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Effect of Salinity and Drought Stresses on Germination Stage and Growth of
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Introduction

Range plants have important and crucial roles in medicinal industry andtogether with scarcity and low
quality of the water and soil resources, prevent a quick recovery of the soil plant covering. Because of these
restrictions, it is important to consider the use of salt and drought tolerant species for plantation and to preserve
plant cover. In this sense, the use of native species such as black cumin (Bunium persicum Boiss) may be of
interest due to their medicinal characteristics and potential ability to adapt to adverse conditions (dry and saline
conditions). Black cumin (B. persicum) as a medicinal plant plays a vital role in Iranian medicine so there is a
need to know about the factors affecting their growth and propagation.

Materials and Methods

To investigate the effects of drought and salt stresses on germination and growth in black cumin two
separate experiments were conducted. Drought stress was applied through incubation in four different
concentrations of PEG 6000 that provide solutions with water potentials ranging from -0.2 to -0.8 MPa
(including control and four levels of dryness). Salinity treatments (including control and four levels of salinity)
were prepared by adding molar concentrations of NaCl to provide a range of salinity from 50 to 300 mM.
Germination percentage and speed was calculated by computation of germinated seeds every day. Growth
parameters (rootlet, shoot and seedling length total), allometric index and seed vigority were obtained
accordingly.

Results and Discussion

Seeds under both drought and salt stress showed significant reduction in germination percentage,
germination rate, radicle length, plumule length, and alometric and seed vigor indices. This trend was much
pronounced under high levels of NaCl and low levels of water potentials, so that germination at ¥, = -0.6 MP
was completely stopped.

Conclusions

Assessment of drought and salt stresses on germination and growth in black cumin is very important in the
management of its planting. With increasing salinity and drought levels, the germination reduced significantly.
Although due to higher germination of seeds in different levels of salinity rather than drought, this species seems
to be more sensitive to drought stress.

Keywords: Bunium persicum, Drought stress, Germination, Salt stress
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Introduction

Sesame (Sesamum indicum L.) belongs to pedaliaceae family and is one of the most important oilseed crops
that will grow in relatively dry region. Each leaf node will have one capsule but in some sesame ecotypes the
number of capsule per leaf node can increase (Langham and Wiemers, 2002). Factors such as agricultural
operations, growing substrates and variety affect yield and harvest index. Iron is one of the main micronutrient
that can affect growth and development (Miller et al., 1982). This research was conducted to study the effects of
leaf nutrition on the number of capsules per leaf node of sesame.

Materials and Methods

In order to study the effects of leaf nutrition on the number of capsules per leaf node in sesame plant
(sesamum indicum L.), an experimental was conducted at Khorasan Razavi Agricultural Education Center, Iran,
In 2014. This study was done as a factorial arrangement with two factors, kind of seed and the concentrations of
ferrous sulphate on the basis completely randomized block design with three replications. The first factor was
two seed types (one type has been taken from leaf node with three capsules and the other seeds were taken from
leaf node with one capsule in sesame plant). The second factor was three concentration of ferrous sulphate (0, 50
and 100 ppm) that applied in %50 vegetation, flowering and capsule phase. Morphological and yield components
traits were measured. Data were analyzed with MSTAT-C software and means comparison were done with
Duncan multiple range test in 5 percent probability.

Results and Discussion

The first factor (type of seed) showed significant difference on height, length of branch, fresh and dry shoot
weight, dry weight of capsule, number capsules per plant, 1000 seed weight and seed weight per plant. Plants
growing from the seeds with three capsules in leaf node (Cap2) had the maximum height with 88.2 cm that was
20% more than plants that growth from seeds with one capsule in leaf node (Capl). The maximum seed weight
per plant also obtained from Cap2. The application of ferrous sulphate concentration with 50 ppm increased the
number of three capsule nodes in plant but 100 ppm ferrous sulphate had the lowest three capsule nodes per
plant. The results of interaction treatments showed that using of 50 ppm ferrous sulphate in Cap2 treatment had
the maximum plant height with 89.9 cm. In two treatments Capl and Cap2 applying ferrous sulphate
concentration with 50 ppm had the maximum number capsule per plant with 84.7 and 88.3 capsule per plant,
respectively.

This study showed that biosynthesis of plant metabolite was controlled not only by genetic but also by
environmental conditions. Iron is an important component in many plant metabolisms such as chlorophyll and
tylakoid synthesis and in development of chloroplast. Goos and Johanson, (2000) showed that two foliar
applications of iron compounds (Fe-EDDHA) increased yield in three soybean genotypes. Jana and Jahangir
(1987) suggested that using of iron micronutrient with 0.1 ppm produced maximum height in bean. It seems that
particular properties of Iron such as Redox properties, capable to establish complex with different ligands, a
component of electron transport system and take part in many enzymes structure had important roles in plant
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Agricultural Research Education and Extension Organization (AREEO), Mashhad, Iran

2- B.Sc. Student in Engineer technical in Medicinal and Aromatic Plants in Institute of Science and Applied Higher
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metabolism and application of suitable amount can increase growth and yield of plant.

Conclusions
The results showed that foliar application of ferrous sulphate can increase the number of capsules per leaf
node as using of 50 ppm ferrous sulfate in plants that grow up from seeds with three capsules in leaf node (Cap2)
produced the most multiple capsule percent in leaf node. Maximum seed weight per plant with amount 13.2
g.plant’l was obtained from applying 50 ppm ferrous sulfate in Cap2 plants. Positive and significant correlation
was found between seed weight and multiple capsule percent in leaf node (r=0.82**) and with shoot dry weight
(r=0.80*%*). In addition, the results showed that ferrous sulfate can increase the number of capsules per leaf node.

Keywords: Height, Leaf node capsule, Seed weight, Three capsules
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Table 2- Parameters from fitting a four parameters logistic model to data of the dry matter of lamb's -quarters affected by
different dose of Foramsulfuron and Nicosulfuron herbicides (g a.i/ha)
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oS s e e e EDs, EDyo
Herbicide (b) (c) (@)

099l el 1.47(0.09)* 0.51(0.07)* 5.96(0.11)*  8.63(0.41)*  38.50(3.72)*
Foramsulfuron

"{5”&9‘“55"'3 1.50(0.09)*  0.59(0.06)* 6.37(0.12)* 17.18(0.76)* 74.30(6.33)*
Nicosulfuron
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Figurel- Response of lamb's -quarters dry matter to foramsulfuron (A) and nicosulfuron (B) herbicide dose, According to a
four parameters logarithmic model. Points are the observed data and the line is the regression line.
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Figure 2- Response of lamb's -quarters dry matter to the different mixture ratios of foramsulfuron and nicosulfuron
herbicides 0 (0% foramsulfuron), 25 (25% foramsulfuron+ 75% nicosulfuron), 50 (50% foramsulfuron+ 50% nicosulfuron),

75 (75% foramsulfuron+ 25% nicosulfuron), 100 (100% foramsulfuron). Points are the observed data and the lines are the
lines from freely logarithmic model.
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Table 3- Parameters from fitting a four parameter logistic log model to data of the dry matter of lamb's -quarters in different
proportions mixture two foramsulfuron and nicosulfuron herbicide (g a.i /ha).

09s93plin  00APNSE s s (el e (d)eYU s o S e
Foramsulfuron Nicosulfuron ’ =0 F
100 0 1.65(0.13) 0.31(0.16)  6.88(0.06)  27.68(1.55)" 8.388¢-36
75 25 2.27(0.28)° 0.33(0.12)7  6.48(0.30)°  24.63(1.62)" 7.478¢-30"
50 50 1.53(0.33)"  0.36(0.18)"  7.54(1.23)° 14.98(3.63)" 0.0001""
25 75 1.77(0.22)°  0.38(0.18)"  7.46(0.41)"  25.83(2.09)" 2.538e-23"
0 100 1.63(0.28)° 0.37(0.23)"  6.30(0.36)°  33.95(3.11)" 5.252¢-20"
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*& ** Significant at the 5 and 1%, respectively. Numbers in the parentheses are the standard error.
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Figure 3- Isoboles of different proportions mixture foramsulfuron and nicosulfuron herbicides on lamb's -quarters dry

matter basis Hewlett model. The points is
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Figure 4- Response of lamb's -quarters dry matter to the different mixture ratios of foramsulfuron and nicosulfuron
herbicides with ammonium sulfate 0 (0% foramsulfuron), 25 (25% foramsulfuron+ 75% nicosulfuron), 50 (50%

foramsulfuron+ 50% nicosulfuron), 75 (75% foramsulfuron+ 25% nicosulfuron), 100 (100% foramsulfuron). Points are the
observed data and the lines are the lines from freely logarithmic model.
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Foramsulfuron Nicosulfuron (b) T (C)ﬁb» (d)dlme» EDgp oo g
100 0 1.57(0.16)"  0.21(0.81)" 6.11(0.57)" 21.63(1.67)  1.131e-24"
75 25 1.59(0.44)"  0.15(0.19)" 5.99(1.25)" 15.67(4.71) 0.001™
50 50 1.61(0.59)"  0.24(0.17)"  7.41(3.79)"  9.34(6.25)" 0.13”
25 75 1.69(0.41)"  0.32(0.18)"  7.30(1.32)"  14.73(3.70)° 0.0001™
0 100 1.68(0.39)°  0.51(0.20) 7.08(0.95)° 17.71(3.45)°  1.148e-06"
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Figure 5- Isoboles of different proportions mixture foramsulfuron and nicosulfuron herbicides with ammonium sulfate on
lamb's -quarters dry matter basis Hewlett model. The points are EDs, and bars on the points represent the standard error.
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Table 5- Analysis of variance of the dry matter of maize affected by the dose of foramsulfuron and nicosulfuron herbicides,
mixing ratio and the use of the ammonium sulfate

Source of variation
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Degree of freedom Mean squares
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UiS dile 5y,l8 )l (Dose)(D)

posgelcld g (Ammonium Sulfate)(AMS)

PxD
PxAMS
DxAMS

PxDxAMS
s (Error)

Js (Total)

4 0.52™
6 0.24™
1 0.02™
24 0.47*
4 0.48™
6 0.28™
24 0.22™
210 0.27™
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Introduction

Maize (Zea mays L.) is a major crop in Iran and ranks third, behind wheat and rice. Grain yield in maize can
be severely reduced by competition with weeds (Mosavi, 2001). A broad spectrum of grasses and broadleaved
weeds infests maize fields. Amaranthus spp. (pigweed), Chenopodium album L. (common lambs quarters),
Abutilon theophrasti Medik. (Velvetleaf), Cirsium arvense (L.) Scop. (Canada thistle), Convolvulus arvensis L.
(field bindweed), Sorghum halepense (L.) Pers. (johnsongrass), Echinochloa crus-galli (L.) Beauv.
(Barnyardgrass), Cyperus rotundus L. (purple nutsedge), Digitaria sanguinalis (L.) Scop. (Large crabgrass) and
Setaria spp. (foxtail) are among the most common and problematic weeds in maize in Iran (Zand et al., 2009).
Today, high-yielding agriculture heavily depends on herbicides, as they constitute a vital and integral component
of weed management practices (Zand et al., 2008). Tank mixing two or more herbicides is a common practice
that is increasingly used in most agronomic crops to control a wide spectrum of weeds, reduce production cost,
and/or prevent the development of herbicide-resistant weeds (Zand et al., 2008). Herbicides may interact, before
or after entering the plants, and the outcome of the interaction can be synergistic, additive, or antagonistic. It
would be ideal to select herbicide combinations that have synergistic effects on weeds and/or antagonistic effects
on crops. Additives, compounds that to facilitate the mixing application or influence herbicide add to herbicide
formulation or tank sprayer, in other words additives can increase the effects of herbicides to reduce their
consumption (Streibig et al., 1998). Foramsulfuron and nicosulfuron are among the newly released dual purpose
sulfonylurea herbicides. The use of these herbicides offers the opportunity for a new mode of action for weed
management in maize. These herbicides act through inhibition of acetolactate synthase, the first enzyme in the
pathway in the biosynthesis of branched-chain amino acids, valine, leucine and isoleucine in chloroplasts. They
first affect meristemic tissues where growth ceases soon after treatment. Chlorosis and the necrosis of these
tissues soon follow, with dieback to the mature parts of the plant taking a further 3—4 week. These herbicides
have been reported to be very effective on grasses, broadleaved weeds, and rhizomatous perennial temperate
weeds in maize. Another priority of these herbicides over those currently used on maize is that they act at very
low doses. This will reduce the environmental safety concerns lie back behind application of herbicides (Nurse et
al., 2007; Prostko et al., 2006).

Materials and Methods

In order to evaluate the effect of foramsulfuron and nicosulfuron combination without and with ammonium
sulfate as an adjuvant on lamb’s-quarters (Chenopodium album L.) control in maize, a study was conducted in
three separate experiments, in Ferdowsi University of Mashhad during 2011-2012. For this purpose, 4 plants of
Lamb's-quarters (Chenopodium album L.) and 2 maize crops was planted in separate pots and were sprayed in 4-
leaf stage. The first experiment was conducted separately for each of weeds lamb’s quarters to determine the
dose for foramsulfuron and nicosulfuron in greenhouse conditions, based on the dose-response experiments. The
second experiment conducted to evaluate the effect of different combination ratio of two herbicides (75%
foramsulfuront+ 25% nicosulfuron, 50% foramsulfuron+ 50% nicosulfuron, 25% foramsulfuron+ 75%
nicosulfuron) based on the results of the first experiment. The third experiment included the second experiment
treatments plus ammonium sulfate as adjuvant.

Results and Discussion

Results showed that both herbicides without ammonium sulfate and at high doses lamb’s-quarters control.

1- M.Sc. of Weed Science, Faculty of Agriculture, Ferdowsi University of Mashhad
2- Associate Professor, Faculty of Agriculture, Ferdowsi University of Mashhad
(*- Corresponding Author Email: m.rastgoo@um.ac.ir)
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Combination ratio with equal doses of two herbicides (50% foramsulfuron +50% nicosulfuron) increased
lamb’s-quarters damage more than other ratios. In other words, the combination of these two herbicides had
synergistic effects on lamb’s-quarters control. Also combination of them with ammonium sulfate had synergistic
effects on lamb’s-quarters control, so that in this experiment among different mixing ratios of the two herbicide,
mixing ratio of 50% foramsulfuron +50% nicosulfuron dry matter reduce lamb’s-quarters compared to other
ratios increased mixing. It should be mentioned that mixing these two herbicides with and without the additive
ammonium sulfate had no adversely affect maize crop.

Conclusions

It can be concluded that the combination of herbicides foramsulfuron and nicosulfuron with and without
additive ammonium sulfate not only has antagonism effect in the mix, but also synergism effects are observed in
the mixture of two herbicides with better efficiencies additive combination of two herbicide.

Keywords: ALS herbicides, Ammonium sulfate, Herbicide combination, Lamb’s-quarters (Chenopodium
album L.), Maize
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Introduction

Crop density enhancement is a method to increase yield per unit area. The spatial distribution of plants is
related to radiation absorption. Therefore, it could play an effective role in photosynthesis and yield, since Crop
Growth Rate (CGR) is a function of used radiation energy in photosynthesis. Totally, increasing radiation
absorption efficiency and yield need sufficient leaf area and suitable distribution of leaves in canopy. Ahmad et
al., (2002) planted sesame with different inter row- spacing (30, 45 and 60 cm), they reported that the maximum
plant height and economic yield were obtained from inter row- spacing of 45 cm. Rahnama and Bakhshandeh
(2006) planted sesame with different inter row- spacing (37.5, 50 and 60 cm) and the results showed that the
number of capsules per plant, seed weight as well as seed oil per plant, increased with increasing inter row-
spacing. Karasan et al., (2007) reported that decreasing inter row- spacing resulted in seed yield enhancement
and reduction in number of capsules per plant.

Material and Methods

An experiment using split-plot based on randomized complete blocks design was performed. The experiment
was carried with three replications in two years (2012 and 2013) at the agricultural research station of Ferdowsi
University of Mashhad. For this purpose, the main plot was the density per square meter with three levels (30, 40
and 50 plants per square meter) and the sub main plot was planting pattern (rectangle, square and rhombic). The
size of each plot was 2x3 meters. The distance between plots and blocks were 0.5 and 1 meter, respectively. Intra
row- spacing for rectangle planting pattern for densities of 30, 40 and 50 plants per square meter was 6, 5 and 4
cm, respectively. In square and rhombic planting patterns, 2 lines was planted in each row and inter row- spacing
for densities of 30, 40 and 50 plants per square meter were 18, 16 and 14 cm. economic yield measured at the
end of growth season. In order to study the arrangement and planting density over two years of experiment,
combined analysis was performed with SAS ver 9.1 and diagrams were plotted by using EXCEL 2010.
Comparison of data mean was performed with LSD test at the level of 5%.

Results and Discussions

Interaction between planting pattern and density had significant effect on total dry matter, yield, the number
of seeds per capsule and the number of capsules per plant. Harvest index, 1000 seed weight and the number of
branches per plant were affected by plant density. Maximum dry matter was obtained from rhombic planting
pattern with density of 50 plants per square meter and it was 8 and 13% more than squares and rectangles
planting pattern, respectively. The highest yield was achieved from density of 50 plants per square meter in
rhombic planting pattern at a rate of 1100 g m-2 in the year 2012. Maximum number of capsules per plant and
seed were achieved from density of 30 plants per square meter in rhombic planting pattern with amount of 47
and 19.2, respectively in the year 2012. Increasing plant density from 30 to 50 plants per square meter decreased
1000 seed weight about 13 percent. Increasing plant density from 30 to 50 plants per unit area leads to lower
harvest index (from 31 to 28 percent).

Conclusions
In order to achieve the highest total dry matter and economic yield, diamond planting pattern and density of
50 plants per square meter were better than the other. With reducing the density per unit area, biomass per plant
increases due to less competition for light, nutrients and water. The maximum number of seeds per capsule and
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number of capsules per plant were obtained from diamond planting pattern with a density of 30 plants per square
meter so it seems that at low densities, growth and branching of the plant increases because of enough space but
there is no efficient use of the environmental resources. It's concluded that 50 plants per square meter in the
diamond pattern is a suitable combination of treatments.

Keywords: Management practices, Number of capsule, Total dry matter, 1000 seed weight
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6- Harmonic Mean = HM
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1- Path analysis
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Table 2- Partitioning of correlation coefficients to direct and indirect effects by path analysis method, based on total data

(n=54)
i . Indirect effect paiims pus 31 U Siaod ] >
Lasly J5' 5,5 WM‘ Pl algw dlaxi > Wil sy o S aits 3 ,Sles
Total data 1:;::: &0y algiaw M; (’;‘;’; (‘;’g’)’ Corr. Coeff. with
Spike.m™?  Grain/spike grain yield
Spike.m” & 50 o )3 dlyiww dlasi 0.708%* - 0.002™ 0.000™ 0.71%*
Grain/spike dyuws ;> aild 3lass -0.031™ -0.035™ - -0.001 0.066™
TGW &> 138 o439 -0.006™ -0.025™ 0.004™ - 0.015™
R=0.71 R*=0.51 Radj=0475

peitane 1 Sl Pl e e NS Mo )d g gy Jloin] o )3 45 xe oSy K G K
* and **: Significant at the 5% and 1% level of probability respectively, R =0.71, R? = 0.51, R%dj = 0.48

A3le melis i 5 i Syl gsazme ply b 3,Skes b clis ) ol o (Sired cups §
§: R? (correlation coefficients) = Direct effect + Indirect effect
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Table 3- Partitioning of correlation coefficients to direct and indirect effects by path analysis method, based on full irrigation

(n=18)
Indirect effect gy < Wl g 5
Ll 41 by yo sloesls Y e LRIV R ::M s ; o L M§ " );:;‘r’
Jol5 g5l Direct ’ . . .
2 _ Full irrigation effect & ,.o o ,2: 41....» &l Corr. Coeff.l(viwth grain
Spike.m Grain/spike TGW (g) yie
Spike m? g1y0 yo 3 Al dlaxi 0.603%* - -0.01™ 0.126™ 0.719 **
Grain/spike aliww )3 413 dlaxs -0.345™ 0.017"™ - 0.199™ -0.13™
TGW &5 3 59 S043%  -0.177™ 0.159™ - -0.447™
R=0.82 R*=0.67 R%dj=06

e o S 30)> Sy g iy Jloil aw 53 )b G
* and **: Significant at the 5% and 1% level of probability respectively, R = 0.82, R* = 0.67, R%dj = 0.60

A3l o e 3 5 s Sl gsarme w4l 3,Shes b clio 1 LS b (Kivad ey §
§: R? (correlation coefficients) = Direct effect + Indirect effect

Table 4- Partitioning of correlation coefficients to direct and indirect effects by path analysis method, based on 80% full

irrigation (n=18)
Indirect effect paliumo s 41 o ;
balpd 4 by yo glaoals - PRI | b b (Fmad ol
. - > Al dlaxd 3 &> oy T 5,Slos
Jol" g5l YA Direct ) . &l 15 o439 .
3 -80% Full irrigation effect & s 2 s TGW(@ T ?“"‘ff‘lw’th
Spike.m" Grain/spike grain yield
Spike m™ &sy0 yio 53 dliiww s 0.65 ** - 0.018™ 0.059™ 0.727%*
Grain/spike dliww )3 415 dlaxs -0.438 ** -0.027" - 0.081™ -0.384"
TGW &> 153 (439 -0.295 -0.129™ 0.121™ - -0.302™
R=0.85 R*=0.73 R%dj=0.67

e M8 20)> Sy g iy Jloil aw 53 5B a4y FH G
* and **: Significant at the 5% and 1% level of probability respectively, R = 0.85, R? = 0.73, R%dj = 0.67
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§: R? (correlation coefficients) = Direct effect + Indirect effect
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Table 5- Partitioning of correlation coefficients to direct and indirect effects by path analysis method, based on 60% full
irrigation (n=18)

3 Indirect effect pafx < 4l g ;
bl &y bgyyo go3ls £ A il ko 3,8k b (Shuusod s
. oo Aow dlaxd 3 &> oy § &ls
Jol8' (s, e Direct s . &> 52 (39 Corr. Coeff. with erai
4-60% Full irrigation Lot Gy . TGW (g) ort. Loe’h. With grain
effect Spike.m”  Grain/spike yield
Spike m? ayy0 jio 3 dhiww Slaxi 0.454%* - 0.266™ - 0.004™ 0.717%*
Grain/spike dwuw > &l dlaxs  -0.52%% 023" - 025" - 0.502*
TGW &l 58 o35 - 0.594%* 0.003 0.219"™ - - 0.373™

R=09 R*=0.81 Radj=0.77

peitane 1 ,Slo P b xe e NS do)d K g g Jloin] o )3 J5 gixe i ¥FH 5 F

* and **: Significant at the 5% and 1% level of probability respectively, R =0.90, R* = 0.81, R%dj = 0.77
A3l e s g 3 ains Sl51 ggaze plyy 4l 3,SLas b clio J pLS jp Siurod gy §

§: R? (correlation coefficients) = Direct effect + Indirect effect
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Table 6- The mean and standard deviation of yield components under four status of path analysis
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Grain yield (kgha™) : Spike.m
n Grain/spike TGW (g)
oSbe Avg. 6825 34 592 37.4
Jpl < 2! SE 54
First 972 4 85 35
e
oSbe Avg. 7500 36 617 39.2
P>l T il SE 18
Second 787 4 90 3.5
e
oSbe Avg. 6720 33.8 588 38.0
powe o T T SE 18
Third 796 4 85 2.5
e
oSbe Avg. 6254 324 570 35.0
Pl b T T SE 18
Fourth 923 3 78 3.0
e
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Table 7- Drought tolerance indices under different deficit irrigation levels based on grain yield

by s Ol Cuddg 0 S90 o9y oSS
Pishtaz Shiraz Sepahan Marvdasht  Mahdavi BC-Roshan
Grain Yield (kg ha™) ail> 2,5dos
1 60% (Se0%) 6852 6098 6600 6073 5569 6331
1 80% (Sso0s) 7135 6747 6887 6363 6204 6985
1100% 8250 7568 7494 7508 6690 7490
20% deficit irrigation  g,WlsS oy Ve
TOL -25 363 223 747 906 125
MP 7693 7158 7191 6936 6447 7238
GMP 7672 7146 7184 6912 6442 7233
STI 1.05 0.91 0.92 0.85 0.74 0.93
HM 4143 3594 3633 3363 2922 3683
40% deficit irrigation  g,l1sS w0 > £+
TOL 258 1012 510 1037 1541 779
MP 7551 6833 7047 6791 6130 6911
GMP 7519 6793 7033 6752 6104 6886
STI 1.01 0.82 0.88 0.81 0.66 0.85
HM 4117 YYHa 3600 3318 2714 3451
FAVYY ?p& 60% AME ?p& 80% — £YO¥ ?60% AR ?80% :V\‘Af‘?p =
Vracon=6877  Ypason=7110 Yo, = 6254  Ygoo,= 6720 ¥p =7486

Jol5 5T b 6 oleS baw 93 dulie ;5 08 3 Slas (gl (Swid d Jood L -A Jou
Table 8- Drought tolerance indices under different deficit irrigation levels based on straw yield

by s Ol Cuddg 0 S9M0 o9y oIS S
Pishtaz Shiraz Sepahan Marvdasht Mahdavi BC-Roshan
Straw Yield (kg.ha™) o5 3 Slos
160% (Se0%) 7289 8010 8177 8734 8489 9112
180% (Sso) 7869 7864 8614 9061 8464 8981
1100% 7907 8845 10289 9359 7880 10643
20% deficit irrigation  g,WlsS oy Ve
TOL -1915 859 864 111 -333 234
MP 9275 7888 8355 9453 9210 8187
GMP 9174 7888 8340 9416 9209 8181
STI 1.07 0.79 0.89 1.13 1.08 0.85
HM 4778 3532 3949 5033 4814 3800
40% deficit irrigation  g,lleS Mo, €0
TOL 1876 2630 2128 2564 3159 2396
MP 7551 7174 7084 6784 6538 6511
GMP 7518 7093 7068 6747 6466 6508
STI 1.0 0.89 0.89 0.81 0.74 0.75
HM 4109 3657 3631 3309 3039 3079
£aY . ?p& 60% =AYYA ?p& 80% — £YO¥ ?60% =AYOA ?80% :AAQ;?p =
Vrs0=6940  Vpasor =8728 Yoo = 6254 Yoo, = 8758 ¥ =8856
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Table 9- Drought tolerance indices under different deficit irrigation levels based on biomass yield

b i Ol Cuddg o S9N Oy oI SS9
Pishtaz Shiraz Sepahan Marvdasht Mahdavi BC-Roshan
Biomass Yield (kg ha™) _wlogw 3,50es
160% (Se0%) 14140 14109 14777 14808 14058 15444
180% (Sso) 15004 14611 15504 15424 14698 15966
1100% 16157 16413 17783 16867 14570 18133
20% deficit irrigation  g,loleS Mo, Yo
TOL -2199 940 1332 439 519 1254
MP 17145 15581 15512 16644 16145 14634
GMP 17117 15570 15486 16605 16129 14634
STI 1.09 0.91 0.90 1.03 0.97 0.80
HM 9179 7594 7513 8638 8150 6709
40% deficit irrigation  g,lleS Mo, €0
TOL 1803 1835 1166 1136 1885 500
MP 15149 15133 15595 16295 15462 15007
GMP 15115 15098 15574 16227 15399 15001
STI 0.85 0.85 0.91 0.98 0.89 0.84
HM 7390 7374 7846 8518 7670 7279
VOYY - ?p& 60% =\0AYY ?p& 80% — VY ous ?60% el ?80% :\;Y‘QA?p =
Yracon =15440  Vpasorn=15944 Yoo, = 14556 Y500 = 15563 Yp=16358

Jol5 (5Ll b (5 lleS o 93 dunnalilo )3 ©F (559040 (812 (Sl &1 Joods (glapad Ll - ¢ Jgoa
Table 10- Drought tolerance indices under different deficit irrigation levels based on water productivity

by s Ol Cddg 0 S9N o9y oSS
Pishtaz Shiraz Sepahan Marvdasht Mahdavi BC-Roshan
Irrigation water productivity (kg mm™) (s ,Wl oj1 5U (WP) 8 a0 of 51 5,900
160% (Se0%) 2.26 2.01 2.17 2.00 1.83 2.09
180% (Ss0%) 1.76 1.67 1.70 1.57 1.53 1.73
1100% 1.63 1.50 1.48 1.48 1.32 1.20
20% deficit irrigation  g,loleS Ao, Yo
TOL -0.21 -0.12 -0.15 -0.02 0.02 -0.18
MP 1.70 1.58 1.59 1.53 1.43 1.46
GMP 1.69 1.58 1.59 1.53 1.42 1.44
STI 1.42 1.23 1.24 1.15 1.00 1.02
HM 0.93 0.81 0.82 0.76 0.66 0.67
40% deficit irrigation  g,lleS Mo, €0
TOL -0.71 -0.46 -0.63 -0.45 -0.29 -0.54
MP 1.94 1.75 1.83 1.74 1.58 1.64
GMP 1.92 1.73 1.79 1.72 1.56 1.58
STI 1.82 1.48 1.59 1.46 1.20 1.24
HM 1.06 0.86 0.92 0.85 0.70 0.72
VYO ?p& 60% =\/00 ?p& 80% — /-5 ?60% =\/s5 ?80% :\/\‘Y?p =
Yracon =15440  Vpason=15944 Yoo, = 14556 Y500, = 15563 ¥, =16358
OHlLSen g 480058 pinpd L 5 yiee laadld S o Ahmadi and Sio-Se-Mardeh, ) 63,0 4w g (w0 5 e
9 STI .GMP MP ¢l o3l (Farshadfar et al, 2001) O3S ol Mool puiS sl oS g9y b huios b (2003
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Introduction

Water crisis as a main factor of agronomy limitation exists in all over the arid and semiarid regions such as
Isfahan province which is located in the central part of the Zayandehrud River Basin. This study aimed to use
path analysis and indices of drought to evaluate the correlation coefficients between main physiological
parameter (grain yield) with yield components and water use efficiency of winter wheat under three water
conditions.

Materials and Methods

The experiment was carried out in Kaboutar Abad Agricultural Research Station, Isfahan in the central
region of Iran (32° 31°N, 51° 51’E is located at the altitude of 1545 m above the sea level) with a split plot in a
randomized complete block design (RCBD) with three replications in three cropping seasons on irrigated wheat
cultivars. The treatments were included three levels of irrigation (60%FIL, 80%FI and full irrigation) as main
plots and six wheat cultivars (Pishtaz, Shiraz, Sepahan, Marvdasht, Mahdavi and BC-Roshan) as sub plots. Grain
yield, straw and stubble, biological yield, harvest index (H.I.), productivity degree (P.D.), water use efficiency
(WUE), plant height, grain number per spike, spike number per m’ and TGW were determined. Winter wheat
cultivars were sown at the beginning of November and harvested in mid-June of the following year. The seed
rate was 400 seed m™, with a row spacing of 0.75 m. The first irrigation was by furrow method, implemented
one day after seeding. Seeds emergence was observed about 5 days later. The N application was 250, 200 and
300 kgha'l of N (urea at 46% N) for each year divided into installments (10 days before planting, 30 days after
planting, and every 30 days until the last irrigation). The P,Os (phosphate ammonium and super-phosphate
triple) application to soil was 200, 100 and 50 kg ha' during the 3 years, respectively. At this stage, cultivation
was done to mix the fertilizers with top soil manually. Pests and weeds were controlled, following the
recommendations given by Isfahan Pest Management Department. At harvest, the final total grain yield per plot
was determined. The amount of evapotranspiration for irrigation scheduling was determined by using a crop
coefficient (KC), ETpan from measured daily open Class A pan evaporation data, and pan coefficient values
from FAO 24 (Doorenbos & Pruitt, 1977). Irrigation water requirement was calculated as the difference between
ETc (=KC times ETO0) and the effective rainfall amount. In this study, pan evaporation and rainfall amount data
collected from the Kabutar Abad meteorological station located at the agricultural research center were used for
calculating irrigation water application quantities. The irrigation schedule was timed to meet the crop water
requirement. The depth of irrigation water and consequently the volume of water were applied weekly and
irrigation amounts equaled the previous week’s evapotranspiration (ETc) from the crop. Then, taking into
consideration the discharge of the irrigation siphons, the relevant irrigation duration for each treatment was also
determined. For path analysis and determining direct and indirect effects of yield components on grain yield,
three years data were used (3 Irr * 6 cultivars * 3 years).

Results and Discussion
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Results showed significant correlations of grain yield with: productivity degree (r=0.798*%*), spike number
per m> (r=0.71**), biological yield (r=0.629%*), harvest index (r=0.538**), and plant height (1=0.284%),
respectively, and there was not significant correlation between grain yield with water use efficiency, straw yield,
TGW and grain number per spike. On based of indices of drought tolerance (Tolerance Index=TOL, Mean
Productivity=MP, Geometric Mean Productivity=GMP, Stress Susceptibility Index=STI and Harmonic
Mean=HM), %60 of full irrigation for Pishtaz wheat cultivar was substantially increased water productivity
(WP). Amounts of TOL, MP, GMP, STI, HM and WP for Pishtaz cultivar were -0.71, 1.94, 1.92, 1.82, 1.06 and
2.26 kg mm” and for Sepahan cultivar were -0.63, 1.83, 1.79, 1.59, 0.92 and 2.17 kg mm™”, respectively. Path
analysis results showed that increase in grain yield was resulted from increase of spike number per square meter.

Conclusions

The results showed that there is positive and significant correlation between grain yield and productivity
degree, the number of spikes per square meter, biomass, harvest index and plant height. The most direct effect is
related to the grain number per spike per square meter.

The 60% of full irrigation treatment for Pishtaz and Sepahan cultivars in terms of indices of drought
tolerance (Tolerance Index, Mean Productivity, Geometric Mean Productivity, Stress Susceptibility Index, and
Harmonic Mean) was preferred. These results can be considered in future breeding studies.

Keywords: Full irrigation, Stress, Tolerance index, Water productivity, Yield components
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Table 2- Total rate of Nitrogen (urea 46%) in the N indexes 90 and 95 per cent on full irrigation and deficit irrigation
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Table 3- Analysis of variance Water, Fertilize, nitrogen index and them interaction on leaf areaindex (LAI), Number of grain
per ear, Grian Thousand Weigh, Biomass, grain yield and har vest index

o wp pesly PR, 32 039 R . ua.}u
o e PRERP. I grain yeer P S 41> 3,5des Cadls
SO.V. ’ i Number of - biomass Grainyidd  Harveg
df LAI weight )
seed per ear index
IS 2 0.02™ 2165.0™ 725™ 1257.1™ 219.6™ 0.00002 ™
(Replication)
(A) ol o) 1 339" 73745205 258746  1183843.9™ 2342631  0.0008"™
Irrigation
2l 2 0.01 477.04 703 4175 300.7 0.0001
Error a
(,B) 0isr oadld 1 0.37 83898.4* 2661.3" 9056.0° 6806.5" 0.0013°
Nitrogen index (B)
AxB 1 0.46 ** 14065.4* 109™ 1011.1™ 33™ 0.0004 ™
ol sl 4 0.03 2576.04 825 1340.4 108.6 0.00007
Error
_ ()5 097 395 1 0.37" 198926.1°* 67345 192217.1* 74049.7" 0.0067**
Nitrogen topdressing (C)
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AxBxC 0.36" 330.04™ 724.2™ 15934.8™ 6524.9 0.0006 ™
b sl 8 0.06 504.7 101.6 119.6 4196 0.0002 ™
Error b
0 o] sy .
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Figure 1- Interaction of water, nitrogen index and nitrogen application on leaf area index. Different letters above columns
indicate significant differencestest duncan at the P < 0. 05 level.
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Figure 2- Interaction of nitrogen index and nitrogen application on number of grain per ear. Different letters above columns
indicate significant differencestest duncan at the P < 0,05 level.
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Figure 3- Interaction of water and nitrogen application on grian thousand weigh. Different letters above columnsindicate
significant differencestest duncan at the P < 0. 05 level.
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Figure 4- Interaction of water, nitrogen index and nitrogen application on grian thousand weig. Different |etters above
columnsindicate significant differencestest duncan at the P < 0. 03 level.
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Poor management of irrigation and nitrogen are major factors in reducing yield. Although 94 percent of total
water extractable and 64 percent of water used in agriculture, only 21 percent of the cultivated land is irrigated.
In such circumstances irrigation to increase production per unit of water and efficient use of scarce water
resources will be necessary and inevitable. Nitrogen is a limiting factor in crop production along with water in
arid and semiarid regions. Many research have shown that the management of nitrogen during the growing
season is essential. The need to establish the proportion of nitrogen and soil moisture availability is essential. In
situations where sufficient water is not available, favorable conditions of work and not wasting resources,
particularly water and nitrogen use efficiency leads and water and reduces the nitrogen use efficiency. The aim
of this study, was to use chlorophyll meter for determination the timing and amount of nitrogen fertilizer plant in
order to optimize the use of nitrogen under deficit irrigation.

Materialsand Methods

An experiment was conducted as split split plot based on randomized complete block design with three
replications at the Research Farm of Ferdowsi University of Mashhad during 2013 cropping season. Irrigation
treatments were arranged in main plot with two levels including: 70 and 100 percent water supply, Nitrogen
Index in sub plots by two levels including: 90 and 95 percent and sub-sub factor in both the 50 and 100 kg of
nitrogen per hectare. Density of 66,600 plants per hectare was considered. In each block a control plot was
considered that the amount of nitrogen that was always at an optimal level, so that the total amount of nitrogen,
25 percent more than the amount recommended by soil test (360 kg per hectare). The control plot was used for
the comparison with other treatments SPAD device. According to the nitrogen index was determined with using
of 1 equation (Arshadi and Khazaei, 2008):

SPAD Reading in Treatment
—— x 100
SPAD Reading in Control
Analysis of variance was performed using SAS computer software packages. The main effects and
interactions were tested using the Duncan's multiple range test at 5% level.

NI =

Results and Discussion

The results showed that the highest leaf areaindex number of kernels per ear (435), biomass (814 g.m?) and
economic yield (397 g.m?) obtained for full irrigation and nitrogen index of 95%. The interaction between
irrigation and nitrogen fertilizer on leaf area index, grain weight per ear, biomass and harvest index was
significant. Although 95% of nitrogen index and 100 kg of nitrogen per hectare compared to 90 percent of
nitrogen index and 50 kg of nitrogen per hectare, 11% leaf area index, 41% number of grain per ear and 18%
biomass increased but it was not significant. Although the highest leaf area index, grain weight per ear, biomass
and economic yield has been in treatment of 100 percent irrigation, 95 percent nitrogen index and nitrogen
fertilizer 100 kg.ha™ it was not significant. It seems that in full irrigation and defficit irrigation, 100 kg nitrogen
per hectare and 95 percent nitrogen index has high effect on economic yield.

Conclusions

The results showed that the water requirement of 100 and 70%, 95% of nitrogen index and 100 kg of nitrogen
per hectare compared to the, 90% nitrogen index and 50 kg of nitrogen per hectare increased leaf area index,
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2- Prof. Department of agronomy and Breeding Plant Scince, Faculty of Agriculture, Ferdowsi University of Mashhad,
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grain weight, biomass. When the index is less than 95% nitrogen, it can be used to detect a lack of nitrogen in
corn. In this experiment, rate of nitrogen and N timing showed significantly affect on qualitative and quantitative
yield and some agronomic characteristics.

Keywords: Economic yield, Nitrogen index
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Table 2- ANOVA (mean squares) for the effect of Trichoderma and different levels of copper nitrate on the growth
characteristics of two cultivars of rapeseed

e L Slo p ke b O,
oy e sl anys il 5,Sl AYE 4> > Sl ol SRS g el
S.0.V daf Grain vield Grain numbers . Number of Plant
(8.0.V) rain yie in pod Length of pod in the branches height
main branches
) 1 2.134" 180.188" 4.02" 0.13" 130.84™
Cultivar (A)
by 1 5.187" 58.521" 23.66" 11.50 86.00™
Trichoderma (B)
o ?W 1 0.307" 15.076" 29.57" 1.71° 505.85™
Copper nitrate (C)
AxB 3 0.067™ 6.021™ 16.52" 2.75" 2483.2"
AxC 3 0.496" 29.854" 15.63" 0.60™ 102.50™
BxC 3 0.469" 24.743" 21.40” 0.75™ 588.61°
AxBxC 3 0.313" 10.917 20.16™ 1.72° 692.63"
- j .
ol sl 32 0.096 3.479 0.675 0.432 186.25
Error
N el — 19.46 8.26 13.09 25.76 13.52
CV (%)

doyd 5 g gy Jlein ! pdaw 53 45 dme il g ¥ o F (g)b drepis NS
ns: Non-significant, *and**; Significant at 1% and 5% level of probability, respectively
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Continued table 2- ANOVA (mean squares) for the effect of Trichoderma and different levels of copper nitrate on the growth
characteristics of two cultivars of rapeseed

S TE AP DU ol Al BME dlaa £ 8 Bl D ANE Job o8 ad L > YL dluwd 615 5 o

Pod number in main Length of pod in the Pod numbers in . .
5:0.V) df branches branches branches 1000 grain weight
) 1 48.00™ 3.23™ 133.33™ 0.010™
Cultivar (A)
s * .
Trichoderma 1 102.08™ 3.91 3605.33 0.208"
B)
Copper nitrate 1 156.02 0.30™ 152.58 1.805
© .
AxB 3 75.00™ 0.04" 396.75 0.156™
AxC 3 145.05" 2.50™ 38.38™ 0.226™
BxC 3 72.91™ 418" 1415 0.265™
AxBxC 3 43.16™ 2.19™ 41.47" 0.224™
bl sl 32 44.79 0.932 32.77 0.173
Error
N el - 22.91 20.01 25.68 14.95
CV (%)

doyd 5 g gy Jlein ! pdaw 53 45 dme g ¥ o F (g)b Jrepis NS
ns: Non-significant, *and**; Significant at 1% and 5% level of probability, respectively
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Figure 1- Interaction between of 7. atroviride and copper nitrate on (a) plant height (b) number of branches (c) length of pod

in the main branches (d) number of seed in pod and (n) grain yield
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In each figure, the same letter or letters show non-significant difference (P<0.05)
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Figure 2- The effect of different levels of copper nitrate on 1000 grain weight
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Figure 3- Interaction between of 7. atroviride and copper nitrate on (a) number of pod in branches (b) length of pod in the
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Introduction

Accumulation of heavy metals in agricultural soils can be a threat to crop production due to plant toxicity. In
the recent years, hyperaccumulator plants are cultivated to cleaning up the soils which contaminated with
pollutants especially heavy metals. However, the biomass of these plants is low and metal specific. Many studies
have shown that microorganisms can be used to significantly reduce the toxicity of heavy metals. Therefore, the
present study aimed to determine the role of Trichoderma atroviride on the growth characteristics of tow
cultivars of rapeseed in different levels on copper.

Materials and Methods

In this study, a pot experiment was conducted in factorial arrangement based completely randomized design
with three replicates. Treatment were 7. atroviride fungi at two levels of inoculated and non-inoculated plants,
four levels of copper nitrate including 0, 50, 100 and 150 mg 1" and two cultivars of rapeseed consist of Hayola
401 and Sarigol. Trichoderma atroviride was prepared from Mycology Lab of Sari Agricultural Science and
Natural Resource University. PDA medium (potato extract, dextrose and agar) was kept for a week at 25°C to
propagation of fungal strain. The used medium was previously sterilized in autoclave for 30 minutes. So, this
fungus propagated in Wheat's bran for five days. Healthy and uniform seeds of rapeseeds were separated from
rogues and infertile ones. Seeds disinfected in hypochlorite sodium 0.5% for five minute and then washed with
distilled water three times. After preparing fungus spore suspensmn of 10° CFU per ml water, 50 g wheat bran
mixed to the soil of each pot. Twenty sterilized seeds sown in 2 cm of soil depth in 25%30 cm pot with 10 kg
capacity. Copper nitrate was used to pollute treated soil. During this experiment did not used any pesticides and
herbicides and all weed controlled manually. Some growth and yield related parameters such as plant height,
number of secondary branches, pod number and length of primary and secondary branches, were determined. All
statistical analysis were performed using SAS software (version 9.1) and mean comparisons were made by the
least significant difference (LSD) test (P<0.05).

Results and Discussion

Results showed that i 1ncreasmg copper content in growth medium markedly decreased pod number in main
branches in Hayola 401 while in Sarigol the maximum pod number was recorded at the 50 mg 1" of copper
nitrate. The presence of the Trichoderma, however, increased pod number in branches. Sarigol resulted more pod
numbers in branches than Hayola 401 (2.5 times vs. 64%). Also, the maximum pod numbers in branches (about
1.3 fold as compared to the uninoculated control) were observed in Trichoderma inoculated plants Wthh
received 100 mg/L of copper nitrate. The maximum plant height in Hayola 401 and Sarigol (0 and 100 mg 1" of
copper nitrate, respectively) recorded when those plants inoculated with Trichoderma. The presence of the
Trichoderma in the growth medium significantly improved the pod length of in main branches in Hayola 401
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rather than Sarigol.

Conclusions

Many researches showed that rapeseed is a hyperaccumulatore plant for heavy metals such as copper,
cadmium, nickel, zinc and lead. On the other hand, many researchers confirmed that soil beneficial
microorganisms such as Trichoderma spp. could improve the growth and yield attributes of plant especially in
polluted soil. In conclusion, inoculation of rapeseed plants with 7richoderma could enhance the growth
characteristics of rapeseed particularly under high levels of copper in the soil. Sarigol, however, respond better
than Hayola 401 in terms of yield and yield components. Since, important aspect of bioremediation is inhibition
of pollutants passes through a food chain, thus, coexistence of beneficial microorganisms that capable to
transform contaminants into nontoxic products are very important.

Keywords: Contamination, Grain yield, Heavy metals, Trichoderma
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~gel IS e < shaols Ji 53 syl il ly 5 eslisd
45 100 plsie il oo bl 4 lagedghy Solise sla
o lul glacw s obl Gl ez cpl Slllas Sl ol oo
Al pald 1) SMol gladol 4o ool

G ¢ (Huhn, 1979) as, (sl pé (6)lub (slano, Lol
&5 sl yig, (Fox and Rosielle, 1982) 5, Sloe a3 ls
P mpp 2 a8 cenl Gl clacaigy @lul ou Gl
Kang, ) coul @b )54 o5 plalS )5 bapee )3 gy Jiliie
1988; Ketata, 1988; Esmaeilzadeh Moghaddam et al.,
P eyi Jolie ;51 wyp » (Asadi, 2010) gl (2000

1- Pea (Pisum sativum L.)
2- Turmeric (Curcuma longa L.)
3- Chile (Capsicum annuum L.)

I r slaais) 903,85 byl gymde <L) lguis ) ASlex
b s (Roy, 2000) 155 sl |, YU 5,Skes ¢ (65l b
dvﬂt')). S DYy d[&bwy) ul}u;l (CI'OSSEI, 1999) ng)s )Ja)

b 2 3, Slae Sk 5 Jpuslsy 4 odes ssber (Mo
2kl gl 3, Slas oS placuis) (Calalane I oy
2 e @Y )hal s e i lahixe plos
5 ol bl > Jpamoy (S5 sty b o o8 Jo
L o) plytoas ciin - alyd 53 civnss 3)Sks il
(Lin and Binns, 1991) X445 0 adlid aogad 5,5l
Ysame )55 5 il sbagtaleil o9 polej & 2055 b
il (slaco pica jl GlsS o (2L 0)9> Jobo Rl sl
L col LT as (oagas b cuils cgline slago,b aile ely;
Mohammadinejad and ) c.odl cows LSe 5 Jlw dolias
Jolos e jl S olosedy cuslS )b .(Rezai, 2005
o5 4y gl (Cuwl Y guass plod gl o e )0 ol as bl
(=i OlalS 3, Slas g g0 g 0y (oodlll Jelge 018 e
Slial 90, Sloe Sl slaoygy Gllal b cunlio cdlS” 7o,
bl oo oy 3y (ae glie & Sloj b 5 Sles
23y 5 (el Y gae 5 Slas s Jpas 4 e Sl
lsm g ol slo el 50 i Jdoes CuBlS o)l )3 s (l iy
caliseo p8)l (gly glite (gudy slalas syl 4 e Llgi o
Ol)Sea 4 B4Ys (Soleimani ef al., 2011) usb el olals
IS5l oYL cuws oS wob jLis (de la Vega et al., 2002)
&S ol ciblS Fu )b )0 i blie yil 4y bayye 5ySlas iy
slago,b 4 gy ()55l gly Gl Slgs o s 4 yal oy
ke BB ppew 35 Slalllas [ Sn 45 .08 oduomy 1y cuils coglate
Caps CullS G5l )3 sy Sl cudls &)l Sl a |y wlpnss 5l
.(de la Vega and Hall, 2002; Ullah et al., 2007) xlesls
N oS bws Laciss ylul pis [s)lob ooy
e Sl oMl (sl g, el plol B (sl sl alo]
3 ol b (arins il byl 4 s STy 035
Yates and Cochran, 1938; Finlay ) cuul a8l dawes e
> -(and Wilkinson, 1963; Eberhart and Russell, 1966
15l copite S5 (s telly slaae Jold o )lel sladg) ol )
9 ©)lapl) gme )5 5l Sl (GguiShy 5 (Jid) (g )S)
&rebly ool sloslol aidlige g ame (uilly 5 (ol
Finlay and Wilkinson, ) s ;oS Jde jl odel Cowday
5l eolw 5L, Jlas 51(1963; Eberhart and Russell, 1966
9 b bwgi (gmw Sy (g Al yeadl BB (SoSlge s
bwgs 5 A slgiddy (Finlay and Wilkinson, 1963) smiSdss
= <8l Doy (Eberhart and Russell, 1966) July 5 jla !
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Adged (B yme

CublS Z,6 g cudsST Jlite 31 awyp ol Jl Lol S
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ol s 005 g1 &5 51 Stz Galojl cnl o (a5 Slse
(ot Gllid (552 QL (ladS j (o) (Gl
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o 3 oo 0325 kae SAS 1) 85 355 ko (sl lial s
ooty Gl o Cilises (sladiges 5 osd (5 glgen Lt ;9
slag, 55 dalisee lacussT.nas bl 5085 L Sl
W50,8 CuiS Kl B g ek Vo cyorg B (03 Yo 2 0 cuils
0aS_sily Slasdios acyzo ;0 WWR=AY el)i Jlo > Liulel
o> Steg kS F > &8l plo)S yialy ared oSl (g555La8
VP 9 (Bpd ABEd O g > 0F oLl Jsb L Loy (B,
SY L 510,k 5Slo b Jlad 4 V0 5 doys Yo olilin
0SSl el 2l s Lo s 51 20 WOF glis)) g 20 LoV
e Syl A2y gseze 5 Gl lynl dilaie (Sl
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Table 1- Sowing, germination and harvesting dates, GDD calculated (from germination to harvest) and rainfall for each
sowing date

>GDD
(Coila g U oy janwr 31)
From Germination to harvest

SS9k ol
Rainfall (mm)

Cuils &b O o F,00 Canildg FyU
Sowing date  Germination date  Harvest date
. 30 WA yege YA NANEES
26" Dec. 2011 7" Feb.2012 27" May.2012
WA g Y- WA oo YO yray 3\3)5/\
10" Jan.2012 14" Feb.2012 30" May.2012
WA Cage O YA bl ¥ YA shys V-
25™ Jan.2012 23" Feb.2012 2" June.2012
WA ot Ve WA sawl VY AR >\>)5\Y
9™ Feb.2012 2" Mar.2012 4™ June.2012
WA dbwl O WA dbwl Ve AR 3\3)5 VO
24" Feb.2012 10™ Mar.2012 7™ June.2012

1152.7 88.1
1182.2 87.9
1193.1 83.2
1202.4 56.3
1230.8 335

Gomez and Gomez, ) c8,5 ), 5 051 5,40 iyl 905l

T 3 (S55 g0l LapSilie auslis plol cge (1984
Lowg yeS5e (oylal slapll 5,3 eolil doyd g Jleis

CablS )b e 3l pund Caps quaj 5l ol (slmosls
Sy 325 3590 (s lel 55 5l )b 3 s e 5
buwg ilejl clbs wil,ly 9 (Freeman and Dowker, 1973)
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SPSS 17.0 ,l5-8le 5 5l oalitel by sl 45y (Sisod s p
2 bl G585 el 4 & Gl e )5 Al
Mohebodini et al., 2006; Roostaei et ) ui odby V 4, ‘o)LJ

al., 2014

S92 Nl aih 3y Slas gl S pe illy @328 @b
olite 151 5 LacassSlecils slagu,b o o ze B3]
CudlS Cilises (slagu )l g e sST o gy cudlS Fu,b xui oS
Olryo gaoomo 5l oYU o Lol 03,5 sdalido (gl ixe gles
clio e g1 CdlS Fo,b xeuisST bl 3l 4y bgsye (AFF/A)
s VPO i s ol Lyl sy cudls )b pl s
(Y Jsia) 241 o yn YE/AD

4y 495 L (SAS Institute, 2004) 15 plosl SAS 9.1 )l3ale 5
caails oyl 50 ceadsST o oad sdmlidio )b xe Jilaie
O0SLee) oy 9 )l pl bawgs oad Sl )k lapiell
(1S4) S5 3 Syl 5 (B) (s g oty 3)Shes
ot b ne ol 35 dslme lame (a3l el
gl g iy 58 w5 Bl g (s (gemS)
P e9) hlite Jl il oy p e rizper A5 pbsI F gt
Gl owilyls (Wricks, 1962) (W) <G, (¥ lgsST 5l layxo
car (S (lams el s (Shukla, 1972) (0°) WSss
(R) 45y el yé 5 )y sloo)lel g (CVI) (i s
5,Sdes adls Cuws g (Huhn, 1979) (SDR) 4, jlxe 8l
9 plool cgs b edlawl (Fox and Rosielle, 1982) (YIR)
oxlawl Excel 9 S116 sl )ljéle s 5l (gyluls (sl ol )y duanloes
walizes glao Lol O A ) (Simod duwlwe G puisred W40,5

Cudls’ iliseo (g )U 55 s 8325 (o) 2 3590 SLGaTsST I 3,8as (512 8 po il ylg 2 3o - Y Jgu
Table 2- Combined analysis of variance for seed yield of studied cumin ecotypes in different sowing dates

i le
Source of variation df

@351 42 y3 Olapo ggeome Olasye (ke
Sum of squares Mean square Total sum of squares percent

5 Ol po gg0mme 7,

el gt 4 752516.3
Sowing date

ol o gl 10

- 81561.6
Main Plot error
d 8 775579
Ecotype
il 7o, x cus oS
e 32 1349698
EcotypexSowing date
Sl 80 716475.6
Total error

188129.06 26.15
8156.16

9694725 26.95

42178.05 46.9
8955.95

doyd g 9 Sy Jloin] paw 5 > gims et © "

#

** and” are significant at 1% and 5%, respectively

Sl 555 (o 315 ) s 6 e i
29352 e (et Ve S @)b) pilee )b 5 ol
s 0Vl $o glast il (5D IS ) s b
{7 Jg2) 25392
Huhn, ) ola bowg 45, 4 » bl pé )l o]
i 45) bbb ) (el ol 0 sleiiy (1979
3 (R) (Rank) ,Slec 45, (S 1he (1505 & (o
ol lacais) lestedn ail «ib 1) (SDR) jlxe Bl il
Olje op oS (Kang, 1988; Ketata, 1988) xg b o aslis
Obsld ey (ol «s92) Qb Sacuissl 4 by e SDR
o byye 45) (nSlae (058 9 39 (i plild g Jled
Becker and ) o2l 5 ,S5 g Jlad Hlolyd g lo S slacassS]

2o oSt kit 151 b pixe jlay BB & an gl

Ot S CadlS Fuyl ya 0 bicwisST o Slas (1Sl cuils
Finlay and ) b eolaawl asly 5y Slas 1y oo gl ag,
b by cauisSdacaisST o 0 . (F Jsae) (Wilkinson, 1963
Oy CublS Fo )l o, )3 p)SelS VAY/Y il 5, Sles
0 coals b wsls sl o )b e 50 b olas 1) &l 5 Slae
Sy o HLiSa 40 0,55 LS VOA/E a5 Slas b olosiow!
LiSa j3 0,55 LS YYVIY il o Slae @l s aioly gy cuils
2 eSS VeEY Loloed & cils &)l o 05 oSt (gl
(¥ Jgis) 29y slodianl & cuslS )6 50 yloyS cussST (sl ,lis
CuslS Fu,B) Jgl 2ol 5o cdils slag, by lacussSTas, Jas
(sloea Ve cils Fu,yls) pod oyl )o (liows cuiST (slosd 0
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Table 4- Combined analysis of variance for seed yield of cumin ecotypes based on Eberhart and Russell regression method

Source of variationdabl 4,3 Ola e ggoome Olape (ke F

et e df  Sum of squaresMean squares
S g, Sowing date (SD) 4 250833.8 62708.44 446
<l &, 0 S5 Replication (SD) 10 81561.58 8156.16 273"
Ry Ecotype (E) 8 258523.9 3231549 530"
Bl g )3 (S Ex SD 32 449905.3 14059.54 471"
(hs) cosls o b SD (linear) 1 250833.8 250833.8 -
(dhas) cls fusb 3 euiss!  Ex SD (linear) 8 121415.8 15176.97 125"
S yo iyl Combined deviation 27 328488.03 12166.22 408"
iows Semnan 3 25491.78 849726 285"
ol Fars 3 42726.43 14242.14 477"
S Yazd 3 51290.38 17096.79 573"
Olwds Golestan 3 26209.5 8736.50 293"
Gy Sl s Khorasan-Razavi 3 13947.07 4649.02 156"
Sl ol Khrasan-Jonoubi 3 70099.56 23366.52  7.83"
o el Khorasan-Shomali 3 34471.39 11490.46 385"
Sl Isfahan 3 23033.72 767791 257"
OleyS Kerman 3 41218.21 137394 460"
S yo olins! Combined error 80 238825.2 2985.30 -
L P a0 50 Junl e 53 e e TS
, and ", are significant at 5%, 1% and non-significant, respectively
2.5

*
Khorasan-Shomali

Golestan

S geyS ) oy

Linear regression coefficient
—

ab > Sles
Seed yield (kg ha'!)
o a1 (53906 Bid) daoly 9 Oyl (gl yilb) (- (ygmm S 5 oy 9 413 3 ot (Sl b 2 WaicaiST ST - ) JSS
(5,35 o0 4ty 5,50os

Figure 1- Scatter plot of seed yield mean and linear regression coefficient (first parameter) of Eberhart and Russell. (Vertical
line shows the seed yield mean)
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Table 5- Stability parameters based on Eberhart and Russell regression method in ecotypes of cumin

G331 I el

i sS] e Sy g PSS b g 5 ) Sl o g0z 1 O o
Ecvo“t es T8k Regression lase Sum of squares of . . Coefficient of
yp Yield mean  coefficient  Intercept  regression deviation Linear regression determination
deviation
Lo be ns *
S “ 652.4 -0.104 0.04 299.3 8497.26 1.2
cmnan
15 d ns %
o 519.8 1.173 2.69 383253 1424214 473
ars
) be ns e
o2 648.8 1.791 5.23 89385.9 17096.79 63.5
Yazd
ol 641.5" 0.729" 1.69 14798.6 8736.5 36.1
Golestan
LSP) UL‘)‘P cd ns
Khorasan- 591.9 0.597 2.13 99199.0 4649.02 41.6
Razavi
J\A& UL‘)‘P ab ns Hk
Khorasan- 729.9 1.194 1.7 39722.1 23366.52 36.2
Shomali
GP ULM)‘P cd ns *
Khorasan- 609.3 0.284 0.2 2250.3 11490.46 6.1
Jonoubi
ol 606.2" 1.035 " 3.89 29840.4 7677.9 56.4
Isfahan
OLO; a ns *k
797.1 2.302 10.75 1477103 13739.4 78.2
Kerman

il 700 Jloiol g 1> (S5 9ol obly osine clis pus Sy Syite B zals T
2oy 0 Jlss! gdaw » Hotb=1 (6,8 sl t oygejl aomss TT
et g 40V 90 Jlisl o 3l dme e ™ 57 S
tSimilar letter indicated no significant difference according to HSD test at 5% probability level.
11 Result of 7 test for the hypothesis Hy: b; = 1, at 5% probability level.

IS ns

, and ™, are significant at 5%, 1% and non-significant, respectively.

25000
H ¢ :
iKhorasan-Shomali }
“g’ 20000 F teeresteeeerreneerrannaeiaeat s
o~ 8
——'{) § : ® Yazd :
5 5 15000 | g Fars Kergpan- -
= .8 Khorasan-Jonoubi
9 3 *
k-] L
\\,,': g 10000 Golestan ¢ A :
§§ 2 Isfahan & Semnan
.3 (5] H
B 5000 r H ..
~ i Khorasan-Razavi
O 1 1 1 1 1 1 1

450 500 550 600 650 700 750 800 850
ab > Sles
Seed yield (kg ha'!)
bl j1 (53908 ba) (Jly 9 )l 095 il L) (ygmns s 5 51 Blol eyl g il 3, Shos (pilie (b 2 LcassS T (ST Y JSS
(5558 o aild 3 5dos pSilue

Figure 2- Scatter plot of seed yield mean and regression deviation variance (second parameter of Eberhart and Russell).
(Vertical line shows the seed yield mean)
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Table 6- Other stability statistics used to investigate the effect of ecotype x sowing date in cumin
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Figure 4- Scatter plot of Shukla's stability variance and seed yield mean (vertical line shows the seed yield mean).
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Introduction

Cumin is one of the most important medicinal plants in Iran and today, it is in the second level of popularity
between spices in the world after black pepper. Cumin is an aromatic plant used as flavoring and seasoning agent
in foods. Cumin seeds have been found to possess significant biological and have been used for treatment of
toothache, dyspepsia, diarrhoea, epilepsy and jaundice. Knowledge of GEI is advantageous to have a cultivar
that gives consistently high yield in a broad range of environments and to increase efficiency of breeding
program and selection of best genotypes. A genotype that has stable trait expression across environments
contributes little to GEI and its performance should be more predictable from the main several statistical
methods have been proposed for stability analysis, with the aim of explaining the information contained in the
GEI Regression technique was proposed by Finlay and Wilkinson (1963) and was improved by Eberhart and
Russell (1966). Generally, genotype stability was estimated by the slope of and deviation from the regression
line for each of the genotypes. This is a popular method in stability analysis and has been applied in many crops.
Non-parametric methods (rank mean (R), standard deviation rank (SDR) and yield index ratio (YIR)),
environmental variance (S') and genotypic variation coefficient (CV;) Wricke's ecovalence and Shukla's stability
variance (Shukla, 1972) have been used to determine genotype-by-environment interaction in many studies. This
study was aimed to evaluate the ecotype x sowing date interaction in cumin and to evaluation of genotypic
response of cumin to different sowing dates using univariate stability parameters.

Materials and Methods

In order to study of ecotype x sowing date interaction, different cumin ecotypes: Semnan, Fars, Yazd,
Golestan, Khorasan—Razav1 Khorasan- Shomah Khorasan Jonoubi, Isfahan and Kerman in 5 different sowing
dates (26t December, 10® January, 25t January, 9t February and 24‘h February) were studied. The experiment
was conducted during growing season of 2011-2012 in Agricultural Research field of Shahid Bahonar University
of Kerman, Iran; and grain yield was measured in the end of the growing season. Combined ANOVA, Bartlett
test and mean comparison (Duncan's multiple range test) was performed using SAS 9.1 software. Considering
the significant interaction between ecotypes and sowing dates, non-parametric methods (rank mean (R), standard
deviation rank (SDR) and yleld 1ndex ratio (YIR)), and different methods of univariate stability parameters
include: environmental variance (S%), genotypic variation coefficient (CV;), Wricke's ecovalence, Shukla's
stability variance, and Regression technique (Eberhart and Russell parameters) was applied to study Ecotype x
Sowing date interaction. Calculation of different stability parameters were done by S116 and Excel softwares. In
order to investigate the relationship between stability statistics, the Spearman's rank correlation coefficient was
calculated by using SPSS 17.0 software.

Results and Discussion

Combined ANOVA revealed that significant differences among sowing dates, ecotypes and ecotype by
sowing date interaction. More than 46 percent of variation in yield was devoted to the ecotype by sowing date
interaction; on this basis, stability and adaptability studies were performed based on non-parametric methods,
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Eberhart and Russell regression method and univariate parameters. Based on non-parametric methods (rank
mean (R), standard deviation rank (SDR) and yield index ratio (YIR)) Kerman and Khorasan-Shomali were
identified as stable ecotypes, and based on environmental variance (Szi) and genotypic variation coefficient (CV;)
parameters Khorasan-Razavi and Semnan ecotypes were diagnosed as stable while Kerman and Yazd ecotypes
were categorized as unstable ecotypes. According to the results from Eberhart and Russell, Wricke's ecovalence
and Shukla's stability variance parameters Isfahan and Golestan ecotypes were categorized as relatively stable
ecotypes. Kerman ecotype showed specific adaptability to 24™ February sowing date (favorable environment)
while Semnan had specific adaptability reaction to 26™ December sowing date (unfavorable environment).
Khorasan-Shomali showed highest sensitivity reaction to different environments (sowing dates). According to
the Spearman correlation the regression coefficient (b;) showed moderate correlation coefficient with W, and o
statistics (rs = 0.567) and with other statistics in this study showed little correlation. Similar results in the study

of Becker and Leon (1988) have been reported. Correlation between the deviation from regression (Szd) with W,
i Szi and CV; statistics was positive and significant at 5% probability level. YIR and R statistics showed

negative rank correlation and coefficient of determination (riz) and SDR don’t show any significant correlation

coefficient with other parametric statistics. Therefore, in this study, the results of these statistics did not match
with parametric methods to introduce stable ecotypes.

Conclusions

Isfahan and Golestan ecotypes were categorized as relatively stable ecotypes. Kerman and Semnan ecotype
showed specific adaptability reaction to 24 February sowing date (favorable environment) and 26™ December
sowing date (unfavorable environment) respectively. Khorasan-Shomali showed highest sensitivity reaction to
different sowing dates.

Keywords: Adaptability, Cumin, Ecotype, Rank correlation, Stability
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Figure 2- Effect of seed priming on crude protein
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Figure 1- Effect of seed priming on neutral detergent fiber
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Figure 4-Effect of seed priming on acid detergent fiber Figure3-Effect of seed priming on water soluble carbohydrate
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Introduction

Amaranthus (Admaranthus hypochondriacus L.) is a broad-leaved plant that was considered as new plant in
many world countries such as Iran. Studies have showed that nutritional quality of amaranthus are higher than
cereals and forage crops. Using treatments before planting will result in high germination rate, fast and
appropriate establishment, and play important role on agronomic yield of crops. Study of seed organic
pretreatment for morphological characteristics and quality according to forage desirable quality of amaranthus,
as new plant in Iran, production deficit and forage qualitative reducing in this country on recent years, can be
positive step to introduce this plant as forage security source.

Materials and Methods

To study the means of morphological characteristics and forage quality of amaranthus under seed
pretreatment, a trial was arranged as randomized completely block design with six treatments and three
replications in research field of agricultural college of Urmia university. Treatments were including seed priming
of pigeon manure (10%), concentrated vaniaze (68.39%) (three in thousand) super macro plus nano chelate
fertilizer (three in thousand), magnet water, Homeopathy 12x and control. The seeds were soaked in the listed
treatments for 8 hours, therefore those were brought to the initial moisture content for 24 hours at 25 C and
transfered to field for planting. Ground preparation was concluded in the beginning of June as furrow-ridge.
Seed were placed in 1-2 cm soil depth. Evaluated traits in current study were including plant height, secondary
bough number, stem diagonal and forage quality. Harvest was at flowering stage in one square meter of each
experimental unit. Samples were dried and milled. Therefore, near-infrared spectroscopy (NIR) technology was
used for forage quality measurement.

Results and Discussion

Results of analysis variance indicated that treatment effects on plant height and diagonal stem were not
significant, but was significant for leaf number and secondary bough number. Using priming led to plant height
and stem diagonal increasing, but were statistically not significant. The highest leaf number was related to
magnetic water pretreatment (395 leaves in square meter), then pigeon manure (362.3 leaves in square meter).
The highest secondary bough was related to magnet water pretreatment. After primed seed establishment in soil,
the seeds were germinated more monotonous, faster and better than no-treatment. Actually, plants derived from
primed seeds were developed root systems on the shortest time as compared with seeds without pretreatment
because of desirable suction of nutrition material and water, and ecological and biological sections production.
Treatment effect was significant for all traits except to ash percent. The most crud protein percent and soluble
carbohydrate and digestibility dry matter was related to pretreatment of pigeon manure respectively 25.4%,
11.8% and 51.5%. The highest percentage of soluble fiber on neutral detergents and soluble fiber on acidic
detergent, and crude fiber were obtained for control respectively by 59.7%, 43/03% and 26/6%. Crude protein
value of forage was significantly related to digestibility percent that is one of the most important factors
determining forage quality. Increasing crude fiber will result in reduction of protein and nutrition value of crops.
Amaranthus was placed on desirable qualitative degree for crude protein percentage and digestibility according
to grass species categories for indicators values of forage quality.

Conclusions

According to forage desirable quality of amaranthus, as new plant in Iran, production deficit and forage
qualitative reducing in Iran, seed enrichment with desired elements led to better germination and growth, high
production and quality of crop. According to obtained results in current study, using organic seed pretreatment
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2- Professor of Agronomy, Urmia University, Urmia, Iran
(*- Corresponding Author Email: s.maleki kh@yahoo.com)
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led to qualitative and quantitative enhancement of amaranthus forage. Therefore, seeds treatment before planting
using organic fertilizers produced in the field will lead to fertilizer preparation related the cost saving, and
income value will be economically more than the cost and cost-effective for farmers.

Keywords: Amaranthus, Magnetic water, Pigeon manure, Primin
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Table 4- Mean comparison of sowing date and plant density interaction effect on biological yield and dry forage yield of
common purslane (Protulaca oleracea L)

Wigt 81,5 % S 6 ESNNNES i adgle 3,Shos

Sowing date x Plant density Biological yield (kg ha™) Dry forage yield (kg ha™)
EEITSCAT 5.5 4656 £ 3747 def
4 April 8.3 7702 cde 6141 bed
16.6 13600 a 10290 a
BTICAR 5.5 3432 f 2529 f
21 April 8.3 6123 def 4683 def
16.6 10940 b 8153 ab
Cuddyl VO 5.5 4027 £ 3358 ef
5 May 8.3 4864 ef 3995 def
16.6 9886 be 7565 be
Cudgdyl ¥ 5.5 6262 def 4767 def
20 May 8.3 4482 £ 3544 ef
16.6 7904 cd 5500 cde
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Means with the same letter are not significantly different based on Duncan test (p<0.05).
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Introduction
Purslane (Portulaca oleracea L.) is one-year and C, plant of the family Portulacaceae. Purslane is a drought-
and salt-tolerant plant, which contains high amounts of beneficial omega-3 fatty acids and antioxidant vitamins.
Make it a prime candidate to form edible landscape in areas with dry conditions and salty soils, which are often
present together where land is irrigated. Purslane seeds provide nutritional value, and have beneficial health
effect on body specially in preventing cardiovascular, cancer and hypertension (high blood pressure) diseases,

because it contains omega-3 and omega-6 fatty acids and other nutrients such as antioxidants, tocopherols and
dietary fibre.

Materials and Methods

This study was conducted in the 2011 growing season at Agricultural Research Station of Islamic Azad
University, Birjand (Latitude: 32°53'N; Longitude: 59°13E and Elevation above sea level: 1480 m), Iran.
Climate in this area is semi-dry to dry (annual rainfall is about 176 mm, maximum and minimum temperature are
39.1 and -17 degrees centigrade, respectively). The soil of the field was Sandy clay loam with pH 8.38 and with
an EC of 2.74 m. mohs.cm™. In this study, the effect of four sowing dates (4 April, 21 April, 5 May and 20 May)
and three plant densities (5.5, 8.3 and 16.6 plants m?) were investigated as main plot and sub plot, respectively
in a split plot design based on randomized complete blocks with 3 replications. Each plot was 2.4mx6m with six
planting rows. The space between rows, plots and replications was 0.4, 0.8 and 2 m, respectively. The field had

been left fallow in the previous year. Sowing was done manually and was wet planting. Irrigation was employed
with an interval of 4 days immediately after planting for uniform emergence until establishment of seedlings and
after that continued weekly. To achieve the desired density, the seed was planted with high density, then the
operation in two stages six and eight-leaf thinning, the density was obtained. According to the results of soil test,
100 kg/ha Triple superphosphate and 100 kg/ha soleplate potassium was applied to the soil before final disking.
Nitrogen fertilizer was applied 300 kg/ha (as 1/3 at sowing, 1/3 at first harvest and 1/3 at second harvest) in the
form of urea. Weed control was done manually in three stages. There was no specific pests and diseases during
the growing season. In this study, we evaluated traits such as number of capsules per plant, number of seeds per
capsule, 1000 seed weight, seed yield, biological yield, harvest index and forage yield. All statistical calculations
were carried out by MSTATC software and the means of the studied traits were compared by Duncan’s Multiple
Range Test at 5% probability level.

Results and Discussion

The results showed that delay in sowing date, reduced the number of capsules per plant, number of seeds per
capsule, 1000 seed weight, grain yield and forage yield. For each 15-day delay in planting, seed yield reduced by
12.6%, 49.7% and 31.8% respectively. In planting 15 April, optimum environmental conditions such as light,
temperature and longer growing period, resulted in hgher plant photosynthetic and thus biomass and grain yield
increased. Effects of plant density on all measured traits (with the exception of 1000 seed weight) were
significant. Increasing plant density decreased all measured traits with exception of number of capsules per plant
and number of seeds per capsule. The planting density of 16.6 plants m™ compared to 8.3 and 5.5 plants m~,
reduced the grain yield 55.6 and 67.4 % respectively. In the low densities, due to low leaf area, photosynthetic
rate and biomass decreased and the seed yield was low. Interaction between sowing date and plant density on
biological yield and dry matter yield were significant. Highest biological yield was of sowing date 15 April and
plant density 16.6 plants m™ and the lowest, in plant density of 5.5 plants m™ in all sowing dates studied. Highest
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dry matter yield obtained from sowing date 15 April and plant density of 16.6 plants m™ and the lowest, was for
sowing date 21 April and plant density of 5.5 plants m™.

Conclusions

Sowing date of 4 April and plant density of 16.6 plant m™ can be recommended to obtain high seed and
biomass yield of purslane.

Keywords: Protulaca oleracea L., Seed yield, Forage yield, Harvest index
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Table 5- Mean comparison of main effect of water stress and plant growth regulator on wheat traits
in greenhouse experiment

e S,Z b s Jgb b §> Al dlass
Flag(f;:f)area Spilgll?ngth Grains/spike

100% FC 8.23 8.81 31.16
80% FC 7.86 8.48 29.20
Dri;; US‘“;SS 60% FC 5.03 8.10 17.75
40% FC 3.66 6.90 7.82
LSD 0.05 0.82 0.67 5.34
No PGR 1sls 5.78 7.86 19.81
Salicylic acid 6.42 8.39 23.37
- ?‘gRMw Chlormequat Chloride 6.46 8.21 24.15
Jasmonic acid 6.12 7.84 19.60
LSD 0.05 0.34 0.44 0.67
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Table 6- Mean comparison of main effect of water stress and plant growth regulator on wheat traits in field

experiment
o> Sy mhaw Al Job Pabalaas (kg m &b > Slos
(cm?) (cm) ; 2
Flag leaf area Spike length Grains/spike Grain yield
100% FC 8.55 9.02 34.33 0.67
Sds 2/3 FC 8.42 8.99 34.00 0.55
Drought Stress 1/3FC 8.38 8.97 33.58 0.39
LSD 0.05 ns ns ns 0.09
No PGR 1l 8.00 8.40 31.22 0.49
1) otiS pelais Salicylic acid 8.90 9.56 35.00 0.55
’ PGR ) Chlormequat Chloride 8.62 9.29 37.55 0.58
Jasmonic acid 8.30 8.70 32.44 0.53
LSD 0.05 0.41 0.50 2.55 0.02
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Figure 1- The effect of plant growth regulators (Con: control, SA: salicylic acid, CCC: chlormequat chloride and JA:
jasmonic acid) on wheat biological yield (£SE) in different water stress in greenhouse
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Figure 2- The effect of plant growth regulators (Con: control, SA: salicylic acid, CCC: chlormequat chloride and JA:
jasmonic acid) on wheat biological yield (+SE) in different water stress in field
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Figure 3- The effect of plant growth regulators (Con: control, SA: salicylic acid, CCC: chlormequat chloride and JA:
jasmonic acid) on wheat grain yield (+SE) in different water stress in greenhouse
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Introduction

Drought stress is most important abiotic stress reducing growth and production of wheat worldwide.
Protective role of plant growth regulators (PGRs) against drought stress has been accepted in general, however,
comparison of PGRs types to determine the optimum one is crucial. Many PGRs are known to alleviate the
negative effects of drought stress in plants. However, limited research has been conducted to investigate the
potential benefits of exogenous application of different PGRs in wheat plants grown under drought stress.
Chlormequat chloride (CCC), salicylic acid (SA) and jasmonic acid (JA) could consider as three major PGRs
using in cereals.

Materials and Methods

To examine the effect of three PGRs consisted of CCC, SA and JA on yield components and grain yield of
wheat cv. Roshan under different water stress conditions (a range of light to severe drought levels) two separated
experiments were conducted at controlled and field conditions at College of Agriculture, Shiraz University
during 2012-2013 growing seasons. Concentration of CCC, SA and JA were 19.0, 1.0 and 0.1 mM, respectively.
Drought stress levels were 100%, 80%, 60% and 40% of field capacity in greenhouse and were 100%, 2/3 and
1/5 of field capacity in the field experiment. Field capacity was determined as 25% (g ') for the experimental
field. Greenhouse and field researches were carried out in factorial experiment based on completely randomized
design and in split plot experiment based on randomized complete block design, respectively. Four and three
replications were used greenhouse and field experiments, respectively. Roshan as a bread wheat cultivar with
standard height was used. Foliar application of 3 PGRs was done at double ridges stage in both experiments;
however, irrigation treatments were applied at double ridges stage and early anthesis at greenhouse and field
experiment, respectively. For plot irrigation a tape system was used and amount of irrigation was measured by a
water meter.

Results and Discussion

The results showed that water stress decreased flag leaf area, ear length, grain number per ear, biological
yield and grain yield in the greenhouse and biological yield and grain yield in the field experiment. The
maximum of flag leaf area was obtained at anthesis and after that there was no increase in green area. In the
other hand, ear length and grain number per ear were fixed at anthesis and so drought stress had less negative
impact on flag leaf area, ear length and grain number per ear under field conditions. Increasing the level of
drought stress was considerably associated with greater reduction in grain yield and yield components. However,
PGRs application improved yield components and consequently enhanced the grain yield. The higher flag leaf
area in PGRs-treated plants might be due to lowering developmental rate or delaying plant maturity and
senescence. So, by improving leaf area, PGR application resulted in increased photosynthetic rate leading to a
higher yield. Although all PGRs had positive effect on growth and yield of wheat nevertheless, the effect of
chlormequat chloride followed by salicylic acid was greater than jasmonic acid; so that foliar applications of
chlormequat chloride, salicylic acid and jasmonic acid were associated with 20.7%, 13.8% and 7.24% increase in
grain yield, respectively, under controlled conditions. These values were 18.3%, 12.2% and 8.1% for the field
experiment. Such compensatory effects of PGRs could be due to various reasons. Chlormequat chloride can
stimulate root growth, reduce transpiration, increase water use efficiency, and prevent chlorophyll destruction.
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Similarly, SA application may result in stomatal closure, increased WUE, increased chlorophyll content,
increased respiratory-pathways and intercellular CO, concentration, and stimulatory changes in other
physiological and biochemical attributes. Jasmonic acid is also essential components for the signaling pathway
triggering the expression of plant defense genes in response to abiotic stresses. This PGR had a significant role in
osmotic adjustment under drought stress conditions.

Conclusions
Overall, drought stress depending on time and severity of application had several adverse effects on wheat
cultivar including decreased flag leaf area, ear length and grain number which led to reduced biological yield and
grain yield. However, exogenous application of SA, CCC or JA reduced at least some of the harmful impacts of
drought stress and in some cases compensated losses or damages caused by the drought, resulting in purging of
differences between the control and drought stress conditions. Furthermore, chlormequat chloride might have a
wide scope for further investigations as an approach to increase grain yield under limited water conditions.

Keywords: Grain yield, Growth retardants, Yield components
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Table 1- Physical and chemical properties of the soil
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Table 2- Chemical properties of applied cattle manure
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Potassium (%) Phosphorus (%) Nitrogen (%)
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Figure 1- The effect of application and no application of cattle manure, biological fertilizer inoculation, application of
chemical manure and Intercropping on LAI of Common Mallow (Nit = Nitroxin, SSB = Sulfurous solubilizing bacteria,
PSB = Phosphorus solubilizing bacteria, Chem = Urea chemical fertilizer, Intercrop = Intercropping with Fenugreek,
Man = Cattle Manure).
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Table 3- ANOVA results (Mean of squares) of some mechanistic indexes of Malva sylvestris under the experiment
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Figure 2- Proportion of transmitted light through the canopy related to Leaf Area Index (Each point is the mean of
7 treats and the curve slope represents the light extinction coefficient).
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Figure 3- The effect of main and sub plot levels on cumulative absorbed radiation at the end of the growing season of
common mallow (Means that do not share a letter are significantly different with %95)( +Manure & -Manure = application

and no application of cattle manure respectively, Nitroxin = Nitroxin biofertilizer, SSB = Sulfurous solubilizing bacteria, PSB
= Phosphorus solubilizing bacteria, Chemical = Urea chemical fertilizer, Intercrop = Intercropping with Fenugreek).
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Introduction

Over one billion people, mostly in developing countries, use medicinal plants for the whole life or some part
of it or at least prefer them to the synthetic drugs. According to a study of World Bank, trade in medicinal plants
will have a share of over 5§ trillion in global trade in 2050. Growing population during last century and the
demand for harvesting medicinal plants from natural areas, particularly those which commonly used, endangered
these species with the risk of extinction. Common Mallow (Malva sylvestris L.) is a medicinal plant commonly
used as a natural remedy and other industries e.g. cosmetic industry. On the other hand, negative impacts of
synthetic agricultural inputs on human health, the need for producing healthy commodities, replacing chemical
agricultural inputs with some environmental friendly ones, and paying attention to new concepts like
sustainability, lead agroecologists to introduce ecologically alternatives to farmers, in order to be replaced with
chemical fertilizers. Using Plant growth Promoting Rhizobacteria (PGPR) and fungi symbiotic with many
vascular plants, is one of these alternatives. Mechanistic crop growth analysis including radiation absorption and
use efficiency was compiled in agricultural researches from 1950, farther than classical analysis. Thus, the goal
of this experiment is to evaluate radiation absorption and use efficiency of Common Mallow under the effect of
different sources of biological, chemical and organic fertilizers and intercropping with Fenugreek
(Trigonellafoenum-graecum).

Materials and Methods

The experiment was conducted as a split plot design based on RCBD with three replications at the research
farm of Ferdowsi University of Mashhad during the growing season of 2013. The main plot factor had two
levels: 1-application of cattle manure and 2-no application of cattle manure, and the sub plot factor had seven
levels as: 1- Nitroxin®, 2-Sulphur solubilizing bacteria (SSB) 3-Phosphate solubilizing bacteria (PSB), 4-
Nitroxin + SSB + PSB, 5- Chemical fertilizer, 6-Row intercropping with Fenugreek, and 7- Control. Inoculation
of seeds with boifertilizers done in standard situation recommended by their producers and the CFU of all
biofertilizers were more than 10°. On 25 of March, 25 ton.ha™ of cattle manure distributed by hand in needed
plots. The sowing operation was done on March 30.The total area of a plot was 12 square meters and the
distance between and on the rows were 50 and 20 cm, respectively. Leaf area index, dry matter and the radiation
above, and transmitted through, the canopy measured each 14 days (with a Linear Septometer, SunScan, Delta T
Co., UK). Then the total radiation absorption for each plot was calculated by the relevant equations. Finally,
radiation use efficiency is estimated with measuring the slope of the regression line between cumulative
absorbed radiation and dry matter of the plant.

Results and Discussion

The results showed that application of cattle manure increased LAI, particularly in the early stages of
Common Mallow growth, and the highest level of LAI was on the treatment of “Nitroxin + SSB + PSB + Cattle
manure” and “Chemical fertilizer + cattle manure” with 2.49 and 2.37, respectively. This is while, in the absence
of cattle manure, chemical fertilizer had more effect on increasing LAI compared to the biofretilizers.
Application of cattle manure also reduced the light extinction coefficient (K) of the plant, while “Nitroxin + SSB
+ PSB + Cattle manure” treatment had the least K value (K=0.47, R2=0.98). ANOVA results showed all
experimental treatments had a significant effect (P< 0.001) on the cumulative absorbed radiation of Mallow
during the growing season. The most accumulated absorbed radiation occurred under Nitroxin + SSB + PSB
treatment (by mean of 986.6 MJ.m™), while application and no-application of cattle manure had no significant

1, 2, 3 and 4- Ph.D. Student, Associate Proffessor, Proffessor and Assistant professor Respectively, Department of
Agronomy and Plants Breeding, Ferdowsi University of Mashhad
(*- Corresponding Author Email: jahan@um.ac.ir)
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effect on radiation absorption. The total calculated mean of RUE was 1.26 g.MJ". Nitroxin inoculation resulted

in the least RUE (1.09 g.MJ-1) and Nitroxin + SSB + PSB inoculation plus cattle manure application had the
highest RUE (1.5 g.MJ™).

Conclusions

Generally, according to the goals of the experiment which were comparing some ecological inputs with
chemical fertilizer from the point of mechanistic crop growth analysis factors such as radiation absorption and
RUE, it seems that mixture of the three biological fertilizers of Nitroxin + SSB + PSB plus application of cattle
manure can compete with chemical nitrogen fertilizer in such factors.

Keywords: Azospirillum, Azotobacter, Cattle manure, Light extinction coefficient, Pseudomonas
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Table 2- The mean monthly temperature, precipitation, evaporation and humidity during the growing season of sesame in the

studied area
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Iy dad (St i Ll 1 g 3)Shes (35S 9 392 e
O (Y J9dn) ael Cots W b s 9 TS-3  Jore (slaodgs
9y dyShes wglhae (6,l] b auslio 1 Mo g was Sis
S il S 0 o3 YY 5 FA i 4 w4 ]y (e slrodgs
5 ol 358 1,0 b 5 Shes galS s 4y (g, 3,Skes LialS
Rezvani ) _isg} o .cowlodg s (S id i 5 Jlosl

Gf 9y 9 slas
ool ©ly31 81 sgai pasite il 4525 Jsie @l
38es p i)l iiSen 2 g g dinyoSen ol
duolis (Y Jgan) 25 b iz dopd N Jlais] pdaw jd 24,
Gl bl )3 08y 3,8kes i O (i baled (S0Lee
Eoyoyio yo pyS VYVIVe Sl 4 i oo 0355 1 5 gllas
> (e 0355 ol 13 Vb gy 3,des (Y Jgu2) 23 Juols

Moghaddam et al., 2005; Rezvani Moghaddam et al.,
Oy a8 060b LS wouST p  (Sid iS 580 awy 40 (2014
» OT JMae oy yieS o Ls)LﬁgT aan S 90 dlold o e, 3 Slas

A oanlie azan ¥ gylol Juolgd

0y Slas iuli8l 50 euline Cygody &S 03 il 4l 3 Sles

b oy Slae Uy (pgy 0y Slas (g &S u’l"" 109 S50 (89,

0y Slas Sinlidl (A Jado) cubly 3939 (515 ize Cuto ( Siusods

oliie plow @l b laasdly () 23,5 oo agi 0355 cnl 069

9 oMo i byl b o (Fanaee ef al., 2014) cusb casllas
axlllae 3,90 Slio (il g 430 @l -V Jgu>

Table 3-The results of variance analysis of studied traits

Ol yo (ko
Mean of squares
St gila W Sgm Mo g, el 288 Casloy 38es s
Source of variations o OIR e 9722 ORig e . &13 5,5des Sajelons
&3;1 Protein oil IR osen 9 Seedvield  wron
df  percentage percentage Protein Protein  Qj] yield y Biological
yield harvest yield
index
‘59L ns ns ns ns ns ns d
2 10.17 0.19 76.58 20.21 597.66 2734.14 167556.78
(Block)
%"L"‘;‘ 2 106.97" 546.18"  15008.42°°  57.69™  63329.89" 266686.23" 1908992.48"
(Irrigation)
"f"”i*‘j 2 17.33" 126617 2914.47°°  32.67"  13040.026™ 48109.57"° 1316265.33"
(Mycorrhizal)
500550 % ()] .
(Irrigation x 4 0.77" 22.28 135.90™ 2.95™ 769.10" 155377  90166.85™
Mycorrhizal)
(Eu) %M sl 16 3.26 7.70 307.62 21.81 138471  6786.56 33869.81
(Main error)
) 7 38.117 27367 333926 23397 10891.04"° 47839.36"  1465993.13"
(Genotype)
(Irrigation x 14 321 0.69" 406.88 475 1189.40"  4773.73 35806.38
Genotype)
Gigi) X I32y95ee . .
(Mycorrhizal x 14 0.99™ 1.46 20.96"™ 1.28™ 74.56™ 130.59™ 34119.25
Genotype)
95 % 13980 x (o)l
(Irrigation x 28 0.42" 1.53" 9.31™ 0.083"™ 46.73"™ 119.75™ 4646.09™
mycorrhizal
X genotype)
(Be) o5 st 126 0.76 0.65 43.51 1.48 171.97 754.43 4658.27
() ©lysis gy - 4.07 1.87 22.37 18.36 22.12 20.67 14.33

Mime e g L0 SN Jloinl gaws (3 )b gre MBI 35 4 S o ¥ FF
ns, * and ** are non-significant and significant at 5 ad 1% probability levels, respectively.
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Table 4- Mean comparisons of simple effects of irrigation on studied traits

sloss (@250 52 0,5) 413 5, os
Treatment Seed yield (g m?)
LS)L.‘.J
Irrigation
wokbe bl 19343 a
Optimum irrigation
i ol A5 13341b
Moderate drought stress
(S S A 71.72¢

Severe drought stress
B, (S5 geil el 3 70 Jlein aws jd )b dxe M3 glal L5 5l k5)b alie By giw y 40 &S solacl
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.

axlllas 390 o 1 139 9500 83w O 451 (1S lo dug B0 -0 Jou
Table S- Mean comparisons of simple effects of mycorrhizal on studied traits

o OFgy e o aeps oapaSles £) ails >
s o i C T (Besie e 5o
Treatment Oil yield Protein percentage Protein iyleld Seed yield (g m?)
(gm?) (%) (gm™)
520550
Mycorrhizal

Glomus mosseae 71.15a 2195a 3513 a 15535a
Glomus intraradices 62.02 a 21.50 ab 30.71 a 138.59 ab

 lusSe o 44.66 b 20.97 b 22.58b 104.62 b
Without mycorrhizal

S8 S5 051 bl 70 Sz g 5l ims BMS] 6ol a5 51 35,15 alite g gt o 3 &S (ool
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.

allhe 3,90 Slio 3 udghj 03l 151 (ke Ao - Joua
Table 6- Mean comparisons of simple effects of genotype on studied traits
slowd Owig 0 Cudld p1 ad i &y 3,Sdos
Treatment Protein harvest index Seed yield (g m?)
Genotype  cuigsj

\\"C,\é).,g

) 6.68 be 93.04 ¢
Jiroft 13
ol e 5.95cd 177.96 b
Zanjan Tarom landrace
Ol e 5.18d 20631 a
Moghan landrace
s iz 6 6.92 be 105.26 de
Naz of several branches
TC-25 5.97cd 147.44 ¢
TS-3 8.06a 86.15 ¢
W ebb 6.61 be 128.29 ¢d
Darab 14
B s 7.59 ab 11833 d
Dashtestan 5

B, (S5 geil el 2 70 Jlein aws jd )b dxe M3 gjlal L 5l 5)b alie By giw y 4> &S solacl
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.
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Table 7- Mean comparisons of interaction effects of irrigation and genotype on studied traits

Lows 5
P e . ) EY-S%) o
Treatment Of)’.f > ' Protein o > gy Candld p pad S
(w95 x &, ) (gl 1¥11'§) percentage rtz;e::ll_y ;eld Protein harvest index
(Irrigation X Genotype) (%)
Wby x sl (5] 58.92 efgh 20.31 efgh 26.80 ghij
Optimum irrigation x Jiroft 13 92 efg ol -80 ghijk 6.69 bedefg
ol e x osllae L] 121.34b 23.98a 62.70b 7.22 abedefe
Optimum irrigation X Zanjan tarom landrace
o o X gllas o]
L em el = 147.70 24 6.5 .
Optimum irrigation X Moghan landrace : a 76.57a 6.44 bedefeh
L5 a6 x wgllas (o bl .
. N 65.05 . . .
Optimum irrigation X Naz of several branches defg 20.89 defg 30.45 efghi 6.89 bedefg
.TC—25. % ‘7’51.]“ s 101.29 be 23.20 ab 50.58 ¢ 7.46 abcdef
Optimum irrigation X TC-25
TS-3 x «_:9ﬂan Lg)Lj . ..
; 54. . . .
Optimum irrigation * TS-3 08 fghij 19.41 gh 23.70 hijkl 8.57 ab
T ebbxoglhe sl 82.71 cd 22.54 abe 40.91 cdef 6.86 bedefg
Optimum irrigation X Darab 14
O sy X gllae (gl
. o 5.8 . . .
Optimum irrigation x Dashtestan 5 75.89 def 21.70 bede 36.34 defg 7.29 abcdefg
W x S il i 45.13 ghijkl 20.92 defy 21.55 hijkl
. . . .81
Moderate drought stress x Jiroft 13 gm cie e 781 abed
(o) ol e X (Sts Mo A
Q=) ) . [ and 80.80
Moderate drought stress x Zanjan tarom landrace 80 cde 23.88a 41.95 cde 6.17 cdefgh
Yo oo x (S Mo S .
© 87.90 cd 24.02 45.11 .
Moderate drought stress x Moghan landrace ¢ a od 524 ghi
Bls ae bx Sis o i
Moderate drought stress X Naz of several 50.06 ghlJ 21.77 bede 24.70 ghljkl 7.63 abcde
branches
TC-25 x Sis oo i .
- 64.28 def; 22.53 31. fgh .
Moderate drought stress x TC-25 el abe 97 et 5.37 fghi
TS-3  x Sus oMo i . .
- 41.69 ghijkl . . .
Moderate drought stress x TS-3 9 ghij 20.73 defg 19.76 ijklmn 9.29a
W oohbx (Sis e 55 . .
57.69 efgh 22.66 29.26 fgh .
Moderate drought stress x Darab 14 clgt abe 9-26 feghi 693 bedefgh
O liaidy X (Sid mMe i . ..
55. . . .
Moderate drought stress X Dashtestan 5 5.44 fehi 22.18 bed 27.69 ghij 8.35 abe
\\"C,é)ex s RYRWORgaY .
17.18 19.41 gh 8.52 .

Severe drought stress x Jiroft 13 i 94l e 1o 334 efghi
3o el e x (Sid LAl S 40.10 - :
0= 2 e

Severe drought stress x Zanjan Tarom landrace hijklm 20.75 defg 20.60 hijklm 445 hi
Yo e X Sutd B AT ; . .
Y o 47.44 ghijk 21.15 cdef 24.20 hijkl .
Severe drought stress x Moghan landrace g cde Y 3861
Blsas bx Sid Lad io
i - 22.38 . . .
Severe drought stress x Naz of several branches imn 20.03 feh 11.18 mno 6.25 cdefeh
TC-25 x [Suis aad A5 34.02 . .
- py 19.64 fgh 16.70 jkl 5.10 gh
Severe drought stress x TC-25 ijklmn & Jimno g
TS-3  x Sud was is
y 15.78 . . .
Severe drought stress x TS-3 78n 18.94h 7640 6.33 cdefgh
W oohbx Sés wad i . .
- 30.59 jkl 20.59 ef; 15.63 kl .
Severe drought stress x Darab 14 Jemn 9 cfg e 6.03 defghi
D s x (2 208 A5 25.21 kimn 20.10 fgh 12.82 Imno 7.13 abedefg

Severe drought stress x Dashtestan 5

L, (S5 gesl bl 70 Jleis] pdaw )3 5y gxe GMS] (g )lol (L 5115, alie gy (gt oy &S (oolae]
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.
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7- Continous Table
slowd &1 2,Ses SG590m 3,5dos
Treatment ) Seed ygeld Biologica} yield
(95 x 55) (gm™) (gm™?)
(Irrigation X Genotype)
Wby x sl (sl 132.55 cdeff 430.17 fghi
Optimum irrigation x Jiroft 13 35 cdefg A7 fehi
025 b loee X ogllas ) 26036 ab 904.09 b
Optimum irrigation x Zanjan tarom landrace ’ ’
Yo e ¢ ogllas (]
. O = 317.94 1188.40
Optimum irrigation X Moghan landrace 794a a
L5 a6 x wgllas (o bl
. LT 146. .
Optimum irrigation X Naz of several branches 79 cdefe 45973 fgh
TC-25 x Cgllas (6L
j 217.90 689.8
Optimum irrigation X TC-25 790 b 989 cde
TS-3 x ‘7;91.]4,4’ (.S)L.‘.j .. ..
Optimum irrigation x TS-3 122.22 defghij 278.78 hijk
VE Ol x gllas (gl
. ST 181. .
Optimum irrigation X Darab 14 36 bede 624.82 def
[ Ow: x gT;9l]4,a d)lﬁi
. s 186. .
Optimum irrigation X Dashtestan 5 11 edef 319.24 defe
Wy x S il i 102.79 defghij 281.08 hijk
Moderate drought stress x Jiroft 13 R o
() ol e X (Sts gpMo A
=) ) . [ and 175.51
Moderate drought stress x Zanjan tarom landrace 7551 bede 716.15 bed
Yo oo x (Sis Mo 1S
Y 187.57 bed 882.26
Moderate drought stress x Moghan landrace ¢ be
Bls ae bx Sis oM i . .
g 112.8 .
Moderate drought stress x Naz of several branches I defehij 330.62 ghijk
TC-25 x Sis wdlo i
- 140.86 cdef 601.86 def
Moderate drought stress x TC-25 cdefgh de
TS-3  x Sus oMo i " .
- 5.60 ef] .
Moderate drought stress x TS-3 ? efghij 21774 ijk
W oohbx (Sis oMo i .
128. .
Moderate drought stress x Darab 14 13defghi 45741 fgh
O by x (Sid mMo i . .
123.94 defgh 353.22 gh
Moderate drought stress x Dashtestan 5 94 defghij g1
43. .
Severe drought stress x Jiroft 13 74 154.09 jk
Hou el e X (Sis wad S ..
o7 £ o 98.03 efgh 489.30 efgh
Severe drought stress x Zanjan tarom landrace g 930 cfg
Yo e X Sitd 405 LD 3
o o 113.42 defgh 632.75 def
Severe drought stress x Moghan landrace e 75de
Bls s bx Sid Lad io .. .
i - 56.17h 198.19 jk
Severe drought stress x Naz of several branches Y 98.19]
TC-25 x Sad yad s . "
i 83.55 f .
Severe drought stress x TC-25 ehij 364.88 ghij
TS-3  x Sud was is .
y 40.65 136.91 k
Severe drought stress x TS-3 J ?
W oohbx Sés wad i .. ..
; 5. .
Severe drought stress x Darab 14 7518 ghij 32751 ghijk
B Qi x (S b A 62.94 ghij 186.89 jk

Severe drought stress x Dashtestan 5

S S5 osel bl e 70 Jlazs] s 53 5l sime VST e ylel 5 51 ails alie B> gt 53 &S (ool

Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.
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Table 8- Mean comparisons of interaction effects of mycorrhizal and genotype on Biological yield

sl
Treatment SU590m 3,5dos
(Guigis x 152555%0) Biological yield (g m?)

(Mycorrhizal X Genotype)
Y cé s x Glomus mosseae

Jiroft 13 x Glomus mosseae 374.59 fghij
S el Gl S S'S
ok e x Glomus mosseae 92381 ab
Zanjan tarom landrace x Glomus mosseae
Olxe e x Glomus mosseae 112793 2
Moghan landrace x Glomus mosseae
L5 x> ;6 x Glomus mosseae 416.49 foh
Naz of several branches x Glomus mosseae g
TC-25x Glomus mosseae 745.99 be
TS-3x Glomus mosseae 264.19 ghij
VY ol x Glomus mosseae 657.46 cd
Darab 14 x Glomus mosseae abede
0 sy x Glomus mosseae 47765 of
Dashtestan 5 x Glomus mosseae o> elg
Y ¢ x Glomus intraradices .
Jiroft 13 x  Glomus intraradices 27763 ghij
S eyl Glomus intraradices
b b e , , 663.26 cde
Zanjan tarom landrace  x Glomus intraradices
Ole e xGlomus intraradices 855.04 be

Moghan landrace x Glomus intraradices
45w b x Glomus intraradices 336.17 fihij
Naz of several branches x Glomus intraradices ’
TC-25 x Glomus intraradices 504.76 ef

TS-3  x Glomus intraradices 202.20 4j

VY ol)b x Glomus intraradices

Darab 14 x Glomus intraradices 40743 fghi
0 ylwasy x Glomus intraradices 328.50 fohii
Dashtestan 5 x Glomus intraradices ~Y I
W ey x 1980 (o9 .
Jiroft 13 x Without mycorrhizal 213.12 hij
155 ol lome X iy 60 90
BL NS oo L9
Zanjan tarom landrace x Without mycorrhizal 32247 def
Ol wamex liushe g% 720,42 bed
Moghan landrace x Without mycorrhizal
L5 aiz 56 2 )sSee g .
Naz of several branches x Without mycorrhizal 23589 hij
TC25 x1y 6 oo .
TC-25 x Without mycorrhizal 405.88 fghi
TS-3 x I -
*uste o 167.03
TS-3  x Without mycorrhizal
W ol x 15556800 e B
Darab 14 x Without mycorrhizal 344.85 fghij
D s x iy 5o
ol x [posfee 05 253.29 hij

Dashtestan 5 x Without mycorrhizal

S0 70 Jlazn] s 53l sine BMES] (LS55 905] ool 3 1, anlie By > g yn 43 4 (golas]
Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.
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Table 9- Mean comparisons of interaction effects of irrigation, mycorrhizal and genotype on seed oil percentage

o Oy Moy
Treatment Oil percentage (%)
((edgig x 152 5950) olbo (k] wMlo i S G
(Mycorrhizal x Genotype) Optimum irrigation Moderate drought stress  Severe drought stress
Y cé s x Glomus mosseae 44.96 d 44.92d 39.63
Jiroft 13 x Glomus mosseae oo sedn bz
Yoo eyl Gl S S
o3 pilb b x Glomus mosseae 49.70 ab 47.10 a- 41221z
Zanjan tarom landrace x Glomus mosseae
i Joxe x Glomus mosseae
O
Moghan landrace x Glomus mosseae S0.01a 4782 a-d 42.05nz
L5 x> 5L x Glomus mosseae 45.35 45.48 40.03
Naz of several branches x Glomus mosseae 22 em aeem e yz
TC-25x Glomus mosseae 47.03 b-f 46.31 c-1 41.05 sz
TS-3x Glomus mosseae 44.86 d-o 44.64 ep 39.13z
VY ol)b x Glomus mosseae 46.16 c-i 46.56 c-h 40.83 ¢
Darab 14 x Glomus mosseae o] 0 s
0 sy x Glomus mosseae
Dashtestan 5 x Glomus mosseae 4575 cm 46.06 c-k 40.28 x-2
Y ¢ x Glomus intraradices 4462 4431 39.13
Jiroft 13 x  Glomus intraradices beep =1 e 2
0l pll s xGlomus infraradices 46.02 -l 4722 a-¢ 41.06 sz
Zanjan tarom landrace  x Glomus intraradices
o e xGlomus intraradices
© - -
Moghan landrace x Glomus intraradices 44.97 d-n 48.21 abe 41.84pz
s xs b x Glomus intraradices
Naz of several branches x Glomus intraradices 43.74ht 44Tl ep 39812
TC-25 x Glomus intraradices 46.43 c-h 46.90 b-g 40.75 u-z
TS-3  x Glomus intraradices 44.35e-q 43.98 g-s 38.83z
VY ol)b x Glomus intraradices
Darab 14 x Glomus intraradices 46.02¢-l 4572 cm 40.60 u-z
0 ylwas> x Glomus intraradices
Dashtestan 5 x Glomus intraradices 4539 e-m 45.48 c-m 40.06yz
W e x Lgtin o 4339 41.50 38.80
Jiroft 13 x Without mycorrhizal =7 20z s
Y5 ol e X 3,550 9% . .
OB Py R L9 . . ~
Zanjan tarom landrace  x Without mycorrhizal 4330w 4338 1u 4038 w-z
Yo oo X 1535500 Cpgs
O RPN L9 . S -
Moghan landrace x Without mycorrhizal 4370 h-u 4411 for 410452
L iz U 1y )sSe (g
Naz of several branches x Without mycorrhizal 43.66 h-u 41.90 0z 39.542
TC25 Iy ysSen o
TC-25 x Without mycorrhizal 4465 e-p 43.00 m-y 40.24 x-2
TS-3 x 555 3%
TS-3  x Without mycorrhizal 43.08 1-x 40.96 t-z 38.36z
W ol 15,0800 e
Darab 14 x Without mycorrhizal 43.66h-u 41.86 p-z 40.29 x-2
O lwass x 1 :
ol x [rogfee 05 4316 kx 41.62 pz 39.76 2

Dashtestan 5 x Without mycorrhizal

L5 70 Jleas| gaws 53 )b dxe BB ¢ Sg5 y905] (bl p 25,05 e gy gt a3 &S (odlsel

Means with the same letter(s) in each column are not significantly different at 5% level of probability based on tukey test.
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Table 10- Corrolation coefficients of studied traits

1 2 3 4 5 6 7
&l 5 Slas |
1- Seed yield
S afles Y g g
2- Biological yield
Of9y 22y Y 083" 0757 1
3- Oil percentage
Ofan o ¥ 083" 084" 080" 1
4- Protein percentage
CF9y 35kee 0 099" 0917 085" 084" 1
5- Oil yield
Ofign 2p8as = 099" 092" 08" 08" 099" 1
6- Protein yield
Offen Sabp BBV e 034" 011 20,05 001" -0.003" 1

7- Protein harvest index
Disine g /0 TN Jlais) o 43 b3 ine M) gt ™ 5 (T
ns, * and ** are non-significant and significant at 5 ad 1% probability levels, respectively.

2 il gl bt slaceigs plyisas |y bl lyie 5 42l
S i Laylyd 3 Ol dgeS Oy 53 5 Cgllas ()bl Ly
il s Jsir opp 5 (Bme (39) ¥e 293 o)ll y93) w0
Sy Slas alagly ol Hlis (Ve Jgan) adllas 550 law (Siused
sy Aoy = INVT) (g a0 )3 dfr= <[4 TT) SSglses
gy 3ySkos 5 (1= /07) (1 £g; 3, Ko fr= < /AYT)
o) Ao b dgy yls xe g ko douiS” il 3,Slas L (= +/207)
ySdes Gl (Stser cupd (p Vb & 43 jasile wulys
Aeal s 4y (1=4/3077) @il 5 Shee b g9, 3,Skes g cpigp
b 2, Slas r isto b Wity o e Sllas oyl
3y g (rf9) 3y Shos maiiias jobo o doxi > il 4ty

a3 e dgee |y g0
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Introduction

Drought stress is considered to be one of the most adverse abiotic stresses that influence plant growth and
their physiological and biochemical aspects. In addition, drought stress influences the social and economic life of
humans. Sesame (Sesamum indicum L.) is a drought tolerant plant. Sesamum indicum L. is one of the oldest and
very important oil seed crops. It is usually cultivated in arid and semi - arid regions of the world for its quality
edible oil and is very responsive to changing environmental conditions. Mycorrhizal symbiosis plays an
important role in nutrient cycling in agricultural and natural ecosystems and reduces the effects of drought stress
in plants by helping water absorption. AM fungi colonize the root cortex of plants and develop an extrametrical
hyphal network that can absorb nutrients and water from the soil. So the objective of this study was evaluation of
the influence of different levels of drought stress and two kinds of mycorrhizal fungi on oil percentage and yield,
protein percentage and yield and seed yield of eight landraces sesame (Sesamum indicum L.).

Materials and Methods

This experiment was conducted by using factorial split plot based on randomized complete block design with
three replications in research field of Urmia agricultural high school in 2014-2015. The main factor consisted of
different levels of irrigation, normal irrigation (irrigation after 70 mm evaporation of crop (ETC)), moderate
drought stress (irrigation after 90 mm evaporation of crop (ETC)) and severe drought stress (irrigation after 110
mm evaporation of crop (ETC)), sub plots including two kinds of mycorrhizal fungi Glomus mosseae, Glomus
intraradices and non-inoculated (control). Sub-sub plots consisted of eight landraces of sesame names Jiroft13,
Zanjan Tarom landrace, Moghan landrace, Naz of several branches, TC-25 TS-3, Darab 14 and Dashtestan 5.

Results and Discussion

The results of analysis showed that the effect of different levels of irrigation, mycorrhizal fungi and
genotypes on studied traits were significant. Means comparison showed that with increasing severity of drought
stress, seed yield, oil percentage, protein percentage, oil yield, protein yield and biological yield decreased
significantly. Severe drought stress reduced oil yield and protein yield about 67 and 66 percent, respectively. Oil
and Protein yield loss are due to seed yield loss because of water scarcity and applying water stress. Inoculation
with mycorrhizal fungi species (Glomus mosseae and Glomus intraradices) in comparison with non-inoculated
(control), seed yield improved about 33 and 11 percent, respectively. The reason for that may be related to the
effect of mycorrhizal on absorption phosphorus and sulfur, lasting more leaves the plant, maintaining and
increasing the leaves size and improving the photosynthesis by more chlorophyll. Reason of increasing
biological yield in normal irrigation conditions was also due to the development of more and better durability of
the leaf surface which causes physiological source sufficient to make greater use of light and dry matter
production.

With using two kinds of mycorrhizal fungi (Glomus mosseae, Glomus intraradices) in compared to non-

inoculated (control), seed yield and seed qualitative traits increased. Among sesame landraces under studied in
this research, Moghan landrace and Zanjan Tarom landrace based on traits such as seed yield, oil yield and
protein yield had superiority on other landraces. Based on results of this study, for improvement oil and protein
percentage using mycorrhizal fungi especially, G.mosseae species would be recommended.

1- Associate Professor, Department of Agricultural Sciences, Payame Noor University, Tehran, Iran
(*- Corresponding Author Email: gholinezhad1358@yahoo.com)
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Conclusions

The results of this study showed that drought stress and water deficit substantially reduced the quality traits
such as oil content, protein content, oil yield, protein yield and seed yield of landraces of sesame. Application of
mycorrhizal fungi in three different conditions increased seed yield and quality of all landraces. According to the
results, not only the use of mycorrhizal fungi increased seed yield under drought stress but also in optimum
irrigation conditions using mycorrhizal fungi, especially the species G. mosseae can be improved quantitative
and qualitative yield. Landraces had different reactions to drought stress. Landraces Moghan and Tarom Zanjan
had superiority on other genotypes and can recommend as suitable genotypes for planting.

Keywords: Biological yield, Glomus mosseae, Glomus intraradices, Oilseed, Water deficit
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Table 1- Physical and chemical characteristics of the soil
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Table 2- Analysis of variance (mean of squares) for effects of irrigation levels and fertilizer resources on qualitative and
quantitative criteria of safflower

Olay o (ko
Mean of squares

pove i Y A Gbolaxi abdlaxi A I i 3 Slos 3 Slos o9y Mo yd oHop  Jgow sbaid
S.0.V &35 &g 4 b 4 1000.-seed & St § Oil Proline  Soluble sugar
df  Number Number  “eight Seed yield Biological ~ Pereentage
of head of seed yield
per per
plant head
".’“ ) 2 29.89" 26.27" 7.58"™ 31362.33™ 5710257.58™ 64.77° 0.18" 0.075™
Replication
f"L"”;' 3 137.58" 474727 390.96" 664281." 2452188.88"" 1417 0.79" 1.22%"
Irrigation
L;L‘f‘ ol 6 4.47 274 23.52 40516.77 1941937.55 6.32 0.027 0.037
Main error
’?5, 3 56.36" 87.66" 217.57" 6600.74" 3555382.50"" 20.74" 0.73" 0.104™
Fertilizer
J9§ x LS)L‘,‘ * ns *x * ns ns i ad
7 » 4.82 9.87 60.61 495.55 158023.44 1.79 0.076 0.035
IrrigationxFertilizer
e sl 24 1.75 5.48 14.62 5300.91 46234.52 1.99 0.032 0.013
Sub error
St s - 6.69 9.30 11.32 5.56 11.28 5.15 10.11 9.74
CV (%)
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*, ** and ns: are significant at 5 and 1% probability levels and non-significant, respectively.
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Table 3- Mean comparisons for interaction effects of irrigation levels and fertilizer resources on yield components and

qualitative traits of safflower

Sl ok 3 &y PAbala bl g5 3Sles
Irrigation levels (Fertilizer type) g 1000-seed &
(mm evapotr.atlon from Number of weight Seed
evaporation pan) head (® yield
(per plant) (kg.ha'l)
(Nano chelated zinc) (¢4, <MS 5b 23.5bc* 41ab 2459ab
(Mycorrhizal) 13, )5S Lo 25.1ab 45.2a 2530a
60 i S ol 4+ 1
(Mycorrhizal+ Nano S5 MS" 5l + 153,650 27a 38 Sabe 2588
chelated zinc)
(Control) 358 b pas pis 21.5cde 35.5bcde 2356bc
(Nano chelated zinc) (¢4, <MS ob 20.5def 37.2abc 2449ab
(Mycorrhizal) 13, )5S Le 22.6¢cd 32.3cdef 2483ab
110 izal+ S ol 4+ 1
(Mycorrhizal+ Nano S5 MS 55U + 13,55l 26.5a 44.6a 2565
chelated zinc)
(Control) 358 b pas pis 19.5efg 29def 2355bc
(Nano chelated zinc) (¢4, <MS ob 17.6fgh 35bcde 2153.3de
(Mycorrhizal) 13, )5S L 20def 36.3bcd 2285.6¢cd
160 i S ol 4+ 1
(Mycorrhizal+ Nano (g, &35 o6 + 1 p5ule 19.3efg 37.6abe 2310¢
chelated zinc)
(Control) 355 b pas pis 15.6hj 3lcdef 2080ef
(Nano chelated zinc) (¢4, <MS 5 15.3hj 25.3f 1973.3f
(Mycorrhizal) 13, )5S Le 17gh 28ef 2090ef
210 izal+ S ol 4+ 1
(Mycorrhizal+ Nano S5 MS 55U + 13,55l 17.6fgh 29 1def 2133de
chelated zinc)
(Control) 358 b pas pis 13.3j 22.5g 1836.6g
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*Means with different letters are are not significantly different based on Duncan’s multiple range test p<0.05.
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Table 4- Mean comparisons of main effects of irrigation and fertilizer resources on seed per head, biological yield and oil

percentage of safflower

Jowi Geb > &l dlass w3 3 yShos o9y Mo yd
- Number of seed Biological yield il
Treatment s Y
er head (kg ha™) ercentage
P g P
! 60 39.58a* 8275a 30.75a
Irrigation 110 39.42a 8131.33a 28.92b
(mm evaporation from 160 35.50b 6383.42b 25.83¢
evaporation pan) 210 16.17¢ 53.58¢ 23.92d
Mycorrhizal+ sy, &5 5 + 155l 38.25a 7636.5a 28.92a
Nano chelated zinc
$9y &N 5L
. 34.66b 6998b 27.88b
35S Nano chelated zinc
Fertilizer hrogile 35.92b 7149ab 27b
Mycorrhizal
’fcdft“" ;’” 31.75¢ 6318.7¢ 25.75¢
ontro
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*Means with different letters in a column and for each component are not significantly different based on Duncan’s multiple range

test p<0.05.
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Figure 1- Effects of irrigation levels and fertilizer resources on proline content in safflower
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Introduction

Zinc is an essential element for plants and animals and plays an important role in plants metabolic system.
This element activates enzymes and involved in protein, lipids, carbohydrates and nucleic acid metabolism. Zinc
has a major role in cell defenses against ROS and as a protective factor against several chemical compositions of
oxidation such as membrane lipids, protein, chlorophyll, and enzyme having sulthydryl and DNA. Zinc is an
essential micronutrient that plays many important roles in various physiological and metabolic processes in all
living organisms. It functions as a cofactor for over 300 enzymes and proteins involved in cell division, nucleic
acid metabolism and protein synthesis.

Nanoparticles have received considerable attention due to their increased uptake and high rate of penetration
in plants. Nanomaterials are classified as materials with at least one dimension less than 100 nm. Nonmaterial
could to be applied in designing more soluble and diffusible sources of Zn fertilizer for increased plant
productivity.

Safflower (Carthamus tinctorius L.) an oilseed crop is a member of the family Compositae or Asteraceae.
Safflower, a multipurpose crop that has been grown for centuries in India for the orange-red dye (carthamin)
extracted from its brilliantly colored flowers and for its quality oil rich in polyunsaturated fatty acids (linoleic
acid, 78%). Safflower flowers are known to have many medicinal properties for curing several chronic diseases,
and they are widely used in Chinese herbal preparations.

The mycorrhizal symbiosis is arguably the most important symbiosis on earth. The majority of these
mycorrhizal interactions is mutually beneficial for both partners and is characterized by a bidirectional exchange
of resources across the mycorrhizal interface. The mycorrhizal fungus provides the host plant with nutrients,
such as phosphate and nitrogen, and increases the abiotic (drought, salinity and heavy metals) and biotic (root
pathogens) stress resistance of the host.

Materials and Methods

In order to evaluate the effects of nano-zinc fertilizer and mycorrhizal fungi symbiosis on some agronomic
and physiological characteristics of safflower (Carthamus tinctorius L.) under drought stress conditions, an
experiment was arranged as split plot based on randomized complete block design with three replications at the
Agricultural Research Station, West Azarbaijan Province, Naghadeh city during growing season of 2013-2014.
The main factor consisted of four irrigation levels (irrigation after 60, 110, 160 and 210 mm evaporation from
pan) and sub factor included four fertilizer levels (nano fertilizer, mycorrhizal, mycorrhizal+nano fertilizer and
control). Studied traits were number of head per plant, number of seed per head, 1000-seed weight, biological
yield, seed yield, oil percentage, soluble sugars and proline contents.

For statistical analysis, analysis of variance (ANOVA) and Duncan’s multiple range test (DMRT) were
performed using SAS version 9.9 (SAS Institute Inc., Cary, NC, USA).

Results and Discussion

The results declared that increasing drought stress decreased yield and yield components (such as number of
head per plant, number of seed per head and 1000-seed weight) significantly. But, application of fertilizer
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sources decreased the drought effects, so in irrigation levels, application of nano fertilizer, mycorrhizal and
mycorrhizal+nano fertilizer increased these traits. The highest seed yield (2588 kg.ha') was obtained in
irrigation after 60 mm evaporation of pan with using mycorrhizal+nano fertilizer and the lowest amount (1836.6
kg.ha™) from irrigation after 210 mm evaporation of pan and control. Oil percentage decreased by increasing
drought stress, but oil percentage with application of mycorrhizal+nano fertilizer significantly increased (11%)
compared to control (without application fertilizers). Increasing drought stress and use of nano zinc fertilizer and
mycorrhizal symbiosis, increased significantly soluble sugars and proline contents. Elicitation of results showed
that inoculation of mycorrhizal under water stress conditions could be increase water and nutrients uptake by
increasing uptake of root and could improve plant tolerance against to drought stress. On the other hand, given
the role of zinc in plants in drought stress conditions, the existence enough amount of this nutrient is effective to
adjust consistency.

Conclusions

The results of the study showed that the application of Nano chelated zinc fertilizer and mycorrhizal fungi
had significant improvements on some physiological characteristics of safflower beside, yield and yield
components also increased. Because of more zinc uptake and symbiosis with mycorrhizal fungi, water and
minerals uptake increased thus decreased negative effects of drought stress. Due to global attention to
sustainable agriculture, environment and human health, nanotechnology and biofertilizers can be as alternative
fertilization methods. According to recent years conditions as decline in groundwater, reduce rainfall and water
shortages, revising oilseeds nutritional management is necessary.

Keywords: Biological fertilizer, Nano technology, Proline, Seed yield, Soluble sugars
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Table 1- Physical and chemical properties of used soil and cow manure
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Table 2- Description of treatments

Sl o Sowd g
Treatment description
NiooP Joy ©laud pow g 0y9l xuio 5l iy a4y )l j3 p )5l VIV + YIY

213 + 213 kg/ha in the form of urea and triple super phosphate, respectively

NP o Slinyyz 5 9] o S 55 40 550 3 4 558 IV 4 1Y
320 + 213 kg/ha in the form of urea and triple super phosphate, respectively

Uiy lawd yygu g 09l mio jl iy 4y HiSa 3 p,S5lS VIV + FYY

NP
200 427 + 213 kg/ha in the form of urea and triple super phosphate, respectively
NioPS g3 5,555 5 Loy ©lawd o ¢ 09l muin jl cadp 4 S )0 p,5elS A% + VIV + VY
213 + 213 + 99 kg/ha in the form of urea , triple super phosphate and sulfur, respectively
NioPS g5 3,555 5 sy Sl g oy o jl iy 4 a5 p,SolS A% + TIF 4 YY-
320 + 213 + 99 kg/ha in the form of urea , triple super phosphate and sulfur, respectively
NyoPS Ag1,5 3,555 5 sy Slid g 039l quie J) iy s ,Ua 3 p,SskS AR+ VIV + FYV
427 + 213 + 99 kg/ha in the form of urea , triple super phosphate and sulfur, respectively
BCM e (159 005 b (g5 355 LS > (5 VY
100 ha cow manure as broadcast application /27 ton
BCM NSy eb agS 5 B e isy
130 ha cow manure as broadcast application/40 ton
BCM NS ) e 3o o O o isy
200 ha cow manure as broadcast application/53 ton
SCM )L'A'S.m 0 L;o‘.) :;dw u}da.w)A) )ﬁ)L{
100 ha cow manure as subsurface application/27 ton
SCM )L'A'S.m PN L;o‘.) 39{0;\" u}da.w)A) )ﬁ)L{
1%0 ha cow manure as subsurface application/40 ton
LS )y el 3¢S o Y 5 3,8
SCMayg S8 53 (gals 358" 15 OF (a5

ha cow manure as subsurface application/53 ton

.(Noorbakhshian et al., 2007) 5.
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Table 3- Analysis of variance (mean square) for fertilization effect on photosynthetic pigments and leaf dry weight of plant

garlic
A 4D 3 g S e
Ol pd io ' ; i a Judg 5 b Judg 5 5{@,],15 Mgy, l5 5‘;&:: o9
L) ota . eaf dry
S.0.V D.f Chlorophyll a Chlorophyll b chlorophyll Carotenoids weight
S 2 0.04" 0.003™ 0.04™ 0.01" 0.00005"™
Block
,%99{ e 11 0.65" 0.09” 1.23" 1.02" 0.0002™
Fertilizer treatment
ks 22 0.03 0.008 0.034 0.02 0.00003
Error
(1029) S gy 5.8 9.8 45 19.4 10.5
CV (%)
29)5 Sluylie
Group comparisons
I lio > JI -
e )j o 1 L6 o) 0.5 (-0.02) 2.2"-0.37) 6.2 (+0.02) (-0.008)
e ' ' ' ' ' ' 0.0004"
OM vs. CF
S L #omE 1 003 0.4 0.001™ (-0.23) 0.06 ™(-0.7) 0.06 "(+0.98) (-0.011)
' ' ' ' ' ' 0.00007"™
SCM vs. BCM
5.5 ; 5.5 0.7 **(+0.42 0.07 *(-0.23
SAF pie Jlie 2255 1 (+0.42) 0.23) 5.6 * (+0.06) 3% (-0.69) (+0.002)
S vs. NS 0.0005

ol pg3 09,5 b Jol 09,5 Sl M3 Kby 55l J3Is e g Custo Shiel il o duoyd Y Jlein] raws )3 (0 sime g (6 )b dne pie [l coi sy ™ g 1S
level of probability, respectively. Positive and negative numbers in parentheses are ns,” are not significant and significant at 1 %
indicated the mean difference between the first and second group.
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Figure 1- Effect of fertilization on chlorophyll a of garlic plant. Means with different letter, are significantly different

(p<0.05) based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical fertilizer, respectively.
BCM and SCM are broadcast and subsurface application of cow manure, respectively.
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Figure 2- Effect of fertilization on chlorophyll b of garlic plant. Means with different letter, are significantly different

(p<0.05) based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical fertilizer, respectively.
BCM and SCM are broadcast and subsurface application of cow manure, respectively.
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Figure 3- Effect of fertilization on total chlorophyll of garlic plant. Means with different letter, are significantly different

(p<0.05) based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical fertilizer, respectively.
BCM and SCM are broadcast and subsurface application of cow manure, respectively.
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Figure 4- Effect of fertilization on the carotenoids of garlic plant. Means with different letter, are significantly different

(p<0.05) based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical fertilizer, respectively.
BCM and SCM are broadcast and subsurface application of cow manure, respectively.
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Figure 5- Effect of fertilization on leaf dry weight of garlic plant (86 days after planting). Means with different letter, are

significantly different (p<0.05) based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical
fertilizer, respectively. BCM and SCM are broadcast and subsurface application of cow manure, respectively.
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Table 4- Analysis of variance (mean square) for fertilization effect on plant height in plant garlic (38, 68 and 98 days after
planting)

S om 59, YA) &g W5l

1oy W) Wigt £
39 W S BB et 39y W) i 10

A JOVESIF W SHEFYSH O - 5
i LA (cuils (sl 5 oy Plant height (98 days after
S.0.v d.f Plant height (38 days after Plant height (68 planting)
planting ) days after planting )
‘59L. 2 3.5115 0.03115 0.5115
Block
9 o 11 73" 10 23.3"
Fertilizer treatment
ks 22 1.32 0.95 1.06
Error
(23] Sl o2 116 3.2 2.03
CV (%)
295 lulie
Group comparisons
slasgs” blio > I g8
A 1 1™(+0.77) 19.6 " (-0.4) 197 (-0.94)
OM vs. CF
Jlie > (awyyj oS . .
ol 1 1.3(+0.55) 13.9 7 (-0.14) 10" (+0.05)
SCM vs. BCM
pie blie 523,555 o8 .
3,555 38 1 4.5"(-0.06) 0.02 ™ (+2.8) 40" (+1.96)
S vs. NS

ol 293 09,5 b Jgl 09,5 pSile M| Sl 55l J5I Lo g cte shiel sl o o Y Jlain aws 3 (65 xe g ()1 dme pie ,Siky cus g ™ gms
ns,” are not significant and significant at 1 % level of probability, respectively.
Positive and negative numbers in parentheses are indicated the mean difference between the first and second group.



AP 5L O o)lods MO Wl (ol ol (€155 Sletur gl 1y \4¥

Sime 5y ol HLE ity 2 b Cowl diwilys Yl o
DRIP4 e (olon slaplil g (sitmgs ST, )3 0ud
$9LS 258 0 Lol 09 oleand slajless | dn > wg gl
4 e olS 05) 0)9> (b )3 005 ns gy el b ()l
(Y JS8) cuwslors g ol ] a3l

hoslarwl cle ay dgd o sdaline ¥ IS5 )0 &S jobjlen
4 Cond leord glojlas Wy (b 3 Sy lsie 4 09l 258
3 2 he dlge e o Jlo > sl gli) il JT ol Lo
cewlio ol (g A5y glp odlitul 3550 (9355 slajlas A5
sbonyles )3 4 gLl G831 s ((—85b 5l 29—
039 4 olS @y (syid & Olgien |y NiooPS - (oliend
(Omrani, 2015) slyes o blsyl cpl o ob cows Gls b1
Soyles 485 olS ) gy gl &4 dga5 IS iyl b )
ol BB p S 4 0ad (Sane (g 4 (e pled I 4 (e
Caleg 3 g 0ad ol (g 48y 4 poxie (g by GlalS
sl o gy a5 )] Dguty cely

308 L 555 355 slas )3 (CudlS 5l g o) W) W g5
15 s NisoPS 5 NigoPS  plias slylass b BCMysp ocbaus
370 sles L BCMuse (o 3,8 Ly 69LS 395" o
slaylos jd i sdaliv gyl e gl ds (5ol odaw s
3o 59y ) 459 gLyl a8 NogoPS 9 NigoP (oloens
(Y JS8) del ey (cuils

s (Bl 5l gy ) FA (o295 Clanlie 4y 25 L
bixe gt I Slo5S g hlhe 1> loord (sladeS
2 (s 35 b g5l 358 s 5 (P <4/-0) 91 it
Joiz) 2 0als (L ()l giae (S o (e iz Jilde
ol pasede CullS I ey 59y WA (sl (29,5 Slunlie )3 (¥
218 5 ptalS plerd sladgs Lolie o (T glasgs’ oS
olyo SR o (s i3y blie 5> 5515 25 (xlaw
Colyi 3,595 38 pas blie )3 3,555 3 (prizren 5 A3
(F Jgiz) ams (al3l (cudlS 5l g 59y W) &5 15

B S 4 o olisS )3 0pgl e 365 oS la ] ]
3y8des il cezrge 90,5 o0 )5 LS oped > Ol
aSGl cdedy (olond slajlas ;> &S sy oo i 4 )5 o

039y oS (g 48y (b )3 ) ol BB ey 4 gy

o 0LS )3 3,Sdos g dr pows (359 gt )3 4 paew 31T g2 (23395 I (Dol o (ile) (el 525 gl -0 Jgor
Table 5- Analysis of variance (mean square) for fertilization effect on clove number/plant, clove weight per plantand yeild in
plant garlic

Oy 20 $3l3 4y Aot yd 4y dlaa 4y (139 5Sdos
S.0.V df Clove number per plant Clove weight Yield
Sk 2 0.14™ 2.2m 493859°
Block
,f"’s e 11 527 117" 3400019
Fertilizer treatment
s
22 0.19 0.08 107107
Error
(o) Syt 5 7.15 4.08
CV (%)
295 Sluglie
Group comparisons
5 ; i " 188744 "(+898.2
liord gdgs Jlie )3 JIog8 1 0.2™ (+0.15) 1.7 (-0.05) ( )
OM vs. CF
(o Jlie 3 b 0,8 1 1.57 (+0.56) 0.17™(+0.2) 6140534™ (+414.5)
SCM vs. BCM
2555 pae Jlie 3555 I 3147 (+0.91) 2.9"-0.7) 5030 ™ (+125.3)
S vs. NS

ool pgd 098 b Jol 09,5 (pSilie OB Sl julyy J& die 5 oo dliel il o dopd V Jlain] o 13 (6)b ize 5 (61 dixe pis ) Silo s oy " 9 IS
ns,” are not significant and significant at 1 % level of probability, respectively.
Positive and negative numbers in parentheses are indicated the mean difference between the first and second group.
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Figure 6- Effect of fertilization on on plant height garlic (38, 68 and 98 days after planting). Means with different letter, are

significantly different (p<0.05) based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical
fertilizer, respectively. BCM and SCM are broadcast and subsurface application of cow manure, respectively.
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Figure 7- Effect of fertilization on number of clove per plant. Means with different letter, are significantly different (p<0.05)
based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical fertilizer, respectively. BCM
and SCM are broadcast and subsurface application of cow manure, respectively.
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(p<0.05) based on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical fertilizer, respectively.
BCM and SCM are broadcast and subsurface application of cow manure, respectively.
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Figure 9- Effect of fertilization on yield of garlic plant. Means with different letter, are significantly different (p<0.05) based

on LSD test. N, P and S the nitrogen, phosphorus and sulfur are the source of chemical fertilizer, respectively. BCM and
SCM are broadcast and subsurface application of cow manure, respectively.
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Table 6- Correlation coefficients between traits in medicinal garlic plant
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Introduction

Garlic is the second and the most commonly used plant after onion from allium which is very important
according to the food value because of its medical and mineral properties. On the other hand, macro nutrients
such as nitrogen can cause better accumulation of dry matter with the development of leaf area and the efficient
use of solar radiation and distribute it in the leaves and shoots. The usage of organic fertilizers such as cow
manure is one of the most important nutritional strategies in the sustainable management in agricultural
ecosystems.

Materials and Methods

The experiment was carried out in a randomized complete block design with three replications, at the
research farm of agricultural college of Shahrekord University in 2015. Treatments consisted of NjoP, NisoP ,
and NP (100,150, and 200 kg N/ha in the form of urea + phosphorus requirement, respectively); NyoPS,
NisoPS , and NypoPS (100, 150, and 200 kg N/ha in the form of urea + phosphorus requirement + sulfur
requirement, respectively); BCM;q, BCM;o, and BCM;op ((100, 150, and 200 kg N/ha in the form of cow
manure as broadcast application); SCM, 4, SCM; g9, and SCM,q ((100, 150, and 200 kg N/ha in the form of cow
manure as subsurface application). In this experiment, chlorophyll a, chlorophyll b, total chlorophyll,
carotenoids, dry weight of leaf, plant height (38 , 68 and 98 days after planting ), number clove per plant, clove
weight and garlic yield were measured. All analyses were performed based as randomized complete block
design. The data was analyzed using one-way ANOVA and mean comparison was performed by LSD test. The
F-test was considered significant at p <0.05 between treatments for fertilizer treatment.

Results and Discussion

The results showed that the effects of fertilization treatments on chlorophyll a, chlorophyll b, total
chlorophyll, carotenoids, dry weight of leaf, plant height (38, 68 and 98 days after planting), number of clove
plant and clove weight were significant. Treatment of 150 kg N/ha in the form of urea plus sulfur with an
average of 3.66 mg/g was the highest amount of chlorophyll a but it did not have significant difference with
BCM,q treatment. Additionally, the formation of chlorophyll b in garlic with the use of organic fertilizer
(BCM, ¢ treatment) is similar to those of which 50 kg per hectare more nitrogen was used in the form urea
fertilizer. Total chlorophyll of whole plots receiving organic manures decreased by 10.5% compared with
chemical fertilizers, also organic treatments BCM,q, and SCM,, did not have significant difference for total
chlorophyll. Based on these comparisons, the amount of total chlorophyll of sulfur treatments was by 5.81 higher
than treatments with lack of sulfur. Carotenoids in cow manure treatment (SCM,;o and SCM;5,) with 100 kg
N/ha in the form of urea did not have significant difference. But the amount of carotenoids of other organic and
chemical treatments compared with these treatments significantly decreased. For plant height (38 days after
planting) in BCM, ¢ (10.86 cm) and BCM3 (11.83 cm) treatment did not show a significant difference with the
SCM, o and SCMy, treatments. The plant height (68 days after planting) in N;oPS with an average of 34.3 cm
had a significant increase compared with other fertilizing treatments. Differences of receiving plots of organic
fertilizers compared with chemical fertilizers for leaf dry weight has a decrease of 16.3%. Chemical treatments
(N2goP and NpooPS with the average of 9965 and 9715 kg per hectare, respectively) had the highest yield, as well
as subsurface application could increase the mean of yield by 5.63 percent in compared with the broadcast
application.

1- M.Sc. Student of Agroecology, Faculty of Agriculture, Shahrekord University
2 and 3- Professor and Assistant Professor, respectively, Faculty of Agriculture, Shahrekord University
(*- Corresponding Author Email: falah1357@yahoo.com)
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Conclusions

In general it can be concluded which the subsurface application of cow manures in compared to broadcast
application had the highest amount of garlic production. Also, in the highest level of nitrogen fertilizer (200 kg
nitrogen per hectare), the highest yield was obtained with treatments of chemical fertilizers. However at the level
of 150 kg nitrogen per hectare, manure particularly subsurface application was superior to other nitrogen
resources. Thus, in order to reduce the use of chemical fertilizers in agricultural ecosystems, subsurface
application of manure is recommended to suitable produce garlic plant, but if the goal is to achieve the maximum
yield of garlic bulb at least 200 kg N ha™ in the form of chemical fertilizer is required.

Keywords: Cow manure, Photosynthetic pigment, Subsurface application, Sustainable management
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Figure 1- The effect of the interaction of different treatments and times of potassium foliar application on harvest index. SP1,

SP2 and SP3 including potassium sulfate (10 ppm) once, two and three times foliar application, respectively, and OP1, OP2
and OP3 including potassium oxide (2.5 ppm) once, two and three foliar application, respectively. (LSD=1.05).
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Figure 2— The effect of the interaction of different treatments and times of potassium foliar application on water use

efficiency. SP1, SP2 and SP3 including potassium sulfate (10 ppm) once, two and three times foliar application, respectively,
and OP1, OP2 and OP3 including potassium oxide (2.5 ppm) once, two and three foliar application, respectively. (LSD=1.1).
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Figure 3— The effect of the interaction of different treatments and times of potassium foliar application on leaf water

potential. SP1, SP2 and SP3 including potassium sulfate (10 ppm) once, two and three times foliar application, respectively,
and OP1, OP2 and OP3 including potassium oxide (2.5 ppm) once, two and three foliar application, respectively. (LSD=0.25).
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Figure 4- The effect of the interaction of different treatments and times of potassium foliar application on leaf area index.

SP1, SP2 and SP3 including potassium sulfate (10 ppm) once, two and three times foliar application, respectively, and OP1,
OP2 and OP3 including potassium oxide (2.5 ppm) once, two and three foliar application, respectively.
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Introduction

The potato of commerce (Solanum tuberosum L.) is an annual dicot species. It is an autotetraploid with
4x=48 chromosomes. In Iran the consumption per capita of potato is over the 35 kg. Potato production is usually
done without reducing yield in the irrigation water salinity 1-2 dS m’', but 4.2 dS m' salinity reduces yield by 26
percent. 10, 25 and 50 percent yield reduction have been reported in soil electrical conductivity 2.5, 3.8 and 5.9
dS m’', respectively . Between the ability of plant species to maintain potassium levels and their tolerance to
salinity is positive correlation and on this basis nutritional irregularity due to increased salinity can be
compensated by increasing of potassium fertilizer. In tolerant plant species, during times of increased salinity,
selective absorption of potassium increased. The ability of plants to maintain a certain level of K/Na within the
cell is essential for salt tolerance and sometimes of these ratios is used as indicators of salinity tolerance. Potato
yield in response to salt stress, according to a variety of uses, can be reduced from 20 to 85 percent. Harmful
effects of salinity in the beginning stages of tubers and tuber growth stage are important, therefore, tuber number
and tuber size are two important components of yield which may reduce in the effect of salinity. Accelerate the
aging process of the shoot, unwanted earliness, are of the reasons for the reduction in tuber size.

Materials and Methods

A field experiment was conducted in the agricultural and natural resources research center (31° 32" N, 51°
51" E), Isfahan, Islamic Republic of Iran. According to twenty years statistics, rainfall and temperature means for
experiment location were 110 mm and 25 °C, respectively. The experiment was conducted as a factorial in a
completely randomized block design with four replications. The treatments were three levels of foliar K
application (control, K sulphate 10 ppm, and 2.5 ppm of potassium oxide), and the number of times foliar spray
were included in one (start flowering), two (full emergence of flowers), and three (two weeks after full flowering
stage) times. Potato (CV. Ramus) was planted in plots 1.5 x 6 m in February 24 and harvested in 24 May in the
both years. Row and plant spacing’s were 75 and 20 cm, respectively. Irrigation (furrow) was applied when the
soil moisture in the root zone declined to 60-65 percent of field capacity. To determine the irrigation time
tensiometers placed at 15- and 30-cm depths responded to changes in soil water. To measure the tuber yield
(after eliminating the edges), the whole tuber yield was measured on each plot. Tubers with size less than 35 mm
were considered as non-salable tuber yield. An irrigation water productivity index based on the formula Tanner
and Sinclair (1983) was calculated. Irrigation Water Productivity = Y/WC. In this formula, Y is the product of
economic performance and WC is the consumed water. During the interval between the first and last spray,
pressure chamber apparatus(Arimad-2 Japan) for measuring the youngest leaves water potential was used (hours
8-6 am). During the growing season, weeds were hand-weeding. The data were subjected to analysis of variance
by SAS and means Fisher’s Protected LSD (5%) was used for mean separation.

Result and Discussions

The results of this study showed that salable yield with three times K sulfate spraying (Psx3S), and
potassium oxide treatments sprayed with two and three times (Pox2S and Pox3S) were significantly more than
to other treatments, but did not find statistically significant differences among these three treatments. Tuber
weight was the most important component that significantly affected by the interaction of potassium sprayed and
its frequency. Three times foliar sprays of potassium sulfate (Psx3S) and two and three times potassium oxide
foliar application (Pox2S and Pox38S), showed 19, 17 and 21% increase in compared to the control treatment,
respectively. Control, and even once treated by foliar potassium (Sulphate or potassium oxide) had lower harvest

1, 2- Research trainer, and Assistant Professor, Soil and Water Research, and Horticulture Crops Research Departments
respectively, Isfahan Agricultural and Natural Resources Research and Education Center, AREEO, Isfahan, Iran
(*- Corresponding Author Email: Jalali51@yahoo.com)
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index values than the other treatments. The negative effect of irrigation with saline water on assimilate
partitioning to the tuber is cause of the reduction of harvest index. Water use efficiency with foliar application of
three times potassium sulfate or potassium oxide was 27% higher than the control treatment (4.5 kg m™). The
use of sufficient potassium in such a situation is not only necessary to maintain osmotic potency, the
continuation of assimilates in phloem, and loading these vessels but also plays an important role in detoxification
of sodium ions. In salinity stress, accelerated aging and earliness shoot unintentionally, are the reasons for the
reduction in tuber size.

Conclusions

The results showed that foliar application of potassium, especially in two or three times (depending on the
type of fertilizer application) can result in harmful effects of salinity and leads to an increase in tuber yield. In
relation to foliar K application, some cases are necessary: First, due to the sensitivity of potato to fungal diseases,
foliar application of fungicides and K fertilizers can be simultaneously tested in salt stress conditions. Second,
the salinity considered for this study was 6.1 dS m™. This amount of salinity to the potatoes is too much so it
may be recommendable to spray less frequently at lower salinity levels.

Keywords: Harvest index, Salinity, Water use efficiency, Yield
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Tablel- Physical and chemical characteristics of the soil in the experimental site
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% % %
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% %
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(Sm’)  Texture

24 32 44 7.4 201

0.078 0.78 0.278 Lom
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Table 2- Analysis variance of the effects of planting date and fertilizer on evaluated traits of peanut

MS Olasyo (ke

$.0.V et e Gllae as b g, P 5, Sy U 3o,
df Days to flowring  Days to podding  Days to maturity

Replication (,,S5)S o 2 1.00 31.00 3.52

Planting date cuilS )b 2 58.58%* 83.25%* 156.86**
Error(a) (a)slas 4 0.58 2.00 3.52

Fertilizer 55 3 98.11%* 62.25%* 113.28%*
dat:j‘g:rlgﬁzer 555 X cadlS g 6 0.25" 1.25m 0.45™
Error (b) (b)sllas 18 9.98 1.44 10.67
C.V (%) (%) ey - 7.31 2.57 2.66

ns :Non-significant, *and **: Significant at 5, 1% respectively

2o ) 90 Jleisl mdaw 3 15 dixe I3 dme o Sy i g % OIS

05 P (o) 32 390 Sl 1365 9 CdlS U P (ke dmmlio - T Jgua
Table 3- Mean comparison of the effects of planting date and fertilizer on evaluated traits of penut

S0V i gl AU ) B Gg, (S, U )
days to flowring  days to podding days to maturity
Planting date cuils g,
22May s 1 45.41a 78.75 126.00a
31 May >bys10 43.08ab 76.50b 123.25a
10 June 5h,320 41.00b 73.50¢c 118.83b
Biofertilizer s ) DgS
Nitrogen biofertilizer &9y () 39.00c 73.33d 118.55¢
Phosphorus biofertilizer — syiué 42.22b 75.00c 121.22¢cb
N-+P biofertilizer N+P 44.88ab 77.33b 124.33ab
100% chemical JoS oloansd 46.55a 79.33a 126.66a

)15 2oy g g 5D (g I3 dxe BMB] (SSb 905l wlily S e g gl sla Sl (g b
Means followed with the same letters within each column are not significantly different by Duncan test (p<0.05).
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Figure 1- Mean comparison of the effects of planting date on leaf chlorophyll
*Common letter on the columns indicate no significant difference between treatments by Duncan test (p<0.05).
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Figure 2- Mean comparison of the effects of fertilizers on leaf chlorophyll
*Common letter on the columns indicate no significant difference between treatments by Duncan test (p<0.05).
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Figure 3- Trend of leaf area index in response to the three planting dates (D1: 22 May; D2: 31 May; D3: 10 June) and leveles
of fertilizer (F1: complete phosphorus chemical fertilizer + 50% nitrogen chemical fertilize + nitrogen biofertilizer, F2:
complete nitrogen chemical fertilizer + 50% phosphorus chemical fertilizer + phosphorus biofertilizer, F3: 50% nitrogen

chemical fertilizer and 50% phosphorus chemical fertilizer + nitrogen-phosphorus biofertilizers, F4: control (100% chemical
fertilizer).
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Figure 4- Trend of crop growth rate in response to the three planting dates ( D1: 22 May; D2: 31 May; D3: 10 June) and
leveles of fertilizer (F1: complete phosphorus chemical fertilizer + 50% nitrogen chemical fertilize + nitrogen biofertilizer,

F2: complete nitrogen chemical fertilizer + 50% phosphorus chemical fertilizer + phosphorus biofertilizer, F3: 50% nitrogen
chemical fertilizer and 50% phosphorus chemical fertilizer + nitrogen-phosphorus biofertilizers, F4: control (100% chemical

fertilizer).
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Table 4- Analysis variance of the effects of planting dates and fertilizer on evaluated traits of penut
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Table 5- Comparison of mean effects of planting date and fertilizer on evaluated traits of peanut
b Siagme Sl e she Sdd ol gadliplp Sles
cwils '39; Leaf 5’3 UALL“’ ng M} JS 5}‘3 @p““’ Grain yield
Planting Fertilizer greennes 5y b CGR,, TDW LAID (g m?)
date (SPAD) LAL,, (gm’day’) (gm?) (day)

Sss 1 L9 ()
> N 35.93de 2.33¢ 8.88cd 407.27¢ 146.33¢c 74.38d

22 May biofertilizer

P 37.13¢ 2.26¢d 8.26bc 474.33b 137.00d 79.08¢
biofertilizer
s j NP
N+P 37.13¢ 3.06b 13.68a 549.67a 170.66b 96.5b
biofertilizer
o ol
100% 39.86a 3.55a 12.06ab 537.33a 208.66a 105.40a
Chemical
Ly ()
N 35.13ef 2.02d 7.11d 321.93d 119.83¢ 32.22¢g
biofertilizer
P 36.03de 1.46¢ 4.95¢ 263.00e 104.16f 41.29f
biofertilizer
s j NP
N+P 36.76cd 2.17cd 8.18d 361.70d 141.50cd 49.61¢
biofertilizer
Jo ol
100% 38.46b 2.84b 8.72cd 431.00bc 176.16b 53.25d
Chemical

abys 10
31 May

s 20 D9rs (s
B N 33.66g 1.09f 2.22f 116.50g 54.201 10.39j
10 June . o
biofertilizer
P 34.73f 1.02f 2.15f 124.00fg 58.601 12.17jj
biofertilizer
st NP
N+P 35.80de 1.20f 2.91f 150.00fg 69.78h 14.29hi
biofertilizer
JE ol
100% 37.20c 1.33¢ 3.26f 168.33f 86.70g 16.21h
Chemical
L5 Moy g e 5D (6 I3 dxe BB (SOl yge5] bl S yidie By gl sla Sl (g b )
Means followed with the same letters within each column are not significantly different by Duncan test (p<0.05).
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Figure 5- Trend of total dry matter in response to the three planting dates ( D1: 22 May; D2: 31 May; D3: 10 June) and
leveles of fertilizer (F1: complete phosphorus chemical fertilizer + 50% nitrogen chemical fertilize + nitrogen biofertilizer,
F2: complete nitrogen chemical fertilizer + 50% phosphorus chemical fertilizer + phosphorus biofertilizer, F3: 50% nitrogen

chemical fertilizer and 50% phosphorus chemical fertilizer + nitrogen-phosphorus biofertilizers, F4: control (100% chemical
fertilizer).
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Introduction

Peanut (4rachis hypogaea L.) is an annual herbaceous plant in Fabaceae which grown in tropical to
temperate regions worldwide for extracting its seed oil and nut consumption. Select the optimum planting date is
one of the most important agricultural techniques that comply with the seed yield is maximized . For instance,
delay planting date can reduce the number of fertile nodes and the number of pods per plant. The delay in
planting date reduces total dry matter (TDM), leaf area index (LAI), crop growth rate (CGR) and yield in bean
(Phaseolus vulgaris L.). Daneshian et al., (2008) reported that the delay in planting date reduced sunflower
(Helianthus annuus) yield due to high temperatures in early growth which shortened flowering time and reduced
solar radiation. On the other hand, due to increase importance of environmental issues has been attending
biofertilizers to replace chemical fertilizers. Biofertilizers has formed by beneficial bacteria and fungi that each
of them are produced for a specific purpose, such as nitrogen fixation, release of phosphate, potassium and iron
ions of insoluble compound. The use of nitrogen fertilizer with slow-releasing ability stimulated shoot growth in
soybean (Glycine max) and be created more LAI in the reproductive process, particularly during grain filling
stage and finally increased seed yield . Therefore, this study was conducted in order to evaluate the interaction of
biological and chemical fertilizers in the purpose of achieving sustainable agriculture with emphasis of the
effects of various planting dates on physiological parameters and growth of peanut in Hamadan.

Materials and Methods

In order to investigate the effects of planting date on important physiological indices of peanuts (Arachis
hypogaea L.) under the influence of biological and chemical fertilizers. A field experiment was conducted in the
research farm of Bu-Ali Sina University, Hamedan during 2013 growing season. This study was done as a split
plot experimental design based on randomized complete block with three replications. Peanut cultivar was
Fleury Spanish which was prepared by the Research Center of Guilan. Three planting date included 22 May, 31
May and 10 June were used as main plot and four levels of fertilizers included 50% nitrogen chemical fertilize +
nitrogen biofertilizer + complete phosphorus chemical fertilizer, 50%phosphorus chemical fertilizer +
phosphorus biofertilizer + complete nitrogen chemical fertilizer, 50% nitrogen chemical fertilizer and 50%
phosphorus chemical fertilizer + nitrogen-phosphorus biofertilizers, and 100 %chemical fertilizer were tested as
sub plot. In order to evaluate the effect of planting date and various fertilizer application on changes trend of
LAIL CGR and TDM, different models (1, 2, 3) were fitted to the data.

LAI=Exp (@' +b't+c't?) (1)
CGR =NAR x LAI 2)
TDM =Exp (a+bt+ct’) 3)

Statistical analysis was performed using the SAS; ver. 9.1 software and mean comparison was done through
Duncan test at p<0.05 level.

Results and Discussion

The result of analysis of variance indicated that, the main effects of planting date and biofertilizer for traits
such as days to flowering, days to podding, days to maturity were significant at the 1% level. However, their
interaction was not significant. For mentioned traits, the 22 May planting date was better than the other planting
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dates. It seems that in the third planting date, plant flowering was occurred earlier than the first date. High
temperature with delayed planting shortened the peanut growing season and it accelerated flowering period.
Moreover, complete chemical fertilizers (100%) was highest for mentioned traits and combine using of chemical
fertilizer and nitrogen + phosphorus biofertilizers had the least difference compared to complete chemical
fertilizer. Nitrogen-fixing bacteria help the plant to absorb more nutrients which causes increasing plant growth
and the number of lateral branches in plant. Plants inoculated with Pseudomonas illustrated an increase in the
amount of leaf chlorophyll content compare to plants without inoculation after 45 days which it can be attributed
to the increased availability of iron in the siderophore production by Pseudomonas. Results indicated that the
interaction between planting date and bio-fertilizers in maximum leaf area index, maximum crop growth rate and
maximum total dry weight was significant at the %1 level. Changes in leaf area and crop growth rate and total
dry matter in all planting dates had a similar trend.The highest growth index was obtained from the first planting
date (22 May) with application of 100% chemical fertilizer and also combine using of chemical fertilizer and
nitrogen+ phosphorus biofertilizers. Increasing CGR during the growing season can be attributed to the
increasing of leaf area or less reduction of leaf net photosynthesis. The delay in planting date reduces the length
of growing season and simultaneous occurrence of reproductive stages and late season heat stress caused the
reduction in dry matter accumulation. Azospirillum with the ability to nitrogen fixing, improved root growth and
increase the rate of absorption of water and nutrients and thus it causes the increase of leaf area and crop growth
rate . The ccombined use of humic acid and Pseudomonas putida increased soil pH that with phosphorus
availability it will make further increase soybean yield. The delay planting date has been reduced the maximum
leaf area index and leaf area. Although biological nitrogen fertilizer alone could not increase the leaf area
duration as much 100% chemical fertilizer, biological nitrogen fertilizer in combination with phosphorus
biofertilizer increased leaf area for the 22 May and 31 May planting date. Plant yield had a direct correlation
with growth duration. Whatever growth duration is longer; the amount of radiation absorption by plant increased
and causes the increase crop yield. Accumulation of organic matter by bacteria in the soil increased the nutrient
availability, which caused more significant increase in the number of seeds per pod and seed weight and grain
yield.

Conclusions

The results revealed that the 22 May planting date had the highest growth and yield compare with the other
planting dates. In addition, using a combination of biological and chemical fertilizers decreased application of
50% chemical fertilizers. Therefore, in order to achieve sustainable agriculture and reducing environmental
pollution, combination of biological and chemical fertilizers can be a viable alternative to reduce the application
of nitrogen and phosphorus chemical fertilizers for peanut production in Hamedan condition.

Keywords: Biological fertilizer, Chemical fertilizers, Growth index, Peanut
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