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Table 1- Mean comparison the effect of weeds interference period and broad bean density on weeds density
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Interference period of weeds Broad bean density (plants m™?)
jppddle Sro SpV S Juad olos 8 1 14
(weed) (Vs) (Vo) (Vi3) (whole season)
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(field bind weed)
iy 1036b  26.35a 9.68b 5.85¢ 13.68a  13a 12.05a
(sea beet)
S 20.72a 18.46a 10.36b 7.2¢ 152a  13.68a 13.68a
(common mallow)
e 17.79a  15.99b 11.71c¢ 4.72d 14.18a  13.17a 10.3b
(clover)
g 0.0d 11.03a 6.98b 3.82¢ 5.4a 5.57a 5.4a
(curly dock)
) e 9.68a 7.2b 4.95¢ 3.82¢ 793  591b 5.4b
(vellow alfalfa)
NN
A 9.68b  15.09a 9.9b 5.85¢ 10642 10.3a 9.45a
(wild oat)
i e pls 0.0d 6.98¢ 8.78b 1531a 8.1a 7.93a 7.26a
(other weeds)
spgladle J5 90.09b  137.16a 75.67¢ 60.13d 96.62a  90.54b 85.135¢
(total weeds)
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Table 2-Mean comparison the effect of weeds interference period and broad bean density (plant m) on weeds dry weight (g

jpgale Jalas o6
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Figure 1- Effect of weeds interference on broad bean seed yield
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Figure 2- Relationship between weeds dry weight and broad bean seed yield
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Figure 4- The interaction of interference time and broad bean density on seed yield
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Introduction

Broad bean (Vicia faba L.) belongs to the Fabaceae family and is the most important protein plant in the
world. Although broad bean used as cover crop is able to deal with weeds, but the evidence show that yield of
the plant decreased 32-82% because of competition with weeds. Using crop density is one of the ecological
approaches in weed management. Broad bean density can produce biomass, weed competition, seed yield and
ultimately influence the economic yield. Many reports show that increasing crop density reduced negative effects
of weeds. The aim of this experiment was to evaluate the effect of weeds interference and different densities of
broad bean on density and biomass of weeds and broad bean seed yield.

Materials and Methods
The experiment was carried out as split plot in randomized complete block, with four replications, during
2009-2010 in a field experiment at Ramin Agricultural and Natural Resources University, Ahwaz. Weeds
interference was investigated on 5 levels, including Vs, Vo, V)3 broad-bean phonological stages, full season
weeding and full season weeds interference selected as main plots, and broad-bean density on 3 levels: including
8, 11 and 14 plants m™ as subplots. Density, dry weight and diversity of weeds and seed yield of broad bean
were evaluated.

Results and Discussion

The results showed that the weeds 1nclud1ng wild beet, field bindweed and mallow had the highest
occurrence (26.35, 21.17 and 18.46 plants m™ respectively) in Vo broad-bean phonological stage, where the peak
abundance of weeds was observed. The frequency of mallow, clover and yellow alfalfa were high until Vs broad-
bean phonological stage, but in the next stages, they were replaced by other weeds and sorrel. It was also
observed that the environmental factors can affect composition of weeds, for example, as the temperature
1ncreased in the early spring, an increase in the density of field bindweed was recorded. In the treatment of 8
plants m’ ? of broad beans, the highest frequency was recorded for mallow, clover and wild beet (15.2, 14.18 and
13.68 plants m” %). With the increased interference time period, from V, broad-bean phenological stage on, the
weed density was reduced due to "within species"(intra_species) competition of weeds and "between species"
(inter_species) competition of weeds and the crop. As the time period of weeds interference 1ncreased the dry
weight reached its highest level, so that in full season weeding treatment, it reached 172.99 g m™. Increasing the
density of broad-bean from 8 to -14 plants m?, decreased the weeds total dry weight from 92.42 to 83.76 g m™
.Also increasing the weeds interference duratlon reduced the seed yield, so that the highest yield, with the
average of 2473.5 kg ha™', was obtained in full season weeding treatments. Among the treatments of broad- bean
density, the highest seed y1eld of 1342 kg ha™ in average, was obtained from density treatment of 14 plants m™
Among the treatments of interaction, weeds interference and Broad-bean density, Broad-bean density had a
significant effect on the seed yield. The highest seed yield was observed in full season weeding treatment and the
density of 14 plants m”, with an average of 2699.87 kg ha™' 5 and the lowest seed yield was recorede in the
treatment of full season 1nterference and density of 14 plants m’ * with an average of 228.309 kg ha™.

Considering the results of this study, where weeding is not to be applied in V,; broad -bean phenological
stage and next stages, the minimum density (8 plants m?) is recommended, because density had no significant
effect on broad-bean yield, this would reduce the cost of production.

1- Former MSc Student, Faculty of Agriculture University of Agriculture and Natural Resources Ramin, Mollasany,
Khuzestan

2- Professors, Department of Agronomy University of Agriculture and Natural Resources Ramin, Mollasany,
Khuzestan

3- Assistant Professor, Department of Agronomy University of Agriculture and Natural Resources Ramin, Mollasany,
Khuzestan

(*- Corresponding Author Email: maryam.dabaghzadeh@yahoo.com)
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Conclusions
It can be concluded that increasing the duration of weeds interference, reduced the seed yield and weeds
density while it increased the weeds dry weight. Increased broad-bean density, also, reduced the density and dry
weight of all the weeds. The best time to control weeds for optimum performance of broad-bean, was prior toV;
broad-bean phenological stage.

Keywords: Species diversity, Weeds density, Weeds dry weight
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Table 1- Physical and chemical properties of field soil used in experiment
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Table 2- Sources of variation, degree of freedom and mean squares of intercropping effects of different arrangements of three
species of sunflower, sesame and beans on height, yield components and yield of sunflower
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Table 3- Mean comparison of different intercropping arrangements of three species of sunflower, sesame and beans (Average
of two years) on growth characteristics and yield components of sunflower
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of Sunflower
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Means in each column,followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's multiple
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Figure 1- Effect of different arrangements of intercropping sunflower, beans and sesame (Average of two years) on (a)
biological yield and (b) seed yield (kg per hectare) of sunflower
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of Sunflower
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The means within the same letters in each shapes are not significantly different to the 5% level of probability according to Duncan's
multiple range test
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Figure 2- Effect of different arrangementsof intercropping of sunflower, beans and sesame (Average of two years) on harvest
index (percent) of sunflower
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of Sunflower
B0 () sme Caglis 5SSl (clasaly wix 905l bl duoyd g Sl g (3 S jidie g > syl slaySilie
The means within the same letters in each shapes are not significantly different to the 5% level of probability according to Duncan's
multiple range test
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Table 4- Analysis of variance (mean square) intercropping effects of different arrangements (of three species of sunflower,
sesame and beans) on height, yield components and yield of sesame
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Table 5- Mean comparison of different intercropping arrangements of three species of sunflower, sesame and beans (Average

of two years) on growth characteristics and yield components of sesame
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branch (cm) per plant capsule Q)
per plant
A 99.8d 2.67d 86.8d 47.1d 44.3b 2091b 3.27a
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C 104.5b 3.48d 179b 59.4b 43.7c 2602ab 3.48a
D 107.5a 3.93a 224.6a 64.9a 47.5a 3133a 3.52a
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of sesame
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Means in each column,followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's multiple

range test
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Figure 3- Effect of different arrangements of intercropping sunflower, beans and sesame (Average of two years) on (a)
biological yield and (b) seed yield (kg per hectare)of sesame
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of sesame
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The means within the same letters in each shapes are not significantly different to the 5% level of probability according to Duncan's
multiple range test
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Figure 4- Effect of different arrangementsof intercropping of sunflower, beans and sesame (Average of two years) on harvest
index (percent) of sesame
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of sesame
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The means within the same letters in each shapes are not significantly different to the 5% level of probability according to Duncan's
multiple range test
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Table 6- Analysis of variance (mean square) intercropping effects of different arrangements of three species (sunflower,
sesame and beans) on height, yield components and yield of beans
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(A) Ju 1 0.038 ™ 8" 0.05™ 107.6™ 1190™ 7759™ 2649.9™ 3.7
Year (A)
(A) s 6 0.044 0.72 0.05 9.7 425 688956 23911 1.3
Error (A)
(B) o 3 9.69™ 338" 0.371* 5296 15467 19894248 1490449** 14.17
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(AB) "’um 7! 3 0.002™ 0.002™  0.03™ 0.46™ 67 79424 51.3"™ 2.2
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(E) b 18 0.058 0.738 0.04 8.5 448 1463091 28937 34
Error(E)
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s:Significant at p=0.05, **: Significant at p=0.01& ns=non-significant
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Tabel 7- Mean comparison of different intercropping arrangements of three species (of sunflower, sesame and beans)
(Average of two years) on yield components of beans
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Treatment weight(g) No. of seed per plant  No. of seed per pod No. of pod No. of lateral branch per plant
per plant
A 299.2a 45.1d 2.9d 15.2d 4.7d
B 268.4b 55.1c 3.1c 17.6¢c 4.9¢
C 216.8¢c 82.3b 3.2b 15.3¢c 5.9b
D 205.8¢ 101.6a 34a 29.1a 7.1a
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of beans
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Means in each column, followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's multiple
range test
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Figure 5- Effect of different arrangements of intercropping sunflower, beans and sesame (Average of two years) on (a)
biological yield and (b) seed yield (kg per hectare)of beans
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of beans
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The means within the same letters in each shapes are not significantly different to the 5% level of probability according to Duncan's
multiple range test
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Figure 6- Effect of different arrangements of intercropping of sunflower, beans and sesame (Average of two years) on harvest
index (percent) of beans
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A: row intercropping sunflower, sesame and red bean, B: row intercropping sunflower, sesame and red bean (two rows of each
species), C: strip intercropping of sunflower, sesame and red bean (four rows of each species) D: Sole cropping of beans
B0 () sme Caglis S5l (clasaly wix 9051 bl doyd g Sl g (3 S jidie g > syl sloSilie
The means within the same letters in each shapes are not significantly different to the 5% level of probability according to Duncan's
multiple range test

a5 gyabod ((F JSC) codl yiuliel L) cusly p yadlis oS

5 OlSLST L byl baylps p3 cudls slacisd, il b



YA Lol SlisT bglie S dilisio slocuS i il

bl gl by lse slacuS 5 alod 0 (Jjo el
5 XLl LelS pgncdle an yalop! > 45 wdosalie
5 aisS 15 b aulio > S5l cate 5 5 e S0
bolses )y b Paolini et al, 1984 (A Jgio) sib o bolce
Ol >t it s 4 23505 GBS o, KBl g 95
s Dgae 3 Ol 1,500 (S zols g VYD 4l 5, Sles
(Chanthakhoun et al., 2008; cowlsly L |y pejisply
Gardiner et al, 1979; Kumar and Sing, 2006)
S 5 o

gt 5 14y Gl ol Jole 155 ol oSlosl 1 IS by
Pl Sl ay obiccw gy @b o oo LS
cloaleils oS ol Jladar sblie 2529 b byleocaas
il slaylas o .l oy oYL Cuenl j LS culio
e 5 g 5228 (B RNBT (el &Fe bgbocais
5503 5o ihSlabe Jusas dogl 9 a5 b awslie jo ol Solisl
g by pialS dyoxie yelopl & b )98 il il el ladiS
9 3 Shae syl ingyliogas (LS o] g5 g iy
oA bly 5 U duslde )0 bolsee bylyd 13 oLS 95 opl 5, Sles
Cams 53925V 5 GBS 9 & il i en 5
i e oS g bogl b awslie 13 olS cpl sy cpejis pl 2
Csto 31 oS 5 L Ly bgleacaiS b1 o s

S5 ol

Cglas gt @b ol plosl cge jLiyge sloai o

2 9 5y9liS 0uS b g e wgdyd oSl (g)glibg yimgl

VWA -YIND &y YNOYVE 0 L Gguao Slisios )b B

oish Jlo lacolos j dlwgipin 45 Cowlodd puels
23,5 o SIS ol

References

Miodalie (alBcuwis gly 0o dFVY L cuib py jeslis oy YL

dy bolsee byl & gl Lo SYMNA L 55 e o 50S 9
Ao dalie

O3 ) 3 s 1 b glio s Alids slacus 5 4
S5 9 S omisply Cums p bglse ciliss slacS 5 il
oai b lis A Joas 53 Logl g aouS ¢yl Kokl el)54545 a

Cwol

Gliteo glacwSyi )3 IS 9 (I3 om0l p JF S —A Jogu

2058 9 gl ¢y18 SULET S aw bglsee
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S
(LER) A B C
Land equivalent ratio
Qb)i;.b_‘a'! Py 0.93 0.68 0.46
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A: row intercropping of sunflower, sesame and red bean, B:
row intercropping of sunflower, sesame and red bean (two
rows of each species): C strip intercropping sunflower, sesame
and red bean (four rows of each species)
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Introduction

Intercropping is a sustainable practice used in many developed and developing countries and an essential
element of agricultural sustainability. Intercropping is simultaneous growing of two or more crops during a given
season on same location. Such a method enables the utilization of common limiting resources more efficiently
than the species grown separately. Using two species with different growth habits and the least competitive
characteristics in intercropping, increases the efficiency of resources (light, water and nutrients) and absorption
in comparison with the sole cropping (Fernandez-Aparicio et al., 2008). The study of intercropping of borage
(Borago officinalis L.) and bean (Phaseolus vulgaris L.) showed that the highest economic yield was achieved
in monoculture and the lowest economic yield was obtained in four rows of borage plus four rows of bean, but
the maximum land equivalent ratio was calculated in 2:2 intercropping. The aim of current study was to
determine the best combination and efficiency of resource utilization in intercropping of additive series of
chickpea and black cumin. The results were compared to respective monoculture and the advantages of
intercropping was determined. The effects of planting different ratios of two crops on yield and yield
components of sesame (Sesamum indicum L.) and chickpea (Cicer arietinum L.) was also investigated. The
results of intercropping of additive series showed that the highest grain and biological yield of chickpea were
obtained through monoculture and the lowest grain and biological yield of chickpea achieved by planting ratio of
100% sesame and 10% chickpea.

Materials and Methods

To evaluate the effects of different intercropping arrangements of sunflower, sesame and red bean on growth
characteristics, yield components and yield, a field experiment was conducted at Agricultural Research Station
of Ferdowsi University of Mashhad, Iran during two growing seasons of 2009-2010 and 2010-2011. For this
purpose a randomized complete block design with six treatments and four replications was used. Treatments
were: (A) one row for each special intercropping, (B) row intercropping (two rows for each species), (C) strip
intercropping (four rows for each species) and (D) sole crop of sunflower, (E) sole crop of red bean and (F) sole
crop of sesame (twelve rows for each species).

Land equivalent ratio (LER)

Land equivalent ratio of sunflower, sesame and red bean was calculated (Sullivan, 2003) as:

LER= Yl/L1+Y2/Iz

Where YI and Y2 represent sunflower, sesame and red bean yield in intercropping and L/ and /2 represent
sunflower, sesame and red bean yield in mono-culture, respectively.

Statistical analyses: SAS ver. 9.1 and MSTAT-C softwares were used for statistical analysis. To compare the
means, Duncan's multiple range test at 5% probability level was used.

Results and Discussion

Results showed that the growth characteristics, yield and yield components of sunflower, sesame and red
bean were significantly (p<0.01) affected by different intercropping arrangements. There was a decreasing trend
in these parameters from intercropped towards the sole crop for sesame and red bean and an increasing trend for
sunflower. The highest biological and economic yield of sesame (4751 and 2207 kg ha™', respectively) and red
bean (5701 and 2719 kg ha', respectively) were observed in monoculture. There was a decreasing trend in land
equivalent ratio (LER) from row intercropped toward, strip cropping. Maximum and minimum LER were

1, 2 & 3- Professor, PH.D Student in Crop Ecology and PH.D Student in Agroecology; Respectively, Department of
Agronomy, College of Agriculture, Ferdowsi University of Mashhad
(*- Corresponding Author Email: h.zarghani2004@yahoo.com)
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observed in A and C with 1.38 and 1.02, respectively.

Conclusions

According to the results, intercropping of sunflower, sesame and red bean can be beneficial in terms of
ecological management. In general the arrangements of sunflower, sesame and red bean could be recommended
for achieving high yield in sunflower in this region.

Keywords: LER, Row intercropping, Strip intercropping
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Table 2- Analysis of variance of yield and biological yield of Stevia
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Table 3- Comparison of the interaction of two factors of zeolite for nitrogen and biological yield and leaf yield Stevia
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Table 4- Morphological Analysis of variance Stevia
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Table 6- Analysis of variance of chlorophyll
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Table 7- Analysis of variance Steviozed Stevia leaf
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Introduction

Nowadays due to population growth and higher levels of welfare, one of the main social problems is
providing appropriate food resources. In this regard, finding the alternative food resources, improvement of
existing technologies and providing new technologies seem inevitable. Although sugar is a very important
substance and has special place in household’s basket and economy, the harmful effects of excessive
consumption of sugar should not be neglected. Stevia is a plant with a widespread root system which has a
couple of years lifetime. The stems of Stevia are brittle and small and produce elliptical leaves. At first the leaves
will be dried and then they will be powdered or wetted in the water and will be used for sweetening of
beverages, sweet drinks, chewing gums, chocolates, cakes, etc. Stevia is one of 950 genera belonging to the
family of Asteraceae plant. Stevia leaves are used for sweetening foods. Sweetness of Stevia comes from the d.
terpenoides glycosides that exist in different parts of the plant. Glycosides are the result of secondary metabolism
in the plants. In different components of the Stevia body, there are about 10 major glycoside compositions which
the steviozede and Rbadiozide glycosides have more importance in sweetening property of Stevia compared to
other sweet glycosides. Nitrogen is considered as one of the key elements in the nutrition of crops and the most
important element in limiting the plant growth. Due to increased cation exchange capacity and a high tendency
to absorb and retain ammonium, use of clinoptilolite on agricultural lands can have an effective role in reduction
of nutrient washing especially nitrogen from soil.

Materials and Methods

In order to investigate the effect of different levels of nitrogen and natural zeolite on qualitative and
quantitative yield of Stevia in Ahvaz climate, a trial agricultural research field was selected at the farm of
agricultural and natural resources of Ramin Khuzestan in 2012-2013. A split plot experiment in a randomized
complete block design with 3 replications was conducted. The levels of nitrogen fertilizer (50, 100, 150 and 200
N kg /ha) were applied in the main plots and based on similar studies, the levels of zeolite (including zero, 3 and
6 tons per hectare) were applied in subsidiary plots. Transplants were cultured in 2013/3/6. Harvest was done
after growth and development of plant in 2013/6/10. In order to determine the performance of harvested plants
from each plot, after packaging and label-making, the samples were weighted in order to estimate the wet
weight. The samples were dried in an oven at 72 °C for 48 hours and reweighted again, and then the dried matter
performance was determined. To measure the percentage of steviozide, leaf samples were collected from each
plot and dried in an oven at 70 °C for 48 hours, then they were milled, powdered and half a gram of Stevia
leaves powder in 50 ml of 70% ethanol was obtained from each sample plot. The Stevia leaf steviozide
percentage was measured using a HPLC device. Before the analysis the device was calibrated.

Results and Discussion

Results showed that the highest biological performance (2253 kg ha™), the highest leaf performance (1426 kg
ha™), the maximum stem diameter (1.66 cm), the maximum height (69 cm) and the maximum leaf area index
(4.88) were obtained at the treatment of 200 kg nitrogen per hectare and the largest number of branches per plant
was obtained in the 150 N kg /ha-1 treated with the use of 6 tons zeolite. Maximum percentage of steviozede
(10.67) was related to 150 kg pure nitrogen per hectare with 3 tons of zeolite. LAI as a minor component of plant
growth was affected directly by nitrogen fertilizer, by increasing the fertilizer, growth and leaf area of plant per
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square meter will be added. Leaves of the plant that consist the most part of the plant, were influenced by
nitrogen fertilizer, with increasing nitrogen, growth and performance of leaves were also increased. The zeolites
reduced the amount of nitrogen leaching in the soil due to frequent watering that plant needs. As a result, the
plant uses nitrogen and other elements that all are useful in the vegetative growth, effectively. According to the
results, interaction effect of nitrogen fertilizer and zeolite levels on the SPAD reading was significant at one
percent level. The presence of nitrogen in chlorophyll causes the significant effect of increasing nitrogen
fertilizer on chlorophyll content of leaves. Existence of chlorophyll as a light absorbent and synthesis of
materials is vital for plant growth. The use of zeolites increases the soil cation exchange capacity and
consequently the efficiency of nitrogen fertilizer in the soil. So the plant can use fertilizers better and
subsequently vegetative growth increases. According to the results, there is a close relationship between
supplying food components and accumulation of glycosides steviol in Stevia.

Conclusions

Stevia is a plant with few years life with several times harvesting each year. This plant was cultivated in
2013/3/6 and harvested in 2013/6/10. Results showed although Stevia was planted for the first time in the study
area it had consistency with the regional climate. Use of nitrogen fertilizer and zeolite had a significant effect on
chlorophyll components and biological performance of leaves and also on morphological characteristics of plant
and nitrogen fertilizer. The zeolites increased cation exchange capacity of the soil which enhanced the efficiency
of nitrogen fertilizer in the soil and resulting in the better usage of fertilizers by the plants and increasing the
vegetative growth (biological and leaf yield) and percentage of steviozede.

Keywords: Biological performance, Leaf yield, Steviozede
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Figure 1- The interaction between priming and planting substrates on sweet corn seedling shoot length
P1, P2 and P3, respectively, No priming, and bio-priming is hydropriming. b1, b2, b3, b4, b5, b6 and b7 in the context of
vermicompost, perlite, coco, vermicompost + cocopeat, vermicompost + perlite, coco peat and perlite + perlite + vermicompost +
cocopeat are.
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Figure 2- The interaction between priming and planting substrates on sweet corn seedling Leaf area
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vermicompost, perlite, coco, vermicompost + cocopeat, vermicompost + perlite, coco peat and perlite + perlite + vermicompost +
cocopeat are.
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Table 3- Correlation coefficient between different characteristics of sweet corn transplants in priming and seedbed transplant
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Introduction

Corn (Zea mays L.) is one of the main cereals in the tropical and temperate regions of the world. Sweet corn
obtained from a genetic mutation on chromosome 4 locus SU conventional maize resulting accumulation of
sugars and polysaccharides which are soluble in seed endosperm. Unlike other types of corn, sweet corn
endosperm contains a lot of sugar to starch, which is called Amylodextrin and it is soluble in water. Producing
healthy and uniform plants is one of the requirements of modern agriculture. Considering the unsuitable climatic
condition in Iran (arid and semiarid) transplantation is one of the requirements for sustainable agriculture
particularly in sweet corn production with high water requirement where transplantation is able to save at least 2-
3 times of irrigations. Therefore, producing high quality transplants is an important practice for successful
seedling establishment. Hence, the objective of this study was to evaluate the effects of seed priming and
substrate types on the characteristics of sweet corn transplants.

Materials and Methods

This experiment was conducted as factorial based on a completely randomized design with three replications.
Treatments were three levels of seeds pretreatment: no priming (p;), hydropriming (p,) and biopriming (ps), and
another factor was seedbeds types in seven levels including: vermicompost (b;), perlite (b,), cocopeat(b;),
vermicompost+perlite(bs), vermicompost+ cocopeat (bS), perlite+ cocopeat (b6) and vermicompost+ cocopeat
+perlite (b7). Biopriming using bioaminopalis biological fertilizer applied on the seeds for 24hours in a solution
containing micro-organisms such azotobacter and Pseudomonas. Then the non-primed and the primed seeds
were sown in the plastic pots and grown in a greenhouse with average temperature of 22-25° C. Samples were
taken three weeks after planting.

Results and Discussion

Mean emergence time

Emergence is shoot elongation and growth leading the shoots out of the soil. Shorter mean emergence time
indicates the plants emergence more quickly as a desirable characteristic. Results from analysis of variance
showed that the mean emergence time was significantly influenced by seed priming treatments (P<0.01). The
type of seedbed and interaction of two factors, seedbed and priming had no significant effect on mean emergence
time (Table 1). Non treated seeds (P1) had the longest mean emergence time of 3.06 days compared with treated
seeds (P2, P3) (Table 2).

Shoot length

The results showed that the type of the seedbed and seed priming pretreatment had a significant effect on the
shoot length on the sweet corn transplants. The interaction between these two factors on shoot length was also
significant (Table 1). Bioprimed seeds produced transplants with 17.86 cm shoot length superior to the non-
primed seeds, while it did not show statistically significant difference with the hydroprimed seeds. Sweet corn
seeds inoculation with bacteria resulted a significant increase in the seedling shoot length. Sayed-Sharifi and
Khavazi (2011) also found similar results. Seed bed also had a significant effect on sweet corn seedling shoot
length. As the vermicompost + cocopeat and vermicompost seedbeds produced seedlings with shoot length of
21 and 20.68 cm respectively, while perlitetcoco peat and perlite showed the lowest shoot length of 10.98 and
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11.08 respectively (table 2). Nicknam et al. (2012) also investigated the influence of different substrates on the
growth of two cultivars of lily (Lilium ledebourii) and found that seedbeds containing vremikvlayt and perlite
produced transplants with a shorter shoot length. P3b5 treatment where the seeds primed with microorganisms
such as pseudomonas and the seedlings grown in the vermicompost resulted in the highest (24 cm) shoot length
possibly due to more availability of the nutrients while P1b2 treatments produced the shortest (9.9 cm) shoot
length seedlings (Figure 1)

Leaf area

The seeds pretreatment (P<0.05), the kind of seedbed and the interactions between these factors (P<0.01)
have significant effect on the sweet corn leaf area (Table 1). The seedlings of the bioprimed seeds produced a
higher leaf area of 60.65 e’ compared with the control and hydropriming treatments possibly due to more
availability of the nutrients. Seed pretreatment with biological fertilizer of bioaminopalis that contained bacteria,
azotobacter and pseudomonas had direct and indirect effects on plant growth leading to expansion of the leaf
area. The direct effects of these bacteria could be used in producing chemical components needed for plant
growth, facilitating nutrients uptake, atmospheric nitrogen fixation and plant hormones production such as auxin
and gibberellins, enhancing plant growth in various stages of development, or construction of enzymes involved
in the plant growth.

Conclusions

Seed priming and vermicompost seedbed improved the quality of the produced transplants. This system was
recommended for sweet corn production in Iran using transplants in order to save at least 2-3 times of the
irrigation per year where the country is suffering from serious water crises.

Keywords: Biological biofertilizer, Hydropriming, Nursery, Seedling, Transplanting
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Table 2- the results of variance analysis drought stress effect and spraying hormones on variation of yield and components in

grain maize
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Table 3- means corporation yield and yield components grain maize affected drought stress and spraying hormones in
growth different stages
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Numbers followed by the same letter are not significantly different (P<0.05)
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figure 1- spraying cytokinie and auxine hormones in different stages
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Table 4- Auxine and Cytokinine hormones effect on grain yield of maize in different stages and different environmental
condition. NS: Non drought stress, SV: Drought stress in vegetative stage, SR: Drought stress in reproductive stage, C0:
Control, C1: Cytokinine spraying in V-V, stage, C2: Cytokinine spraying in Vg-V,,stage, A0: Control, A1: Auxine
spraying in Silk emergence stage and A2: Auxine spraying in 15 days after silk emergence stage. Grain yield has been
shown as average and £SD with three replications
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Enviromental Cytokinine Auxine  Grain yield (ton ha™)
NS Co A0 12.26 + 3.49
VS Co A0 12.67+0.47
RS Co A0 6.77+£2.72
NS Co Al 15.49 +4.60
VS Co Al 13.53+2.54
RS Co Al 7.83£2.61
NS Co A2 11.38+3.33
VS Co A2 12.92 +1.64
RS Co A2 5.29+3.00
NS Cl A0 11.93+6.63
VS Cl1 A0 12.39+0.46
RS Cl1 A0 6.23+2.89
NS Cl Al 13.85+4.40
VS Cl1 Al 14.27+3.31
RS Cl Al 7.25+3.42
NS Cl1 A2 11.72+3.27
VS Cl A2 10.56 + 1.80
RS Cl A2 6.38+2.90
NS C2 A0 12.09+ 4.14
VS C2 A0 11.73+0.87
RS C2 A0 3.24+0.42
NS C2 Al 13.99+ 5.62
VS C2 Al 14.61 + 3.39
RS C2 Al 9.33+£3.01
NS C2 A2 12.47+4.72
VS C2 A2 11.36+2.75
RS C2 A2 6.21+4.71
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Introduction

Drought is one of the major environmental conditions that adversely affects plant growth and crop yield. In
the face of a global scarcity of water resources, water stress has already become a primary factor in limiting crop
production worldwide. Drought is the major restriction in maize production. The plant growth reduction under
drought stress conditions could be an outcome of altered hormonal balance and hence the exogenous application
of growth regulators under stress conditions could be the possible means for reversing the effects of abiotic
stress. Phytohormones such as auxine and cytokinine are known to be involved in the regulation of plant
response to the adverse effects of stress conditions. Previous studies have shown that endogenous hormones are
essential regulators for translocation and partitioning of photoassimilates for grain filling in cereal crops, and
therefore could be involved in the regulation of grain weight and yield.

Materials and Methods

The experiment was carried out in three separately environments included non-drought stress environment
(irrigation after soil moisture reached to 75% field capacity), drought stress in vegetative stage (irrigation after
soil moisture reached to 50% field capacity in V, to tasseling stage, but irrigation after soil moisture reached to
75% field capacity in pollination to physiological maturity stage) and drought stress in reproductive stage
(irrigation after soil moisture reached to 75% field capacity in V, to tasseling stage and irrigation after soil
moisture reached to 50% field capacity in pollination to physiological maturity stage). Cytokinin hormone in
three levels (control, spraying in Vs —Vs and V-V stages) and auxin hormone in three levels (control, spraying
in silk emergence stage and 15 days after that) were laid out as a factorial design based on randomized complete
block with three replications in each environment at Seed and Plant Improvement Institute (SPIl), Karaj, Iran, in
2013. Indole-3-butyric acid and Ne-benzyladenin were used as auxin and cytokinin hormones, respectively.
Concentration of auxine and cytokinine hormones were 10 and 50 mg per liter, respectively. Harvesting was
done from 4.5 m’ at field maturity stage with 14 % grain moisture for estimating grain yield and yield
components. SAS software (version 9.1) was used for statistical analysis. Traits means were compared by
Duncan's multiple range tests in 5% probably level.

Results and Discussion

Drought stress effect was significant (P<0.01) for ear number per plant, row/ear, grain number per m’, 1000
kernels weight and grain yield and it wasn’t significant for kernels/row. Spraying cytokinine hormone was
significant (P<0.01) on ear number per plant, row/ear, grain number per m* and it was also (P<0.05) significant
for 1000 kernels weight but it wasn’t significant for kernels/row and grain yield. Spraying auxine hormone was
significant (P<0.01) for1000 kernels weight and grain yield and it wasn’t significant forother yield components.
The maximum yield was obtained 12.80 and 12.24 tons per hectare in non-stress environment and using auxin
hormone in silk emergence stage, respectively. Grain yield was decreased 49.21% under reproductive drought
stress and grain yield difference between non drought stress and vegetative drought stress was not significant.
Spraying cytokinine hormone increased ear number by 10% in Vg-V, stage. The maximum row/ear was 16.16
kernels per row which was obtained by spraying cytokinine hormone in Vg-Vy, stage. Spraying cytokinine
hormone increased grain number per m up to 20.75% in V-V, stage but it decreased 1000 kernels weight up to
13.76% in the same stage. The maximum 1000 kernels weight was 313.87 gr that was obtained by spraying
auxine hormone in silk emergence stage. Spraying auxine hormone increased grain yield up to 23.38% in silk
emergence stage.

1- Ph.D student of crop physiology in Chamran university of Ahwase and researcher in Seed and Plant Improvement
Institute of Karaj

2, 3- Professor and associate professor respectively, College of Agriculture, Chamran University of Ahwaz

4- Professor, Seed and Plant Improvement Institute, Karaj

(*- Corresponding Author Email: ali_mahrokh229@yahoo.com)
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Conclusions
Based on the results of this experiment, maize was tolerant to drought stress up to 50% field capacity in
vegetative stage, but grain yield was decreased by 48.04% under drought stress condition in reproductive stage,
and spraying cytokinine and auxine hormones in V-V, and silk emergence stages respectively, could prevent
about 20% of decreasing of grain yield. Therefore, under drought stress condition, spraying cytokinine and auxin
hormones in Vg =V, and silk emergence stage can be recommended as the best time for using these hormones
respectively, because they can balance hormones rate disturbs under drought stress condition.

Keywords: Drought in reproductive stage, Drought in vegetative stage, Growth regulative, Hormonal
balance, Spraying hormone
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Figure 1- Processing steps of tobacco plants in store
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Table 1- Soil physical and chemical characteristics

Depth EC pH O.C P ava. K ava. N Cu Fe Cl Mn. Zn.
Textur ds m-
e (cm) 1 % mgkg' mgkg” % mgkg' mgkg' mgkg' mgkg! mgkg!
Loamy 0-30 0.56  7.58 0.97 15.4 317 0.092 0.91 5.01 0.41 8.39 0.61
CuwgnoS (5079 9 CowgneS (o2lonnd 41525 Y Jg>
Table 2- Chemical analysis of compost and vermicompost
35 pH EC N P K Na Ca Mg Zn Fe Mn Cu 0.C
Fertilizer asm’ % % % mgkg' mgkg' mgke' mgke' mgkg' mgkg' mgkg' %
COMPOStcangsaS 862  9.84 1244 0330 152 3.17 896.6  217.14  30.41 257 88.91 1865  26.01
Vermicompostewsss =5 | 782  6.18 1020 0386 1.428  0.76 2.61 0.86 1496 24811 5691 328 14.08
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Table 3- Variance analysis (mean square) of traits of tobacco under different fertilizer treatments
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Source of Sy . g g, pded 5y5es S Sy
. df : Leaf Weight . L :
variance Specific Ratio Plant height  Tips yield Total dry leaf Potassium
Leaf Area yield content on leaf
Sk 0.000004™ 0.00082™ 11.22" 703.05™ 2439.04™ 0.027"
Block
0.00001 0.0019 2636.48 10331.7 16310.77 0.78
Treatment
s
10 0.000002 0.0005 20.60 277.9 920.35 0.008
Error
VAR Rw:
R 7.9 4.2 3.6 15.4 12.3 33
Cv%

P< 1Y) 2o 0 Jlois! g 53 (g dme ¥ g (P +/40) do oz Jloss! gdaw 13 (6)b dxe * (51 sine pic 1S
ns: non significant *: significance (0.05 %) ##: significance (0.01 %)
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Figure 2- Trend changes of Specific Leaf Area under different fertilizers
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Figure 3- Trend changes of Leaf Weight Ratio under different fertilizers
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Figure 4- Effect of fertilizer types on plant height of tobacco

5y Slas 3o jd olar 1 )y gigi Ay 0y9d Bl g Laulgl jo
2 Sglds Jdoay Dl o bosd 5 255 sloloss o S pacd
S 23l ol el bnjless ol Goymed BB (Sine (3955 Oliee
Coulonyn )3 5, Slae does )3 9 Ay liae )0 AMS] Cuw

.(Mahdavi et al., 2006)

Sl 53 ol (sl (B (a5 cenlid Jdsey Gimggy opl o

oS Syt 6 2 36315 G (050 Sl jl g lheningS
sl a3 21331 Sy Stisgzd (Zamani, 2010) 390 (15355
Jtl slray licolye U orbiel o5 3w Sllas cnizen
slewi > 1 (Zamani, 2010) sl Jsl Sp a0 oygg 035 @
5 Sl 4l Jlisl S pasd 4 g 5t 2ledlge olandsS
Sl g Caalies g Ll el S pand )3 lié polis goos

Cawlodds h.f).{

Suld Sy 3,8Mos Egore
Seid Sy Shes ggatmedy bgiye Clialiie uil)lya jos
Poisine 3035 g 3 ko ul w355 S ol gy
3y Sdes (e S L (pSSke luglis (Y Jga) 13L oo
Sy (@yayie g p YO IY) (olordsgS o )3 Sts S
(cerosio y pSYAIY) CusgraS o b ()l sime glis 45" ol
CusgaS SAli usgiaS ooy 5355 sllass o] 5l g 9 el
5 YEOIY YESIY iy 5y Slas) CogpaS ooy (ol 5

S praxd 3,Slos

L5 Syand 5, Slee sblis iy 4325 b
lor3395 lass 3o Lis ls (1 Joia) <2513 (2368
30 hb @yeyie 2 pSVIFID (lises |y S paod 5,Sdas o 5
015 Obm CgeaS g CugeaS (il slmylog <01 5] e g
Cyla 35 1) 1) (my0 st o 2,597 5 WY/ s ) 5,Skes
039 (otpldia 3,8dos (S CungraS' so)g (Al 5 CungraS ()9
W gmyesie 2 pSYTIV plisocr |y 5)Sdos (0 5 32l jlass
5 S sLapgS gl L olyon g by SRl JS3) 35
slagiciy » olse g auie Sy JSi5 bl @iy ¢l
it Jby55 0 j5 (giwgs YL 2Ll ail e aLS
A5l e (g 0 1) LaS i (el )8 Cooguad o]
Jle o ase gyl Giuli 8l Ldsay aad oo i 8 (giiwmgid
cledn e 5 @355 slajled plod cud (lerdgS
LS Gy 0 o ycalie mig 9 Sy gdaw pasls (I3
(Wilson and  cewl ddly i8] 55 Sy axd 5 Slas cjlas ol
Teare, 1972)

olis (gls W losd cladss b duslio > bacuggaS
Ol iy S 53 ol ol il e Sine polis oS L
oS s (5 Bk sy 29300 sl dag b ane
(Sikora and 555 By im0 (60Ls) CiiwgpoS yaud 5 )59y 4
lbgsis Sy 3y Slas 45 cuddons )3 Enkiri, 1999)

)54 0595 (e b sistae g Cuto (Stmpon ((sHile S



IWAD (liali ¥ oyl IF Al iyl ey ooy a1 pii YA

X e reS el Hlew sl oSG b (g)b pine coglas ‘5)‘.91).\53
250 -
a
. 200 -
E
43
33 150 -
x B
| E b
100 -
50 - ¢
0 T T T T T
compost  vermicompost 50% compost 50% chemical
vermicompost
chemical +50%
chemical

OF P S paad 3, Slas 395 lgil il -0 UK
Figure 5- Effect of fertilizer types on tips yield of tobacco
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Introduction

Tobacco with scientific name of (Nicotiana tabacum L.) belongs to Solanaceae family is one of the important
industrial crops in the world that plays a critical role in economy of producing countries and its income from
various products had a major share of the national income. Tobacco is an annual, short day length and self
pollinated crop that its chromosomal number is 2n=48. The yield of plants depends upon several production
factors. Among these proper, balanced nutrition plays a significant role. The main purpose of fertilization in
tobacco plants not only the quantity but quality should be considered. Now tobacco farmers apply a large amount
of fertilizer to improve yields, but these actions not only decrease tobacco leaf quality, but also cause fertilizer
pollution. Organic and chemical fertilizers use has played a significant role in increase of crop yield. The use of
compost and vermicompost in the soil, generally in order to maintain and increase aggregate stability and
fertility of soils for farming and gardening in the past decade has been of particular importance. Increasing soil
organic matter stocks and stability by addition of organic amendment offers a good way to substantially improve
soil quality and therefore agricultural sustainability. The objective of this study was evaluate the effect of
chemical and organic fertilizer on morpho-physiological and yield of tobacco in field conditions.

Materials and Methods

In order to study the effects of organic and chemical fertilizers on morpho-physiological traits of baurley
tobacco cultivar, an experiment was counducted as based on a randomized complete block design with three
replications during growing season of 2012-2013 at the research field of Shahrekord University located in 50°
49" E longitude and 32°21" N latitude.with sea level of 2116 meter. Treatments included chemical fertilizers
based on the tobacco needs and soil test results, compost based on the tobacco needs and soil test results, 50
percent compost + 50 percent chemical fertilizer, vermicompost based on the tobacco needs and soil test results,
50 percent vermicompost + 50 percent chemical fertilizer and control (no use of fertilizer). Sowing in nursery
was done in March 2013 and transplanted to field May 2013. After plowing and disking and leveling by rotary,
tobacco seedling were transplanted in main field. In current study the space between rows was 80 cm and
between plants on rows was 50 cm. Number row planting in each plots were 6 rows. The area of every plot was
5x4 m’. Traits of specific leaf area, leaf weight ratio, plant height, tips yield, total dry leaf yield and potassium
content on leaf of tobacco were evaluated. The data were analyzed by using version 9.1 SAS. Least Significant
Difference test was used to compare the means at 1% of significant. Also, the figures were draw by Excel 2010
software.

Results and Discussion

The results showed the highest specific leaf area and leaf weight ratio in all treatments achieved in the early
stages of plant growth, and after that, this values decreased. Maximum specific leaf area and leaf weight ratio in
the lastly stages of plant growth, respectively, were obtained from 50 percent compost + 50 percent chemical
fertilizer treatment and vermicompost treatment. Minimum specific leaf area in the lastly stages of plant growth
was obtained from chemical fertilizer and vermicompost treatments. Minimum leaf weight ratio was obtained
from chemical fertilizer treatment. Fertilization increased the plant height, tips yield, total dry leaf yield and
potassium content on leaf of tobacco. The highest plant height with 162 cm and the tips yield with 216.5 g m™
were obtained from chemical fertilizer treatment, wich were 2.1 and 4.8 times higher compared to control,
respectivly. The highest total dry leaf yield with 350.4 g m’” obtained from chemical fertilizer treatment and had
not difference with compost treatment but showed significant increase with 2.8 and 2.3 times more with control.
After that the highest total dry leaf yield, related to vermicompost, 50 percent compost + 50 percent chemical
fertilizer and 50 percent vermicompost + 50 percent chemical fertilizer treatments. Minimum total dry leaf yield
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2- MSc Student of Agroecology, Shahrekord University
(*- Corresponding Author Email: mrtadayon@yahoo.com)
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with 126.2 g m™ was obtained from control treatment. Maximum potassium content on leaf was obtained from
50 percent compost + 50 percent chemical fertilizer treatment and also chemical fertilizer treatment and control
treatment with 2.34 percent had the lowest potassium content on leaf.

Conclusions
Therefore, in order to fulfill the objectives of sustainable agriculture and the adoption of a slight decrease in
leaf yield, on condition of increasing the quality of the leaves, compost can be a good alternative to the use of

chemical fertilizers in the tobacco fields.

Keywords: Chemical Fertilizer, Compost, Leaves Yield, Vermicompost
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K47/2-2-1-4-1-1-1xMO17 1
K3653/2xK19 2
K3653/2xMO17 3

KSC700 4

KSC704 5

KSC720 6
KLM76004/3-2-1-1-1-1-1-1xK3545/6 7
K74/2-2-1-2-1-1-1-1xK3545/6 8
K47/2-2-1-2-2-1-1-1xK3544/1 9
KL M76004/3-2-1-1-1-1-1-1xK3544/1 10
K47/2-2-1-2-1-1-1-1xK3544/1 11
K47/3-1-2-7-1-1-1xMO17 12
KLM77029/8-1-2-3-2-3xMO 17 13
KLM76005/2-3-1-1-1-1xMO17 14
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Figure 1-comparison of irrigation regime for kernel yield (kgha™)
(al: Normal Irrigation 4 a2: Mild Stress, a3: Tention Stress)
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Table 3- Means comparison of different irrigation treatments
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Means with the same letter in each column have no significant difference (P<0.05)
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Table 4- Means Comparison of various hybrids for Ear length
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abcdefgh 21.563 ab 14
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Means with the same letter in each column have no significant difference (P<0.05)
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Figure 2- Comparison of hybrids under the different irrigation regimes for number of kernel per rows
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kernel ~ number P number of diameter  ear S Number ~ Number of
yield of number ear in length Period of of days days until
kernels of rows corn Pollination  until silk to
per row per ear until silk  emergence Pollination
emergence cords
. Sk yolo U 59, 2haes
084 Number of days until silk
emergence cords
sl B ladles 3 Slej alols
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Period of Pollination until
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ear length
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ear diameter
0.24% 0.44° oms 50 03 50,02 Gy 5 I sl
number of ear in corn
ns e ns, = ns ns, JMA 2 s_ég'.)) Sl
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ns, * and ** : Non significant, significant at P<0.05 and P<0.01 respectively
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Effects of Drought Stress on Vegetative and Reproductive Stages of Forage and
Kernel Corn Hybrids

M. Hajibabaei''- F. Azizi’

Introduction

Maize is one of the most important cereals which its global production is severely affected by drought in
many parts of the world. One of the best ways of water management on field is to choose the proper variety
which could be chosen indirectly by the traits affecting the grain yield.

Materials and Methods

In order to study the effect of drought stress in vegetative and reproductive stages in 14 corn hybrids, an
experiment was conducted at the experimental field of Seed and Plant Improvement Institute of Karaj, in 2009.
The Research Station located in 50°, 55" eastern latitude and 35°, 47" northern longitude with 1254 height above
mean sea level (AMSL). The soil texture of the location was loam-clay with pH= 7.5 and the Electrical Capacity
(EC) = 0.7 dsm’'. The experiment was carried out using split-plot in a randomized complete block design
(RCBD) with three replications. The main plots consisted of three levels of irrigation regimes (irrigation after 70,
100 and 130 mm cumulative evaporation from evaporation pan class A) and sub-plots included 14 new corn
hybrids Includes eleven new hybrids such as (K47/2-2-1-4-1-1-1xMO17¢ K3653/2xK19¢« KLM76004/3-2-1-1-1-
1-1-1xK3545/6¢« K3653/2xMO17¢ K74/2-2-1-2-1-1-1-1xK3545/6¢« K47/3-1-2-7-1-1-1xMO17¢ K47/2-2-1-2-2-1-
1-1xK3544/1« KLM76004/3-2-1-1-1-1-1-1xK3544/1« K47/2-2-1-2-1-1-1-1xK3544/1« KIM77029/8-1-2-3-2-
3xMO17 and KLM76005/2-3-1-1-1-1xMO17) and three hybrid control (KSC704, KSC720, KSC700). Irrigation
time was determined using daily evaporation rate of standard class A evaporation pan. To determine the volume
of water per irrigation, a sample of each plot from depth of root development was prepared before irrigation. The
samples were kept in oven 80°C for 24 hours. The weight of soil moisture content was calculated and the volume
of water per irrigation was calculated using equations 1 and 2.

L: H=py (Opc-0,) D

2:V=HxA

Where H is the water height in the plot, p, is soil bulk density, ¢ ¢ is the moisture level at field capacity, 0.,
is plot moisture mass desired at irrigation time, D is the root development depth, V is the volume of irrigation
water in the plot, and A is the plot area. From each plot 10 plants were randomly selected to determine traits such
as dry forage yield per hectare. In this experiment kernel yield per hectare, Dry forage yield per ha, Number of
days until to pollination, number of days until silk emergence cords and period of pollination until silk
emergence, ear length, ear diameter, number of ear in corn, number of kernels per row and number of rows per
ear measured and calculated.

Results and Discussion

The results showed that hybrid differences in terms of number of days until the pollination, number of days
until silk emergence cords, period of pollination until silk emergence and ear length was significant at 1%
probability level. No significance differences were observed between hybrids for kernel yield, total number of
kernels per ear, number of ear in corn and ear diameter. Hybrid and irrigation regimes interactions were not
significant for any of the traits except for ear length that represent the same reaction of hybrids to the irrigation
regimes. Evaluation of dry forage showed significant difference between years (P<0.01). Means comparison of
the years showed that dry forage yield was lower in the first year (Table 3). Interaction effect of irrigation
regimes X year was significant and statistically caused non-significant difference for dry forage yield in the
irrigation regimes. This difference could be due to low ability of hybrids in uptake, transport and food
construction during water shortages that led to reduce dry matter accumulation. Dry weight loss and reduce of
photosynthetic materials due to water limitation have also been reported by other researchers. There were no

1- Ph.D Student, Ferdowsi University of Mashhad, International Campus, Mashhad, Iran
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significant difference among hybrids, but the highest amount of dry forage yield was in hybrid 8 and the lowest
was in hybrids 3, 5, 10 and 11. Also, all the traits except number of ear per plant were affected by drought stress
that caused significant difference (P<0.01) among hybrids. Changing irrigation regimes from normal to severe
stress conditions decreased grain yield and dry forage yield by 32% and 44%, respectively.

Conclusions

Hybrid KSC700 determined as more tolerant (12961 and 15565 kg ha' grain yield and dry forage yield,
respectively). Higher yield of KSC700 can be attributed to its long growth stage; therefore, the hybrid had more
time for production and accumulation of assimilates.

Keywords: Ear Length, Forage and Kernel Yield, Irrigation Regimes, Number of Days Until to Pollination
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Table 2- Mean comparison of effect of different phosphorus fertilizers on photosynthetic pigment, fv/fm and soluble sugars of
safflower under water deficit condition

; () 35 . Sl Sl . - oo T
&l Y Sud 35 a5 b5 S5 by k5 wes)s & a5 Olomrgi]
Irrigation Barvar-2 Phosphorus Chlor;)phyll Chlm;)phyll Chl::gzhyll Carotenoids Chlo;';:)phyll Anthocyanin
(Kgha™) (mg g FW™) (pmol/g FW)
0 2.04b 2.12b 4.22b 1.11b 0.98a 0.283a
Sl b ey zuils pas 50 3.02a 3.38a 6.55a 0.70c 0.95a 0.246b
Without without
irrigation inoculation 100 1.55b 1.83b 3.40c 1.87a 0.84a 0.246b
withholding
N 0 3.69 3.28a 7.15a 0.82b 1.10a 0.290b
) 5*“1‘, 50 1.01b 1.41b 2.45¢ 1.21a 0.71b 0.330a
inoculation 100 1.25b 2.02b 3.21b 0.99ab 0.64b 0.270b
0 1.99a 2.80a 4.72a 0.70a 0.70b 0.240¢
o A . 50 2.06a 2.98a 5.10a 0.77a 0.68b 0.340a
29 @il pas
Water stress without
in the inoculation
X 100 2.26a 2.12b 437a 0.23b 1.02a 0.320b
vegetative
stage
N 0 3.38a 4.07a 7.63b 0.91b 0.81b 0.290b
) 5*“1‘, 50 1.01b 1.28b 2.20¢ 1.30a 0.66¢ 0.310ab
inoculation 100 4.04a 4.21a 8.78a 0.21c¢ 0.90a 0.313a
0 1.69¢ 2.36b 4.05¢ 0.66a 0.77b 0.230c
o2 A - 50 2.07b 3.08ab 5.16b 0.49 0.66b 0.240b
il il pae
Water stress without
in the inoculation
fower: 100 3.11a 3.16a 6.28a 0.74a 1.06a 0.260a
owering
stage
N 0 1.45b 1.88¢c 3.25b 1.94a 0.75a 0.190¢
) il ) 50 2.80a 3.52b 6.53a 0.279 0.76a 0.290a
inoculation 100 2.97a 4.05a 6.97a 0.274b 0.73a 0.230b

)5 gl sime SNST a0y Jloiol o 53 Jlize 31 (23050 (gl ool 1 itnn S jiio By (gl &5 ol Sl )kl sl s 2 g 5ty 5
Means in each column and irrigation treatment, followed by similar letter are not significantly different at 5% probability levels,using
LSMEANS Test

D35 5 0)93 (b 53 Jriwgid ()lul cage
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Sluwlis crwlaib Sy Jobro sladdsss)5 Hlude goy 0 )
Mfe oy S 5 oy e 48 ablis alfaw gl (Ske
9 el adope 0 HiiT Hled )0 Sy Jodoe (slaadgsy)lS
S oo (Vyg)k) Sliwd 018 Jo (slags xS Sl oalitulyg,
g o IVF L ,LuSe o 0 wddg S pSs LSAe g Vv 0L S

Adosalie Sy 5 (jg o5 50 oS ket [T

Slyime gy (slapy cood (ilejl )3 45 gbes

Dl 45 G ppo s b1 (55) e o8 59 59 bbis S
55 93 2 b & a bl Cons Lol le yunsicyos A )lS
O J(Ashraf et al, 1994) b Lis (gl xe Lials
9 Jymane (53,0 sl & CuadlisS ol S5 &S 0B 51
J29 )5 59y 651 9 290000 PS> WAl iwgd LS LBy
Ahmdai ) sa5 o Sil38l b aya fidg IS s (Jg amily Sy
355 Byuns oS 35 jasuin Gilojl oplzls (and Baker, 2000
e 3 sk A Laulpbeod Vgl () 395 L en jiud
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Table 2- Continued
; a5 995 . g3 ggWd SigiggWd i giggWd 3
Ll > fv/f ; 1o ioile
S Y o5l b 395 e Foo s v/ifm S 9k iy
.. Flavi id Flav id Flav id
Irrigation Barvar-2 Phosphorus 270 nm 300 nm 330 nm Glucose Xlose Mannose
(kg ha™") (Abs/mg F.W.) (ng/g F.W.)
N 0 130.47¢ 91.60c 94.23¢ 0.42b 103.84b  62.07b  72.93b
ol gl e 5"“; "*‘; 50 196.30b 141.02b 15472b  0.6la 119.63a  69.63a  79.80a
. .. . withou
Without irrigation /o 12 tion 100 227.80a 168.60a 185532 0.64a 101.84c  61.80b  74.06b
withholding
N 0 112.62b 83.55¢ 89.43b  0.52b 11499  68.13¢c  82.75c
) @*"1‘. 50 128.66a 93.22a 100.52a  0.60a 127.46a  75.73b  88.89b
inoculation 100 115.22ab 86.22b 89.85b 0.52b 134.4la  79.86a  99.38a
N 0 138.42b 99.22¢ 106.01b  0.59a  95.40c  56.34c  67.07c
agy Aye 3 LD vcvﬁ g ;‘t 50 167.58a 113.52a 127.07a  0.62a 118.14b  69.68b  83.43b
Water stress inthe )\ 1ation 100 160.11c 110.78b 122.15c  0.53b  123.44a  73.59a  88.6la
vegetative stage
N 0 21791a 156.95a 168392  0.54a 173.68a 105.08a  124.09a
) 5“;1‘ 50 131.64b 98.56b 10591b  0.46b 131.76b  74.00b  85.97b
moculation 100 114.06¢ 89.28b 73.50c 0.41b  120.54c  72.50c  85.85b
] 0 123.47b 89.35b 92.27b 0.44c  106.0lc  65.57b  77.69b
.
ity dlsye 3 i vcvﬁlgm 50 216.77a 161.02a 174.66a  0.55a 108.78b  70.01a  83.57a
“ﬁ‘ter stress inthe ;00 lation 100 96.28¢ 70.19¢ 75.05c  0.51b  1164la  61.72c  73.02¢
owering stage
N 0 267.38a 190.69a 204232  0.38c 111.82c  67.0lc  79.63¢
) 5“;1‘ 50 78.16b 61.56b 74.86b 0.64a 130.73a  68.71b  81.75b
moculation 100 69.63¢ 89.53¢ 57.70c 0.55b 121.67b  78.13a  93.03a

)5 g fosime SNST a0y Sl o 53 Jlize 31 (23050 (gl ool 1 itonn S jiio By gyl &5 ol Silis )kl Hlosd s 2 9 5ty 5
Means in each column and irrigation treatment, followed by similar letter are not significantly different at 5% probability levels,using
LSMEANS Test
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Introduction

Drought stress is one of the most important and effective factors in agricultural practices in arid and semi-
arid regions of the world. The arid and semi-arid regions comprise more than 70% of the total area of Iran.
Reduction in chlorophyll concentrations has been attributed to the increase in chlorophyll degradation in water
deficit conditions and impairment in the enzymes activity responsible for the synthesis of photosynthetic
pigments. Under drought stress, maintenance of photosynthetic capacities and leaf chlorophyll are physiological
parameters which influence drought stress tolerant of crop. Phosphorus is one the most essential elements for
plant growth after nitrogen. However, the availability of this nutrient for plants is limited by different chemical
reactions especially in arid and semi-arid soils. Plant growth-promoting bacteria (PGPB) are soil and rhizosphere
bacteria that can benefit plant growth by different mechanisms. Given the negative environmental impact of
chemical fertilizers and their increasing costs, the use of PGPB as natural fertilizers is advantageous for the
development of sustainable agriculture. Inoculation of plants with native beneficial microorganisms may
increase drought tolerance of plants growing in arid or semi-arid areas.

Materials and Methods

In order to study the effect of biologic and chemical phosphorous fertilizer on photosynthetic pigments of
safflower cultivar (IL111), under water deficit condition, an experiment was conducted in 2012 at the Research
Field of the Faculty of Agriculture, Shahed University. The experimental design was split-factorial arrangement
in randomized complete block design with three replicates. The main factors were the three levels of irrigation
treatment: full irrigation (irrigation up to 50% soil moisture depletion relative to field capacity), water stress in
the vegetative and flowering stages (irrigation up to 75% soil moisture depletion relative to field capacity). The
sub-factors were the six treatments resulting from three levels of phosphate chemical fertilizer (0, 50, and 100 kg
ha™ Triple Super Phosphate), each at two levels of Barvar-2 bio-fertilizer (with and without inoculation with
Barvar-2). The applied biological fertilizer was in the type of the bacteria which release the phosphorus from soil
components and neutralize the soil pH. The commercial name of the biologic fertilizer is Barvar-2. The effective
gradients of the biological phosphorus fertilizer is comprised of two bacteria strains of pS (Bacillus lentus) and
pl13 (Pseudomonas potida) with 108 cfu (colony forming units) which have been screened from soil bacteria
populations. The bacteria strain pS (Bacillus lentus) dissolves P from soil mineral compounds while pl3
(Pseudomonas potida) separates P from soil organic compounds by exerting a variety of phosphatase enzymes.

Results and Discussion

The results showed that the highest amount of chlorophyll a, b and total chlorophyll obtained with
application of chemical phosphorus by 100 kg ha™ Triple Super Phosphate followed by inoculation with Barvar-
2 under water deficit condition at vegetation and flowering stages. At drought stress in flowering stage, use of
high level of phosphorus without inoculation with Barvar-2, had highest effect in terms of increasing amount of
chlorophyll a/b ratio, but at treatment of inoculation with Barvar-2, the highest amount of chlorophyll a/ b ratio
obtained with low level of chemical phosphorus by 50 kg ha™ Triple Super Phosphate. The means comparison
showed that highest amount of carotenoids, fv/fm, anthocyanin, flavonoids and soluble sugars obtained with
application of chemical phosphorus by 50 kg ha™ Triple Super Phosphate without Barvar-2 under water stress
condition at vegetation and flowering stages. The inoculation with Barvar-2 followed by chemical phosphorus by
50 kg ha!' Triple Super Phosphate significantly increased the amount of anthocyanin and soluble sugars of leaf
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under drought stress at flowering stage, while the amount of carotenoids and flavonoids, increased with Barvar-2
without using of chemical phosphorus.

Conclusions

Our experiment showed that application of chemical phosphorus fertilizer followed by inoculation with
Barvar-2 had huge effect on chlorophyll a, chlorophyll b, total chlorophyll, chlorophyll a/ b, carotenoids, fv/fm,
anthocyanin, flavonoids and soluble sugars under water stress condition at vegetation and flowering stages. The
highest amount of photosynthetic pigment such as anthocyanin, flavonoids, carotenoids and soluble sugars could
increases stress tolerance of safflower under water deficit condition. In general, the results of this experiment
showed that application of Barvar-2 followed by chemical phosphorus had effective role in improve of
qualitative traits of safflower under drought stress condition.

Keywords: Anthocyanin, Barvar-2, Chlorophyll, Drought stress, fv/fm
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Table 1-Analysis of variance of the investigation of quantitative characteristics of studied potato clones and cultivars

Means of squares sle po (SSbe
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o3 J i~ o Sis
0¥ af b‘u% > e Tuber Vean of Total JS ENEREE o r;:*“>
uber weig number per weight yield Marketable yield Ty matter ye
per plant plant 4 percentage number
Block s, 2 1009208 2.2608 82118 28.818 19.918 10.418 4.5908
.
Treeitr;lent 20 19423™* 10.4™ 1483** 552" 443" 16.8™* 2.5018
leaj L;Ua&
e 40 4960 3.87 358 14.1 9.7 4.6 1.43
(“’C’)V’Z;;)' sat 14.5 28.8 242 14.5 15.0 12.1 21.8
. . 0

*%: Significant at the 1% probability levels, ns: Non-significant )b _ize y& S 5 20,3 Jloin] pdaw )3 )b re 2 ¥
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Table 2- Mean comparison for evaluated traits in studied potato clones and cultivars

2€ (39 buE dlusy o 3,5dos 848 3 ySlos oy Slaxs
#5359 09 pU 91 R —— JS 0k Ohg B St oslo
Clone and cultivar name Tuber Tuber tuber' Mean of Total yield Marketable yield Dry matter Eye pde
weight per number weight (g) 1 1 y number
plant (2) per plant (ton ha™) (ton ha™) percentage

396151-8 5270 63998 g6.1°T 28.1b-d 201 19.20F 5180
397045-4 462¢d 7.7227C 6368 24.7¢d 2126 17758 5.40b¢
397045-10 426de 3.498 123.2% 22.79¢ 19.9¢F 15.08h 5.82b¢
TP12-13 495b-d 4808 104.8%¢ 26.4-d 204 20324 4.68b-¢
TP21-29 5150d 53008 97.1b-d 27.5b-d 16.6°°8 16,951 6.50°0
TP12-8 5140-d 4208 131.9% 27.4-d 17.49-8 17.3¢h 4820-¢
397007-16 5993b 7.17%¢ 83,9 31.93b 23.6%¢ 19.40-F 5.18b¢
397007-17 344¢f 3738 92.7b-¢ 18.4¢F 14.58 17.65°8 631%°¢
396140-6 458¢¢ 737%°¢ 63,658 24.4%°¢ 17.798 17.2¢0 495b¢
397009-8 478¢d 7.84%°¢ 60.11 25.3¢d 20.6¢F 16.6¢0 438¢¢
397015-14 495b-d 686 75658 26.4-d 21.7¢ 20.5%¢ s.10b¢
397003-7 490b-d 8.142b 6238 26.20-d 22.0>d 14.1h 5710¢

396151-27 484bd 7.59%°¢ 68798 25.8b-d 23.7%°¢ 13.90 3.93¢
397045-100 548b¢ 74724 73208 29.2b¢ 27.13b 16.0¢h 5.700¢
397097-9 284f 42748 75058 15.1f 12.88 19.5b-¢ 4.08d¢
396151-20 490b-d 9.49% 5838 26.1>d 22204 1580 5.18b¢
397045-7 418d¢ 8.90% 49.48 22.3d¢ 16318 16,890 5830¢
69 indigenous 469°d 9.61% 48.78 25.0%4 21.9%4 21420 632%¢
Ag(:.:(dc)s;:ol) 533b-d 6.67%8 8165 28.40-d 23.7%¢ 17.1¢h 630%¢
(2212) 6. Le 6772 g.282b gs.1of 3612 28.6% 18.40°8 59724

Marfona (control)
(2215) Bcsd 494b-d 8.2020 60.5% 26.3b-d 21.65¢ 2332 7.87%

Lady Rosetta (control)

Loz (5slel gaw 1 LSD (g0l aidilh o5 (P<0.05) Jlo sxe MBI (glyls (yginr o ;5 S yidiia By b dlel
Numbers followed by the same letter are not significantly different (P<0.05), LSD test (95% confidence level)
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Table 3- Comparison of yield percentage and dry matter of studied clones and cultivars (Agria and Lady Rosetta) and their

dry matter yield
A Cond SWis 8dbo o >
SIPRY P U Lo 47 Conma 3,Shae 63,68 b o3l 3,8l
Clone and cultivar name Yield than Marfona (%) Dry matter percentage Dry matter yield (ton ha'l)
than Lady Rosetta (%)

396151-8 77.8b-d 82.3b-f 5.402-d
397045-4 68.2¢d 75.9¢- 4.364-2
397045-10 63.0de 64.5de 3.42¢8
TP12-13 73.1bd g7.1ad 5.363-d
TP21-29 76.1b-d 72.6¢h 4.654-f
TP12-8 75.9b-d 74.1¢-h 4.74¢-f
397007-16 88.5ab 83.1b-f 6.198C
397007-17 50.9¢f 75.65°8 3.24f2
396140-6 67.7¢-¢ 73.8¢-h 4.204-g
397009-8 70.0¢d 71.1¢-h 4.19d-2
397015-14 73.1b-d 87.83C 5.402-d
397003-7 72.50-d 60.30 3.685°8
396151-27 71.6b-d 59.8h 3.606°8
397045-100 80.9b¢ 68.8¢-h 4.694-f

397097-9 41.0f 83.7b-¢ 2.958
396151-20 72.5b-d 67.9fh 4.144-g
397045-7 61.8de 71.9d-h 3.74-8
69 indigenous 69.3¢d 91.7ab 5.35ad
Agria (control) (sLs) 51 78.7b-d 73.2¢-h 4.85b-¢

Marfona (control) (aals) bgs)le 1002 79'0b-f 6.652
Lady Rosetta (control) (wsls) b3, 73.0b-d 1002 6.14ab

Loz (5slel gaw > LSD (90l cidilh o5 (P<0.05) Jlo sxe MBI (glyls (yginr o 55 S yidiia By b dlel

Numbers followed by the same letter are not significantly different (P<0.05), LSD test (95% confidence level)
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Introduction

Introducing potato cultivars with high yield, early maturing and desirable quality have a key role in food
security, decreasing the fluctuation of the price and the store costs and also providing fresh crops throughout the
year. Potato (Solanum tuberosum L.) plant is one of leading agricultural products in the world with 365 million
ton glands in year stands in fourth place after wheat, rice and corn.

The main objective of the breeding program is yield. Increase in plant yield in the past due to the gradual
elimination of defects visible by experts and today the new criteria for selection are based on principles of
morphological and functional characteristics associated with the plant. Variety is one of the effective factors on
plant growth and development on potato that yields components of potato is heavily dependent on it. Yield
increasing in each variety affect the genetic and natural structure of variety.

Nine clones of Solanum tuberosum L. cv. Kennebec from sources in Victoria, South Australia and Tasmania,
and the commercially grown clone, clone 1, which was imported from Vancouver, were multiplied from
pathogen-tested seed and compared in 3 Victorian potato districts during 2 seasons. The results showed that
differences exist in total and size grade yield and tuber number and appearance between clones of a cultivar.
They further highlight the importance of selection work to maintain desirable characteristics of established
cultivars and to remove mutants with undesirable characteristics.

The results of the study, Hassanpanah and Hassanabadi (2012) showed that the clones 397003-7, 396151-27,
397045-100 and Savalan (check) produced higher total and marketable tuber yield, tuber number and weight per
plant, plant height, main stem number per plant, tuber size average and stable tuber yield. These clones produced
high and mid-uniform tuber, tuber inner crack and tuber inner ring, mid-late maturity and mid and high dry in
comparison to those of check. Based on results of this experiment, the clones 397003-7, 396151-27 and 397045-
100 could be selected for Ardebil region.

The objective of this research was to evaluate the quantitative and qualitative traits of cultivars and advanced

potato clones in spring cultivation (Jolge-e-Rokh region).

Materials and Methods

In this research, 18 potato clones for the quantitative and qualitative traits were compared with three check
cultivars including: Agria (suitable for French-fries), Marfona (suitable for boiled eating) and Lady Rosetta
(suitable for chips) in Jolge-Rokh Agriculture Research Station, the location 35', 50° north latitude and 59° east
longitude and 1721 m above sea level, in crop year 2011. Experimental design was Randomized Complete Block
Design (RCBD) with three replications. Treatment consisted of 18 advanced potato clones: 396151-8, 397045-4,
397045-10, TP12-13, TP21-29, TP12-8, 397007-16, 397007-17, 396140-6, 397009-8, 397015-14, 397003-7,
396151-27, 397045-100, 397097-9, 396151-20, 397045-7 and 69 indigenous with three control cultivars (Agria,
Marfona and Lady Rosetta). Tubers were planted on two rows with 6 meters length. Distance between row and
plants on the row were 75 and 25 cm, respectively. Area of each plot was 9 square meter. The evaluated
characters were total yield, marketable yield, eye number, dry matter percentage, tuber number per plant, tuber
weight per plant and mean of tuber weight. In order to measure total yield, after maturity, and remove the aerial
organs, all of the tubers were harvested and the fresh weight was obtained. After removal of the tumor in bad
shape, with soft rot and smaller than 30 mm that cannot be sold as part of the marketable yield, rest of them were
used to measure marketable yield. Tuber dry matter percentage (TDM%) was determined from the relationship
between fresh and dry weights of sub-sample of 8-10 thinly sliced tubers dried for 48 h at 80° C. Data were
analyzed using SAS 9.1 software. The analysis of variance on test data and comparison to the middle of the LSD
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test was performed at the 5% level.

Results and Discussion

The results showed that differences were significant among cultivars and clones in total yield, marketable
yield, dry matter percentage, tuber number and weight per plant and mean of tuber weight. Based on the results
of the analysis of variance of total tuber yield were observed among the clones, there was significant difference
at 1% level. The maximum total yield of tubers related to the 397007-16 clone among the clones and the lowest
total yield of tubers, related to the 397097-9 clone. The 397007-16 clone and Marfona cultivar had the highest
tuber weight and the 397097-9 clone had the lowest tuber weight. The indigenous 69 and the 397045-10 clones
had the highest and lowest number of tuber per plant, respectively. The 69 indigenous clone had the highest
amount of dry matter percentage compared to other clones meaning that this clone is suitable for chips
production.

Behjati et a/ (2013) in their research in order to the evaluation of yield and effective characteristics on yield
of promising potato clones, showed a treatment effect on number of tubers per plant, average weight of single
tuber per plant, total yield of tubers and marketable tubers yield was significant at 1% level.

Conclusions

In general, present results showed that 397007-16 clone was better in tuber weight per plant and total yield
compared to other clones.

Keywords: Dry matter percentage, Eye number, Marketable yield, Total yield, Tuber number
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Figure 1- Schematic illustration of the model. Light absorbed by light harvesting complexes (LHCs). Excitation energy is
transmitted to the reaction center (A1), and then to the state of charge separation (A2) driven. The process can be prevented
by lowering non-photochemical (NPQ). Oxygen evolving complex (OEC) cuase reduction of reaction center and thus make
the A3 and protons are released by the decomposition of water. Acceptor side oxidizes by Plastokoinon. Plastokoinon oxidised
by cytochrome b6f, the outer boundary of the considered model is not shown in the figure. The oxidation of the re-release of
protons into the lumen is included. High concentration of protons in the lumen or in other words, reducing the pH of the
resulting Zeaxanthin production (conversion Violaxanthin (Vio) to Zeaxanthin (Zea) The xanthophyll cycle), and leads to
protonation of light harvesting complex (Lp). Both factors induce the lowering process non-photochemical quenching (NPQ).
PH differences between the two sides of the membrane leads to the production of ATP from ADP and inorganic phosphate.
ATP is consumed by other processes outside of the model. A3 status can be exciting and use this energy to for the charge
separation. The other energy sector has been used to fluorescence (green arrows).
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Figure 2- Experimental test of the difference in fluorescence after the time of exposure. After a period of 1, 2, 4, 8, 15 and 30

minutes of light (intensity pEm-2s-11200) the amount of fluorescence emitted radiation in the dark at the moment of strong
pulses (one pulse every 30 seconds in the first five minutes of the 10 minutes later a pulse every 60 seconds)
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Figure 3- Simulation of the difference in fluorescence after the time of exposure. After a period of 1, 2, 4, 8, 15 and 30

minutes of light (intensity pEm-2s-11200) the amount of fluorescence emitted radiation in the dark at the moment of strong
pulses (one pulse every 30 seconds in the first five minutes of the 10 minutes later a pulse every 60 seconds).
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Figure 4- t simulated of chlorophyll fluorescence and non-photochemical quenching (NPQ) and its components at different
light intensities by using an additive model. NPQ chart with a red line on the right and chlorophyll fluorescence is shown by
the blue line. In the diagram to the left of the NPQ in red, energy-dependent lowering (qE) with gray, lowering the optical

inhibitor (qI) blue light-harvesting complexes associated with lowering protonated (qELp) with green and lowering
associated with Zeaxanthin (qQEZea) with Mustard color is displayed. The rate of change of the light harvesting complex (Lp)

with black and zeaxanthin (Zea) is shown in pink.
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Introduction
Photosynthetic energy conversion efficiency is characteristic of a system which is determined by interactions
between various components of the system. The complex process of photosynthesis has been studied as a whole
system which enables in silico examination of a large number of candidate genes for genetic engineering for a
higher photosynthetic energy conversion efficiency. One of the most important environmental factors which

influence the photosynthesis efficiency is light regime which can cause producing ROS components. To
acclimate to such fluctuations, plants have evolved adaptive mechanisms to minimize damage of the
photosynthetic apparatus excess light. A fast compatibility response to high light stresses is non-photochemical
quenching process (NPQ), dissipating excessive energy to heat. Light harvested state switches into a quenched
state by a conformational change of light harvesting complex (LHCII) that regulated by xanthophylls and the
PsbS protein within seconds. Low lumen pH activates xanthophyll synthesis via a xanthophyll cycle which
consists of the de-epoxidation of violaxanthin to zeaxanthin by violaxanthin de-epoxidase in high light and
inversely by zeaxanthin epoxidase in low light which occurs more slowly.

Materials and Methods
Thale cress (Arabidopsis thaliana) (Chlombia-0) were grown on soil at 25/22 °C day/night temperature, with
a 16/8 h photoperiod, and 40-70% (depend of plant species) relative humidity. The light intensity was 150-200
pE m™s” white light. Intensity of chlorophyll fluorescence was measured with PAM-2000 fluorometer (Heinz
Walz, Germany) and the manufacturer’s software (PamWin v.2).

Results and Discussion

In the present study, a dynamic kinetics amplified mathematical model was developed based on differential
equations in order to predict short-term changes in NPQ in the process of adaptation to different light conditions.
We investigated the stationary and dynamic behavior of the model and systematically analyze the dependence of
system key characteristic such as rate constant and pool size. For medium and high light intensity, experimental
evidence has been predicted with high accuracy by simulation. In low light intensity (100uE m’s™) in a few
seconds the light phase, a temporary increase in the rate of NPQ was observed after about 60 seconds it reaches
to a steady state level. Model simulation of the induction of NPQ relaxation is more accurate than previous
predictions, due to the introduction of more stringent quenching agents (xanthophylls cycle and also the light-
harvesting complex protonations). The results showed that the pH drop in the transition from darkness to light
and high light intensity increases. For low light intensity quenching process occurs with a more gentle slope to
the prediction model based on previous experiments is more realistic. In low light conditions, the proton
concentration can easily be balanced by ATP synthase activity. This leads to a reduction in current proton-proton
feedback gathered during few seconds is balanced. Thus, at high light intensities ATP levels remained stable in
the new model is more consistent with reality.
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Conclusions
A simple mathematical model which has been developed in this paper provides a more detailed description of
this process and be able to predict the various components and parameters associated with it. Comparison of
simulation results with experimental data revealed that protonated light harvesting complex and Zeaxanthin
simultaneously induce NPQ quenching processes. The results can be seen as theoretical basis for developing
more accurate models to study molecular mechanisms of acclimation processes of the photosynthetic chain.

Keywords: Modeling, Non-photochemical Quenching, Photosynthesis
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Introduction

Basil (Ocimum basilicum) is an annual plant which belongs to the Lamiaceae family. It used as a drug, spice
and fresh vegetable. Drought stress is one of the important limiting factors of plant growth. Water stress has
significant effects on morphological and biochemical characteristics of purple Basil. As the soil water content
decreases, the plant height, stem diameter, number and area of leaves, leaf area index (LAI), herb yield and leaf
chlorophyll contents (a,b and total chlorophyll) decrease, as well. However, the amounts of anthocyanin and
proline increase. Cycocel (CCC) which chemically called chlormequat chloride is an alkylating agent and a
quaternary ammonium salt.. Cycocel is used as plant growth regulator. Application of Cycocel increases the
number of siliques/ plant, seed yield and dry matter produced of oilseed rape. Cycocel application decreases the
plant height and increases the yield level and protein percentage of seed in faba bean. This research was
performed to investigate the effect of Cycocel on morphological characteristics, the percentage of nitrogen and
potassium of basil plants under drought stress conditions

Materials and Methods

This research has been conducted in the research station of Shahid Bahonar University of Kerman with 56°
58' E longitude, 30° 15' N latitude, and 1753.8 altitudes. According to the regional information from 1952 to
2005, the average temperature was 17.1 ° C, the average rainfall was 154.1 mm, the average annual relative
humidity is 32%, and the climate of Kerman according to De Martonne method is semiarid. A split plot
experiment based on RCBD with three replications was employed. Three levels of irrigation, including 50
(severe stress) (I3), 75 (mild stress) (12) and 100 (full irrigation) (I1) percent of crop water requirement were
assigned to the main plots while five levels of Cycocel application (zero (control), 500, 1000, 1500, 2000
milligrams per litre) were assigned to the sub-plots. Cultivation was carried out in March and harvested in late
June. In this study the plant height, fresh and dry weight of root and shoot, root to shoot dry weight ratio,
percentage of nitrogen and potassium, leaf relative water content and leaf area index were measured. For its
statistical calculation, SAS (v. 9.1) software and for the comparison of the averages the Duncan’s test was used.
The level of possibility used in the analysis was five percent.

Results and Discussion

The result of the analysis of variance of measured traits has shown in Table 1. Data analysis of variance
(Table 1) shows different levels of irrigation, Cycocel and irrigation with Cycocel interaction were significant at
the level of one percent on plant height. Effects of different irrigation treatments and Cycocel concentration on
fresh and dry weight of shoot were significant at one and five percent, respectively. However, the effect of
irrigation and Cycocel interaction on shoot dry weight was not significant. Root fresh and dry weight were
influenced by irrigation levels (Table 1). The effect of irrigation and Cycocel interaction on root dry weight,
percent of nitrogen and dry weight of root to shoot ratio was significantat one percent. The effect of irrigation on
root to shoot dry weight ratio was not significant. Moreover, the effects of Cycocel treatments on root to shoot
dry weight ratio were significant at the five percent level. The effect of irrigation, Cycocel on percent of nitrogen
and potassium was significant and potassium decreased with the increasing of water stress.

The highest percentage of potassium (2.26%) belonged to the full irrigation and the concentration of 2000
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milligrams per litre Cycocel and the lowest belonged to the interaction of severe stress and zero, 500 and 1000
milligrams per litre Cycocel. Irrigation and Cycocel had a significant influence on leaf relative water content at
the level of one percent.

Conclusions

According to the results which obtained through this study, in basil plant, root fresh and dry weight, shoot
fresh and dry weight, leaf area index, leaf relative water content and plant height reduced by increasing drought
stress. Root-shoot dry weight ratio increased in response to increasing stress in all the plants which treated by
Cycocel . Cycocel treatments reduced plant height, root fresh and dry weight, shoot dry weight and LAL Leaf
relative water content and shoot fresh weight increase with increasing the concentrations of Cycocel. The
interaction of 2000 milligram Cycocel per litre with irrigation has the greatest effect on the traits.

Keywords: Basil, Cycocel, Drought stress, Minerals, Morphological traits
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Figure 1- The production process of leaves of corn in front of the cumulative thermal units (GDD)

4 observed values and the values predicted by the model shows
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Table 1- The coefficient a, phyllochron (phyll) and the x0 in the relationship between the number of nodes (or leaves) per

stem in front of the cumulative thermal units (GDD)
Percent root mean square error RMSE and R? are the coefficient of determination

Cuils &9,U
Planting date ZRMSE R? X0+SE phyll:SE a+SE
CulS gy 93 ggeme 5.59 0.94 1012.6 19.08 7233 +2.63

Total two planting dates

-0.949+0.313
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projected by the model
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Table 2- Factor (b) in the equation y = xb for leaf area in front of the number of nodes (or leaves) per stem at different
planting dates. RMSE % percent root mean square error and the coefficient of determination R2
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Figure 3- Effect of Plant Density coefficient b power equation y = xb
A : first planting date. : second sowing date
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Table 3- Coefficients logistic model to predict peak leaf area index for the first and second planting dates; coefficients a, b

and c to-order production rate of leaf area, leaf area index and the time required to achieve maximum speed lower leaf
surface. R2 is the coefficient of determination
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Planting date

LAL,, b+SE

a+SE c+SE R?

Sledal 0,
first planting date
Py CudlS o)l
second planting date

70.28+1.01

491c 57.06+0.84 0.11=+0.008

0.08+£0.004 368.2+17.58 0.92

VYD + /5 0.89

G Sy SWiS 59 #2150 30 e S e s L gaodId ay 00l 0315 (i3l (14T 93 &b 13 X yladio g b ga ol s —€ Jous
St (i i R g Lo Slayye (5:55ke i RMSE
Table 4- The coefficients a and b and the amount X0 in function two-piece fitted to the dry weight of green leaf, green leaf

area index data
RMSE Root mean square error and the coefficient of determination R?

b,+SE b,£SE

R? YRMSE

0.0362+0.00429 0.0196+0.00137

55.07+ 8.823 0.98 6.54
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Figure 4- trend of leaf area in the days after planting the corn
4 observed values of the density and several repeats and the values predicted by the model shows
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Figure 5- Leaf area index as a function of leaf dry weight in corn sowing 9 June and 9 of July at densities of 4, 6, 8, 10 and 12

plants per square meter
4 observed values of the density and several repeats and the values predicted by the model shows
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Figure 6- leaf area index as a function of plant dry weight in corn sowing 9 June and 9 of July at densities of 4, 6, 8, 10 and 12

plants per square meter
# observed values of the density and several repeats and the values predicted by the model shows
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Table 5- coefficients a and b and the amount X0 in function two-piece fitted to the leaf level data in the vegetative parts of the
plant dry weight
RMSE Root mean square error and the coefficient of determination R?

b£SE b,£SE

X=SE R? JRMSE

0.0724+0.00109  0.00217+ 0.000174

190.7+28.8  0.95 11.25
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Figure 7- Leaf area per plant as a function of height in corn sowing 9 May and 9 June in all densities of 4, 6, 8, 10 and 12
plants per square meter
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Table 6- Coefficient b and the value of R” in the power relationship between leaf area and plant height of maize sowing 9 May

and 9 June in all densities of 4, 6, 8, 10 and 12 plants per square meter
RMSE Root mean square error and the coefficient of determination R?
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Introduction

Since the leaves are the main source of production of photosynthetic substances in plants, dry matter
production and crop yield potential is largely dependent on the leaf surface, and many environmental changes
affect growth and yield through changes in leaf area. Hence, green leaf area per plant and leaf area index is
measured in almost all studies of crop physiology to understand the mechanism of yield alteration. However,
measurement of leaf area compared with the other traits such as plant height and total plant dry weight is very
difficult, need to precision instruments and spend more time and cost. Therefore, according to the allometric
relationships in plants, extensive studies were done to find the relationship between leaf area and the other plant
traits that their measurement is easier, faster and cheaper, and does not require expensive equipment. Using these
relationships will be used to estimate plant leaf area with acceptable accuracy without measuring. Plant traits that
have high correlation with leaf area and usually use to estimate the plant leaf area are the number of leaves or
nodes per main stem, plant height, leaf dry weight and dry weight of vegetative parts of the plant. Allometric
equations was used successfully to calculate leaf area for various crops such as cotton, wheat, chickpea, faba
bean, peanuts, soybean and sweet sorghum.

This study was conducted to obtain the allometric relationships between green leaf area (cm” per plant) with
number of leaves or nodes per main stem, plant height, green leaf dry weight and dry weight of vegetative parts
of the plant (gram per plant), and investigating the effect of plant density and planting date on these relationships
in SC704 corn (Zea mays L.) hybrid.

Materials and Methods

This study was conducted at Gorgan University of Agricultural Sciences and Natural Resources farm located
at latitude 36° 51° N, longitude 54 °27° E and altitude of 13 meters above sea level in 2012. The experiment was
carried out in a randomized complete block design as factorial with three replications. The experimental factors
and their levels were, including plant density (4, 6, 8, 10 and 12 plants per square meter) and planting date (May
30 and June 30). Each plot was including 6 rows with 76 cm inter-row spacing and 6 m length. Corn hybrid
SC704, a common hybrid in Iran and Gorgan region, was used in this study. Plant sampling was carried out once
every 10 days from 15 days after planting to physiological maturity to measure leaf dry weight, plant green leaf
area, the leaf (node) number per stem, dry weight of total vegetative plant parts and plant height. Green leaf area
was measured using leaf area meter in laboratory. Plant samples were placed in an oven with 70 °C for 48 hours.
To obtain allometric relationships various mathematical equations fitted to green leaf area against mentioned
traits data. Fitting the functions to data and examining them was carried out in three steps: 1) Fitting function to
each of the plant density in each planting date, 2) Fitting a function to all plant densities in each of two planting
dates, separately, and 3) Fitting a function to all data. At each step, after fitting the functions and analysis of
coefficients, if the differences were not significant, the next step was used. Statistical analysis was done using
the software SAS and the graphs drew using Excel software.

Results and Discussion

The results showed that a non-linear segmented model can be used to describe the relationships between the
number of leaves per stem with cumulative thermal units (R’=0.94, RMSE =5.59%), and leaf area per plant with
leaf dry weight per plant (R*= 0.98, RMSE =6.54%) and plant dry weight (R’= 0.95, RMSE =11.25%) in all
plant densities and planting dates. Moreover, the results revealed that the effect of planting date and plant density
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2- Prof., Dept. of Agronomy, Gorgan University of Agricultural Sciences and Natural Resources, Iran
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on the phyllochron, time between the appearance of successive leaves on a shoot was not significant, and mean
of the phyllochron was 72.33 thermal units in all treatments. In addition, the findings of this study indicated the
significant effect of planting date and non-significant effect of plant densities on the relationship between leaf
area per 6plant and number of leaves (nodes) per stem. Therefore, two individual power equations with R?= 0.99
(Y=X***and Y= X"*¢ for the first and second planting date, respectively) applied to describe this relationship in
two planting dates. Similarly, a power equation (Y = X*'*, R?= 0.99) can be used to describe the relationship
between leaf area index and plant height in all planting dates and densities.

Conclusions

Findings of this study showed that the obtained functions to describe the relationship between the leaf area
have high accuracy to estimate green leaf area per plant. But among these relationships, relationships between
plant green leaf area with plant green leaf dry weight and plant height had higher coefficient of determination,
smaller root mean square, and subsequently higher estimation accuracy. Therefore, using these two traits, leaf
area can be estimated more accurately. Moreover, since the relationship between green leaf area with green leaf
dry weight per plant was more accurate than plant height, using this relationship in corn simulation models and
for fast and easy estimating of leaf area, especially when the leaf area meter is not available, is recommended.

Keywords: Allometric relationships, Corn, Leaf area, Vegetative characteristics



Iranian Journal of Field Crops Research

Oln) =y Sleid gy 4yl

Vol. 14, No. 2, Summer. 2016, p. 369-379

i

FFA-YV o ATAD Gliwl (¥ o lods IF als

S glaaalS ol 5 ey Sl Mﬁﬁj:}@gm;‘

(Descurainia sophia L.)

3 - . . Y z & %Y .. \ .

S=IP °-’|ng”\’. = é.» > 4»|C‘9J— @Lh" Aol = gk 3633 S"’“‘Jf‘
VPR ALY 8l )3 g
VWRF/- O/ by o s

LXVCLS

NS5 b (3l HelS” g5k s 13 9 oy iS00y WWAY Sl 33 (ool (S350 A5 & ST (529,03 68 Jo (g2 liatony

5 sl g placay (obion g wlil) S8 Coigslay Jold bl Jelss adplonl sputo (ugd B olSiily (55,5l oSty o
b slomgc] Luly s 5> (S gy dojo B (lalS 05 (Gogmmadies 237 Jold b Gugpmlins 420 DAL jio S1) (So560 sloo -
osliwlly gowdygis slid o)luly olise ad e (L3S 50y )58 & (S35 baled Jlasl gl g i28)S 55 Loy b g aling,
Olse 5012 sskatods A5 (LTsger) Wy yiSUIcuts dio)> (ulisl 2 ndigad cdio)3be 04l glod (puges 9 (ol WagySUl s (9051
oS (5lod (g g sl Aoyd L3l o)V I e g Jitie IS oale Bl (alS iy aoyd b el Sl et o)y (i (Stnen

5 s coian cloisS] LTson 5 LTson sl pasls ol 2 o sbylis zlts dbdualons (LTsos) i 2oy ol 52 ol 5030
O Jozs Juuilny ol_\_a.m u_.u9§‘ LTs00 padli gl Asly 4,8l 5 gl dlmw?fl & S 5 Jie Sd55e 4 Jeos placay
dg-mg (== IVY™™) (698 o Lhio dail) clis duoyd g bncadg SUIais oy oy gy 2l 50 390 LI 1) wgmndins 4o y> VY (glod b S3550

Aol (I=-/077) (Vb 5 Cute (Stused LTsow 9 LTs0e1 o it ol

ol dibe Slaste g a bl (S p by A ialSy
LS Gygods ol bla el o ,uuss (Mirheidar, 1995)
Olaieds 30 s odlgls 5 050l WME g£)l50 13 g odbdly g)365
J(Kiani, 2003) cowbas asls 2,0, L L gj,maile

djbocee Clial BByt (3j¢0 (i dle I ailins) sl i L
220l (58,5 )18 domts ) &S Canl (S o S (B9 (ST LS
2 & JSis ) b (SSle (A5 olpenas g b slod oy
Mirmohamadi Meibodi and Tarkeshe ) 45" o jg,0 ol
—d B b g a8 cusledh Lis b owy s (Esfahani, 2004
ol s > 9 o1t e ol i L g plona] (555
Oliwe (5353l 1Y caxdl o BlET Lo sk (90 5l il g iSleois
Hhre oy i coss aLS slaplil b acdl jllacd g pSlewss
555 B Loy 5 & Joo e cseSeila] sl ol
Mirmohamadi Meibodi and Tarkeshe Esfahani, ) ol
L)l »» Hajmohammadnia-Ghalibaf et al, 2010 .(2004
s eslar wlly (Beta vulgaris L.) w8 yuiss s 2550 4 Jooo

S8 10050 glod sl dsyd (Bl b cuisST : (glS g2 lg

doddo

et ) g 0350 (29)b kS & diwly Fu b Jsb 4o ]

bl cto g (ol 3513 g gy (Sl i 3929 b o pl
&,lg0 > aSly Bl yials isws LS pl 5l eslatul gl !
Descurainia y.iS\s.(Omid Baigi, 2004) a0 olis Lyiul38]
gl s ay 5 e ALY Ly dlws, 2lS (sophia L.)
2o uoled ol 1y a5 (Shahina, 1994) ol Brassicaceae
oSl 5 e oo lyteas ol ks Sl oz o WS S5 sl 5

ly 5% 51 0 i )3 395 0 00litul g S ales 5l ang bledd]
S (o o3liul 0dne p)S” 183 9 Candig p (sla)3 )3 g Al (5P

ol mo Cogl (gl piSB oS Sadiee lpl e b lawsis

&aliS 0aS iy Wl sl g csl)j 09,8 bl g Hloiiily gy 4 Y 9 )
Agudo (gwgd,d oSl

Medo 93,8 oSt casly; ab ) wlidd IS & gal i3l Y

e (g b oI5 el oS (S 6555 s -

(Email: nezami@um.ac.ir (gt ol g — )



IWAB Ll oY ojleds OF alir eyl pul (€15 Sleeindgiy 4 s VYo

LTspsu (sl jl oslawls (Euphorbia esula L.) ru9_..9)5
olalS a8l gl LTspq jlds a8 sdoialin «d S o0
lp cmgradon 423V daiSdle 5 (5g i 298 b ot o
sloady) lp 9 2V (g pe lor 10 Ges )3 29290 sladdy)
IRYVINEVTYOW WRIP TSVl | P {ES SV ONE+ WA TAoh s P PV
5 5l > o35 93 pll g JLo¥ J dey LTsn shtie izt
a2y yimo 49 24D g el ISy iSide jl plajen oslind
h LTs0 = a0 Gar 395 2,8 ol ialiél ogdew
2 68U (g b ilidl Bes 53 )3 3250 sladity; gl
Lim and Calvin, ) culy badsh 5355 4 Jeo5 535l cmb
(1993

S o $laled (| s St s
2led, S )35 sl ds s 5 L g usSllecids ds s ol
Kheirkhah, .(Janalizadeh,2012; and Nezami et al.,2013)
Onm (=™ (gyls (ime g e (Siuupd oS 2b L5 2013
Sl slay aoyd g g uSllcis o pd (wlal p saiis’ glales
5500 gladdllas )50 3455 (Mentha piperitall.) Jaldglis olS
by g g uSllecis ol oaiis” glod o5 adodalin 35
£ podzsy ‘Tifdwarf s ‘Tifway’ pls)l gl S > daze
oiwlael 3 (Li et al., 2003) cwl Sop ptds b
Nigella sativa ) &lsolus 9,5 oLS (g5, » Khorsandi, 2013
(LTs05 9 LTs001) el 93y (obulyy (0938 u5gs1 3 (L.
Lol ogs adllansygo iss] e ioplacs 5 b basy o ol
Lagasls ol 11 5l YL g4y il e Jlgjam i)
AL o)ley oy 2> Slopw & GudsST (5 Jexie

bolyd (gacelio g S daste 29y (ol o) e
Sl Slados 986 (alS i iledal lp 59dS el
§ g eddhy oy (55 adar 3l lame (gla i S sl
A Jooo ol G b psls Guivs calosd plool )] 5 Slas
sl 2 ls ool wlly [uiSE slacassST I ol (Soj5
pll ons ) 58 Lyl 53 LTsg ¢ LTse

W sdg; 9 319
By g JoygSl S pgot WAY Jlo juby o ialejl ol
ol isly (g5y9liS” 0asiisly o )l SSaw L dolas MolS” )b
S B sy Jols ptalofl Jelge a3 2 gt g8

S05e sled paw) ¢ g (Helins g placa ¢ ylhad ¢ylg o A JBl)
4—?)3—\A 9 =V N =W AV A - Y “)

3- Leafy spurge

=¥ 5l S 4 b ials b oS wisl yo ey usSllewss e ls )
3y Lacdg ysllenis ao)d pll 35155 ¢ ogpundins a2 )3
o=lC o Loy las olB)l 0 a8 Jlojs canled S Iy duliél
o] oy yd 369y Lgmmabins 430 5l 568 (sl 55 i3l
g xSleais o pd (olal p (Suis o 30+ glod (5 i
P 4 o] (265 5 (oo 85) VIVY 5, @ 3l (LTote)
Zhang et al., ) wyp > bl 3l (oo pB)l) g Lidl 4 IC
3= (Cynodon dactylon L.) ¢ ed >y pl3 )l cq; 55 (2008
S50 LTsoe bwgio ¢ oloyuwss 59)Y) 5l A “Patriot’ 8,
6590 aslllas yo .l ‘Princess’s ‘Tifway’slé )l &) Cuws
45 LB pasde o (Jerdle S Na (SOjd 4 Jeov (59,
s S gy sl b | ol S0 i Soi slols 5
ey yisllents Gliee Sl a5 ygbar ccusl 5k adsb &
SLal 5Lal ugudiw a2 VE/0 gled )0 Sy sl Jolw
a3 VA glos o a8l sl Jolw jl cuis @Sl oS Jls o
bl 1 ys84s wyp 4o (Nezami ef al., 2010) 3 ¢ yoguudun
OMome g (5 podomiy) (Wl S1g0p (Hozide 5 o LTis0a
Orpdeie 53k GuigsTy Cilinl er slacile 5 oy 5ol
W50 gs dalllaed jg0 (slapex

Rashed ) <& oy ialS o (S3550 (5 &S bl )
OiblS 4y yoxie oS slod (puss 1V 945 0 (Mohassel et al., 2009
653 clio Jasls 33,5 o LS (LTsgey) slis )3 (o 30
» (Xuan et al., 2009) cuwbas S5 Josxio glg! ELLY sy
P8 S35t an Joos 2l pm &5 550 ladlas
5251 5) 5oty slooles pla 53 (Zoysia spp.) oSl
4 Cawd ‘Meyer” 58, a8 A dodnliie i dplsdl (augly U
(Zhang et al., 595 5,05 5wl sl LTso 3l “Cavalier’
5355 40 Jeos Nezami et al.,2012 jiLajl 55 2009)
byl & > (Cuminum cyminum L) juwo yyj oSl i
(a3l ol el 9 8,518 () 3)50 0 S
=V+/A g =WV/A Joleo LTsp b o sty (08 g (ylag8 (slacas oS
Oliwaly g 4oy SacwisSl g nyJedie (wamali 42>
S BcaigST o 5l gl 22)0-/F Joles (slod L
LAl (Sd55 iS «

actyy (3o2) poed OIST oy pslitos 45 S ol
jracide GhIS Glie; (als )3 La i cile 5 ()9t 368

1- Lethal temperature 50% of plants according to the
electrolyte leakage percentage

2- Lethal temperature 50% of plants according to the
Survival percentage



YY) iS5 slamals <l g bowy pSleuis woyd p SO58 i 5

9 48lady b lomgcl bl )3 (Spcin gy A e
o Sjg sl Jloel Gl (alojwss 0)95 ()3 5l
AiabJaze ol S ge 5 )38

15
- P
3 D ,[E J'a?‘,," [N
C O B U A Y Y
§ oW v A
3 F 15 \
'-{J 2 10 -
m £ 7]
a2 2
0
103 =
15 = z

3 S slagssS] jis (spslaen | o g (wpmmdios
L (Soadl oo lalS ) o] cusS @ laid jge oulsl sblio
oidlS 4zt > olojwed sl jglaiody bplad] e Slw) e lad
L cndls’ glej 5l glals oV JSu) 58L 5 s 9920958 9 Lod

(Min temperature) L. il

== Max temperature) Lo 2.

.T-,_\
(*N
o

-

(el s

St 3 VWAV liaas 5 surly (calsh o OF bl ps =) U3
Figure 1- The weather conditions of automn and winter of 2008- 9 in Mashhad

g ogeadew 253 V) glod b gMTgil 4 48> e ey by
Caslos yiud Sdody RO O3 o 9 BA5 i yhues] VY Lid
Lol (2l (S pSIalin Gups 5 48,5018 S 595
(V) doleo 3l oolazwlly e g it asyd (ELy) A (g pSo510]
Loyd bl o LS s 20+ saiiS & jlipds ) addulow
93w 41350 )y 3l oalatwlly 55 (LTspel) bacalg ysdlenis
S8 dl.ml:o.) Jilie 3 oS ja g iSllenis dus > (glaoaly

(Anderson, 1988) sy (V) dlaleo 5l ealazslly 4

llbpujarglwu doyd = (EL]/ELz)X\o. (\)
ELp=Eli + [(Elm - Eli) / (1 + e ®T™)] v)

ELL fodd s iy Codg St l5ue :ELP 358 dloles o
SShs ELm fca liseo glaled jn cods pSllcus as )y Joles
ol @b e falize clales ) odelnday culg xSllets aus )
alads (Tm g Led llao jlide :T ¢ ovio cund Lyiuljel 30 :B
S gomie b Gnb 5 VL i g Gl dall f e ilas
Lace g uSIl ao pad+ zoy,5 cel 4 cul (olod onims LS
il o canlo s Jolw 31 (LTs0e1)
o Lol (50580 5 5l o lalS el s Cr
gl el aoyd (o alS s 5l dxdndw 2545 Jixie alS
S| sl doyd sloosh ) b g pasedio (V) dblee 5 )b

3 9 951 g 2388 Gialesl 955 59 )08 sled
el ) ugmdew 450V G b Lod )58 50 adiged 31,3
F Sl pshaiods pizpeh wdpy Jlaidyge glodey b by ials
=Y sbod o drazalS ) fu Siws dbul 5 (LS ab > pl,8
G St ago Jlb glags pSl 55l Jolore (ugpbi 423
Iy plals maw & (go0ia Mgyl (LS 5, 5 (INAB)
slos o ol sl jolaiedy ligy joS'de Jolowo | (S5U il
odd A CelwcSy Gindy oled Hla ja 0 LS o
55 Cop SRaLS gl e alsyo 3 808 )5 008 ) e
P ed Jobo yd g Je ogmdew a2 pday glod plalS &
LAd ¢S bl
39) itled sloss po ) g iSllents (e (s S 0jlul (sl
5l iS5 g o (olop i <S35 o5 Jlas! 5 s
Sdedy g 4,515 o plati (LY O il Lo gols claJbyg
Ol 5 e b 0ol LSS S g9y g cslw i
15 g ySojhul eBC ol 5l ookl sl (S Sllglin
olS Sy 5l o ey iSllews JS e s jolaiods ((ELy)

1- Ice Nucleation Active Bacteria
2- Electrical Conductivity-meter



YA Gliwal oF oylods IF ol oyl pl 2ly) Gledidg iy 4 s Yvy

oilidl g lalig ploe sl il ol s ol Jools 5 oa
Eugenia et .(Campos, 2003) asb o bl 5 g yiSleass
oo yme 3 |y (Trifolium spp.) yais pB)) islejl ) al., 2003
B35l g )b e cgles &S a8l g Wb )l8 5555 slales
30 399 inlojl claled s, Lacc Sy xSleuss auo )
a5 cles 5l Loy pSlecis aoys Gl byl iole sl
s3bics gl 42,578 5 o> nlS | 5 A ipplw
Izadi- Darbandi iolejl ol bl .ol ilibl (o)l e
Avena ) iogdYey slac sl gsy yuet al, 2012
Lacc g xSl zg 3 yiulisl 4y yonio Loy ialS” (ludoviciana L.
2 o i Laedy msll s 20> (it 9 Sy M
Asodnlive  ywgmudow d>0= VA 5 =Y slaled

s LS oy 2SIt ams Lo 5 i s S
i3 s LS L ) Jyis) sy (PS+/4Y) foinn
oial3dl oyl Lol e 8l ]38l lacuieST plod o g usdleoss
€925 (gl 42)3-A) 63V slales 1 jailis GuissT sl
Sromly slales jlag; cnl daquisSt plo ) &S Jbs 55 s
(Uogadens 42> Hho) aald o & G ((wgmmdiw a2)>=1 )
a8 2l L 55 eSde Cuts (1Sl dunlis (Y JSU5) 4y Soalie
sbed ) nlis cuissl 4 glie ey psSlicuts Lops (p S
o leie Sy pSllends do > Yote 9 (sl 420 =Y
G (Y SKS) 39 ogalios 4230V slod )3 placu i ]
g platuy oalis slacwss] ) ey slicws 1) iljél
B -A clalos alold )5 jlgiw 5 olied slacuisST 4 s 18]

(Y JS5) 290 a5 jlows ugmadiw a2y )

oA yaend L5050 ¢ S9580 sbalod Jilde )
(v)
PR
(52560 slows 5| (s atin dw 0155 ol slias) /
(59580 Jlows 5l U olalS slass) xV+ -]
Loyd g ey xSleais ws)d slaosls bl Il gay 5008
One- & ygods LTs 9 LTs001 (slodls g )51 & ygq0ay slay
&y AipbsI MSTAT-C l58ls 5 5l eslizwll, 3 Way ANOVA
MINITABIS J58la,5 il 16Sine clin Lo (Sinaed s
Slidewrite ,l58le 5 5l odlatwlly LTspep (paasd itz o - Abodléiu]
semmlie g Excel)lidle,s lawgs Lajlsges ) 085000
JLassl pdaw 13 LSD 903l 3l enliilly j5 Lavodh pSilse
el dus 2SS

Sy g bl

LTs0a g W g pSUICuic wo yd
dopy s (P oY) oyl mime pils  —Sdjp i
sk (1Sle dunlio (wlal 5. (V Jodo) cuily bacg uSlcuss
A gl b i lse slaplil sl gl | ey iUl 255
392 (gl 433,00) 205 Jla it Ly pogeundew 43
il ialy 8 (P /+) (s boisine oty dod 5t nlS L L
a2, WY led o LaeJg usllenss lie o 0k -(Ydga2)
sdornlibio gl 42,0Y (5lod )3 ol 23S g gl
ol Jele Jsb (sLie S5l 5 IS sy iy (Y Jp22)
3 il sl s sl Gialesl opl s ey Sl i8]
slaie copoloed by o0 5l gyl le o M) o (S350 i

258 Bled Jlos! 51y yuiS 0l sl a2 3 9 g ST Gl a2 3 Wolas o (K5len 9 (53151 42 )3 €y @b =) Jgoa
Table 1- Sources of variation, degree of freedom and mean of squares of electrolytes leakage percentage and survival in
Flixweed after applying freezing temperatures

RS Zado N ESY) Ly w8 Cuid o yd PEIRI
Sources of variation Degree of freedom  Electrolyte leakage percentage  Survival percentage
=2 4 357.885" 280.521"
Ecotype
. 9 3142.265" 29825.067"
Temperature
o2 XS] 36 238.101" 253432
Ecotype x temperature
s
100 33.562 88.521
Error
F 146
Total

2038 5 gy Joio| g )3 Joisne it

#

* And ™" are significant in 5% and 1 % probability levels respectively
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Table 2- Effect of freezing stress on electrolyte leakage and survival percentage in Flixweed
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Freezing temperature (°C)  electrolyte leakage percentage  survival percentage
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2 27.9 95.0
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-12 69.0 323
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-16 62.1 0.0
-18 51.8 0.0
LSD (0.01) 55 9.0
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Figure 3- Lethal temperature 50 % according to the electrolyte leakage (LSD=1.1) and survival percentage (LSD=1.2) of
Flixweed ecotypes exposed to freezing stress
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Table3- Correlation coefficients between electrolyte leakage, survival percentage, LT 5, and LT, in Flixweed ecotypes
exposed to freezing stress

Trait Céwo 1 2 3 4
g psdlenis o j3-)
1-Electrolytes leakage %
&) oy 072" 1
2-Survival %
3- LTs0el -0.29™  -0.55* 1
4- LTsp 0.13%  -0.67 053" 1
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Introduction

Flixweed (Descurainia sophia L.) is a medicinal plant from Brassicaceae family which also known as a weed
for winter cereals and oil seed rape. Low temperatures are one of the most important abiotic stresses that threat
Flixweed growth and productivity. Therefore it is important to recognize the freeze tolerance of Flixweed for
successful planting and utilization in cold regions such as Mashhad in Khorasan Razavi Province (Iran’s north.
east). Among many laboratory methods which have been developed to estimate and to evaluate plants response
or their tolerance to freezing temperatures, electrolyte leakage (EL) test is widely used. This test is based on this
principle that damage to the cell membranes results in enhanced leakage of solutes into the apoplastic water,
hence recording the amount of leakage after stress treatments provides an estimation of tissue injury. Indeed
continuing integration of plasma membrane is one important factor for survival of plants under freezing stress
and any disturbance in membrane structure can lead to damage and death. So determination of LTs point or
critical temperature for electrolytes leakage and survival of plant is the most reliable, quantitative and simple
methods for evaluating the cold tolerance of plants. The aim of this trial was to determine the LTs, according to
the EL and SU% for Flixweed ecotypes.

Materials and Methods

In order to evaluate freeze tolerance in Flixweed, a factorial experiment based on completely randomized
design with three replications was carried out in college of agriculture, Ferdowsi University of Mashhad.
Experimental factors included five ecotypes of Flixweed (Eghlid, Sabzewar, Hamedan, Torbat-e-Jam and
Neyshabour) and 10 freezing temperature levels (0, -2,-4, -6, -8,-10,-12,-14,-16 and -18°C). Flixweed seeds were
cultivated in pots in autumn of 2008 and were grown until 5-7 leaf stage under natural weather conditions for
acclimation. Then to apply freezing temperatures, they were transferred to a thermo gradient freezer. The initial
temperature of programmable freezer was 5°C; but gradually decreased in a rate of 2°C.h™" until reached to
desired temperatures. When the temperature reached to -2°C, the plants were sprayed with the Ice Nucleation
Active Bacteria (INAB) to help the formation of ice nucleus in them. As well this spraying was conducted to
prevent from super-cooling of samples and to ensure that mechanism of freeze resistance is tolerance not
avoidance as well. After reaching a desired freezing temperature happened, the samples were removed from the
freezer and then were thawed slowly during 24 hours in a refrigerator at 5+1°C. Cytoplasmic membrane stability
was evaluated by electrolyte leakage (EL) test, afterward lethal temperature was calculated for 50% of plants
according to the electrolyte leakage % (LTs). In order to evaluate correlation between EL% with survival
percentage (SU%), remained plants were transferred to greenhouse and after 21 days recovery, SU% and then
lethal temperature was determined for 50% of plants according to the SU% (LTso,). Analysis of variance
performed by MSTAT-C software and correlation between data carried out by MINITAB 16 program. LTsy
was determined by Slide write software. Mean separation was conducted by least significant difference (LSD)
test at 1% probability level.

Results and Discussion

Results showed that the reduction of temperature to less than -8°C, led to increment of electrolyte leakage %
and decline of survival %. Interaction effect of ecotype and temperature on electrolyte leakage and survival
percentage was significant at 1% probability level. Enhancement of electrolyte leakage % for Neyshabour
ecotype started from -8°C, while the others were affected from lower temperatures. In addition in Eghlid and
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Ferdowsi University of Mashhad

3- MSc Graduated Student of Agronomy, Ferdowsi University of Mashhad

4- Ph.D Student of Crop Physiology, Ferdowsi University of Mashhad

(- Corresponding Author Email: nezami@um.ac.ir)
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Neyshabour ecotypes, decline of survival % begun from higher temperatures (-8 °C) compared with the other
ecotypes (-10 °C). Cold hardiness is often reported as LTs, means the temperature at which 50% of the
electrolytes leaked from the cells. LTs; often is simply equaled to 50% sample mortality or LTsg,. According to
the LTso and LTsg, indices, Hamedan, Sabzewar and Torbat-e-Jam ecotypes had better freeze tolerance than
Neyshabour and Eghlid ecotypes and according to the LTsy., Hamedan ecotype had potential to freezing
tolerance up to -12°C.

Conclusions

In this survey, there was strong and negative correlation between EL% and SU% (r= -0.72"""). Furthermore,
there was high and positive correlation between LTsg and LTs¢g, (= 0.53*). These results indicate efficiency and
alternative likelihood of each index in assessment of Flixweed freeze tolerance. Regarding to more rapid rate of
EL method compared to SU evaluation, it seems better to utilize of this index.

Keywords: Ecotype, LTs,, Recovery, Survival percentage
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Table 1- Fitted equations (sigmoidal) on simple effect of the magnetic field on chickpea seeds for dry matter

Equation: Sigmoidal, Sigmoid, 3 Parameter

f = a/(1+exp(-(x-¢)/b))

Y=f (st)a

wile Hh 0 ag5s Suis oo
Dry matter ofchickpea in normal seeds
M duoV o uablize )4y )0 2950 Sid o0lo
Dry matter ofchickpea in magnetic (100mT) seeds
M (Joo VB Guabline )4y )0 2950 Sid o0lo
Dry matter ofchickpea in magnetic (150mT) seeds

(29.8)181.1

(11.3)211.3

(st) b (st)c F R? P Signification
(12.7)156.9 (29)10.2 (3.2)53.5 39.6 0.98 0.006 s
(53)11.6 (6.5)58.2 163 097 0.05 *
(1.6)8.5 (1.9)57.4 1014 0.99 0.009 s
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St; error standard, b: slope of variation, c: point of dry matter to 50 %, a: highest of curve
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Figure 3- effect of seed treatment by magnetic field on dry matter of chickpea
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Table 1- Fitted equations (sigmoidal) on simple effect of the magnetic field on irrigation for dry matter of chickpea

Equation: Sigmoidal, Sigmoid, 3 Parameter

f = a/(1+exp(-(x-¢)/b))

Y=f (st)a (st) b (st)c F P R®  Signification
gse il 3555 St oske (17.9)155.7 (3.6)10.5 (4.4)58.1 28.5 0.03 0.98 #
Dry matter in normal irrigation
eblie (ol o9 SiSosle 000015 (28)101 (32)552 422 002 0.98 #

Dry matter in magnetic irrigation
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St; error standard, b: slope of variation, c: point of dry matter to 50 %, a: highest of curve
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Figure 4- effect of irrigation treatment by magnetic field on dry matter of chickpea
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Equation: Sigmoidal, Sigmoid, 3 Parameter

f = a/(1+exp(-(x-c)/b))
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Introduction

Effect of magnetic fields is now the subject of an increasingly large research effort because it is known to
induce biochemical changes in plant species. In physic science, it is well established that by passing water
through a magnetic device, the water can be influenced. On the other hand, the literature review in physical
science in different country indicated also that magnetized water induced a change in water physicochemical
properties such as conductivity, surface tension, viscosity, vaporization rate, and pH. The magnetic properties of
the cells determine their capability in order to absorb and transfer the magnetic energy to other types of energy,
transferring these energies within the plant. Therefore, this technology was used in different countries which all
reported the successful use of magnets in treating water for irrigation use. Magnetic fields on seeds lead to better
germination rate and plant growth than chemical fertilizers. Magnetic fields have been to apply a stimulus effect
on growth and germination and on crop yield.

Materials and Methods

In order to study the effect of magnetic field on growth and total dry matter of chickpea (Cicer arietinum L.),
an strip plot experiment based on randomized complete block design was conducted at the Agronomy Research
Field of Ferdowsi University of Mashhad ( Lat 36°15' N, Long 59°28' E; 985 m Altitude) during 2013-2014. The
first treatment was the exposure of seed to magnetic field in three levels (normal, 100 and 150 mT magnetic field
with 120 minutes durations).The magnetic field exert by a device consists of two magnets and the two opposite
poles of two magnets that attract each other. Moreover, the intensity of magnetic field changed by adjusting the
distance between the poles. It was measured by using a micrometer Tesla meter Leybold- Heraeus51652. The
second treatment consisted of water irrigation types as two levels (normal water and magnetized water with 650
mT). Magnetized water was produced by a commercial magnet namely AQUA CORRECT with (650Gauss
magnetic field. All data were analyzed by Sigmaplot and Excel and treatments were separated using Fisher’s
protected LSD Test. All statements of significance were based on probability of (P<0.01).

Results and Discussion

Results of this experiment showed that dry matter of chickpea increased by 26 percent in comparison to
normal seeds at 150 mT magnetic field with 120 min exposure duration (p < 0.01). Besides dry matter of
chickpea being under different conditions were not same. So that in magnetic irrigation treatment with time
passing produced dry matter of chickpea increased by 25 percent and in sampling on 80 and 96 days after
planting, the difference of produced dry matter was in higher level than normal irrigation treatment. Treatment of
magnetized irrigation affected chickpea dry matter (p<0.01). Chickpea dry matter increased by 25 percent in
magnetized water irrigation with time passing. Dry matter came to its highest level at 80 and 90 days after
planting in comparison with normal irrigation at 150 mT magnetic field. In addition, the use of magnetic field on
irrigation and seed caused the seed yield of chickpea increases about 27% and 19%, respectively. Interaction
effects of seed and irrigation magnetic caused to increase the seed yield of chickpea about 31 %.

Keywords: Magnetic irrigation, Seed yield, Sigmoid equation
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Table 1- Storage temperature treatment of seed tubers in a 100 day period
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day(;s,) °C(k>) day(;s,) °C(k>) day(js,)  °C(k)
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T2 440 10 12 40 13 50 4
T3 880 10 12 60 17.3 30 4
T4 880 10 12 80 14 10 4
T5 80 10 12 90 4 - -
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Conventional farmers methods (Buying from the cold regions of the province, and its transfer

to the temperate regions and planting without a growth degree day )
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Humidity and the base temperature were 85% and 4 °C respectively. Levels of confidence for the desired temperature range was (+ -

0.5)°C
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Table 2- Comparison of the mean interaction of cultivars and temperature storage on total tuber yield, salable tuber yield,
non salable tuber yield, harvest index and number stem per plant of potato
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(U 2 0,55k8) (52 55 0,54k5) (LS ;> 0,5 5kS) (2o )
Total tuber yield Salable tuber yield Non salable tuber
Treatments (kg ha™) (kg ha-') yield (kg ha™) Harvest index (%) Number stem per plant
RT1 31867.0d 27333.0cd 1434.0c 63.5d 4.6¢
RT2 40133.0b 36334.0b 3800.0b 68/6b 5.2b
RT3 48666.0a 44134.0a 4533.0a 75.4a 6.5a
RT4 47400.0a 44400.0a 5666.0a 76.1a 6.4a
RT5 34666.0c 30734.0c 3934.0b 65.2¢c 4.7c
RT6 40733.0b 35800.0b 4934.0a 69/3b 5.5b
MT1 37592.0b 29533.0c 8058.0a 70.2b 5.5b
MT2 47466.0a 40267.0b 7200.0a 78.3a 6.4a
MT3 51733.0a 47934.0a 3800.0c 79.6a 6.7a
MT4 39400.0b 33733.0c 5666.0b 70.9b 5.3b
MT5 32600.0c 27734.0d 4867.0b 64.0c 4.8¢c
MT6 41533.0b 34533.0c 7000.0a 71.2b 5.6b
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The same letters in each column are not statistically significantly different (LSD 5%). T1...T6 are temperature
treatments given in Table 1 and R, M are Ramos and Marfona potato cultivars respectively.
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Figurel- The effect of different temperature on the time interval planting to emergence (A) and planting to tuber set
(B).T1...T6 are temperature treatments given in Table 1 and R, M are Ramos and Marfona potato cultivars respectively

9 Ustle 03, Gl T2 53 T3 (aled slajlows cuiS Iy wo3jlg

azan L5 g o odalio (g ) ¥ JSS p> &S 465 Lo



YAV Gaojoew pd) 99 0,5kas 5 €15 Gl Shs 2yl glod Giliso 6o jleui p3Ts

Wby joy apFF (aled Jlerd Ao Gl 0 o) 420V VEF
oadld gla oo Yalee (b3l 090 45 i Ao ) FY
(@ ) ¥ JS o ciliee plod slaloss gl S o
o Yoomo S Canl (090 dopd OYaleo Sy 5 oddodl isles
o e ¢S s (ot oy g o) ST )3 (gm0 po S
ot Sl olsSe SYolae gl jloSaals ST J
23,8 ookl cusS 5l Ly calisre Jloj Juolgd )3 S padaw e ls

(Leaf Are Index) & p miaw asLa

oasls bl gl 05, sl T4 5 T3 oled sl
labes aiih g5y aled lajlas plod Cos S pgdaw
9 (Lojloss yolos sl o1 51 oy i ) odjlgoatin 55 YL,
0235 (gagm0 39y iRl g ol gy a5y b o Slojen
Sy pa3Ld Sl pas e (el @l b S e
3o seVe) 1 VL Sjgdg b o alaosd 4l
Cowloais yo)l3 8 Laoae iy jlel o m s Jdoas (cuis
P a3y Jusp ol (Knowles and Botar, 1992)
bed sless S e el i ) g 5oV iagRcnl

4 6 8 10 12 14 16
(Week after planting) cus™ 3w s

—4—RTl

(Leaf Are Index)<s p» mlaw oLl

18

MT1 y=-0.0129x + 0.7007x - 0.5104
R?=0.9688
MT2 y =-0.0283x” +0.7905x - 0.5821
R?>=0.9631
MT3 y=-0.0307x + 1.0086x - 0.6884
R*=0.9786
MT4 y=-0.0748x + 1.2828x - 1.0384
R?>=0.9736
MT5 y =0.0135x + 0.6663x - 0.4439
R?=0.9689
1 MT6 y=-0.0237x> + 0.8913x - 0.6818
R?=0.993
RTI  y=-0.0208x*+0.7161x - 0.6286
R?=0.9723
RT2 y=-0.0163x* + 0.688x - 0.5375
R?=0.9672
RT3  y=-0.0601x*+1.1654x - 0.9716
R?=0.9739
RT4  y=-0.0748x* +1.2828x - 1.0384
R?=0.9736
RT5 y=-0.0458x" + 1.0073x - 0.942
R?=0.9726
] RT6 y=-0.059x* + 1.1098x - 1.0482

4 6 8 10 12 14 16
(Week after planting) = 31 s i

18

R?>=0.977

() oogely w85 9 (A1) Ugdlo 03, Sy gelaw (a3 Ul 1 (o3 cilisio (gl Lo T Y JSUS
Mol oo Ugdjlo g (gel) (Sed) ;b i yf A MR 9 ) Jgua 55 0 Ly 385 (o3 5L T ... T
Figure 2- The effect of different temperature on leaf area index of Marfona (A) and Ramos (B) Potato cultivars.T1...T6 are
temperature treatments given in Table 1 and R, M are Ramos and Marfona potato cultivars respectively
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Figure 3- Interactions effects of cultivars and temperature storage on big tuber weight (Weighs more than 60 gr)
The same letters in columns are not statistically significantly different (LSD 5%). T1...T6 are temperature treatments given in Table
1 and R, M are Ramos and Marfona potato cultivars respectively
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Figure 4- Interactions effects of cultivars and temperature storage on medium tuber weight (30-60 gr)

The same letters in columns are not statistically significantly different (LSD 5%). T1...T6 are temperature treatments given in Table
1 and R, M are Ramos and Marfona potato cultivars respectively
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Introduction

Potato (Solanum tuberosum ssp.) is an autotetraploid (2n=4x=24) species and a key member of the
Solanaceae family. Physiological age is usually be determined from potato tuber initiation and afterwards. Potato
seed tubers physiological preparedness for growth is an important factor in determining the productive potential
of the seed potatoes. Physiological age is considered as an internal biological clock that usually covers all
aspects of the production while chronological age is determined only by the length of harvest and planting time
(Gregory, 1985). In most cases, the current practice for storing potato tubers is to wound-heal seed-tubers at 10-
15° C during the initial 10 days of storage (Curing) and then reduce and maintain the temperature at a holding
level of 4 ° C until planting while the technique of physiological aging of seed tubers, was not only one tuber
storage temperature (4°C) and then transferred to a higher temperature (similar natural germination conditions),
but different thermal treatments during storage conditions is used in order to increase the physiological age.
Some researchers argue that thermal storage is essential to obtain quantitative and qualitative performance which
its value is higher than 250 GDD. The physiological age of seed tubers 900-600 GDD in some studies to increase
performance by 90 percent and was associated uniformity producing tubers..In temperate regions with spring
planting date, the short growing season and high summer temperature is considered as limiting factor for potato
production. For this purpose the present study was carried out to evaluate the effect of different storage

temperatures on the physiological age of seed and its effect on yield and earliness of two potato cultivars.

Materials and Methods

The Effects of six different thermal treatments storage in a three-month period, including two treatments of
440 degree- day (T1 and T2), two treatments of 880 degree-day (T3 and T4), one treatment of 80 degree-day
(T5), and control treatment (T6) on agronomic characteristics and yield of Marfona and Ramus cultivars was
investigated by using a factorial experiment based on randomized complete block design with four replications at
Kabootar Abad Agriculture Research Center of Isfahan. Period of 10 days and 12 °© C were found in all
treatments. For example, in the treatment of T3, the tissue repair process that is carried out for 10 days at 12 ° C
to 80 GDD is received by the tubers (8 % 10, 8 for the reason that, 4 © C is base temperature and should be minus
of 12). Salable and non-salable yield, number of stems produced, emergence rate, the number of tubers per plant,
tubers weight and the tubers size were measured in this study.

Results and Discussions

The results of this study showed that the effect of temperature treatment and the interaction of temperature
treatment and cultivar on yield and yield components were considered statistically significant. Marfona cultivar
and use of T3 treatment with 51733 kg ha' had the highest tuber yield. However, there was not significant
difference between this treatment and use of T2 treatment, and also using of Ramus cultivar and T3 and T4
temperature storage. For both cultivars used in this study, T3 treatment produced maximum number of stems per
plant. Harvest index was fluctuated at different temperature treatments from 63.5 to 76.1 percent in the Ramos
cultivar, and from 64 to 79.6 percent in Marfona cultivar. In summary, management of storage temperature can
increase potato crop yields, especially in areas with short growing seasons. It seems that effects of physiological
age differ between cultivars and different varieties of potatoes have different abilities to produce tuber yields in
response to different heat treatments. Increasing of total tuber yield, especially as affected by thermal
temperature storage application higher than 500 GDD was reported in some studies such as Knowles and Botar
(1992) in which plants from 341GDD seed tubers produced 70% of their total yield as marketable, while 64% of
the total yield from 900 GDD seed tubers was graded as marketable. The harvest index is a change in potatoes
varieties from 9% in the wild up to 81 percent of in new cultivars, respectively. But harvest index is usually

1- Assistant Professor, Department of Seed and Plant Improvement and Education Research Center of Agriculture and
Natural Resources Esfahan, Iran
(- Corresponding Author Email: jalali5 1 @yahoo.com)
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considered to be 75% for new potato varieties.

Conclusions
The results of this study indicated that compared with younger tubers, the yield increased from older seed
tubers but it must stress that the proper seed tuber age depends upon cultivar. With using of “controlled seed-
tuber aging” techniques, process of plant development was accelerating and thus tuber set and tuber enlargement
faced with optimum environmental conditions. This technique can be used in the following cases: when sowing
date delayed and need to quickly grow, when a farmer or a company producing seed tuber for short growing
season.

Keywords: Growth Degree day (GDD), Leaf Area Index (LAI), Physiological Age
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