Ltal58l cbglice cutS Casy
oy 3 odlawl TS g Ol eslil T,LS ¢ olie olie
2 ALY ladlbe L (Gaoet al., 2009) 355 o Job>
i 45 Sloj o) Jlamsl an &S w5158 Sis glasb
shbaia Lol / (Phaseolus vulgaris L.) juw Ly 5 ps5 5w
LS (Triticum aestivum L.) pasiS— il i piasw (sloas
Tanwar et ) b o iolidl O Gyme 1) g Mgy wgias 5
1 Y —ME LS & 63,8 ol oysdie (8., 2014
Elodgs Ll Lalls S 1 53ise 1iE adg )3 o oS bl
(Tsubo et al., 2001)

sloplls (lasecunj g (=) (RjdsS] Cuenl 4 gl
g Lapllss (ol 385 (abj)l poj) 5 g () slodgS g S
i) Ban L 3o ol e sl slo a3l e 3 aosly
5 Jgere 03l (03 b Jgaze 95 byl 5 als cuis” slapllas
OpySlio 4 (olitwd pslaieds () 395 (A8 5 beda Loy
38 plai 5l (6355 oy 5 £5 93l CuiS SlacuS y
285 plool abio 5l o3lizl T, 5 ollas

W gy g dlge

Sl SLlcios 3 @ly glae jjo 2 VAT Jlo (b ilejl

Ll Job g Jod dd> V5 5 a2 ¥V oldlir (o)e b
By > paws I i VPV plasyl g (B 4ads Y 5 an 0 O)
aw by (Bolai Jolf glaSoh gyl gl oads 3 gl S
9% 3 Vog)lo lacd (w355 ol 08 Jale ad 12l 155
i 93 L S Gl (w295 jl oslatul) &y o
L »2lp CRU g mls (ysm0Y 50,8 L, Pseudomonas 4 Bacillus
Oy S Joale g (301 laieds (s 395 3lS og) B 9 (V-
=l S gy g0t blie cuiS Blisie sl ()3
Ao YO + 55 do )Y+ ) I o 5] palls ccas) by s el
F0il AoV ) By L) oyd B0 (5l 3o y3) - ) by (Lug)
cdS) Bg g Ly dmopdVe e #0550 Juo 3V e+ ) D5 ((Lug) 1o 3VD
GSes G ygody lojamITAY olo 33 Ve )5 &S 39y (lug) als

) S Ao b (slaan]8 5 i odlitul gl p3Y
Lis ol 5l pege 5 Jpamo diae 15 sloylSal) 1 (S efo st
Olie i (Vessey, 2003) cowl cojloy oo coMw
Lapgngi) buwg (65)9liS ) () o9y 4 oAb Conl (3900
Chabot and Antoun, ) 35 o0 3Jg5 peS) disy b (s jas 53
bios M bawg @V s 00Basls ()jg i jl o3liul (1996
S5 ¥ dy —oM e by Lo S Cisjo cpyipte Hloisd
Francis, 1986, Francis, 1996; Papendick et ) cwloss,S
al., 1983; Touzi et al., 2010; Wahuma and Miller,
w88 9 g (s jCaS Aul)S Ly & S5 50 | 5 (1987
o2l Ol g 3980 S5l (2mp yebar Al I & 090 0
WU Cilye 4 ol Gabaio poS) i olS 5L L ool a1 5
Cils anlgs Joame 3,8las 5 (595t L 2 s sl
peS e —pg S bg lowe s 3 (Roy and Tripathi, 2005)
P Ligr edobie LS 35 gt i lp ) Vlans!
4555 4S5 I > Conl (gl 0l Cpl (k8 4 (S
Ghosh, ) 425" o oalatwl SB (3 39590 (Jdxe (5950 5l psS s
el 5 St DS oy @l e e (2004
g —0)d (il byl ciS (9lS > (g8 Ll
Oyd iS4 (At Lugd o815 liee (il581 L aS” 0 osaliie
5 St L o @b ol (il slocaS 5
Salemzade et al., ) <8l ioli8l 50 590 (gl caljl
Ct )b bleda Lugd 45 Widga el byl (2014
Bl Loy @) ol 5l 5550 (13958 5l plde Cudlys o gt
cesl o Ol b s aciny g ool )15 o ady jlasl o ol
Gladllae )3 .05, 5 5595 sla ol LS g asly 5y Shas yil3l
Lo lbes cutS 55 @3 pls gy o il 5,Skas 4 13,5 osnlite
ol > 48 55 0 (IS S ) iy (s oo oo
2l Ll oo eboglne CulS wtums )3 ok yide o 38

(Dahmardeh et al., 2011)
9 gk sLadSug) ST a8 ead sl Slaa wlide
LS semge il olans] mlis 51 LS adlil 4y sllllas
Ol G pme i 48 (65518 ahpoj )3 03294 el ool
S)lg— e 9 (P Sasre > i sl ise (i
(Mirzaei and Jokar, 2014) 59 4313, o) 40 4l &5 cul
SlaShy pobl 1 (sl); Y g il aisy oS e
@Sl cae e lajSal, S (S adlaie o (S55)sS]
a9 3y90 (3,8 o5l K lgisdr Hb S wanl O] B pas



A% 3l F o )lois IO alo> oyl ! (ooly5 Gleiergfy 4 pis P

olyen olS (lsicdr b slp g yro Blo 7 ColiolS (g 5))
Lugd dopdVee g VO b+ ¥O +y5)l dopdV e v slaco s
VY gpopio 3459 V8 oWV A F (1,5 L cos s (b
L olae pd iy S Oyguody &S g yio b BFF 5 VIV /Y
308 Ji sl o) iaafl S S5 288 5 5
S5 s 5 (o3 Sluogas catls 5 Ll o5 ale]

Canl o 1)1 Y Jgd> )> ds e

35 a9 el Lol 05, 9 Siality )] 08, a8 cuiS
Slayles 4 bgye b 03,5 and 55 jyglits Sl Clisis
Lol ogy @illae cudlS 51 L8 aloldMy w3 368 (gl
Jahan and Nasiri ) bass aciel JolS jobas i) 295
5 a5l & laless S 5 laciys, aluls (Mahallati, 2012
VeIV g g NF )l s ST slacins) (g9 2 W52 90 ol
a0 LiSe 0 dSe e Ve 5 i Ve (ST 5 L e ol
s ) 9y p gy Jolsh (ol Bl slacens ) A54B)S

il oo crloonsd 5 (K258 Clwoguad - Jgi
Table 1- Some physical and chemical soil propertiesin experimental site

B i e - S ol ] " - ]
ey ;ﬂ;ﬁ Gisse UJOT\:/-I:;S H A AL pogate iy cdl ges
(mg kgD %) gl (dsm?) Specific gravity (gcm™)  Texture  Depth
234 155 162 083 72 14 b 300m)
Lomy-silt

Jsbo 3 oL ayiass B (3558 Oliee Clsiear pialos] sl
Ameri et al., 2007; Parsa et al., ) o 8,5 Ja5 > Ay 090
0 Jps) (2009

3y Slas sl ails 5 ,Shas olulp (g5lol Of Gyme LIS
Cowddn ) adsleo 5l as;y 0)gd Job )3 (B pae Ul ggeme 4 ails
(Taei et al., 2008; Tavassoly et al., 2010) ..l

o ~ b 5,Slas {k J'I{h,u,\
Ll ol & L (WUE)-——"—"—7"—
SR Pl B pae (21 (VV ) e 85“?“(m_fhu)

o3l b G oy By 9 Sujelaned code o)
Daneshmand et al., ) s awlsxs (F) 5 (¥) (¥) &Yalss
.(2006; Parsaet al., 2009; Taei et al., 2008

0358 Cansj 039y 2o (T fpy)

(V) dsleo

ol lls= V) dslxo
e A5) 093 Jobo o SB 7900 C")r.:’f"(k J'Jh",] ( )
(1259) 033955
k
' o als 3, 8e (™ S )
Sjdpis @l s=————F——  (¥) a Dk
0395 L) (439,40 Ul)ﬁt’“{ J'fha}
OI9r
: ol 38ls(* )
Oiars Gy 5= (¥) dsleo

A5y 0)99 Jsbo 3 S (98 C",\e:’f"(k J'Jh",]

MSTAT-C, (lalible,s jl oslatwl b odel cauwdas (sloodls

ix y90)) bwgs b pSSke dunlio g 505 (gl 450 SAS 9.1
23,8 plsl s s iy el pdaw (0 (SOl (glasols

M‘ddﬁlﬂwhﬂ‘ﬁ&\,lﬁ;iuidﬂsgj‘,u

Job > S (59 Sl Gl (b)) S ronen
pladloyes Gk )3 5 cudls wllos plosl jl L8 (lalS 45 059
Ab @y S e SBgyie Sl Ve Ges jl Bolad g pdiges 4
Sy 5y 90 b oo CBye ulslys g (85 gy 4 ()l
Lt o 1955 51 s o IStk (s (sl 285 0
e B R AR
0393 Jo-bo )3 5 oo (silwodlel o 5o asesliznl (g )bl oy
JpS i eolatwwl  plos i paow Ly 9 39S dSeSaun jl i,
aloye 93 53 (28 S L plojen 5 (d ©jg0 jpa slacile
2 Oiaris slaghls s ol Byae QLI o)) jskaten,
@y il bl Blo b s Juad (bl o il bl
)‘ U B L’L\_ul.)).» c.\_iLoL;l_: E= o y—o ¥/0 3 cha L;L&wduy
55l csloely o 5 5] iy ym (sl JoSsl s s
Py 5> 4l dhiai g Lo 45y - slapls Slass (ioees
el FA Se 4 btiges 5 bis Loy slapl o o5)) celo JsSils
9 R399 Sid 5y 5 sl an VY cled p3 o9l o
b g g gymSoll SLis gools g ashy 5y, Slos clys
(¥ Y s
Ao S opwd DB 159, Gliee 5 0j101 s
SL baasoes jloiiar byl 5 o)l odgicunj 5 4> (598
0395 C i} 9 451> diged g Linlejl (slal g Il ) oad il
2 9 dpd diged pyS Voo Hlide 0y Sy by by e odb SiiS
Biari ) as o ybe JlloxS ¢80 olSuwd I ookl b olSiulojl



FAD L Jaexe oyl balke coiaS 10 395w § o Byuan (1)1 1 S ) 995 5 CedlS cilizko glocwS 5 5

2SI 39 53 ol S 4 caad bt Loy
o beda bogd 2o Ve g VBl Lo Ve oS S
93 (Hlpu s 4 bl 1515 () 5 Lugl o il 81 Ll
oS o135 sl o] 5 Bb cla6S gy g (56 oy coldy Wi
29935 (g M) Spo (B sy i Cap gl juin
DAl Sy s S 5 9 9 8l 3 Sk 20l e
P ol Bpame oS s Ol Gpame IS ials csl o5
byl clacaS 5 ads b anlie ) (Jlpude Loy pallb cuis
) 39 5 ol S 9 39 o ime 5 i
el o sl (s S 3 (collan (515 (50) (shisS oo
yolie ol g5 oguadan Ady Jase Jelge il aigs odlisl
Oiel38l g (g5 dlgo sy (g Moorl piien 9 (ol
o oimlS b3S old B pae Ol aaly ja (clslay aily 5 Slas
hLS @il 5, Slae jialS xs 4 doglse (clacuus j Loy
5pSlas 305 (Stanly L5 ol o) o ily Ll 35 O by
oo Lhalofl gl 53 Casl &gy 0515 & Ul Gyuae TS g il
clacu s a3y Slee bl 456593 Ol Byine L1,
i (Aot Logd 2o > YO 9 O+ YO+ 55l o> Vo v bl
s bysye Ll 5 ol b 32 855 59 50 ol S
9 wolae o515 e (l581 51 (LBU (1065 G i) 2alS
5 ©lite (SKjdsSt slaplusl Jdl clde & bcwus cpl 3 &5
Al SRS b lgrman Sl 85 93 (Suelas (6350500 inen
3 LS a5 93 ails 3,Shas ggome wlolp Ol Bpae S
CulS & G (Lbpadins Logd duoyd Voo #0455l doa Voo Lol
e 0515 e Sl Ol el nl ol il 45657 95 a0 alls
O By Wt o )3 9 e $BIS pas 5 053 Sl s
Sty (ag) M) drwgd > (Slwgid dlge jliny Bpo g SlsS
e B3 (il 53 g2 bobe Sl s pl 53 <o) 53 (5
ey S 93 Ol e LIS ggame )3 05l Gl o S
Ly gpsge nl oS 0 e Lo o Brae L oo ]
A odaliie calisee Glalllas 45 .0l o LS (g5tuogid pume b
LS w815 colio 595 jlosliiwl o 5l (gu e Jolge oS
9 335 b oySlae 2 b Bk 5l 1S a (Slappts § gllao
Payne, ) 15,35 o U5 Ol Byme (LS g3 b g 3oy
1997; Richards et al., 2002; Mutungamiri et al., 2001,
L) — @3 bgle cuiS (g9, (iulejl ;> Tsubo et al., 2005)
Mo dn S1S Ol el pgi0 3 88 86,8 ()15 b o
55 LALS S I iy bybre cutS 5 O G e T (3K
CiS 55y ialoj] 5 (Hulugulle and Lal, 1986) el 455
4S s, (Linum usitatissimum L.) LS 5 a8 by b

= s Y oyl wilawd i 365 &S oy Lt gl
Cily a5gS 93 ggazme § b e bug) <)) o Bpao K
555 5l ealai ol jlos 3 45559 Eoazme g (Mo Lugl ¢yl il
(Y Jgi) 39 2o YY 9 Y7 Y iy dald 4y sl gt
oS > sl Sk (Splie slacalld @ g ool b
oo BB S5 4 Jobre o lie I jiud (gludljl o clins
2 s 5 2 dlse a0 (S sl le 5 olS ol
S b 5 (S03d ol dgme 9 (ol 2l38 yolic o>
Slagg—yge Wsi g lics)lon Jelge Jilie 3 0l Caoglio iul38l
4, (Francis, 1996; Gliessman, 1997, Wallace, 2001) saxi
5 ewloas ST mlin STLS a3l 5 ) sbades b
GhHLS g jwgd ialS o b dgueS 45 A5 sdalie _iulojl
Guehl and ) 13,5 Pseudotsuga menziesii LS ;> o b juao
Pl Gyae S5 aS s )55 iagh , (Garbaye, 1991
caab ly (gylo mize Linli8l aals an caws (ol5 )60 paS
il &5 05,8 5)l58 ydime J(Ghazi and Al- karaka, 1998)
2B 5 (oskwol 5,580 L Retama sphaerocarpa oS 459>
ly o plul Szt oslo 5V a5 (gl p3Y O Jlade yogegls
(Marulanda et al., 2006) sl> _zalS 1o )d FY jlide 4
5 Lo i)l @ Bpae LS 1 55 e clacns
Oy (islejl ol 33 (P0.05) 54 o o 4565 93 foomxe
— aly '9;9_15 +[YA¥ 9 < [¥VYY c'/V'\c) ui d)_.a.a uj)l_g
9 of+As "/Y;‘\) u] ;9)_4.49 U,—I)Lf u})_aof 9 (u] u_xSA).m
5 btz g 4o YO 455l aop3 Vo) bolsee (slalas
iz L sl (s Logd 3o p2) e 5 oy Vo
YO+l dopd Veo) balow 5 (alld cuiS glayles o cud
AoV o) byl (slaslass )3 4isS 93 ggecme sl g (lng) Lo
Logd 2oV o+ 45 o3 Vo g o L oo Y0 55
9 5 o)l ol Bymae DS (Y Jgaz) b ol (b
A s (Adip it logd o3 e 9 YO 55l o Ve e oy
Voo gVO+ 55yl do )3 Voo jlad 93 3 g il ol (el oS
5b Sials 5l palls cliS b awlis o (Lbeuis Logl oy
oy Gials Yias! iy ol Ju¥s (o 5 Gl - JSis)
0 g llan 51,5 Gl S8 55 oy & i (518555
9 2LS 455 9 g Oslite (S5l lag sl povs e
F il eeorte oniomen 9 4 (Jaxe Jolgs 5l dige oli
OR339 (g ) G 3 Lgd oS 2lyen
Loyd B g YO +y5,l doyd Voo CilS Cuns 50y il 3 Slos



A% 3l F o )los IO alo> oyl ! (ooly5 Sleiergfy 4 pits PP

Ordie 398 S Glon (128 ST L duglio )3 bybe i
lapis ) Ol (69080 5 Bpao ol ol b5l )3 59
hLS 4 W o @b g Lug dp S aiS s g Ll cusS
Brassica ) I35 Lalls cuiS )5 aild 3,Slas olwlp ol 8 une
by poluaidl ag s a1y polie oy <)) 9 Lol (NApUS L.
whS Lials LY 5l G Lagl (Najibnia et al., 2014)

538 830 5 bugd Gl sheoalS oy IS

,»(Singh et al., 1992) 5o olals sl Lalls cuss ol
bybs cutS 5 (S S5 glaptus Ol Bpas 1 L))
LS YL 48 1008 5155 o gl 5 lspe )
S g bl cutS ciliseo (slacuns Sl g 5 05)) Of B pae
8 ol Ly palls eSSl ol Bpae (2L )lade
i 39329 |y (65 oyl cle Ll (Tavassoly et al., 2010)
5 ol Gis 35 0 o &S 10,8 lo 465 6> iglite (glaia
G2ge 5 4B Oy SLS gyt e jl QI olis
P ol Bpaae WS alisl ccel ams )5 g5, Shee i3l

ialojl s jlosi Tl Cod wiss 93 geome g bt Lyl 033yl T B pan (1) polie Y Joao
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Means in each column for each factor, followed by the same letters are not significantly different (P<0.05).
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Figure 1- Changing of water use efficiency of millet and cowpea as affected by treatments
A- Applying phosphor us biological fertilizer, B- Control (without fertilizer)
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Table 3- Seed and biological yield, and seed and biomass nitrogen content of millet as affected by different levels of
biofertilizers and cultivation ratios
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(P<0.05) .5\ jls sine B3] 15008y b Sl eleiels L g0l )3 < yite Bgys b (loysSibo o dols y2 (sl 5y p
Means followed by the same letters in each column for each factor are not significantly different. (P<0.05)
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Table 4- Seed and biological yield, and seed and biomass nit
biofertilizersand c

rogen content of cowpea as affected by different levels of
ultivation ratios

Jlosd 5,5es 0395
Treatment Yield Nitrogen
Al Sei9lem &ld 8345 Comny §
Grain Biologic Grain Biomass LER
(kghal)  (kghal)  cllz gl cllE ol (52)
Viscosity  Amount  Viscosity Amount
(%) (kg ha'!) (%) (kg ha?)
(A) ) 055
(@) 365 5 ool 654.36a  3196.85a  2.3la 16.31a  09la 30.31a 0.37a
(@) sals 416.75b  2437.45b  2.36a 9.96b 0.90a 21.92b 0.36b
(B) cusls slacuus
(bs) 200+ 00 of of Oe of of of of
(b) 100+ 25 248e 1182e 421a 10e 1.81a 2le 0.17e
(bs) 100+ 50 409d 2237d 3.00b 11d 1.19b 26d 0.28d
(bs) 100+ 75 512c 3247¢ 2.46¢ 12¢c 1.00c 32c 0.35¢
(bs) 100+ 100 580b 4295b 2.25cd 13b 0.82d 35b 0.39%
(bs) 00+ 100 1462a 5941a 2.08d 30a 0.67e 40a 1.0a
(A X B) Jlize 3l
bl (glacums 5 s 365
(ayb)
(ayb,)100+ 00 0j Ok of Oi 0j 0j oOh
(ayb,)100+ 25 305h 1360i 439 13e 1.84a 25i 0.17g
a, D + e g . .18c e .
b4)100+ 50 510 2592 2.85b 14d 1.18 30 0.29f
(ayb4)100+ 75 643d 3743e 2.47c 15¢c 1.0le 37c 0.36d
(a;b5)100+100 706¢ 4703c 2.29d 16c 0.87f 41b 0.40b
(ayb,) 00+ 100 1759 6799 2.14e 37a 0.69h 47a 1.0a
(UzB) (s 355 (g a0l
(ayb,)100+ 00 0j Ok of Oi 0j 0j oh
(ayb,)100+ 25 192.07i 1003; 4.320 8.30h 1.79b 17i 0.169
(a,b4)100+ 50 307h 1881h 2.80bc 8.68h 1.16d 22h 0.26f
(a,b4)100+ 75 381g 3750f 2.25d 9.32g 1.00e 279 0.33e
(a, bs)100+ 100 454f 3886d 2.20de 9.98f 1.78g 20f 0.39¢
(azb,)00+ 100 1164b 5102b 2.02e 23.49 0.65i 33d 1.0a

(P<0.05) .55l size 3] 1S58, b 5S0ls (glatols s 9051 13 S st By b slauSilio « Jole ya (sl g (i o g3
Means followed by the same letters in each column for each factor are not significantly different. (P<0.05)
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Table 5- Available nitrogen of soil as affected by different levels of biofertilizers and cultivation ratios

Sl S (39,%
Treatment Nitr ogen of soil
Sk ) 395 Sl i S IS bl L
Block Biofertilizer Cultivation ratio Before After =
555 5 o3lisu K37 Lo planting harvesting Dl(fkfge/rsg)ce
’ Millet Cowpea (kg/ha) (kg/ha)
Appling 100+00 59.3 7.0 52.3
100+25 59.2 4.7 54.5
\ 100+50 59.4 3.59 55.81
100+75 59.1 2.16 56.5
100+100 59 1.0 58
00+100 59.5 145 45
Aals
Control 100+00 59.1 12.8 46.3
100+25 59.4 10.9 485
100+50 59.2 9.9 49.3
100+75 59 85 50.5
100+100 59.2 7.2 52
00+100 58.9 231 35.8
Y 368 5l eoliil
Appling 100+00 58.8 7.5 51.3
100+25 59.0 54 53.60
100+50 59.2 4.2 55.0
100+75 59.2 3.7 55.5
100+100 594 2.4 57
00+100 59.0 15 44
Aals
Control 100+00 59.3 13.8 455
100+25 59.5 11.9 47.6
100+50 59.3 111 48.2
100+75 59.2 9.6 49.6
100+100 59.1 8.1 51.0
00+100 58.9 24.1 34.8
Y 358 31 ooliul
Appling 100+00 58.9 8.1 50.8
100+25 59.0 5.9 53.1
100+50 59.2 4.7 54.5
100+75 59.0 4 55.0
100+100 59.3 2.8 56.5
00+100 59.2 15.7 435
Jals
Control 100+00 59.1 141 45
100+25 59.4 12.3 471
100+50 59.1 114 47.70
100+75 59.3 10.2 49.1
100+100 59.0 85 50.5
00+100 59.5 25.2 34.3

2HLS 5 a5 o ysbods 28,5 )5 ;35 (P<0.05) ,ls ixe
Sosliil loss )3 4595 93 £gamme 5 bugl 0yl (595 Suiglon b
39 duo DIWY/R g W/ AY/F ey dald &) G g 555

03958 K39l 5358 Tyl
3 ySlos S 9oy 45 (gt S il b LS
),.:l_» Caod 3055 (o iy 45 0355 Caum (590 4 (4) (goladl
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Smste i (53Ldl]] 53 ¢ pligagdgs g (sl slois Sk
olis (ol S (Sfoden g oled (S Shuogas
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Jahan and Nasiri ) 35— bgye a5y Slos i3 3l
(Mahallati, 2012
Soidnsd DS o edl glaceus Bl il ol
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Table 6- Nitrogen recovery, physiological and use efficiencies of millet, cowpea and total two species

ol )8 Sjdsd )8 Span 2,5
Recovery efficiency (%) Physiologic efficiency (kg/kg) Use efficiency (kg/kg)

sl a3 Wy agS 9 a3 Lyl a5 9 a3 Wy ags 93

Treatment Millet Cowpea Total Millet Cowpea Total Millet Cowpea Total

(A) s 355
() 555" ;1 oxliiunl 56 a 585a 1145a 394a 17.1a 56.5a 27.3a 136a 409a
(3p) sals 485b 495b 98b 34.4b 148b 49.2b 20.8b 10.2b 31.0b
(B) el slacuws

(b,) 100+ 0 66.7b of 66.67 f 48.6Cc of 486¢C 325b of 325d
(b,) 100+ 25 77.7a 425e 120.2a 55.3a 115e 66.8 a 43.2a 49e 48.1a
(bs) 100+ 50 66.8b 52.2d 118.4b 489b 15.2cd 64.1ab 32.8b 8.0d 40.8b
(bs) 100+ 75 B5.1c 62.1 c 117cb 378¢c 15.7bc 535b 21c 9.8c 30.8e
(bs) 100+ 100 47.7d 65.9b 113.6d 30.8d 16.3b 471c 14d 108b 248f
(bg) O+ 100 Oe 101.7a 101.7e Oe 37a 37d Oe 37.7a 37.7¢

(A B) i )

(@1D) (s 258

(uy5,)100+ 0 71b 0j 71h 51b Oh Sle 36b Oh 36d
(uy B,)100+ 25 83a 479 130 a 59a 12.3f 713a 49 a 6f 55a
(uy B7)100+ 50 72b 56 f 128 b 52b 17c¢ 69 b 37b 9d 46b
(uy B4)100+ 75 59d 68d 127b 41d 17c 58d 24d 12¢c 36d
(u155)100+100 5le 72c 123c 33e 18c Sle 17e 13c 30e
(uybg) O+ 100 Og 107 a 107 e 0g 39a 39h 0g 41la 41c

(st 295 g

(azb)

(uyb,)100+ 0 62c 0i 62i 45¢c Oh 45h 28c Oh 28e
(uyb,)100+ 25 72b 38h 110d 51b 119 62c 37b 49 41c
(a;b4)100+ 50 63cC 469 109d 46 ¢ l4e 60c 29c 6f 35d
(a.b4)100+ 75 50e 56 f 106 e 3He l4e 49 f 18d 8e 26 f

(u,b5)100+ 100 43 f 60 e 103f 28f 15d 43¢ 13f 9d 229

(uybe)0+ 100 0g %b %g 0g 34b 34i 0g 33b 33d

(P<0.05) 15,55 I gime W] 10385 b S5l (slaials di 905 j3 S yidio gy b slopSilio ¢ Jole pa (6l g g0 o 5o
Means followed by the same letters in each column for each factor are not significantly different. (P<0.05)
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Figure 2- Changing of nitrogen recovery efficiency of millet and cowpea as affected by treatments: A- applying phosphorus
biological fertilizer, B- Control (without fertilizer)
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Figure 3- Changing of nitrogen physiological efficiency of millet and cowpea as affected by treatments: A- Applying
phosphorus boifertilizer, B- Control (without fertilizer)
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Figure 4- Changing of nitrogen use efficiency of millet and cowpea as affected by treatments: A- Applying of phosphorus
biofertilizer, B- Control (without fertilizer)
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Introduction

Nowadays, increasing world population, destruction of natural resources followed by the confirmed need to
increase food production are the basic challenges of the world. The appropriate solution for this challenge is
sustainable agriculture based on consuming different kinds of biological and organic fertilizers, with the purpose
of elimination and considerable decrease of agrochemicals. Phosphorus biological fertilizer consisted of two
genus of bacteria, Bacillus spp. and Pseudomonas spp., helps plants to absorb phosphorus dissolved in soil by
two mechanisms, excreting organic acids and phosphate enzyme.

Improving nitrogen use efficiency is a principle strategy to increase sustainability in agricultural systems.
Some of management options which are effective on increasing nutrients efficiency in agro-systems are
intercropping, rotation and green manure application. Utilizing fixed nitrogen of legumes by ceredls is the
advantage of intercropping legumes and cereals. Intercropping systems are practical and suitable samples for
increasing water use efficiency in agriculture. Francis (9) believes that in case of water limitation, the best way
to improve water use efficiency isintercropping.

The purpose of the present study was evaluating sole cropping system, intercropping common millet
(Panicum miliaceum L.) and cowpea (Vigna unguiculata L.) and the role of biologica fertilizer to achieve the
most suitable combination of growing these two species crops and fertilizing recommendations with the purpose
of suitable yield and resources use efficiency.

Materialsand M ethods

This experiment was conducted at a farm in Ngjafabad-1sfahan, during growing season of year
2013-2014. The experimental treatments were arranged in split plots based on a randomized complete
block design with three replications. Two levels of phosphorus biofertilizer &, (seed inoculation with
Bacillus spp. and Pseudomonas spp. rhizobacteria as Barvar 2 biofertilizer®) and & (control=no
inoculation) were assigned to main plots. The sub-plots including b; (sole cropping of millet), b,
(millet100%+ cowpea25%), bs (milletl00%+ cowpeab0%), b, (Milletl00%+ cowpear5%), bs
(millet100%+ cowpeal00%) and bs (sole cropping of cowpea). The distances between the rows in all
treatments were 50 centimeters and the distance between two plants on each row of the sole millet was
8.6, for sole cowpea was 10.7 centimeters (with density of 200 and 160 thousand plants per hectare).
In additive ratios the distances between the plants on all rows were 4.3 centimeters for millet as the
fixed plant and 21.4, 10, 7, 7.1 and 5.4 cm for cowpea (with density of 4, 8, 12 and 16 plants per m?)
which were on the parallel rowswith millet.

Water use efficiency for grain yield was calculated from equation 1(8) and nitrogen efficiencies (including:
recovery, Physiological and use) also were calculated by using the equation 2, 3 and 4 respectively.

1, 2, 3- PhD Student in Agroecology, Associate Professor, and Professor, College of Agriculture, Ferdowsi University
of Mashhad, Iran, respectively.
(Corresponding Author Email: jahan@um.ac.ir)
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WUE = Yg(kg/ha)
T ——
W™ /ey Equation 1
NRE(%6) = —'\I'\Iom(kg L
s(ka/ha) Equation 2
NPE — Yg (kg / ha)
N (g ) Equation 3
NUE = Yg(kg/ha)
Ny g /e Equation 4

Results and Discussion

The results of this experiment showed that the effect of Barvar 2 biofertilizer® on WUE, NRE, NPE and
NUE was significant (P<0.05). In addition, the effect of cropping ratios on all measured traits was significant so
that the most (0.704, 0.473 and 0.784 kg.m™) water use efficiency, nitrogen recovery efficiency (77.7, 101.7 and
120.6%), nitrogen physiological efficiency (55.3, 37 and 66.8 kg.kg?) and nitrogen use efficiency (43.2, 37.7
and 48.7 kg.kg™) observed respectively for millet in ratio of millet 100%+ cowpea25%, for cowpea in sole
cropping and for total two species also in ratio of millet100%+ cowpea25% was obtained.

Conclusions

The results of this experiment showed that the management based on true understanding of ecological basis
and principles of intercropping systems and application of biofertilizers could be an ecological approach for
increasing productivity and best usage of resources (water and nitrogen) in order to achieve suitable production,
decrease expenses and dependence to expensive foreign inputs, eliminate pollution and bioenvironmental
pressures on sustainable agricultural systems.
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1- Colony Forming Unit (CFU)
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Table 2- Analysis of variance for nitrogen and nitrogen source effect for studied characteristics

(Means of square) i yo  pSile

Ol gl ] .
o - Ses aSkes Al s loa el o 5Sles uz';f u»lw
i gale Ls-ﬁ‘ﬂ oy Al Sl Ll Sty s 0 9 9 51 oalai! Coild y
so.v 4 Biological Grain Harvest  geednitrogen ~ Protein  Protein  (josks  ojssk
yield yield index content at percent yield NUtE NHI
ripening stage
Replication s 2 6496 7304™ 538" 0.001™ 3.78™ 84.32" 0.006™ 12.76"
Nitrogen 5o, 2 1318° 2002  9.06™ 0.13" 394.83"  1770” 0.66" 215.61"
UL“?‘ ol 4 1242 9865 4.38 0.008 211 1810 0.04 12.21
Main error
NS) 59y an - . . - . .
(NS) oo oo 3 5741 1222 3.99™ 0.01" 19.65 2717 0.06 43.66
Nitrogen Souce
NxNS 6 1417 37220 2238 0.16™ 13.85% 7192 0.01" 80.63"
e sl 18 7744 1039 8.63 0.01 4.10 2249 0.02 8.86
Sub error
St 6.72 6.23 7.41 12.06 8.62 12.17 13.54 4.26
Cv (%)

Wioyd S g iy Jlein] gdaw 50 )b gime g )b iz e odimd LS (g Sy sk g % NS
ns, * and ** are non-significant and significant at 5 and 1 probability levels, respectively.

(0ABL 21,5) 595 Spae @1 9 0jes o ) byl 42529 5 Jols Olayo (1 X0ke -3 Jgoa
Table 3- Mean squares obtained from analysis of variance for nitrogen uptake efficiency and nitrogen use efficiency
(Means of square) Wl yo pSile

mjoé\!/m &3l sy e ; 09y @i 1,8
- af  UE0d S LIS NUPTE _

Replication ,I,$s 2 1.23" 0.002"
Nitrogen .,js 1 755.54™ 0.54™
Main error Lol slbs 2 1.36™ 0.002
Nitrogen Souce (i are 3 20.58" 0.07"

NxNS 3 6.21" 0.003™

Suberror e las 12 0.95 0.004"
CV(%) &l yss g > 5.72 9.85

Wioyd S g iy Jlein] gdaw 50 )b gime g )b iz e odimd LS (g Sy ek g % NS
ns, * and ** are non-significant and significant at 5 and 1 probability levels, respectively.
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Table 4- Mean comparisons of the effect of nitrogen and nitrogen source for some soybean characteristics

0395 sy les ek i bl (TN (g e 2T
Nitrogen Biological yield NUTE NUPTE
(kg ha) (kg ha) (kg kg ) (kg kg )
0 3782.7 1.48 -
75 4197.1 1.11 0.84
150 4437.9 1.04 0.54
LSD 5% 399.4 0.22 0.09
&3955 ae (Nitrogen source)
aal (Control) 4037.3 121 0.64
U (Nano) 3938.4 1.29 0.59
oS 5% (Nitroxin) 4037.0 1.25 0.68
ps932, (Rhizobium) 4508.4 1.09 0.84
LSD 5% 275.61 0.16 0.08
Cadila o yaa Ll dily o jSlac
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(2 Jsiz) 3 Josime ol o] GiiSiomyy Jg et
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8L L gl pas a3 o i cnsteS g pomgin S L
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Introduction

Soybean is a member of leguminoseae family with average protein percentage of 40%, which needs a large
amount of nitrogen fertilizer to get maximum yield. Using biofertilizers, beside chemical nitrogen fertilizers, can
reduce proportion of chemical nitrogen demand without any undesirable effect on quantity and quality of its
yield. Biological nitrogen fixation of soybean by Rhizobium japonicam can improve nitrogen use efficiency
parameters beside its yield. This experiment was conducted with the aim of study the effect of different levels of
nitrogen, bio-fertilizers and Nano-nitrogen on nitrogen use efficiency (NUE) and yield of soybean (Glycine max
(L.) Merr.) cv. Williamz.

Material and Methods

A field experiment was conducted as a spilt plot in a randomized complete block design with three
replications in 2013 at research center for agriculture and natural resources of Darab, Fars, Iran. Main factor was
mineral nitrogen at three levels (zero, 75 and 150 kg N ha’) and sub plot was nitrogen source at four levels
(Rhizobium japonicum, nano-nitrogen, nitroxin and control). Rhizobium japonicum bacteria was inoculated in
rate of 125 gr per 50 Kg seeds, nitroxin in rate of 0.5 L per 9 Kg seeds, and nano-nitrogen in rate of 10 L ha™.
The experimental plot dimensions were 2 x 4 m consisting of 4 rows of cultivated soybean 50 cm apart. The
seeds were planted 5cm apart on each row. A furrow irrigation system was employed during experimental
period. After the physiological maturity the experimental plots were harvested and yield, yield components,
protein, protein yield, seed nitrogen content at ripening stage, nitrogen use efficiency (NUE), nitrogen utilization
efficiency (NUTE), nitrogen uptake efficiency (NUE) and nitrogen harvest index (NHI) were measured.

Results and Discussion

The results showed that the interaction of nitrogen and nitrogen source was significant for grain yieId harvest
index, nitrogen percentage in the grain ripening phase, seed protein and protein yleld Mean comparison showed
that the highest graln yield (2018 kg ha’ 1) obtained from application of 75 kg N ha™ with Rhizobium application
and the lowest grain yield (1476 kg ha™) obtained from the no nitrogen fertilizer appllcatlon The highest seed
protein percentage and seed proteln yield observed in application of 150 kg N ha Wlth Rhizobium application.
The highest nitrogen in the grain (1.51 %) was related to application of 75 kg ha® N with nano-nitrogen
appllcatlon The highest nitrogen content of shoot in harvesting stage was achieved by integrated application of
75 kg ha* nitrogen and nano- -fertilizer nitrogen. The highest nitrogen harvest index (NHI) (77.81 %) obtained
from alppllcatlon 150 kg ha™ N with nano-nitrogen appllcatlon maximum nitrogen use efﬂ(:lency (NUE) (26.90
kg kg ) was obtained from application of 75 kg N ha and Rhizobium application and the minimum (12 66 kg
kg™) was obtained from application of 150 kg N ha™ and Rhizobium. GeneraIIy, soybean production in Darab
region had the best results with the use of 75 kg N ha™ along with the Rhizobium japonicum application.

land 2- M.Sc. Student and Associate Professor of Agronomy respectively, Faculty of Agriculture, Yasouj University,
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(*- Corresponding Author Email: Movahhedi1354@yu.ac.ir)
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Conclusions

Applying of biofertilizers beside chemical nitrogen, could decrease chemical nitrogen use without any impact
on qualitative and quantitative yield of soybean. According to the results of this study application of half of the
recommended amount of nitrogen (75 kg N ha™) and inoculation with Rhizobium japonicum bacteria (125 gr per
50 kg seeds) had the highest grain yield, harvest index, nitrogen use efficiency (NUE) and nitrogen harvest index
(NHI). It seems that combined application of bacteria and chemical fertilizers can improve soybean performance
and also reduce its chemical nitrogen demand. Our results suggested that, integrated application of 75 kg ha™
nitrogen and Rhizobium can be suitable treatment to soybean production in Darab climatee.

Keywords: Nitrogen harvest index, Nitrogen uptake efficiency, Protein, Rhizobium japonicum, Soil stability
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