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Figure 1- Predicted increase in mean annual temperature for year 2050 in different regions across the country using two
general circulation models. Vertical bars show SE within each region.
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Figure 2- Predicted decrease in mean annual precipitation for year 2050 in different regions across the country using two
general circulation models. Vertical bars show SE within each region.

iy Juad J gl Slyas Gl (55N 48 w3 oo (Ul 55 Bedod ol s
sbjgy) hisn 236 (slajg, Sl (ol 23y Juad Jobo Lo il 90 e (2L 2 B (@2 Vo0 Sl 2 3
Sl o V0 Jlainl U (slyy @Y g 45 Cas canlin I ) (e Sk (pals & ble plpln Abb e
Il s g odd ol il bl S Cilisee 3blia ol 93 Ol Lo joym 9 Minlgs dalge f gyt (sled
¥ JS3) 1 apubeo £330 Y-0- s amlgs )8 58l o |y SleddS 5 51 (sl (sl

Current [ ] 2050

350
300 > g
250 | = 2
200 - 7
150 -
100 -
50 -

Length of growing season (days)

North South West East Center

Region

GFDL. (sagas (1595 o alsgas 195 ilisen 3bLin 13 (530an Y20 Jlus 511 5 had gl 05 st 5 oled 0o ¥ USS
23 o0 Wi 1y ddlaie p2 19,0 e Blyoul (43908 bghs
Figure 3- Current and predicted length of growing season for year 2050 in different regions across the country using GFDL
general circulation model. Vertical bars show SE within each region.
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Figure 4- Ambrothermic curves of Mashhad (left) and Tabriz (right) for current conditions and year 2050. Current trend are

calculated from long term means of temperature and precipitation data and for 2050 based on predictions of GFDL model.
Arrows show start and end of dry season.
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Figure 5- Current and predicted length of dry season for year 2050 in different regions across the country using GFDL
general circulation model. Vertical bars show SE within each region.
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Figure 6- Predicted increase in the length of dry season for year 2050 compare to current conditions in the main rainfed
production regions of the country, changes were predicted using GFDL model.
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Figure 7- Daily values of potential evapotranspiration (PET) of Mashhad under current conditions and year 2050 predicted

using GFDL model. for calculating PET in 2050 all climatic variables besides max and min daily temperatures were assumed
the same as current conditions. The results are presented as 5-day moving average, days of year are Julian.
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Figure 8- Current and predicted values of precipitation deficiency index for year 2050 in different regions across the country
using GFDL general circulation model. Vertical bars show SE within each region.
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overall changes in agrolimatic indices. Circles show the location of the studies stations and their size show the relative
impacts. North, South, West, East and Central regions as disscused in the paper are separated with broken lines.

o B 5l e olslyy ) SileddS )51 (3ble (canadys
Slaay ¢ aulBl sla s yiuy 3856 Cijguo j3 a5 Wby LS euld]
Vg (b bali 5 )3 4 b WY Sl gl (65y5liS = ol slaaigg
cely ol ol el dalss yials oMo Y0+ Jlo jo anls
SR pogdle &S50 4 0l (ol)) slapllas LSl ) (Sl
i B JLaisl oy Slaaisf JSe ey oSl
JLosan |y oad gel 3 L e slodisS (Bpme (> b aaigS
2 gy Slalllas pbool pibie byl ol b dgslge .Cuibly Jalgs
9955 3 (oy; Ll W5 ol orldl Ll 3L e

il ()85 caslio (sl IS0, Sl

d)'}i'“‘f;“’

4 ol 0l el Mo _wgdyd oKl _timgy Cglae bawgs
P9 g0 ()|l dlpwgia

References

G Sy

Mo Sl ()5 gaad L a8 3 (i 55 (ol @l
3 ol s 1y s S (slasol g o8 s oy
bl ) bl anlg o yondy (6559l s Lagiyo onldl (sloyaLi
L (1)) OV gae Wy p gasld ol | Sope Coonl &S
Sglito 1y baly 3 o g ((lw3) () P LS @555 4,
pLosl piliwe Slpis cpl 4 (2l GlalS Fl b))l bl
il ol @ IS 50 b cpl bog aeled (60550 s
A 0as a8l oS cilisea gblio ) waldl i Lo)loe (ons
Jolds |y adlie () 53 00 (s slapas L a8l il
D9 s

9 Erb g i (Pl S djlee paside SO (pl 4 a2y
ol S oyl JL ¥ U yotS 5500 5l et 50
po= = st HB b w350 o5 58 sl 409 ], (cad
L (VF) ohlSer 5 (o8 cutl aalgs sblie cpl o]y slapllas

1. Aggarwal, P. K. 2003. Impact of climate change on Indian agriculture. Journal of Plant Biology 30: 189-198.

2. Allen, R. G., Pereira, I. S., Raes, D., and Smith, M. 1998. Crop evapotranspiration: Guidelines for computing
requirements. Irrigation and Drinage Papre56. FAO, Rome.

3. Brown, R. A, and Rosenberg, N. J. 1999. Climate change impacts on the potential productivity of corn and winter
wheat in their primary United States growing regions. Climate Change 41: 73.

4. Calderini, D. F., Savin, R., Abeledo, L. G., Reynolds, M. P., and Slafer, G. A. 2001. The importance of the period
immediately preceding anthesis for grain weight determination in wheat. Euphytica 119: 199-204.

5. Carson, D. J. 1999. Climate modelling: achievements and prospects. Quarterly Journal of Royal Meteorological



24

o0y ] SiloulS'g 1 Cunidg (st =) 0ol 2 §359LES 31 waldl i ST gy

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L
32.

Society 125: 1-28.

Challinor, A. J., Wheeler, T. R., and Slingo, J. M. 2005. Simulation of the impact of high temperature stress on the
yield of an annual crop. Agricultural and Forest Meteorology 135: 180-189.

Chmielewski, F. M., and Kéhn, W. 2000. Impact of weather on yield and yield components of winter rye.
Agricultural and Forest Meteorology 102: 253-261.

Chmielewski, F. M., Muller, A., and Bruns, E. 2003. Climate changes and trends in phenology of fruit trees and
field crops in Germany, 1961-2000. Agricultural and Forest Meteorology 112: 132-145.

Downing, T. E., Ringlus, L., Hulme, M., and Waughray, D. 1997. Adapting to climate: Cold Regions, Kluwer
Academic Publishers, Dordrecht 809-825.

Easterling, W. E., Weiss, A., Hays, C. J., and Mearns, L. O. 1998. Spatial scales of climate information for
simulating wheat and maize productivity: the case of the US Great Plains. Agricultural and Forest Meteorology 90:
51-63.

El-Shaer, M. H., Eid, H. M., Rosenzweig, C., Iglesias, A., and Hillel, D. 1996. Agricultural Adaptation to Climate
Change in Egypt. In: J.B. Smith et al. (eds.), Adapting to Climate Change: An International Perspective 109-127.
Ewert, F., Rounsevell, M. D. A., Reginster, I., Metzger, M. G., and Leemans, R. 2005. Future scenarios of
European agricultural land use. |. Estimating changes in crop productivity. Agriculture, Ecosystems and
Environment 107: 101-116.

Fahad, M. A. 2002. Possible effects of global warming on agriculture and water resources in Saudi Arabia: impacts
and responses. Climate Change 54: 225-245.

Goudiraan, J., and van Laar, H. H. 1993. Modelling Crop Growth Proccesses. Kluwer Academic Press, The
netherlans.

Guerefia, A., Ruiz-Ramos, M., D’1az-Ambrona, C. H., Conde, J. R., and M"inguez, M. I. 2001. Assessment of
climate change and agriculture in Spain using climate models. Agronomy Journal 93: 237-249.

Hansen, J., Fung, G., Lacis, A., Rind, D., Russel, G., Lebedeff, S., Ruedy, R., and Stome, P. 1988. Global climate
change as forecast by GISS 3-D model. Gournal og Geographical Research 93: 9341-9364.

Hill, H. S. J,, Butler, D. B., Fuller, S. W., Hammer, G. L., Holzworth, D. P., Love, H. A., Meinke, H., Mjelde, J.
W., Park, J., and Rosenthal, W. 2001. Effects of seasonal climate variability and the use of climate forecasts on
wheat supply in the US, Australia and Canada. American Society of Agronomy, Special Publication ‘Impact of El
Nino and Climatic Variability on Agriculture, pp. 101-123.

Holden, N. M., Brereton, A. J., Fealy, R., and Sweeney, J. 2003. Possible change in Irish climate and its impact on
barley and potato yields. Agricultural and Forest Meteorology 116: 181-196.

Howden, S. M., Reyenga, P. J., and Meinke, H. 1999 Global change impacts on Australian wheat cropping: studies
on hydrology, fertiliser management and mixed crop rotations. Report to the Australian Greenhouse Office. CSIRO
Wildlife and Ecology, Working Paper 99/13, Canberra.

IPCC. 2007. Climate Change 2007. Cambridge University Press, New York.

Izaurralde, C., Norman, R., Rosenberg, J., Brown, R. A., and Thomson, A. M. 2003. Integrated assessment of
Hadley Center (HadCM2) climate-change impacts on agricultural productivity and irrigation water supply in the
conterminous United States Part Il. Regional agricultural production in 2030 and 2095. Agricultural and Forest
Meteorology 117: 97-122.

Koocheki, A., Nassiri, M., Kamali, G. A., and Shahandeh, H. 2006a. Potential impacts of climate change on agro-
meteorological indicators in Iran. Arid Land Research and Management 20: 1-15.

Koocheki, A., Nassiri, M., Soltani, A., Sharifi, H., and Ghorbani, R. 2006b. Effects of climate change on growth
criteria and yield of sunflower and chickpea crops in Iran. Climate Research 30: 247-253.

Koocheki, A., Nassiri, M., and Kamali, G. A. 2007. Agroclimatic indices of Iran under climate change. Iranian
Journal of Field Crops Research 5 (1): 133-142.

Koocheki, A., Nassiri, M., Alizadeh, A., and Ganjali, M. 2009. Modelling the impact of climate change on
flowering behaviour of Saffron. Iranian Journal of Field Crops Research 7 (2): 583-594.

Lawlor, D. W., and Mitchell, R. A. C. 2000. Crop ecosystems responses to climatic change: Wheat. In: K.R. Reddy
and H.F. Hodges (Eds.), Climate Change and Global Crop Productivity. CAB International, Cambridge, pp. 57-80.
Lin, E. D. 1996. Agricultural vulnerability and adaptation to global warming in China. Water, Air & Soil Pollution,
Kluwer Academic Publishers.

Luo, Q., Williams, M. A. J., Bellotti, W., and Bryan, B. 2003. Quantitative and visual assessments of climate
change impacts on South Australian wheat production. Agricultural Systems 77: 173-186.

Manabe, S., and Wetherlad, R. T. 1987. Large scale changes in soil wetness induced by an increase in CO,. Journal
of Atmospheric Science 44: 1211-1235.

Matarira, C. H., Mwamuka, F. C., and Makadho, J. M. 1996. Adaptive measures for Zimbabwe's agricultural sector.
In: J.B. Smith et al. (ed.). Adapting to Climate Change: An International Perspective 129-147.

Menzel, A., and Fabian, P. 1999. Growing season extended in Europe. Nature, 397: 659.

Miglietta, F., Bindi, M., Vaccari, F. P., Schapendonk, A. H. C. M., Wolf, J., and Butterfield, R. E. 2000. Crop



AP gyl oF o)lods Y la iyl ) o815 Sloslidafy a s PFPY

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45,

46.

47,

48.

ecosystem responses to climatic change: root and tuberous crops. In: Reddy, K.R., Hodges, H.F. (Eds.), Climate
Change and Global Crop Production. CAB International, Wallingford.

Mizina, S. V., Eserkepova, I. B., Pilifosova, O. V., Dolgih, S. A., and Gossen, E. F. 1996. Model based climate
change vulnerability and adaptation assessment for wheat yields in Kazakhstan. In: J.B. Smith et al. (Eds.),
Adapting to Climate Change: An International Perspective 149-163.

Moonena, A. C., Ercoli, L., Mariotti, M., and Masoni, A. 2003. Climate change in lItaly indicated by
agrometeorological indices over 122 years. Agricultural and Forest Meteorology 111: 13-27.

New, M., Hulme, M., and Jones, P. 1999. Representing twentieth century space-time climate variability. Part I.
Development of a 1961-1990 mean monthly terrestrial climatology. Journal of Climatology 12: 829-856.

Ortiz, R., Sayre, K. D., Govaerts, B., Gupta, R., Subbarao, G. V., Ban, T., Hodson, D., Dixon, J. M., Ortiz-
Monasterio, J. 1., and Reynolds, M. 2008. Climate change: Can wheat beat the heat? Agriculture, Ecosystems and
Environment 126: 46-58.

Parry, M., Rosenzweig, C., Iglesias, A., Fischer, G., and Livermore, M. 1999. Climate change and world food
security: a new assessment. Global Environmental Change 9: S51-S67.

Pauw, E., De Gobel, W., and Adam, H. 2000. Agrometeorological aspects of agriculture and forestry in the arid
zones. Agricultural and Forest Meteorology 103: 43-58.

Peng, S., Laza, R. C., Visperas, R. M., Khush, G. S., Virk, P., and Zhu, D. 2004. Rice: Progress in breaking yield
ceiling. In: Proceeding of the 4™ International Crop Science Congress, Brisbane, Australia. Available at
http://www.cropscience.com/icsc2004.

Reilly, J., Tubiello, F., McCarl, B., Abler, D., Darwin, R., Fuglie, K., Hollinger, S., lIzaurralde, C., Jagtap, S., Jones,
J., Mearns, L., Ojima, D., Paul, E., Paustian, K., Riha, S., Rosenberg, N., and Rosenzweig, C. 2003. Agriculture and
climate change: new results. Climatic Change 57: 43-69.

Roderick, M. L., and Farquhar, G. D. 2004. Changes in Australian pan evaporation from 1970 to 2002.
International Journal of Climatology 24: 1077-1090.

Rosenzweig, C., and Parry, M. L. 1994. Potential impacts of climate change on world food supply. Nature 367:
133-138.

Saunders, M. A. 1999. Earth’s future climate. Philosophical Transactions of the Royal Society London 357: 3459-
3480.

Tao, Z. 1993. Influences of global change on agriculture of China. In: Climate Biosphere Interactions, John Wiley
& Sons, Inc., New York.

Tubiello, F. N., Rosenzweig, C., Kimball, B. A., Pinterm, P. J., Wall, G. W., Hunsaker, D. J., Lamorte, R. L., and
Garcia, R. L. 1999. Testing CERES-Wheat with FACE data: CO, and water interactions. Agronomy Journal 91:
1856-1865.

Turner, N. C. 2001. Optimizing water use. In: Nosberger, H.A. and P.C. Struik (eds.) International Crop Science.
CAB International, Wallingford, UK, pp. 119-135.

Xiao, G., Zhang, Q., Yao, Y., Zhao, H., Wang, R., Bai, H., and Zhang, F. 2008. Impact of recent climatic change on
the yield of winter wheat at low and high altitudes in semi-arid northwestern China. Agricultural Ecosystem and
Environment 127: 37-42.

Yates, D. N., and Strzepek, K. M. 1998. An assessment of integrated climate change impacts on the agricultural
economy of Egypt. Climate Change 38: 261-287.



Iranian Journal of Field Crops Research Ol =155 leinrs 3y &y
Vol. 13, No. 4, Winter. 2016, p. 651-664 i FOV-5FF o IPAF lawno oF oylouis IY ol

Evaluation of Climate Change Effect on Agricultural Production of Iran: I.
Predicting the Future Agroclimatic Conditions

A. Koocheki®*- M. Nassiri Mahallati'- L. Jafari?
Received: 10-11-2012
Accepted: 24-09-2013
Introduction

Future climate change may affect agricultural production through changes in both mean and variability of
climatic conditions which in turn could affect crop growth and development. Results of many studies have
shown that crop production systems of dry regions are more vulnerable to the predicted climate changes (5) and
these impacts are mainly due to the effects of increased temperature on agro-climatic variables (4). During the
last decade future changes in agro-climatic variables such as growth degree days, length of growth period and
duration of dry season have been studied at regional or national scale with different results depending on studied
location (1, 6). However, such information are not available for Iran. In this study different agro-climatic indices
of Iran across the country are calculated for the target year 2050 based on business as usual scenario and the
results are compared with the current conditions.

Materials and Methods

Long term climatic data (1965-2005) of 34 stations covering different climates across the country were used
as the baseline for predicting future climate as well as current conditions. Two general circulation models (GISS
and GFDL) were used for prediction of climatic variables in the selected stations for the year 2050 based on
business as usual (A;f) scenario of CERES family (2) and the results were statistically downscaled for higher
resolution (Koocheki et al., 2006). Daily temperatures (minimum, maximum and mean) and precipitation were
generated from the predicted monthly values. Several agro-climatic indices including potential
evapotranspiration, length of growing season (time period between the last spring frost and the first autumn
frost), length of dry season (time period where evapotranspiration exceeds precipitation which obtained from
ombrothermic curve), and precipitation deficiency index (sum of differences between evapotranspiration and
precipitation) were calculated based on daily temperature and precipitation. Same indices were also calculated
for the current climatic conditions and the results were compared with that of future.

Results and Discussion

The results indicated that mean annual temperature for different regions of the country would increase
between 3.5-4.5°C. However, increased temperature predicted by GISS model was larger than GFDL model.
This increase is significantly higher than average global temperature rise of 1.6-2.5 °C predicted for 2050 under
business as usual scenario (2). Annual precipitation would decrease in the range of 7 to 15% by the target year
2050 furthermore both temperature rise and decreased precipitation showed a North-South and West-East
gradient.

Future temperature rise will led to a longer growing season because of increased frost-free days. The results
indicated that extended growth period is mainly due to delayed autumn frost and the highest increase in growing
period of 33 days was predicted for the most Northern part of the country. However, lower precipitation results
to a higher length of dry season ranging from 20 days at East up to 30 days in the South regions of the country.
Extended dry period would lead to unfavorable conditions for rainfed cropping systems due to rapid depletion of
soil moisture before crop maturity. Annual increase of potential evapotranspiration (PET) by 18-32% follows the
same spatial direction as was predicted for temperature rise with the highest increase for South regions. As a
result, precipitation deficiency index, which is the sum of differences between rainfall and PET, will increase
drastically over the country, mostly due to increased PET or due to an increase in PET. While all of the studied
agro-climatic variables would be affected by the future climate changes, our results showed that the highest
overall negative effects would be appeared respectively, in the South, East, and central parts of the country while
the North and Eastern regions will experience less vulnerability.

1 and 2- Professor, College of Agriculture, Ferdowsi University of Mashhad and Instructor, Department of Horticulture
Sciences, College of Agriculture, Hormozgan University, Respectively.
(*- Corresponding Author Email: akooch@um.ac.ir)
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Conclusions
Agricultural production systems of Iran will be faced with new climatic conditions affecting crop growth and
development. The results of this research indicated the future changes of main agro-climatic variables. Prediction

of these changes effects on crop productivity at national level could be helpful for designing adaptation
strategies.

Keywords: Evapotranspiration, Global warming, Length of dry season, Length of growing period,
Precipitation deficiency index
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Table 1- Analysis of variance for some physiomorphological traits of fenugreek inflounces density and weed interference

Olaspo (1o
Mean of square
yard aalio Gl as s wig glis )l g yd 4L dlaws il dylos  SUjdow 5Sles  Cudldp padl
S.0.V. d.f Plant height Number of branch per Seed yield Biological yield Harvest index
plant
XS
7. 2 26.61 1.51 207.95 3394.56 5.36
Replication
w5l 2 176.05" 0.29™ 864.84™ 33282.95" 19.35™
Density
J"L\’ * ns * ns ns
4 56.83 0.09 408.26 1322.53 56.25
Interference
(Sloxesly 8 30.57™ 1.47™ 296.038" 1954.09™ 52.06°
Density x Interference
el sl 28 18.54 0.15 110.48 1452.84 20.87
Experimental error
S ) 17.58 29.59 21.86 13.88 25.61

Coefficient of variation
A3l e 39 I xe pae o /N 5 D paw )3 e Y e admd i (i 4 ns KE K
* and ** are significantly differents (respectively P<0.05 and P<0.01)
ns are not significantly differents
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Introduction

Iran is among the countries with a climate appropriate for growing a wide range of herbs, and can be a great
source of producing and exporting plants. Fenugreek (7rigonella foenum gracum) is one of the oldest plant and it
is an annual herbaceous plant of the Fabaceae family (Fabaceae) which are dry, brown or reddish-yellow to gray
to over 5.3 mm. Seeds of this plant are used as a spice and its leaves are used as a vegetable. Among the most
important factors in farming, it is important to use appropriate planting density. Therefore, if all the necessary
conditions, including the right, but density is inappropriate, it will not get the optimum yield per unit area. The
effective management of weeds increase the performance of weed management practices, reduce weed
population and the costs associated with it over time. Weeds compete with crops for a variety of sources such as
light, water and minerals. Given that the best time weeding the weeds and the most appropriate density of
fenugreek is not much information available, this study aimed to determine the appropriate density of weed
infested and fenugreek was used.

Materials and Methods

In order to determine the effects of weed interference and appropriate density of fenugreek, a field trial was
conducted in research farm of Birjand Islamic Azad University during the spring of year 2011. The experiment
was a factorial based on randomized complete block design. The treatments were fenugreek density at 10, 20 and
40 plants m™ and weed interference in five levels included weed-free to maturity, 20, 40 and 60 days after
emergence, and no weeding. Fenugreek seeds (spherical, brown) of pure seed before planting desert of
preparation and sterilization by benomyl and then do planting trees and irrigation was done immediately.
Irrigation was applied every seven days. During the study, pests and diseases were completely controlled. Weed
control was done manually in three stages. Traits such as grain yield, plant height, biological yield, number of
branches per plant and harvest index were measured. Ultimate performance were measured when the plant pods
were yellow and dried. At the beginning of each plot five plants randomly chosen to measure the morphological
characteristics and traits in yield components were recorded and then removed 50 cm of the margins of the plot,
the rest were taken to determine the function. Analysis of variance and statistical analysis was performed using
SAS and Excel softwares, Mean comparison was done by Duncan test at 5 percent.

Results and Discussion

Analysis of variance showed that the density and weed interference were significant at 1 and 5 percent,
respectively. The interaction between density and weed interference on yield was significant at 5% level too. By
prolonging the period of weed interference, the yield fell to the lowest amount of weeding treatments. The
significance of the interaction between density and weed interference represents different responses in different
levels of compression performance is to weed competition. In general, the choice of planting density and suitable
crop can reduce weeds, increase competitive ability of the crop and increase its performance. Biological yield
was significantly affected by the plant density. The density of planting, the maximum density of 40 plants
(325.56 grams per square meter) and the lowest density of 10 plants (232.66 grams per square meter) and
biomass production. Biological yield was not affected significantly by weed interference. Although by increasing
time interval of weeding time (up to 20 days) biological yield decreased from 280.49 to 257.49, but this
reduction was not significant. The interaction between planting density and weed interference on biological
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2- Post Graduate of Identify and Weed, Islamic Azad University of Birjand
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performance was not significant. Most biological yield was achieved in the absence of weeds. This is not
unexpected because the availability of a large part of the resources cause more shoots in plant during the
growing season . Biomass density was significantly increased. Similarly, the highest density (40 plants per
square meter) due to a larger and more use of sunlight, biomass, leaf area, more than other densities produced.
Analysis of variance showed that the effect of weed interference density and harvest index was not significant,
but the interaction between plant density and harvest index was significant. Comparison of the average harvest
index in different interference treatments showed that the condition of all the weeding and no weeding had the
highest (21.98) and the highest (16.57) harvest index. The effect of density was not significant on the harvest
index and harvest index did not indicate any significant differences in different densities. Decreased harvest
index showed an increase in the plant more susceptible to weed interference was the harvest index. The effect of
weed interference on dry weeds had no significant effect on the dry weight of weed density and weed
interference and interaction at the level of 5%. With exception of the treatment as lack of control over weeds,
highest and lowest dry matter related to the treatment of 60 days after emergence, and the treatment of 20 days
after emergence. The effect of weed interference on the number of weeds was significant. The number of weeds
per square meter decreased by increasing the duration of the interference. So that the number of weed emergence
after 60 days of treatment, compared to 20 days after emergence treatment was lower by 44 percent. Possibly
reducing the number of weeds with time, was due to increased competition within species and between species
of weeds for growth resources. The competition will serve to eliminate the weaker plants called to this
phenomenon. Weed production in the treatments (weed control) can be the result of a longer period of weed
interference and greater use of light, water and nutrients. Fenugreek plant height was significantly affected by
plant density and by lowering density, plant height reduced. Interaction of plant height was significant at the five
percent level and the highest plant height obtained at 60 days after emergence weeding treatments and lowest in
control. Analysis of variance showed that the effects of congestion and interference on the number of branches
per plant, weed density and weed interference significant interaction on plant height and number of branches per
plant was not significant. The number of branches per plant were significantly influenced by the density of
planting.

Conclusions

In general, the results of this study showed that the presence of weeds fenugreek is able to withstand up to 20
days after emergence and remove weeds after this stage, significantly increased performance. This shows that
weed control should be applied early in the season. Also, due to the lack of change in the plant density increased
number of branches and whereas the highest density, highest grain yield was also more likely to increase the
density to be accompanied.

Keywords: Dry matter, Harvest index, Weed, Yield
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Table 1- Selected chemical properties of organic matters used and soil

Sior (Pyimd (K) opesliy
(N) ojor () r%es ™™ PH EC(dSmY wdly
(%) (ppm) (ppm) Texture
s 0.04 12.00 280 7.4 44 ™ 09
Soil Sandy loam
3 (N gjors  (P) ywd  (K) puwly
Fertilizer (7) () )
ot 4.09 1.61 1.69 6.1
Hen
3 0.41 0.38 0.29 6.8
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Table 2- Source of variance of investigation characters

Ola yo (wKike
Mean of squares

&b a4 3 Slos 3 Slos KW 3laxi Lo Cuio ol 380as dig g5,
Ol 831 Sjodem puilwl ol Bl Ol o Y Judg IS &l
S.0.vV Df S5 Relative EC Chlorophyll :I_ar;]t

Biological Ol Ol Numper  Water index  Grain  "¢9N
yield yield percentag of content yield
€ branches

skl

Irrigatio 1 2237° 2637° 0001 ns 280" 1606° 1929** 83" 1903* 1463™*
n
(A)

Yol 4 1713 3474 0.035 1.1664 92.695 50945 22.78 14617 11.030

Error 1
8
Fertiliz 3 1850°° 216% 0005ns  4743"  197ns  2754% 53° 1063*  1624%

er (B)

AxB 3 9647 ns 10.54 ns 0.016 ns 5324 ns 104 ns 18.58 ns 5.7 ns 2555** 26.1ns
Vs 12 6484 19.63 0.0261 79759 119.12 11.173 5611 16713 17.860
Error 2
035 (C) 1 6258 ns 5341 ns 0.010 ns 50.6™ 2.75 ns 4438 93 ns 7872 603"

3
AxC 3 4755 ns 16.62 ns 0.008 ns 3.504 ns 430 ns 1.244 ns 32 ns 791 ns 2.11 ns
6
BxC 1 6077 ns 0.022 ns 0.003 ns 1.171ns  2218ns 2243 ns 9.5 ns 10305 0.14 ns
7
AxBxC 3 2775 ns 15.78 ns 0.019 ns 2.798 ns 1951 ns  3.181ns 6.0 ns 765ns 4.18 ns
Yo slas
16 171571 11.69 0.0266 1.546 8842 4.003 5441 1481 1.596
Error 3

D drepie 5 doyd gy g S Jloin] pdaw )0 )b xe i A NS g %
** * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Figure 1- Intraction between fertiliz and stress on grain yield of Savory
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Numbers followed by the same letter are not significantly differentns with Duncan (P<0.05)
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Table 3- Compare main effects of treatments on average guantity and gquality savory

slos KW Slawy ol Py Sl Lyow &> 3 Slos gws 3 Sl ol 3 Slos
Treatment bl aals Judg IS EC (%) ) W Grain yitlald Gy Sojolgm Qil yie_Ild
Oil S Chlorophyl RW.C (kg ha™) Plant Biological (kg ha™)
percentage N I index (%) height yield (kg ha”
umber 1
of (cm) )
branches
d)L:J.T
Irrigation
O g 0.39a 258a 4837 a 4473 a 90.83 a 39599 a 599a 3689 a 1372 a
No stress
RS 040 a 243 b 40.06 b 5741b 7926 b 27004 b 489b 2179 b 9.04b
Drought
stress
355
Fertilizer
7 038a 275a 4575 a 46.60 ¢ 8728 a 463.16 a 587 a 4685 a 1701 a
Cows
GEp 040 a 249b 4410 a 50.82 be 8336a 324240 549b 2843 b 1129b
Hen
whows 042 a 252 ab 4574 a 49.10 b 8933 a 30562 b 543b 2399 be 10.50 be
Chemical
Jals 037a 227b 4128b 5777 a 8022 a 32905 ¢ 498 ¢ 1809 ¢ 672¢
Control
0393'
Ecotypes
oleyS 038a 26.1 a 4377 a 50.11b 8528 a 34582 a 555a 3048 a 1171 a
Kerman
TS 041a 2400 44.66 a 5203 a 8481 a 320210 533b 2820 a 11.05a
Khuzestan

515 gyl me cglis Moy gy Jlon] e 53 Sl (gliold sin el el it S e By S JBlis )y olaySibe Gl o cly g e o )
Means in each column and for each treatment, followed by at least one similar letter are not significantly different at 5% probability
level- using Duncan's Multiple Range Test.
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Table 4- The correlation coefficient between guantitative and qualitative characteristics Savory

3 Slos . W AL alaws KW
Gy g5l ) Sl e = . .:w, 3 8es
o it il O s TR Jedg I =2 o owilu!
height Grain RW.C Chlorophyll  Number of Oil Oil vield
yield o index branches percentage y
Plant height
b3Sl 0.81001** 1
Grain yield
e slize g go06rx  0.6857% 1
RW.C
o L0.9254%%  L08176%*%  -0.8996%*
EC
Jig S pasla
Chlorophyll 0.6573%* 0.5500* 0.8791**  -0.7380** 1
index
=8 s olaws
Number of 0.7445%*  0.7273** 0.5172% -0.6831%* 0.4257 ns 1
branches
ol oy
. -0.004 ns -0.150 ns 0.1821 ns 0.0558 ns -0.0091 ns -0.0823 ns 1
Oil percentage
ool 5,Sdos
o j. 0.8275%*  0.8643** 0.7379%*  -0.7676** 0.5274%* 0.7791%%* 0.2456 ns 1
Oil yield
L_il:. S
) ")919.:{ ’ . 0.8379%*  0.9543** 0.7015* 0.7927** 0.5147* 0.7976** -0.0556 ns  0.9285%*
Biological yield
S gmepds 5l guy 9 S Jlein] pdas )3 I3 gixe o A NS g e
** * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Introduction

Savory (Satureja hortensis L.) is an annual and aromatic plant from Labiatae family, which has plenty of
essential oil and is important in medicinal, food, health and beauty industries (6). In comparison with chemical
fertilizers, organic fertilizers especially manure have lots of organic material sources, and can be used as
nutrients, especially Nitrogen, Phosphor and Potassium. Organic fertilizers also keeps more water in the soil
(14).

Water deficit is one of the most important boundaries of production in arid and semi-arid regions. Drought
stress reduces water content, limits plant growth and changes some physiological and metabolic activities (31).
This experiment was conducted as there is a global interest for production of medicinal plants with sustainable
agriculture system, and with low input and shortage of information about Savory reaction to fertilization in
drought stress condition. The objective of this research was to compare the effects of chemical fertilizers and
different organic fertilizers on quantitative and qualitative characteristics of two ecotypes of savory under
drought stress condition.

Materials and Methods

In order to study the effects of organic and mineral (N, P and K) fertilizers on quantitative and qualitative
characteristics of savory in drought stress condition, two separate split plot designs with three replications were
carried out in 2012-2013 vyear, at the research field of Shahid Bahonar University of Kerman, Iran. In each
design fertilizers including cow manure (30 ton per hectare), poultry manure (10 ton per hectare), chemical
fertilizers (used equally with macro elements existing in both poultry and cow manure) and control (no fertilizer)
were used as main factor. Kerman and Khuzestan ecotypes were sub-factor. One of the experiments was
irrigated to 100% and the other to 50% of field capacity. Two experiments were analyzed as a combined design.
The important characteristics of Savory such as plant height, grain and biological yield, chlorophyll index, ionic
leakage, relative water content, number of branches, essence percentage and essence amount were evaluated.
Data were analyzed with SAS and MSTAT-C software and mean comparison was done using Duncan test at %5
level.

Results and Discussion

The results showed that drought stress reduced plant height, number of branches, oil yield, relative water
content, SPAD index and increased ion leakage. Meanwhile, it had no significant effect on the percent of oil.
Fertilizers increased plant height, number of branches, yield, chlorophyll index and oil yield, while it decreased
ion leakage in contrast with control. Baher et al (2002) have reported that drought stress reduced plant height,
grain yield, and branches number of Savory. As nutrients deficit is one of the main factors in control of plant
height and yield, plant that were treated with control had the lowest growth. Organic fertilizers provide
appropriate plant growth via gradual release of nutrients during growth season and saving water. Two ecotypes
had significant differences for yield, number of branches and ionic leakage. Kerman ecotype showed better yield
performance. The results showed that water stress reduced yield, number of branches and plant height of savory.
Meanwhile fertilizers (especially cow and hen manure) could reduce the effects of drought.

1- MSc. Student, Department of Agronomy, College of Agriculture, Shahid Bahonar University of Kerman

2- Associate Professor, Department of Agronomy, College of Agriculture, Shahid Bahonar University of Kerman
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Conclusions
Generally, organic fertilizers, especially cow manure, produced higher yield and showed a better response to
drought stress. It might be for higher moisture maintenance in contrast with chemical fertilizers. It seems that,
using cow manure could be helpful to overcome the negative effects of drought stress.

Keywords: Drought stress, Essential oil, Fertilizer, Savory, Yield and yield components
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Table 1- The results of soil analysis in experimental location

K P N Lime Organic matter H EC T
(mgkg') (mgkg') (%) (%) (%) PH  asm?) Texture
453 36 0.13 11 1.3 7.6 1.1 Loam-sand
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Table 2- The results of analysis of variance for nodule number per root, stomatal density, yield components and grain yield of
red kidney bean at irrigation and mulch treatments
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ns, * and ** means non-significant, significant at 0.05 and 0.01% probability levels, respectively.
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Figure 1- The mean comparison for effect of mulch levels (A) and interaction effect of cultivar x irrigation level (B) on nodule

number per root (My no mulch and M, 2 ton/h wheat straw mulch; I, and I,, irrigation after 60 and 120 mm evaporation
from class A pan, respectively, different letters indicate significant difference at 5% probability level)
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Figure 2- The mean for stomatal density of two red kidneybean cultivars (I; and L, irrigation after 60 and 120 mm
evaporation from class A pan, respectively, different letters indicate significant difference at 5% probability level)
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Figure 3- The mean comparison for effect of mulch levels (A) and interaction effect of cultivar x irrigation level (B) on pod

number per plant (M, no mulch and M, 2 ton/h wheat straw mulch; I, and L, irrigation after 60 and 120 mm evaporation
from class A pan, respectively, different letters indicate significant difference at 5% probability level)
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Figure 4- The mean comparison for effect of mulch levels (A) and interaction effect of cultivar X irrigation level (B) on seed

number per pod (M, no mulch and M; 2 ton/h wheat straw mulch; I, and I,, irrigation after 60 and 120 mm evaporation
from class A pan, respectively, different letters indicate significant difference at 5% probability level)
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Figure 5- The mean comparison for effect of mulch levels (A) and interaction effect of cultivar X irrigation level (B) on 100-

seed weight of bean (M, no mulch and M, 2 ton/h wheat straw mulch; I, and I, irrigation after 60 and 120 mm evaporation
from class A pan, respectively, different letters indicate significant difference at 5% probability level)
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Figure 6- The mean comparison for interaction effect of mulch X irrigation X cultivar on seed yield of red kidney bean (M, no

mulch and M; 2 ton/h wheat straw mulch; I; and I,, irrigation after 60 and 120 mm evaporation from class A pan,
respectively, different letters indicate significant difference at 5% probability level)
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Introduction

Water use in agricultural production as one of the most important environmental factors affecting plant
growth and development, especially in arid and semi-arid climatic conditions of Iran is of special importance
(21). One of the ways of alleviating water scarcity is by enhancing its use efficiency or productivity. Improving
water use efficiency in arid and semi-arid areas depends on effective conservation of moisture and efficient use
of limited water. Mulching is one of the management practices for increasing water use efficiency (WUE) .
Straw mulch is commonly used as mulch. Straw mulching has potential for increasing soil water storage (16).
Mulches modify the microclimate and growing conditions of crops (16), conserve more water and increase water
use efficiency (34).

Red kidney bean (Phaseolus vulgaris L.) is the most important food legume (25) and is an important source
of proteins and minerals (28). The majority of red kidney bean production is under drought conditions, and thus
yield reductions due to drought are very common (29). This research was carried out to evaluate the effect of
wheat straw mulch and water stress on physiological traits, yield components and grain yield of red kidney bean
cultivars.

Materials and Methods

A field experiment was conducted in 2012 at the Research Farm of the Faculty of Agriculture, University of
Tabriz, Iran (latitude 38°05 N, longitude 46°17_E, altitude 1360 m above sea level). In order to investigate the
effect of mulch on grain yield and yield components of red kidney bean (Phaseolus vulgaris L.) cultivars at
different water stress treatments, a factorial experiment was conducted based on RCB design with three
replications. The factors were including water stress treatment (I; and I, irrigation after 60 and 120 mm
evaporation from class A pan, respectively); mulch application at two levels (M. (no mulch) and M. 2 ton ha™
wheat straw mulch) and red kidney bean cultivars including Akhtar and Naz.

Results and Discussion

The results indicated that the effects of water stress, mulch, cultivar and interaction of water stress x cultivar
were significant on nodule number per plant. The results of mean comparison indicated that mulch application
increased nodule number per plant by 17%. This result indicates that mulch increased the soil moisture and
finally improved the activity of Rhizobium. In water stress treatment the nodule number per root of both cultivars
reduced but the reduction in cv. Naz was greater than that of cv. Akhtar.

Analysis of variance indicated that the effects of water stress, cultivar and water stress X cultivar was
significant on leaf stomata density. At water stress treatment (I,) the leaf stomata density increased by 7% but
increasing in cv. Akhtar was greater than cv. Naz. One reason for increasing the leaf stomata density at water
stress condition could be the reduction in cell size that led to increasing the leaf stomata density.

The effects of water stress, mulch, cultivar and water stress X cultivar was significant on pods per plant. The
mulch application increased the pods per plant by 13 %. The interaction effect of water stress X cultivar showed
that the reduction of pods per plant in cv. Akhtar (27%) was greater than that of cv. Naz (20%). The cv. Naz had
an indeterminate growth pattern and was able to compensate the reduction in pods per plant at later growth
stages.

The effects of water stress, mulch, cultivar and water stress X cultivar was significant on 100-grains weight.
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The 100-grain weight of red kidney bean increased in mulch application treatment by 6%. The explanation for
increasing of 100-grains weight could be attributed to improving the water availability and photosynthesis rate
by mulch application. The interaction effect of water stress X cultivar showed that in both water stress
treatments the cv. Akhtar had higher 100-grain weight than cv. Naz and the reduction percentage in cv. Naz was
greater than that of cv. Akhtar. This result could be related to the longer growth period of cv. Naz than cv.
Akhtar.

The effects of water stress, mulch, cultivar and the all interaction effects were significant on red kidney bean
grain yield. The mulch application increased the grain yield by 18%. The effect of water stress X mulch
X cultivar indicated that the cv. Akhatr in full irrigation treatment and application of straw mulch had the highest
grain yield (3135 kg ha"). Also the cv. Naz in water stress treatment and application of without mulch
application had the lowest grain yield (1340 kg ha™"). The cv. Akhtar had a bush type growth pattern and a lower
green cover than cv. Naz, therefore mulch application on the soil surface could increase the available water for
red kidney bean.

Conclusions

At water limitation conditions by mulch application, the available water, yield components and grain yield of
red kidney bean could be increased. Under drought and aridity conditions, field management practices such as
selecting high-yielding cultivars and reducing soil evaporation by using of mulch increased the grain yield
especially in water limitation condition. Investigating the response of other common bean cultivars to water
stress and mulch could be effective for identifying the common bean cultivars with high grain yield at water
stress condition with mulch application that is consistent with sustainable agriculture.

Keywords: Cultivar, Grain weight, Irrigation level, Pod number, Stomata density
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Table 1- Results of soil physicochemical site plan
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2- Nitrogen Fixing Bacteria
3- Phosphate Solubilizing Bacteria
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2- Nitrogen Use Efficiency
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Table 5- Interaction effects of chemical fertilizers and biological on Leaf area index, yield components and yield of wheat

3 Ly, . . . . (S o . .
Treatments EWOL paliw a0 gy slaws b Jgb P &1> dlass (o))
g & . :
. Plant ¥ &P o S (o s55lw) Tlgousafld
Lowd 395 S jglgm 355 . Nnumber of Number of . Number of grain weight
s wos 2399 height . Leaf Spike .
. . . spikes per plants per grains per (€3]
Chemical Biological (cm) area length (cm) .
o o plant square meter spike
fertilizer fertilizer index
By 74.1h 1.46g 450g 2.8h 7.9h 30.7d 35.2¢g
Co B, 75.%h 1.63f 494f 3.1g 7.9h 29.3d 35.9f
B, 76.7¢g 1.8e 485f 3.1g 8.1h 29.3d 36.2f
B; 78.5¢ 1.8e 53% 3.3f 8.5g 30.2d 36.8e
By 73.3¢g 1.86e 566d 4e 9.1f 31.6cd 39d
C B, 77.4f 2d 707bc 4.3d 9.3e 32.6cd 39.2d
B, 79.4d 2.1cd 695c¢ 4.3d 9.5d 32.5¢cd 41.6¢
B; 79.8d 2.3ab 733a 4.6¢ 9.9¢ 38.6ab 42.4b
By 76.6¢ 2.16¢ 698c 4.7c 9.3¢c 53.3bc 41.8c
G B, 82.3¢c 2.2bc 722ab 4.9b 10c 37.5ab 41.9¢
B, 83b 2.3a 712bc 5.2a 10.3b 38.1ab 43a
B; 84a 2.3a 734a 5.1a 10.5a 39.1a 43.3a

B (5l sine gl a0y B s 3 (S ge5l B alite 15V By Sifgls 35 5 alvord 355 Jlite SIS Sy o (el Al by g gt 2
In each column, and separately for each of the Interaction effects of fertilizer and biofertilizer, similar Latin letters according to Duncan test at 5%
difference is not significant.
(JB 090)'] uuLul)g @w .)95 d).-m) R 505R ¢‘_;|LA~» .)95 d)..m O9N P Cy 9 C, Gy
Cy, Cy and C,, respectively, without the use of chemical fertilizers, 0.5R and R (fertilizer based on soil test)
PSB+NFB .S 5 lasi 5 (PSB) el 0181l (sla syl byms NFB) (55555 oS cnts sl 6,5y 06 pemo «Sjslon 355 5,08 Cigt wsiyias By 5By By By
B, B, and B;, respectively, without the use of biofertilizer, the use nitrogen-fixing bacteria (NFB), the use of Phosphate Solubilizing Bacteria (PSB)
and combined treatment PSB + NFB
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Continuing Table 5- Interaction effects of chemical fertilizers and biological on Leaf area index, yield components and yield

of wheat
Treatments 41> 3 Slos o (439 So55len 5 Slas oW R ) o yd
. ‘o;sw) P;SLS) (,LZS@:,.: ‘5;91‘5) Sl &l> (559 555 * ;‘»’9)-’
Chemical Biological Grain yield Straw (kg ha™) Harvest nitrogen (%)
fertilizer fertilizer (kg ha™) weight index (%) (%)
(kg ha')
By 2292i 4438f 6931h 34.8i 1.22f 7.01f
Co B, 3121h 5846e 9303¢g 37.1h 1.84d 10.4d
B, 3598¢g 6465bc 10396ef 37.7¢g 1.85d 10.5d
B; 3808f 6330c 10472¢ 39.5f 2.11c 12¢
By 3482f 5377d 9525¢f 40.6e 1.66¢ 9.46e
& B, 4276¢ 6134d 10644e 42.3d 2.19¢ 12.4c
B, 4721d 6406bc 11127d 42.4d 1.72¢ 9.85¢
B; 5014c 6541b 11555c¢ 43.3bc 2.28b 13b
By 4488d 5985¢ 10073d 42.9c 2.14c 12.2¢
&) B, 4984c 6413bc 11398c 43.6b 241a 13.6a
B, 5245b 6749a 11994b 43.6b 2.13c 12.1
B; 5506a 6911a 12417a 44.2a 2.48a 14.1a

B ()l gine gl 00y B s 3 S (905 B it (Y By Koo 365 5 alierd 355 blite Il 5 Sopp (el Al b g gt 2 3

In each column, and separately for each of the Interaction effects of fertilizer and biofertilizer, similar Latin letters according to Duncan test at 5%

difference is not significant.
(S 9051 ollys (leonsd 365 Brane) R 50.5R ( showds 395 b pas 9t cuiyas Co 5 Cr Co
Cy, Cy and C,, respectively, without the use of chemical fertilizers, 0.5R and R (fertilizer based on soil test)
PSB+NFB (.5 5 losi 5 (PSB) lawd ouiiS3ljl (slacsiSl bpas (NFB) (359,55 0aiiS st (slos Sl e «Sujgms 355 9,18 igs iy B3 5B2 By By

By, B, and B3, respectively, without the use of biofertilizer, the use nitrogen-fixing bacteria (NFB), the use of Phosphate Solubilizing Bacteria (PSB)

and combined treatment PSB + NFB
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Introduction

Wheat crop plays an important role in food security in a country such as Iran. Therefore, serious attention has
been paid to ecological farming systems and sustainable management of wheat. For this purpose extensive
efforts is done to find proper strategies to improve the quality of soil, agricultural products and started removal
pollutants. One of the factors to achieve sustainable agriculture is to use natural agents such as biofertilizers.
Several mechanisms are proposed to explain how effective plant growth promoting rhizobacteria is for growth
and development of plants. These mechanisms include two groups, direct and indirect in general. Indirect
mechanism is to increase absorption and availability of the nutrient elements soluble, producing plant growth
regulators, siderophore production of iron chelator, and the phosphate soluble. Through indirect mechanisms
such as antagonistic relation, PGPRs moderate the harmful effects of of plant pathogens and thereby lead to
increase plant growth. The main goal of this study was to investigate the effect of biofertilizers containing non-
symbiotic nitrogen fixing and phosphate solubilizing bacteria on quantitative and qualitative traits of wheat.

Materials and Methods

This Experiment was conducted in the research farm of Baykola agricultural research stations affiliated by
agriculture and natural resources research center of Mazandaran during 2011-12 cropping season. In order to
determine physical and chemical properties of the soil samples were taken from the depth of 0-30 cm,.
Experimental design was split plots arrangement based on randomized complete block design with three
replications. In this experiment chemical fertilizer was assumed as the main plot in 3 levels include: 1-
noconsumption (CO0), 2- equivalent to 50% of the fertilizer recommendations (C1), 3- equivalent to 100% of the
fertilizer recommendations(C2) and two types of biological fertilizers was applied in the sub plot in 4 levels: 1-
noinoculation (B0), 2- Seeds inoculated with nitrogen fixing bacteria (B1), 3-Seed inoculation with phosphate
solubilizing bacteria (B2), 4- Combined application of bio-fertilizers (B3).

Results and Discussion

Analysis of variance showed that grain yield, plant height, leaf area index, yield components, straw weight,
biological yield, harvest index, percent of nitrogen and grain protein were influenced by different levels of
biological and chemical fertilizers (Table 3). The highest grain yield was obtained using C,B;, combination
treatments using chemical fertilizers and biofertilizers (PSB+NFB). The results of interactions between
chemical fertilizers and biofertilizers showed the using 100% of the recommendations fertilizer along with
biofertilizers (PSB+NFB) significantly increased grain yield (Table 5), compared with control. Due to
increasing activity of bacteria Aztobacter chroococum, Azospirillium brasilense enhanced nitrogen fixation and
released phyto hormones and thereby increased nutrient uptake by the roots. In addition, Pseudomonas Potida
and Pantoea agglomerace had beneficial effects beside phosphorus uptake. These bacteria increased absorption
and dissolved nutrients in the soil around the roots. PGPRs produced the plant growth regulator, organic acids
and increased the ability to absorb elements such as iron, zinc and other micro elements and ultimately were
effective in increasing crop yield and percent of nitrogen and grain protein.
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Conclusions
Results of the experiment showed that using phosphate solubilizing bacteria and nitrogen fixing
simultaneously or individually increased total plant biomass, grain nitrogen, protein content, yield components
and crop yield. However, the combined use of phosphate solubilizing bacteria and nitrogen fixing compared to
use of individually was more s effective. A synergic effect was found between chemical fertilizers and biological
fertilizers. It is recommended to apply chemical fertilizers along with biological fertilizers to achieve highest
possible yield.

Keywords: Bio fertilizers, Biological yield, Chemical fertilizer, Grain protein, Ggrain yield
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Table 1- Combined analysis of variance (over two years) for grain yield (GY), biological yield (BY), days to anthesis (DA),
days to physiological maturity (DPM), water use efficiency for grain (WUE) and biological (WUEg) yield

N (MS) Glos o (ke
.. ¥ U 395 G 395 & o Lol .
Oyt 2lo = 1 . . ) Solel Spae plonl,
n
S.0.V g WhaS b o e 3Ll (WUEg)
& (GY) Sl SU59090 ud (WUEg)
(DA) (DPM)
Year (Y) Ji 1 42.529%  1383.3%* 1805** 1.1ns 6.59 ns
Replication/Ycar 55/ Jbw 4 3.861 438 10.0 03 3.93
(L) s Cadgacne 2 203.4%* 40.0 ns 171825+ 12.4% 128.8%*
Water limitation
LY (gugb, Cudgaome x Jw 2 0.556 ns 17.7 ns 6.0 ns 0.5% 5.62%
Eaa gl 8 0.586 9.7 515 0.1 1.12
Genotype (G) wuisi; 9 3.517%* 74.9 ** 23.5% 0.2%* 8.58%*
Y xG wuigij x Jlw 9 0.537 ns 13.5 #* 2.1ns 0.04 ns 0.39 ns
L 4G iyl » sl Cudgien 18 1.273% 19.1 ns 17,75 0.07 0.60*
G x by Gdgimex Jle g 156 g 14,1%* 2.6ns 0.02 ns 0.27 ns
LxGxY
Ebb 108 0.425 12 2.8 0.06 0.353
%CV 9.96 8.2 6.0 14.6 15.4

S repie 5 Moy gy 9 G Jlein] paw 3 3 xe a4 DS g s ke
** * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Table 2- Means comparison (over two years) of main effects of genotypes and water deficits for grain yield (GY), biological
yield (BY), days to anthesis (DA), days to physiological maturity (DPM), water use efficiency for grain (WUE) and biological

(WUEp) yield
e .. Lol < Lol
’ T ATy U 595 "" ! raeo i)

Jowi 41> 3 Slos Sl o S <l & pan 3, Sos &

Treatment ( tofl;:l(a'l) (DA) S5l jub 41> 3 Slos SU59em

kg m” kg m”

gk Cadgie

Water Deficit
L1 8.48 a 121.0 a 154.7 a 1.28 ¢ 3.14 b
L2 6.90b 119.9 a 148.8 b 1.60 b 423 b
L3 481 ¢ 1194 a 144.0 ¢ 2.18 a 6.046 a
G695

Genotypes
Vi 6.60 cde 119.8 abc 149.3 ab 1.65 cde 4.59 abc
V2 6.13 ¢ 121.8 ab 149.3 ab 1.52¢ 419 ¢
V3 6.68 cd 119.6 bc 149.3 ab 1.63 cde 417 ¢
V4 7.17 ab 1179 ¢ 149.1b 1.76 abc 4.41 be
V5 7.59 a 122.2 ab 149.2 ab 1.89 a 4.06 a
Vo6 6.19 de 1182 ¢ 1504 a 1.58 de 4.26 ¢
\% 6.59 cde 122.6 a 150.2 a 1.65 cde 421c
V8 6.67 cd 119.7 abc 149.3 ab 1.70 bed 4.35 be
Vo 6.60 cde 119.8 abc 146.2/y ¢ 1.68 bede 4.63 abc
V10 7.06 bc 119.8 abc 149.1 b 1.83 ab 8.04 ab

23l o Moyd gy o )3 I3 gme BMB] JBB SOl (claisls dix 905 ol p aliie By K JBlas el slapmSilo Lo b (glys gy yb
Means followed by the same letters in each column are not significantly different at 5% level, according to Duncan's Multiple Range
Test.

(13) 305 5 355 Sl b Sy aboyo 1 5l e 5 (L2) puS 505 5 55, (el bl (565 oy 1 el b Jlas! (L) s, gy bl
* L1: Optimum condition, L2: removal irrigation and using rainshelter from milky grain stage to maturity L3: removal irrigation and
using rainshelter from anthesis to maturity.
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Table 3- Means comparison (Annuval) of main effects of genotypes and water limitations for grain yield (GY), biological
yield (BY), days to anthesis (DA), days to physiological maturity (DPM)

sl 4l 3, Slos Sl y0b U 59, S jlg5md (S U 5o,
Treatment GY ) (DA) (DPM)
(ton ha™) (Days) (Days)
Jl
Ul pgd o Jol Jlw @93 Jlw Jol Jw @93 Jlw
- ? Second First Second First Second
First year year year year year
year
*4;'4’}5; Cggde
Water deficit*
L 8.10a 8.85 a 118.0 a 1234 a 151.2 a 158.2 a
1
L 6.36b 7.44b 117.6 a 1224 a 1457 b 1512 b
2
L 4.26 ¢ 535 ¢ 1175 a 1219 a 141.1 ¢ 146.2 ¢
3
EE))
Genotypes
v 6.04 cde 7.17 be 117.2b 1223 ¢ 1464 a 152.1b
1
v 559 e 6.66 cd 1193 a 1243 b 146.0 a 152.6b
2
v 6.24 cd 7.11bc 1173 b 121.8 ¢ 146.2 a 152.4b
3
v 6.84 ab 7.50 b 1156 ¢ 1203 d 145.8 a 152.4b
4
v 7.01 a 8.17 a 119.3a 125.0 b 1459a 152.6b
5
v 5.98 de 6.42d 1158 ¢ 120.7 d 1473a 153.4 ab
6
v 5.92 cde 7.26 be 1174 b 127.8 a 146.6 a 1542 a
;
v 6.02 cd 7.31 be 117.0 b 1224 ¢ 1464 a 152.1 b
8
V. 6.16 cde 7.04 bed 1176 b 1220 ¢ 142.6 b 1489 ¢
9
v 6.63 be 7.49 b 117.1 b 1224c¢ 145.7 a 1524 b
10
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Means followed by the same letters in each column are not significantly different at 5% level, according to Duncan's Multiple Range
Test.

(13) 305 5 355 Sl b Sy aboyo 1 5l e 5 (L2) pu 505 5 55, (el bl (565 oy ] el b Jlas! (L) s, aisge balys
* L1: Optimum condition, L2: removal irrigation and using rainshelter from milky grain stage to maturity L3: removal irrigation and
using rainshelter from anthesis to maturity.
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Table 4- Stress tolerance and sensitivity indices of wheat genotypes

Cudgmoee 5ySdos a e ; o e g oy
AT * b, s byl g Comd 03 Syl adls Jood padls Jood adlis
Genotypes Water deficit (L1) & o o o
(4] * GY 4 % (SSI) (STI) (TOL)
L) (ton ha™)
Vi L2 7.066 88 0.63 0.80 1.20
L3 4.693 58 0.98 0.53 3.393
oke Average 5.675 73 0.81 0.66 2.206
V2 L2 5.916 73 1.42 0.67 2.153
L3 4.389 54 1.07 0.49 3.680
oke Average 5.153 64 1.24 0.58 2.916
L2 6.451 71 1.53 0.81 2.629
V3 L3 4.489 49 1.19 0.56 4.591
Average 5.470 60 1.36 0.69 3.610
LS . . . .
V4 L2 7.217 76 1.26 0.95 2.258
L3 4.818 51 1.14 0.63 4.657
oke Average 6.018 63 1.20 0.79 3.458
V5 L2 7.668 79 1.11 1.04 2.044
L3 5.396 56 1.02 0.72 4314
oke Average 6.533 67 1.07 0.89 3.179
V6 L2 6.010 77 1.21 0.65 1.769
L3 4.790 62 0.88 0.52 2.989
obe Average 5.400 69 1.04 0.58 2.379
V7 L2 7.179 90 0.52 0.79 0.784
L3 4.638 58 0.98 0.51 3.325
obe Average 5.909 77 0.75 0.61 2.054
L2 7.044 89 0.58 0.77 0.835
V8 L3 5.076 64 0.84 0.55 2.803
oke Average 6.060 77 0.71 0.66 1.819
V9 L2 7.216 94 0.32 0.77 0.459
L3 4.909 63 0.86 0.53 2.766
oke Average 6.060 79 0.59 0.65 1.612
V10 L2 7.250 80 1.05 0.92 1.823
L3 4.850 53 1.09 0.61 4.233
oke Average 6.050 67 1.07 0.77 3.028

(L3) g05 5 335 5] b Sy aboyo 5l e 5 (L2) pu 505 5 55 (el b &l (505 oy el i Jloo! (L1) s ity bl
* L1: Optimum condition, L2: removal irrigation and using rainshelter from milky grain stage to maturity L3: removal irrigation and
using rainshelter from anthesis to maturity.

o A ngdwdduua&mlg(Ysi) Y .baj).uf:g(Ypi) Ly hg))m 3 A 3 Slas o (Suwnod ol po (e yilo -0 Jgua

H9b) Cadgiome
Table 5- Correlation coefficients matix between grain yield in optimum (Yp) and water limited conditions (Ys) with stress
tolerance and sensitivity indices

Ypi SSI STI TOL
O Camslus a3l SST -0.20™
5 Jeo a3l STI 0.50%* -0.46*
5 Jeoss 4asls TOL 0.012™ 0.39* -0.71%*
o5 Laulyd 55 ails 5 Sl Ysi 0.39* -0.43* 0.93% 0.85%*

B izepis g dopd gy 9 S Jlein] paw 3 I gxe ol A NS g % i
** * and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Introduction

During growth stages of wheat, anthesis and grain filling periods are the most susceptible to drought. Wheat
cultivars that are more tolerant to terminal drought are more suitable to Mediterranean conditions. To increase
water use efficiency, the target environment should be taken into account, because one trait might be effective in
an environment but ineffective in another environment. In general, some traits like early vigour and root
absorbtion capacity are so important in water deficient conditions. In recent years, increasing grain yield was due
to increasing grain numbers. Although both the source and sink is considered as the limitation factors in
increasing grain yield in old cultivars, even in the new cultivars sink seems to be more important. In fact,
phenological adjustment adapted with seasonal precipitation pattern can improve water use efficiency in drought
conditions. Suitable flowering time is the most important trait that is correlated with increasing water use
efficiency in drought conditions.

Materials and Methods

In order to evaluate the level of drought tolerance in promising bread wheat lines, a split plot arrangements
using randomized complete block design with three replications was carried out in 2008-09 and 2009-10
growing seasons at Torogh Agricultural Research Field Station, Mashhad. in. water limited conditions at three
levels Optimum moisture conditions (L1), removal irrigation and using rain shelter from milky grain stage to
maturity (L2), removal irrigation and using rainshelter from anthesis to maturity (L3) were assigned to main
plots. Ten bread wheat lines include suitable for cold and dry regions (V1: (Toos), V2: (C-81-10), V3:
(pishgam), V4: (C-84-4), V5: (C-84-8), V6: (C-D-85-15), V7: (C-D-85-9), V8: (C-D-84-5502), V9: (C-D-85-
5502) and V10: (C-85-6) were randomized in sub-plots. Stress susceptibility index (SSI), stress tolerance index
(STI) and tolerance (TOL) were calculated using following equations:

D = 1- (Yd/Yp), SSI = (1-(Ydi/Ypi)) / D, STI = (YpixYsi)/ (Yp) 2, TOL= Ypi — Ysi

In which D is environment stress intensity; Yp, average of grain yield for all genotypes in optimum; Ys, in
water limited conditions; Ypi, grain yield of one genotype in optimum; and Ysi, grain yield of one genotype in
water limited conditions.

Anthesis and physiological maturity were determined by observing of anthers in %50 spikes and changing
color of %50 pedancles to yellow, respectively.

Results and Discussions

The results revealed that water stress (L2 and L3 treatments) reduced grain yield (18.6% and 45.3%,
respectively). Genotypes V5, V4 and V10 showed maximum water use efficiency (WUE) (1.885, 1.756 and
1.833 kg.m-3 respectively). A highly significant relationship was found between grain yield under moisture
limited conditions and STI (r = 0.93**) and TOL (r = 0.85**). Grain yield under optimum irrigation condition
was significantly (r = 0.50%*) correlated with STI.

Therefore, stress tolerance index (STI) was more efficient index for estimation the grain yield under either
conditions as well as grouping the genotypes with higher grain yield and tolerant to water limited condition. So,
stress tolerance index (STI) was suitable for classifying the higher yielding genotypes adapted to drought prone
environment. Since stress tolerance index (STI) was highly and significantly associated with grain yield in both
optimum (r = 0.50**) and limited moisture (r = 0.93**) conditions, it can be used an efficient index for
evaluation in the field.

1- Assistant Professor of Crop Ecology, Khorasan Razavi Agricultural and Natural Resources Research and Education
Center, Mashhad
(*- Corresponding Author Email: smnazeri56@yahoo.com)
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Conclusions

Our results indicated that genotypes V5, V4 and V10 with high stress tolerance index (STI) values and the
greatest WUE, had the best performance among the other genotypes, respectively. These cultivars had higher
grain yield in both optimum and stress conditions than other genotypes So, these cultivars could be
recommended to cultivate for similar conditions.

Keywords: Anthesis, Developmental stages, Drought stress
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Table 1- Analysis of variance of characters investigated in F. flabelliloba under irrigation and chitosan treatments
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* and ** are significantly different in 5% and 1% respectively, and ns is not significantly different
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Table 2- Compare mean of irrigation and chitosan (mg L) on shoot dry weight, phenolic content and antioxidative enzyme
activity in F. flabelliloba

10 Swid 43 3 ]
a 09 JSJJ e KVOLE JUpWW) G PPLOW] e )
®.los lod Phenolic G “ ‘ Wl 65 oolle
- ’tm " Shoot dry content CAT e Ty MAD
catme weight mg. g dry) (unit mg™ fw) _SOI?l _APX_l (mM cm™)
(g.plant™) (weight (unit mg™ fw) (unit mg™~ fw)
(Irrigation) s,
R ’L’ 12.1° 403¢ 0.495° 0.148° 0.373° 0.032°
(Field Capacity)
1y; cud b Y0 alss
i (3"; FQ i 9.47° 671° 1.24° 0.28° 0.286° 0.04°
0
I); Cud b /50 adsw
(Fbj S b AP & 7.97¢ 773 1.55° 0.384° 0.202° 0.052°
(65% FC)
(mg L) 58
(Chitosan)
0 7.35° 511¢ 0.845¢ 0.171¢ 0.234¢ 0.048°
0.2 9.2° 593¢ 0.994¢ 0.222¢ 0.282° 0.042%®
0.4 13.1 664° 1.12° 0.245° 0.376° 0.037°
0.6 10.3° 691° 1.26 0.351° 0.285° 0.038°
0.8 9.3° 619° 1.25% 0.364° 0.229¢ 0.038°

3l 203 O s > (S35 gl bl I ine it Sl Sl gt 4 e By >
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 3- Compare mean of irrigation * chitosan (mg L™) on Shoot dry weight, Phenolic content and antioxidative enzyme
activity in F. flabelliloba

R R i

Shoot dry ). (Phenol) 27 KW pepo rpyoen
(Treatment) jlo.5 (weizhtsi » mgg’) (( 't) (SOD) ;U gownsd (APX) lamnST 42
uni . _ . -
(g plant™) (w(ilight mg'fw) (unit mg”'fw) (unit mg™”'fw)
— ] hi 35
(Irrigation) (s L € 1tosan)fl)),~,.5
(mg L)
(FC) ely; cudybo 0 8.89% 5221 0.468¢ 0.14" 0.305¢
A/ PW
255 7.57° 346° 0.952f 0.184% 0.219
(35% FC) _sl,;
bbb 750 alss . .
5.59 667° 1.11° 0.189 0.1788
(65% FC) sl
(FC) sly; cubyls 0.2 11.85° 489¢ 0.465¢ 0.143¢ 0.376"
cud b /X0 4l
=5 i 8.76® 5249 1.096° 0.248° 0.27%
(35% FC) _sl,;
b )b 750 alss
i . 1P ° 1.42° 274° 201%
(65% FC) sl 7 768 0.27 0.201
(FC) sly; cubyls 0.4 13.17° 369° 0.4892 0.141&" 0.513*
cud b /X0 alss
b i 12.11° 871° 1.25¢ 0.278% 0.365"
(35% FC) _sl,;
Cud\bs V50 alss
=5 i 11.18° 752° 1.64° 0.317% 0.251°
(65% FC) _sl,;
(FC) sly; cubyls 0.6 12.72° 322° 0.511¢ 0.157"" 0.382°
KRNERA ( PWES 5 ‘
9.50° 856" 1.46° 0.323° 0.272%
(35% FC) _sl,;
b 170 b5 8.66™ 894° 1.82° 0.574° P
(65% FC) sl . . 57 0.
(FC) ely; cudybo 0.8 11.03* 313 0.541¢ 0.16"" 0.291¢
A/ PW
20 9.43% 760° 1.47° 0.367° 0.216"
(35% FC) _sl,;
Cud)bs V50 alss
=5 i 7.42° 785" 1.74% 0.565° 0.179¢
(65% FC) _sl,;
Cannleg] oy I3 xo g Cglis o LS gt b 50 dilie g
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 4- Correlation index of antioxidative enzyme activity, phenolic content, lipid peroxidation and shoot dry weight in F.

flabelliloba
oA 0l S us el Sl RVCRY] [PSSNTR
stlp? ol (Phenol) (CAT) 3y el (MAD)
(Shoot D. W.) (SOD) (APX)
oo plal Sas (5 .
(Shoot D. W.)
(Phenol) J:3 -0.32" 1
(CAT) pls 0.43" 0.86" 1
(SOD) bgonsd 3ouSlpow  -0.33 0.74" 0.87" 1
APX) 5loslys &b o5l 0.84" -0.49™ -0.69" -0.56" 1
(MAD) as5ullgsy5lle -0.58" 0.37" 0.51" 0.28 -0.63" 1

2l o doyd iy 5 S5 sl e 3 I e gy e g %
* and ** are significantly different in 5% and 1% respectively
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Introduction

Ferula flabelliloba Rech. F. & Acll., (Apiaceae), a perennial plant with medicinal value, is one of important
soil protective grown in Binalood mountains. Decreased precipitation in the previous years caused plants
subjected to drought stress condition. Drought stress limits the growth and productivity of plants more than any
other environmental factors. Drought stress can alter plant light absorption and consumption processes and
increases production of reactive oxygen species (ROS). ROS is responsible for lipid peroxidation and associated
injury to membranes, nucleic acids, proteins and enzymes. To detoxify ROS, plants develop different types of
antioxidants to reduce oxidative damage and confer drought tolerance. ROS scavengers are either non-
enzymatic (ascorbate, glutathione, flavonoids, alkaloids, carotenoids and phenolic compound) or enzymatic
containing superoxide dismutase, catalase, ascorbate peroxidase, and glutathione reductase. The activity of these
antioxidants and enzymes allows short-term acclimation to temporary water deficit, but these biochemicals
cannot overcome the effects of extreme or prolonged drought.

Chitosan is a natural biopolymer formed by low alkaline deacetylation of chitin, an important component of
the exoskeletons of crustaceans such as crab, crawfish and shrimp. Chitosan can affect plant physiology and
gene expression, hence these materials can increase the plant resistant to many unfavorable environmental
condition. The biological properties of chitosan have led to use it for various purposes. Chitosan has been used
as plant protectant against fungi, bacteria and viruses, to improve soil fertility and to stimulate plant defense
system. Thus, it seems that chitosan is a promising material for improving plant growth, especially under drought
stress conditions where water deficit limits plant growth and establishment. In the present study, the effects of
chitosan as foliar spraying of F. flabelliloba with different concentrations were investigated. The main objective
of this study was to examine the potential benefits of chitosan by reducing damage to F. flabelliloba at the
seedling stages under water-deficit conditions.

Materials and Methods

In order to evaluate the effects of chitosan spraying and drought stress on physiological characteristics of F.
felabelliloba, a factorial experiment in a completely randomized design with three replications was conducted in
laboratory. The experimental treatments included drought stress (irrigated in Field capacity, depletion of soil
water content up to 35% and 65% of FC condition) and foliar chitosan spray (Zero, 0.2, 0.4, 0.6 and 0.8 mg 17).

Seeds of F. flabelliloba were harvested in June-July of 2012 from natural habitat in Binalood mountain and
kept in laboratory condition until the study started. F. flabelliloba seeds were germinated and grown in soils at
light/dark temperature cycle of 20-16 degree centigrade and photoperiod of 16-8 h. Irrigation treatments were
performed after 20 days, when seedling established and chitosan sprayed simultaneous and repeated one month
later.

The shoot from 60-day-old plants were taken and used for analysis the physiological parameters. Shoot dry
weight was measured in oven at 70 °C for 24 hours. Enzyme activity was determined from the extract prepared
according to the method of Sairam and Saxena (2000). Catalase and Peroxidase activities were determined
according to Weydert and Cullen (2010) and Superoxide dismutase activity assayed as described by Beauchamp
and Fridovich (1971). Lipid peroxidation was estimated by measuring spectrophotometrically malondialdehyde
(MDA) content of plant based on Jiang and Hung (2001). Total phenolic content was determined according to
Ebrahimzadeh and Bahramian (2009). Data from the experiment was analyzed using SPSS ver. 17 and MSTAT-
C software and mean comparison was carried out using Duncan’s multiple range test at the 95% of probability.
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(*- Corresponding Author Email: Ghadirtaheri@gmail.com)
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Results and Discussion

Results showed that shoot dry weight of the plants maintained under depletion of soil water content up to
65% of FC decreased and total phenolic content, Malondialdehyde (MDA) concentration, the activity of
Superoxide Dismutase (SOD) and Catalase (CAT) increased. The highest shoot dry weight was obtained in
plants treated with 0.4 mg 1" chitosan. The highest phenolic content, CAT and SOD activity were obtained in
plants subtended in depletion of soil water content up to 65% of FC and sprayed with 0.6 and 0.8 mg I"' chitosan.

Defensive mechanisms against oxidative damage related with drought stress, including production of
antioxidative enzymes can be increased by exogenous application of chitosan. Chitosan may have had the
beneficial effects on plant growth under water deficit stress condition, often by anti-transparent and causing the
closure of stomata which conserves water. The lower amount of MDA in plants sprayed with chitosan, whether
under well-watered or drought conditions, suggests that chitosan protects against oxidative damage. Moreover,
our study demonstrates that application of chitosan to 0.6 mg 1™ increased total phenolic content in F.
flabelliloba leaf tissue, and decreased the lipid peroxidation. The decrease in shoot dry weight against drought
stress in the F. flabelliloba plants sprayed with 0.8 mg 1" of chitosan, might be result of factors that occurred
alone or in combination. High rates of chitosan can reduce plant growth by decreasing photosynthesis and the
rates of some biochemical processes.

Conclusions

The Results of this study indicated that chitosan sprayed under drought condition could stimulate enzymatic
and non-enzymatic anti-oxidative defence system of F. flabelliloba and decreased oxidative damage in water
stress condition. According to the result, it can be concluded that chitosan foliar spraying can decrease harmful
effects of drought stress and can be used as a plant growth enhancer for F. Flabelliloba.

Keywords: Anti-oxidant, Enzyme, Irrigation, Phenol, Vegetative growth
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Table 1- Nano-Zinc oxide properties used

Weight
Purity
APS'
SSA?

Appearance

100 g
99 %
<30 nm
> 30 m? g!
Red powder

1- Average Particle Size

2- Specific Surface Area

oRlojl sl Joxe S o loud 650 348 Sluogad - Jgan
Table 2- Soil physico-chemical properties at depth of 0-45 cm

(%) s e BB s By Oje Calas o
Texture e $9) e & o SN (gl pdiged
o ek ) K Zn p ! pH (EC) Depth of
Absorbable  (PPm)  Absorbable  Ntotal ~ ©O-C sampling
Sand  Silt  Clay (ppm) (ppm) % % ECX10° (cm)
B 5 5 326.5 0.32 383 0.12 108 834 1.59 0-45
45 ¢
40 +
35+
30 +
25 +
20 +
15 +
10 -+ T
; N

May June

ERR%N mean high temprature (- ©

== mean monthlytemprature (- O

July Agust

EFZFA mean low temprature (- O

September

- -O- - mean percipitation (mm)
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Figure 1- Minimum and maximum temperatures and rainfall recorded
during the growth period of soybean in 2013 cropping season
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Table 4- Mean comparision of effects of nano zinc oxide and seed inoculation with PGPR and rhizobium on dry weight of
nodule, the number of pod and the number of grain per pod of soybean

o i (339 L ol 53 413 31ass
Wi 390 SR (mg) The number of grain
. The number of pod per
Treatment studied Dry weight of plant per pod
nodule
(2 2 £5) 9y 2S15L gghaws
Nano-Zinc oxide (g1™)
Without Nano-Zinc oxide »¢8" cépas pas 6.07 17.96 2.407
0.3 7.93 19.23 2.59
0.6 9.03 20.91 2.76
0.9 9.05 23.23 3.08
LSD 5% 0.48 3.03 0.0702
ooy 9 PGPR (lagish b )k il
Seed inoculation with PGPR and Rhizobium
Without seed inoculation i, zal pac 6.47 16.304 2.29
Seed inoculation with rhizobium psus sl b gl 7.62 19.27 2.52
Seed inoculation with azosprilium and rhizobium
Seed inoculation with psedomonas and rhizobium
Pork prgil + obsagdge + pomgnly b,k gy
Seed inoculation with rhizobium, psedomonas and 9.85 23.92 3.28
rhizobium
LSD 5% 0.536 2.27 0.0784
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Means with similar letters in each column are not significantly different
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Figure 2- variation trend of grain filling rate of soybean at various levels of seed inoculation with rhizobium and PGPR,
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without nano zinc oxide (A), application of 0.3 (B), 0.6 (C) and 0.9 g.lit" of nano zinc oxide
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Introduction

Utilizing biological fertilizer is a proper and cheap method for crop production. Potentially, soybean can be
used as biological fertilizers and seed inoculation. Zinc is an essential element that have positive effects on plant
growth and its development. Canola, sunflower, soybean and safflower are the main cultivated oilseeds in Iran.
Soybean production in Iran is very low as compared to other countries. One of the most effective factor in
increasing the soybean yield is seed inoculation with plant growth promoting rhizobacteria (PGPR) and
application of Zinc fertilizer. Some of the benefits provided by PGPR are the ability to produce gibberellic acid,
cytokinins and ethylene, N2 fixation, solubilization of mineral phosphates and other nutrients (56). Numerous
studies have shown a substantial increase in dry matter accumulation and seed yield following inoculation with
PGPR. Seyed Sharifi (45) reported that seed inoculation with Azotobacter chroococcum strain 5 increased all of
the growth indices such as total dry matter, crop growth rate and relative growth rate. Increasing and extending
the role of biofertilizers such as Rhizobium can reduce the need for chemical fertilizers and decrease adverse
environmental effects. Therefore, in the development and implementation of sustainable agricultural techniques,
biofertilization has great importance in alleviating environmental pollution and deterioration of the nature. As a
legume, soybean can obtain a significant portion (4-85%) of its nitrogen requirement through symbiotic N,
fixation when grown in association with effective and compatible RhAizobium strains. Since there is little
available information on nano-zinc oxide and seed inoculation by plant growth promoting rhizobacteria (PGPR)
on yield in the agro-ecological growing zones of Ardabil province of Iran. Therefore, this research was
conducted to investigate the effects of nano-zinc oxide and seed inoculation with plant growth promoting
rhizobacteria application on yield, yield components and grain filling period of soybean.

Materials and Methods

In order to study the effects of Nano-Zinc oxide and seed inoculation with Brady rhizobium and plant
growth promoting rhizobacteria on yield and some agronomic characteristics of soybean, a factorial experiment
based on randomized complete block design with three replications was conducted in 2013 at the research farm
of the Islamic Azad University, Ardabil Branch. Factors were included foliar application of Nano-Zinc oxide at
four levels (Zero as control, 0.3, 0.6 and 0.9 g I'') and seed inoculation with Brady rhizobium and plant growth
promoting rhizobacteria at five levels (without inoculation as control, seed inoculation with Brady rhizobium
japanicum, seed inoculation with Brady rhizobium japanicum-+Azosprillum lipoferum strain OF, seed
inoculation with Brady rhizobium japanicum+Psedomonas putida, seed inoculation with Brady rhizobium
japanicum+ Azosprillum lipoferum strain OF+ Psedomonas putida.

Results and Discussion

The results of growth indices showed that the maximum total dry matter (530 g m™), crop growth rate (9.48
g.m?.day") and relative growth rate (0.1 g.g”.day™) were obtained at foliar application of 0.9 g 1" Nano-Zinc
oxidexseed inoculation with rhizobium+Azosprillum+ Psedomonas and the least of these indices were obtained
without of foliar application Nano-Zinc oxide % seed inoculation. The results showed that plant height, the
number of nodules per plant, the number of pod per plant, grain yield and grain 100 weight were significantly
affected by Nano-Zinc oxide, seed inoculation and interaction of Nano-Zinc oxidexseed inoculation. Maximum
of plant height, grain 100 weight, the number of nodules per plant and grain yield were obtained at foliar
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2- Assistant Professor, College of Agriculture, Ferdowsi University of Mashhad
(*- Corresponding Author Email: Raouf ssharifi@Yahoo.com)
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application of 0.9 g 1" of Nano-Zinc oxidexseed inoculation with rhizobium and PGPR. Dry weight of nodules
per plant, the number of pod per plant and the number of grains per plant inceased by increasing of Nano-Zinc
oxide application. Similar results were obtained in seed inoculation with rhizobium+PGPR. In order to increase
the grain yield, growth indices and some agronomic characteristics of soybean, it is suggested to apply 0.9 g 1!
of Nano-Zinc oxide and at seed inoculation with rhizobium and PGPR.

Conclusions

Based on the results, it was concluded that application of 0.9 g I"' of Nano-Zinc oxide and at seed inoculation
with rhizobium and PGPR can be recommended for profitable soybean production in the study area.

Keywords: PGPR, Seed inoculation, Soybean, Zinc oxide nanoparticles
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Figure 2- Survival percentage and some of growth traits of Lancelot plantain (based on individual plant mean) after one

month applying freezing stress temperatures (means with similar letters haven’t significant difference according to the LSD
test in 1% probability level.)
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Table 1- Effect of freezing temperatures on survival % and some of growth traits of Lancelot plantain (based on individual
plant mean) after one month recovery at greenhouse conditions

&% sl sWnoyd S g dlaas Sy o Sy S 439
Freezing temperature Survival% No. Leaf Leaf area (cm?) Leaf dry weight (mg)
0 92.8 3.96 6.26 32.6
-3 96.7 3.82 7.34 37.6
-6 96.8 3.74 7.40 34.5
-9 86.8 3.42 5.81 27.0
-12 72.9 3.46 4.91 23.4
-15 12.2 0.43 0.58 2.8
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
LSD (0.01) 10.2 0.53 1.08 4.6

St ()15 gme (6)lol Sglis gl cad LSD I ity bl M a8 oo Sl
* Means which their differences are more than LSD have significant difference.
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Table 2- Mean comparison for survival % and growth traits of Lancelot plantain ecotypes exposed to freezing stress

i S| (31)5 5lw @ 43) Lod &y woys We P Syilani Wy pSymhw S eSS G5
Ecotype Temperature (°C) Survival % No. Leaf per ( &30 50 6;;\,,,) (o s uj“,) &g
plant Leaf Area lz)er Leaf dry weight
plant (cm”) per plant (mg)

0 96.3 3.75 6.23 322
-3 100.0 4.00 6.19 273
-6 94.4 3.36 7.11 33.9
] -9 100.0 3.61 7.17 33.3
Bojnord -12 83.3 3.38 5.64 24.8
-15 16.7 0.78 1.12 5.4
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 100.0 4.56 7.49 38.5
-3 83.3 3.35 9.35 50.9
-6 97.2 3.67 10.2 44.8
oS -9 100.0 3.56 7.08 31.4
Kalat -12 83.3 3.39 4.59 22.5
-15 0.0 0.00 0.00 0.0
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 94.4 4.70 8.86 44.7
-3 100.0 4.44 6.89 38.0
-6 100.0 4.55 7.00 37.6
Sl -9 100.0 3.92 7.27 31.3
Mashhad -12 94.4 4.40 5.96 30.0
-15 44.4 1.36 1.78 8.3
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 94.4 3.40 5.16 24.4
-3 100.0 3.70 8.56 41.0
-6 92.2 3.62 6.38 30.8
ol -9 97.8 3.44 4.76 23.8
Ghayen -12 77.8 3.20 5.03 24.0
-15 0.0 0.00 0.00 0.0
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
0 78.6 3.40 3.54 23.0
-3 100.0 3.61 5.73 30.8
-6 100.0 3.48 6.26 253
N2y -9 36.1 2.56 2.79 15.4
Birjand -12 25.4 2.92 3.35 15.5
-15 0.0 0.00 0.00 0.0
-18 0.0 0.00 0.00 0.0
-21 0.0 0.00 0.00 0.0
LSD (0.01) 22.8 ns 2.42 10.3

St ()15 e (6 )lol glis gl el LSD Iyt Lol M &8 ol Sl
* Means which their differences are more than LSD have significant difference.
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Table 3- Lethal temperature for 50% of plants according to the survival % and dry weight of Lancelot plantain ecotypes
after one month recovery at greenhouse conditions

(Ecotype) cuisST LT50, (°C) RDMTs5 (°C)
(Bojnord) 5 )iz, -14.4 -14.1
(Kalat) M 14.1 -11.8
(Mashhad) e -15.8 -12.5
(Ghayen) 8 -13.6 -12.8
(Birjand) x> 0 -10.5 -11.1
LSD (0.01 and 0.05) 2.8 2.0

St ()15 e (6)lol Sglis gl cad LSD I ity bl M a8 pla Sl
* Means which their differences are more than LSD have significant difference.
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Figure 3- Regression coefficient between survival % and lethal temperature for 50% of plants according to the survival %
(LTs0su) in Lancelot plantain ecotypes (each point is mean of eight data).
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Table 4- Pearson correlation coefficients between survival % and some of growth traits of Lancelot plantain exposed to
freezing stress

1 2 3 4 5 6
HERWILES .
1- Survival percentage
2- LTspy -0.96** 1
Gyt Sy Y 0787 076"
3- No. Leaf per plant
G 2 S oY 0.75**  -0.75"*  0.69™ 1

4- Leaf area per plant
T Sy SdS jg =0
5- Leaf dry weight per plant
6- RDMTs, -0.53"  0.51™  -0.22™ -0.28™ -0.28"™ |
oy 1) 5 oy ol 2 sbxe 5 e pas T
ns, ** and *** are non significant and significant at 5, 1 and 0.1 % probability levels respectively.

0.76** -0.78*" 0.76™"  0.96™" 1
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Introduction

Lancelot Plantain (Ribwort, narrow-leaf or English plantain) is a deep-rooted, short-lived perennial herb from
Plantaginaceae family which has been used for various medicinal purposes for centuries, especially in Europe
and only more recently has been proposed as a forage plant. The leaf of plantain is highly palatable for grazing
animals, providing mineral-rich forage. Recently two productive upright cultivars of plantain have been bred and
introduced, Grasslands Lancelot and the more erect winter active Ceres Tonic. Plantain grows moderately in
winter but its main growth periods beings in spring and autumn with opportunistic summer growth. Although it
reveals suitable winter survival in natural conditions, but there is not a lot of information about cold tolerance of
this plant. So it is important to recognize the freeze tolerance of narrow leaf plantain for successful planting and
utilization in cold regions such as Mashhad in Khorasan Razavi Province (Northeast of Iran). Determining LTs,
point or critical temperature for survival of plant is the most reliable and simple method for evaluating cold
tolerance of plants. Another reliable method for freeze tolerance of plants is estimation of temperature at which
50 % of dry matter reduces (RDMTsg). This experiment was carried out to evaluate freeze tolerance of five
ecotypes of Lancelot plantain according to the LTso5, and RDMTs, indices.

Materials and Methods

In order to evaluate freeze tolerance of Lancelot plantain, a factorial experiment based on completely
randomized design with three replications was carried out under controlled conditions at college of agriculture,
Ferdowsi University of Mashhad. Five ecotypes of Lancelot plantain (Bojnourd, Kalat, Mashhad, Ghayen and
Birjand) after three months growth and hardening in natural environment were transferred to a Thermo gradient
freezer on January 20y, 2012 and exposed to eight freezing temperatures (Zero, -3, -6, -9, -12, -15, -18 and -
21°C). The initial temperature of programmable freezer was 5°C; but gradually decreased in a rate of 2°C.h™
until reach 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 nuclei in them. Then for recovery, plants were
transferred to greenhouse and after one month, survival and growth traits of plants were determined by
measuring characteristics such as survival percentage (Su%), the lethal temperature for 50% of plants according
to the survival percentage (LTsos,), number of leaf, leaf area, leaf dry weight and temperature at which 50% of
dry matter reduces (RDMTsg). LTs0s, and RDMTs, were determined after plotting survival percentage and dry
weight data curves versus experimental temperatures respectively. Analysis of variance performed by MSTAT-C
software and correlation between data carried out by MINITAB 15 program. Mean separation was conducted by
least significant difference (LSD) test at 1% probability level.

Results and Discussion

Analysis of variance showed significant difference between plantain ecotypes and freezing temperatures for
survival %. Means comparison showed that survival percentage of Mashhad ecotype was more than other
ecotypes. Interaction effects of ecotype and temperature on survival percentage was significant too and only
Mashhad and Bojnourd ecotypes in -15°C were alive. Evaluating the temperature-survival curve allowed
estimation of a LTs, value, similar to the LDs, (lethal dose for 50% of the subjects) in a toxicity screen. In this
experiment there was significant difference between ecotypes at the point of this indicator view and LTsgg, of
Mashhad ecotype was 5.3°C lower than Birjand ecotype. With decreasing the temperature to less than -12°C,
number of leaf and leaf area were decreased. In addition decreasing of temperature to less than -6°C, reduced
dry weight of plants noticeably. Mashhad and Birjand ecotypes produced the most and the least leaf number and
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leaf dry weight but Kalat and Birjand ecotypes produced the most and the least leaf area respectively after the
recovery period. Based on RDMTs, index, Bojnourd ecotype was the most tolerant and Birjand ecotype was the
most sensitive ecotype. There was high and negative correlation between Survival percentage, LTs,, and
RDMTs5, (r— -0.97"" and r=-0.53" respectively) which confirmed that these indices were suitable alternatives for
each other in estimating the freeze tolerance of narrow leaf plantain.

Conclusions

Based on these results, Lancelot plantain has the ability to withstand winters which are not colder than
-16 C. Despite this for better perception of Plantain freeze tolerance potential, more experiments under
controlled and field conditions are required.

Keywords: Dry weight, LTso, Recovery, Survival
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Table 1- Mathematical relationships to estimation of growth physiological indices

Growth physiological indices  symbol Unit Equation
S Sis i TDM g.m>.GDD Polynomial(a+bx+cx*+dx’)
Total dry matter
Sn g U»Lu LAI - Polynomial(a+bx-+cx*+dx*
yn
Leaf area index
Jpame 20, oo CGR gm>.GDD ADM/AGDDx(1/GA)
Crop growth rate
e 5y S RGR g.g' GDD 1/DMxADM/AGDD
Relative growth rate net
S atantbares NAR ¢m2.GDD [(W3-W,) /(To-T1)] X[(INLAy-InLA,//(LAy-LA)]
Assimilation rate
Ly 45y & BGR g.m™>.GDD 1/GA xABD /AGDD
Bulb growth rate
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Figure 1- in dry matter accumulation of onion RedAzarshshar cultivar in different seed priming
Trend of variation
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Figure 2- Trend of variation in dry matter accumulation of onion Zargan cultivar in different seed
priming
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Figure 3- Trend of varation in dry matter accumulation of onion RedAzarshshar cultivar in
different seed size
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Figure 4- Trend of varation in dry matter accumulation of onion Zargan cultivar in
different seed size
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Figure 5- Trend of varation in crop growth rate of onion RedAzarshshar cultivar in different
seed priming
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Figure 6- Trend of varation in crop growth rate of onion Zargan cultivar in different seed
priming
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Figure 7- Trend of varation in crop growth rate of onion Red Azarshshr cultivar in different
seed size
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Figure 8- Trend of varation in crop growth rate of onion Zargan cultivar in different seed size
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Figure 9- Trend of varation in net assimilation rate of onion Red Azarshshr cultivar in different
seed priming
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Figure 10- Trend of varation in net assimilation rate of onion Zargan cultivar in different seed

priming

0.15 - y(s1) = -3E-11x3 + 1E-07x? - 1E-04x + 0.0423
_ : R*=0.9576
[ - 3 2
e P ¥ (52)= -3E-11x3 + 2E-07x2 - 0.0002x + 0.1191
8 010 | ¥(3)=-6E-11¥ ; 35 3;;;29 10.0004x +0.2097 Rie 0.9301
g E
sy 0.05
3z -
2 A g
g 0.00
§ 500 1000 1500 2000 2500 3000 \3500 4000
g -0.05 A
% GDD
<
2 -0.10 A
B small(s3 medium(s2 ®large(sl
o5 | (s3) (s2) ge(s1) n
-0.20 - e 3 08y 5l s lisee (Saojlail )3 (AL e Caspar Ol yud -V ) S
Figure 11- Trend of varation in net assimilation rateof onion Red Azarshshr cultivar in different seed size
0.15 7 y(s1)=-5E-11x3 + 2E-07x - 0.0003x + 0.1469 ¥(s2) = -5E-11x3 + 3E-07x2 - 0.0004x + 0.208
. R?=0.9636 R?=0.9283
2 0.10
S 3
NE 0.05 - i
i [ [ ] N
E 0.00
<
g 0.05 500 1000 1500 2000 2500 300 3500 4000
£ GDD
E 010 Ty (s3)=-8E-11x° + 4E-07x - 0.0006x + 0.2942 N
Z 015 R*=0.9123
2 Bsmall(s3) ¢ medium(s2) large(s1)
-0.20 -
|

Figure 12- Trend of varation in net assimilation rateof onion Zargan cultivar in different
seed size
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Figure 13- Trend of varation in relative growth rate of onion Rea Azarshahr cultivar in different seed priming
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Figure 14. Trend of varation in relative growth rate of onion Zarghun cultivar in
different seed priming
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Figure 15- Trend of varation in relative growth rate of onion Red Azarshshr in

different seed size
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Figure 16- Trend of varation in relative growth rate of onion Zargan
cultivr in different seed size
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Figure 17- Trend of varation in bulb growth rate of onion Red Azarshahr cultivar in
different seed priming
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Figure 18- Trend of varation in bulb growth rate of onion Zargan cultivar in different seed
priming
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Figure 19- Trend of varation in bulb growth rate of onion Red Azarshahr cultivar in different seed
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Figure 20- Trend of varation in bulb growth rate of onion Zargan cultivar in different
seed size
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Figure 21- Trend of varation in leaf aria index of onion Red Azarshahr cultivar in different
seed priming
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Figure 22- Trend of varation in leaf aria index of onion Zargan cultivar in different seed
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Figure 23- Trend of varation in leaf aria index of onion Red Azarshahr cultivar in different
seed size
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Figure 24- Trend of varation in leaf aria index of onion Zargan cultivar in different seed
size
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Table 2- Mean comparison of bulb fresh and dry matter yield, dry matter percent of seed size, pre- treatment and cultivar

slowd Suis ool #3Sdos SUis 3 Shos
Treatment Dry matter Bulb fresh yield Bulb dry matter yield
(%) (ton ha™) (ton ha™)
329 831051 Seed size
s 10.10b 27.52¢ 3.15¢
Small
buwgia 10.44b 41.75b 5.22b
Medium
2 11.47a 53.26a 6.53a
Large
Suorl 52 Priming
el 9.25¢ 27.64d 4.65d
Control
Sorl gy 10.61b 37.17¢ 5.52¢
Hydro priming
preliy Ol 10.69b 44.19b 7.45b
KNO;
¥ 11.47a 59.40a 9.95a
Falomin
©B,! Cultivars
e 3 50,8 11.47a 43.40a 5.43a
Red Azarshahr
obj 9.48b 40.30b 5.04a
Zarghuan

Al s s loisme 5ylel alis sl doys gty Sl s 3 (S0l (laialy aiz pgel ol S jtte By (g Jlasi g gt 2 (Slo il

Mean in each column and treatment with the same letter are not Significantly different at 5% of probability level-using Duncan’s

Multiple Range Test.
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Introduction

Priming is one of the most common methods of improving seed quality, which significantly affects their
storability. Seed priming is a seed treatment that allows imbibition and activation of the initial metabolic events
associated with seed germination, but prevents radicle emergence and growth. In other words, phase one and two
of seed water imbibition curve are passed, but seeds do not enter the third phase of water uptake. Then seeds are
dried back to their original water content. Seed priming is a pre-sowing strategy for influencing seed germination
and seedling development by modulating pre-germination metabolic activity prior to emergence of the radicle
and generally enhances germination rate and plant performance. Naturally, when speed and percentage
emergence of germinating seeds are being high, growing sources like light, water and nutrient will be more used.
Another factor that can affect the seed germination and seedling establishment is the seed size. As generally
known, among producing factors, seed as the first consumer store, plays an important role in the transfer of
genetic characters and improvement of qualitative and quantitative traits of production. One of the most
important factors in maximizing crop yield is planting high quality seed. Seed size is an important physical
indicator of seed quality that affects vegetative growth and is frequently related to yield, market grade factors
and harvest efficiency. In the present paper, effects of different pre-sowing treatments and seed size on
physiological growth indices and bulb dry yield of onion cultivars were investigated.

Materials and Methods

In order to determine the response of physiological growth indices and bulb dry yield of onion to priming and
seed size, a field experiment was conducted in 2012-2013 cropping season at Agriculture and Natural Resources
Research Center of East, Azarbayjan, Iran. This experiment was a factorial experiment based on a randomized
complete block design with three replications. Experiment treatments included priminig at four levels:
hydropriming, osmopriming (in %2KNO;), priminig with falomin amino acid (in 2%) and control (without
priming). Seed samples of the two cultivars were sieved by slotted screens and placed into three groups of seed
diameter size: small, medium and large and cultivars at two levels: Red Azarshahr and Zarghun. The
physiological growth indices such as total dry matter, leaf area index, crop growth rate, net assimilation rate,
bulb growth rate and bulb fresh and dry yield were studied.

Results and Discussion

Results of field experiment showed that seed priming improved growth indices such as dry matter
accumulation (DMA), crop growth rate (CGR), net assimilation rate (NAR), relative growth rate (RGR), bulb
growth rate (BGR) and leaf aria index (LAI) in both cultivars. The highest bulb fresh, dry yield and dry matter
percentage (54400, 6800 kg/ha and11/80 %) belonged to priminig with folammine amino acid, respectively. The
results of growth analysis indicated that the maximum and minimum growth indices values were obtained from
large and small seeds, respectively. Mean comparison showed that the highest bulb fresh yield (53.26 ton/ha),
bulb dry yield (9.95 ton/ha) and bulb dry matter (11.47 %) were achieved from large seeds. Mean comparison
indicated that the highest bulb fresh yield (43.40 ton/ha), bulb dry yield (5.43 ton/ha) and bulb dry matter (11.47
%) were observed in Red Azarshahr.

Conclusions
Seed priming treatments improved bulb fresh and dry yield, total dry matter, leaf area index, crop growth
rate, bulb growth rate, relative growth rate and net assimilation rate as compared to the unprimed. Among the
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treatments, seed priming with Falomin Amino Acid 2% was more effective than the potassium nitrite 2% and
hydropriming. Large seed size significantly increased the bulb fresh and dry yield and physiological growth
indices. The highest bulb fresh and dry yield, total dry matter, leaf area index, crop growth rate, bulb growth rate,
relative growth rate and net assimilation rate were achieved in larger seeds compared to other sizes. Accordingly,
the importance of seed priming and grading seeds were obvious in this study, so seed priming with Falomin
Amino Acid 2% and large seed size should be used for onion planting in order to insure high bulb fresh and dry
yield and physiological growth indices of onion. Nevertheless, seed priming and seed size improved bulb fresh,
and dry yield and physiological growth indices of onion cultivars were attributed to rapid seedling emergence
and establishment, and consequently the optimum use of light, soil moisture and nutrients by the plants
developed from the primed seeds and seed size. Therefore priming with falomin Amino Acid 2% and large seeds
are recommended in onion planting for the places with the same environmental conditions of this experiment.
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Table 1- Selected physical and chemical properties of soil
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Figure 1- Seed yield of corn treated with difference fertilizers
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Figure 5- Trend of soil microbial respiration treated with difference fertilizers during corn growing season
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Figure 6- Correlation between soil EC and seed yield of corn treated with difference fertilizers
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Introduction

Around the world maize is the second crop with the most cultivated areas and amount of production, so as the
most important strategic crop, have a special situation in policies, decision making, resources and inputs
allocation. On the other side, negative environmental consequences of intensive consumption of agrochemicals
resulted to change view concerning food production. One of the most important visions is sustainable production
of enough food plus attention to social, economic and environmental aspects. Many researchers stated that the
first step to achieve this goal is optimization and improvement of resources use efficiencies. According to little
knowledge on relation between soil electrical conductivity and yield of maize, beside the environmental
concerns about nitrogen consumption and need to replace chemical nitrogen by ecological inputs, this study
designed and aimed to evaluate agroecological characteristics of corn and some soil characteristics as affected by
application of organic and biological fertilizers under field conditions.

Materials and Methods

In order to probing the possibility of grain yield and soil nitrogen estimation via measurement of soil
properties, a field experiment was conducted during growing season 2010 at Research Station, Ferdowsi
University of Mashhad, Iran. A randomized complete block design (RCBD) with three replications was used.
Treatments included: 1- manure (30 ton ha™), 2-vermicompost (10 ton ha™), 3- nitroxin (containing Azotobacter
sp. and Azospirillum sp., inoculation was done according to Kennedy et al.), 4- nitrogen as urea (400 kg ha™") and
5- control (without fertilizer). Studied traits were soil pH, soil EC, soil respiration rate, N content of soil and
maize yield. Soil respiration rate was measured using equation 1:

CO,= (V- V)x Nx22 Equation 1

In which V is the volume of consumed acid for control treatment titration, V is of the volume of consumed
acid for sample treatment titration, N is acid normality.

The microbial respiration (mgCO,/g(dry soil).day  calculated by dividing the record CO, volume to number
of days that sample have been placed on container plus dry weight of soil sample.

Results and Discussion

Results showed that soils treated with vermicompost and manure had the highest level of nitrogen during the
growing season. Higher microbial respiration was recorded in soils treated with biological fertilizer. Changes in
soil nitrogen and electrical conductivity was against each other and correlation results showed that soil nitrogen
could be estimated via measurement of soil electrical conductivity. Changes of pH and soil nitrogen were
similar and there was a significant correlation between them. Eigenberg et al. (8) suggested that the pattern of
changes of soil electrical conductivity is highly dependent on soil conditions; also soil water and nutrient content
are of the most important factors in determining soil EC. There is a significant and negative correlation between
soil electrical conductivity and grain yield and it seems that in this region grain yield of maize can be estimated
via measurement of soil electrical conductivity.

Conclusions
In general, the results indicated that there was a strong and negative relation between EC and soil N content.
Also, soil EC showed a negative correlation with maize yield which suggested that it is possible to estimate soil
N and maize yield through soil EC measurement during of the growing season in the study area.
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Tablel- Results of soil tests implementation of experimental site
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Table 3- Results of comparison of average simple effect of foliar application - Nitroxin and cultivar on yield and yield
components of wheat

slos 4ild 3 Slos 3,Sdos ol Qi L5 439 EIRRIRYS| 50 &l dlaws 53 dodhiiw dlaxd
Treatment 50 50l5)  Sujolom Cudls 2 (%) (@20 %) A i
( ey Ppe ;915) () (1000- Grain Spike Grain number  Spikelet number
S weight) number per spike per spike
Grain yield (U Harvest (m?) (Number) (Number)
(kg ha™) . . index
Biological (%)
yield ¢
(kg ha™)
No 5371.3c 1564.4¢c 34.5b 36.3b 431.4ab 32.8b 17.5ab
N, 5906.9bc 15365.8¢ 38.4a 40ab 394.6b 37a 17.8ab
N, 6262.5ab 17903.4a 35.1b 39.6ab 448.7ab 35.7ab 17.6ab
N; 6102.5abc 15848.5bc 38.7a 42.8a 395.9b 37.4a 16.8b
Ny 6696.7a 17465.8ab 38.4a 41.1ab 452.2ab 36.6a 18.08a
Ns 6747.6 17888.4a 38.02a 38.5ab 485.3a 35.01ab 17.4ab
\ 6428.1a 16666.08a 38.8a 44.3a 398.4b 36.7a 17.9a
Vv, 5371.3c 1564.4¢c 34.5b 36.3b 431.4ab 32.8b 17.5ab
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The data are an average of three replications. Average that have at least one common letter are based on Duncan's test no significant difference at
level 1 percent or 5 percent.
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Table 4- Results of comparison of average of effects of interaction of foliar application - Nitroxin and cultivar on grain yield
and harvest index

slow &l 3,8os oL
Treatment (U 43 0,5 5LS) () cuils
Grain yield (Harvest index) (%)
(kg ha™)

NoVi 4651.c 29.9d
NoV, 6091.01ab 39 2ab
NV, 5245.5¢ 35 4be
NIV, 6568.4ab 41.4a
N,V 6135.2ab 34 1cd
N, V, 6389.8ab 36.11bc
N;V, 6026.3b 38.04abe
N;V, 6178.9ab 39 5ab
NyV, 6703.6ab 40.1ab
N4V, 6689.7ab 36.7abe
N5V, 6844.3a 36bc
N5V, 6650.9ab 40.06ab
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Average that have at least one common letter are based on Duncan's test no signification difference at level 1 percent or 5 percent.

Dy YEIV LBy o8 & boype dliw jd aild slaw oy iy

Al 5> dodiw dlaas

=ty Sl as ol lis Wesly il yls iz 5l ol gl
Y Jodn) 250 400 xe do > ey o 5 i )0 dsdiiw dlass
5 o dlacad o i 3 LS 08 eolw I 1Sk duslis
Al dodiw ol o yieS 9 WAL B 18 &4 b ye aliw
(¥ Jg22) 20 WIV L )l 68 4 bgujo

ik 3 polie 3l Joloxe o Sl 5 o3l 5] icpan
J992) 352 3 sine yuf alis p3 dorliins Sasi pr (yeS'o 55 il
polis (5l Joloxs Mite Il 5 o3k 1 (s sl ol Y
Ol Sl s )3 dodin Sl S 9yt gl 9 (sdne 1)

e ) polie (il Jsloe 200l (3135 (V) (olos 9 S)le
odly 138l o yn V8 dali b s lie o 1) pasS dliws po 4l olaws
Ao po )3 (gdan oy polis b palS (b Jslxe Sl 53 imen ol
e e > i 3 Glao () 9 (58 Al (A5 Jow
sl o Sloe § So5edom 0 Slos ily jlia 59 i jo &by dlaws
ol 4Bl (g5 Gxe i8]

s 3y Slae I3 45 23,5 B (V) olfSad 5 50
1 4sly i 5 e i s &l 3la alel ) 5L Bas oS
Lol Al

yobie (b gle g S 9y (G 395 b s il sles
M aize dliw d wiby sl oads Sbj)l ool Pl Cds p (gd%e 3,
sl cillas (V) ol b &S 2g



IWAF (yliumnod F ojlods IV alx ooyl ol Sleiebgly 4y AL F

osboly 4 jpd @l Db e 3 )Sdas (p ey Jpan 4 ok
;395 g (s 5, yuolie b ol Sl lis esls
M g dliuw > ash sl qrdaw doly 4o dliw dlasd il lia
=il el Jolpe cpicren Doy (o)l Gxe pAiS dliw > dzdiiw
Oy cdly a0y Sloe yo (gl me 31 (gdke 3y polic
i 395 L 5l gl e plgs 3,18 4 bgsye ails 5 Slee
5 el s Al o 53 (5kn 1) polie (50 sl 5 (e 555
039 iy o8y Wl 3)Sdas Jlai I gl 3) &S 39 ()l 08 Jlos
olie 3, a8 ol ol ,Siko islejl ol 5l ol oo ool
3ySdas plalidl g (o5 Cluogad dgue cow Slgi e (A0 1)
508 Bl olonn Sy 4y i 3y sodsS )8 395 piS
Orizmen ol Jluly (65)5liS Blaal 4y sy > SK bis
St glags Sl 39 LS > 4 a5 Sudsm 355 28
3G a8 b (g5ylis” Glaal & s sliwly jo Wilgs 0 3515
5 ol cblis a5 g olowd claodly ials o voe Cilinl

dg 5904 Jlosl (slajlas o (gl xe GBS &S gy las
{F oY sladsix) 3l

ol a5 g bt Jgo ol gl ) azzsls ol (F) Jly ST
9 i (glanly (slacgles snimd ylis lawo oy yips dliaw jd
S o 8 il o 3 Slae (el S5 a8

yobie (b gle g S 9y (w395 b s il sles
Al )0 dzdiw sl oad ol oolw il Cbs p (gdae
casly callae (F) gl b a5 350 I sine

D WAL o8y 4 basyo dliw ;5 dodiiw dlas o s

ke ol (p )l (re BMLS] 392y $odod ol
3y9-0 Slio a5l S gy 9 (gdme ) polis (Bl Jgle
3ySlas p eyl Jole gd ol 5l oslizul 4 sl (Lis oy
Sydse 38hos (i Jgax 4 xie 9 )l pAS

& 325 Ao

35S (Lo pala oy jId xe BMS] dgng Baisd (ol j0
e sy polis (8L Jole Ciliie Jolye g (S pis (e
paS S  Jele 90 cpl 5l 28se 4 g cawlio oolaiiwl ol> L

Sl Kedguw Hluws Cawl (6559liS 1> oolaiiwl 5y50 S

References

1.

Abraham, C. P., Viswagith, V., Prabha, S., Sundhar, K., and Malliga, P. 2007. Effect of coir pith based
cyanobacterial basal and foliar biofertilizer on Baseellarubra L. Acta Agriculturae Slovenica pp.59-63: Academy of
Science 91: 11-170.

2. Amal, G., Ahmed, M. S., and El-Gazzar, M. M. 2006. Growth and yield Response of tow wheat cultivars to
complete Foliar Fertilizer compound «Dogoplus» Field Crops Research Department. National Research Centre,
Dokki. Cairo. Egypt. Journal of Applied Sciences Researches (1): 20-26.

3. Amirabadi, M., Ardekani, M., Rajali, F., Borji, M., and Khaghani, Sh. 2009. Determination and inoculated
mycorrhizal performance under different levels of phosphorus on yield and yield components of maize single cross
704 in Arak. Journal of Crop Science 2: 51-450. (in Persian with English abstract).

4. Agrawal, H. P. 1992. Assessing the micronutrient requirement of winter wheat — soil sci. plant Anal 23: 2555-2568.

5. Ajam, H., Vazin, F., and Salmani Biary, E. 2011. Evaluated the effect of physiological properties wheat cultivar to
nitrogen sources. World Academy of Science, Engineering and Technology 58: 170-173.

6. Ardekani, M. 2000. Performance evaluation of biofertilizers in sustainable agriculture wheat. Thesis of Agriculture
(Agricultural Ecology) Islamic Azad University, Science and Research. (in Persian with English abstract).

7. Aref, M., and Homaei, M. 2006. The effect of foliar micronutrients zinc and manganese on yield and yield
components. First Edition. Tarbiat Modarres University Press, 124 p. (in Persian with English abstract).

8. Arduini, W. K., Masoni, I. A., Ercoli, L., and Mariotti, M. 2006. Grain yield, and dry matter and nitrogen
accumulation and remobilization in durum wheat as affected by variety and seedingrate. Europan Journal
Agronomy 23: 309-318.

9. Azcon, R., and Parea, M. 1975. Synthesis of auxins, gibberlins, cytokinins, by Azotobacter vinelandii and
Azotobacter chroococcum related to effect produced on tomato plants. Journal Plant and Soil 43: 609-619.

10. Bahari, M. R., Pahlavani, N., Akbari, P., and Ehsanzadeh, A. 2005. Effects of low iron and copper fertilizer on
growth and yield of chickpea under rainfed conditions Aligudarz-AZNA area. Journal of Agricultural Sciences and
Natural Resources 12: 190-200. (in Persian with English abstract).

11. Ddbereiner, J. 1997. a importancia da fixagdo biologica de nitrogénio para a agricultura sustentavel. Biotecnologia
Ciéncia and Desenvolvimento - Encarte especial (1): 2-3.

12.

Faheed, F. A., and Abad-El Fattah, Z. 2008. Effect of Chlorella vulgaris as bio-fertilizer on growth parameters and
metabolic aspects of Lettuce plant. Journal of Agricultural Sciences 4: 165-175.



Ay

e pSdos 1521 9 0 Sdas g (giko 31 polie (ol Jolne 9 S’y yiud B pao o 1

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Fallik, E., and Okon, Y. 1996. The response of maize (Zea mays) to Azospirillum inoculation in various types of
soils in the field. World Journal of Microbiology and Biotechnology 12: 511-515.

Gate, P. 1995. Ecophysiologie double. Lavoisier Tec and Doc, Paris.

Idris, M. 2003. Effect of integrated use of mineral, organic N and Azotobacter on the yield, yield components and
N-nutrition of wheat (Triticum aestivum L.). Pakistan Journal of Biological Sciences (6): 539-543.

Khase sirjani, A. H., Farah bakhsh, S. Z., Davari, N., PasandiPour, E., and Karami, A. 2011. The effect of bio-
fertilizer, zinc, and nitrogen fertilizer on wheat yield and quality. Journal of Soil Science (soil and water) 2: 13-125.
(in Persian with English abstract).

Kloepper, J. W., Zehnder, G. W., Tuzun, S., Murphy, J. F., Wei, G., Yao, C., and Raupach, G. S. 1996. Toward
agriculture implementation of PGPR mediated induced systemic resistance against crop pests. Pages 165-174 in:
Advances in Biological Control of Plant Diseases. T. Wenhua, R. J., Cook, and Rovira, A. Eds. China Agriculture
University Press, Beijing.

Malekouti, M. G. 2005. Sustainable agriculture and increase performance by optimizing the use of fertilizers in
Iran, dissemination of agricultural education. Karaj. Iran. (in Persian with English abstract).

Marius, S., Octavita, S., Eugen, U., and Vlad, A. 2005. Study of a microbial inoculation on several biochemical
indices in sunflower (Helianthus anuus L.). Genetic and Molecular Biology 15: 14-18.

Midmore, D. J., Cartwright, P. M., and Fischer, R. A. 1984. Wheat in tropical environments. II. Crop growth and
grain yield. Field Crops Resaerch 8: 207-227.

Moradi, M. 2010. Effect of phosphate solubilizing bacteria on yield and yield components in weather conditions
Mehra. master thesis. Azad University of Dezful. (in Persian with English abstract).

Nieto, K. F., and Franken berger, W. T. 1990. Influence of adenine, isopenthyle alchole and (Azotobacter
chroococcum) on the growth of (Raphanus sativus), Plant and Soil 127: 147-156.

Nehra, A. S., and Hooda, I. S. 2002. Influence of integrated use of organic manures and inorganic fertilizers on
wheat yields and soil properties. Department of Agronomy CCS Haryana Agricultural University India. Research
on crops 3 (1): 11-16.

Pandey, A., Sharma, E., and Palni, L. M. S. 1998. Influence of bacterial inoculation on maize in upland farming
systems of the Sikkim Himalaya. Soil Biology and Biochemistry 30: 379-384.

Rahmati, E. 2005. The effect of the change in density on yield and yield components of hybrid sunflo tank, a
Master's thesis of Agriculture, Islamic Azad University of Karaj. (in Persian with English abstract).

Rai, S. N., and Gaur, C. 1998. Characterization of Azotobacter.spp, and Effect of Azotobacter and Azospirillum as
Inoculation on Yield and N-uptake of Wheat crop. Plant and Soil 109: 131-134.

Rajai, S. 2005. Azotobacter chroococcum native strains as biological fertilizer application potential growth in the
wheat fields of Chaharmahal and Bakhtiari. Agriculture Master's thesis. (in Persian with English abstract).
Salardyny, E. 2005. Soil fertility (Compilation), Tehran University Press, 124 p. (in Persian with English abstract).
Shariefi, A. E., El-Kalla, A. T., El-Kassaby, M. H., Ghonema, M. H., and Abdo, G. M. Q. 2006. Effect of
biofertilization and times of nutrientfoliar application on growth, yield and yield components of rice. Chemical
Journal of Agronomy 4 (2): 202-208.

Shirani Far, B. 1995. Effect of different densities on the plant, tillering and its relations with the three figure Crop
weather in Ahvaz, a Master's thesis. University of Chamran martyr. (in Persian with English abstract).

Soleiman Panah, M. M. E., Esmaeili, M., Mirniya, Kh., and Cherati Araei, E. 2000. Effect of zinc and manganese
on the qualitative and quantitative properties of beets, 383 P. Proceedings of the Six™ Congress of Crop Iran. (in
Persian with English abstract).

Soyler, S. B., Seed, A., Topal, N., Akgun, S., and Gezgin, S. 2005. Responses of Irrigated durum and Bread Wheat
Cultivars to Boron Application in Low Boron Calcareous Soil Turk. Journal Agricultural 29: 275-286.

Subashini, H. D., Malarvannan, S., and Kumaran, P. 2007. Effect of biofertilizers (N-Fixers) on the yield of rice
varieties at puducherry, india. Asian Journal of Adricultural Research (3): 036-041.

Sumner, M. E. 1990. Crop responses to Azospirillum inoculation. In: Stewat, B. A. (Ed.). Advances in Soil Science.
New York: Springer-Verlag (1): 52-123.

Yadav, K. S., Singh, D. P., Sunita, N., Neeru, K., Lakshminarayana, S., Suneja, A., and Narula, N. 2000. Effect of
Azotobacter chroococcum on yield and nitrogen economy in wheat (7riticum aestivum) under field conditions.
Environment and Ecology 18: 109-113.

Ziaeian, A. S., and Malekouti, G. 2000. A new method to increase the efficiency of spraying fertilizers and achieve
sustainable agriculture. Journal of Extension, Technical Publications Department of Agricultural Extension. (in
Persian with English abstract).



Iranian Journal of Field Crops Research olrl =3 Sleiwg i 4yl
Vol. 13, No. 4, Winter. 2016, p. 797-809 i YAY-A Lo IFAF yliame) oF o5lesis IY aler

The Effect of Nitroxin Biofertilizer and Foliar Applicatin of Micronutrients
Time Consumption on Yield and Yield Components of New Wheat Cultivars
under Khorramabad Climatic Conditions

A. Vaez''- A. Khorgamy” - M. Sayyahfar’
Received: 23-05-2014
Accepted: 02-02-2015
Introduction

In order to studythe effects of Nitroxin biofertilizer and foliar application of micronutrients time
consumption on yield and yield components of new wheat cultivars (7riticum aestivum & T. durum) under
Khorramabad climatic conditions, an experiment was conducted as factorial based on a randomized complete
block design with three replications at the research farm khorramabad during growing season of 2012-2013.

Considering the positive effect of inoculation with bio-fertilizer and foliar Nitroxin micronutrients and
reaction of cultivars to this type of fertilizer instead of chemical fertilizers and the importance of wheat as one of
the main crops, this study aims to determine the most appropriate time for foliar and Nitroxin application of
micronutrients at the different stages of plant growth and bio-fertilizer application on yield and yield
components.

Materials and Methods

The first factor was considered in six levels: Ny: The lack of the seed insemination with nitroxin biofertilizer
and without the foliar application of micronutrients (control), N;: the seed inoculation with the nitroxin
biofertilizer, N,: the foliar application of micronutrients at the jointing stage, Nj: the foliar application of
micronutrients at the heading stage, Ny: the seed insemination with nitroxin biofertilizer and foliar application of
micronutrients at the jointing stage, Ns: the seed insemination with nitroxin biofertilizer and foliar application of
micronutrients at the heading stage. The second factor was considered at two levels, consisting: V;: Parsi cultivar
and V,: Dena cultivar. MSTATC Software was used for data analysis and means were compared by Duncan's
multiple range test at the 5% level.

Results and Discussion

In this experiment the grain yield, biological yield, harvest index, 1000- grain weight, spike number per
m, grain number per spike and spikelet number per spike of wheat were studied. The results of the data variance
analysis has revealed that there was a significant relationship between foliar application of micronutrients and
nitroxin biofertilizer of grain yield, biological yield, harvest index, 1000- grain weight, spike number per m~,
grain number per spike and spikelet number per spike of wheat. The most positive relationship was related to
grain and the applying fertilizer treatment of the grain insemination with nitroxin biofertilizer and foliar
application of micronutrients at the heading stage. The cultivar factor has also a positive effect on the surveying
characteristics such as grain yield, harvest index, 1000-grain weight, spike number per m, grain number per
spike and spikelet number per spike. The most positive relationship was related to grain and the applying
fertilizer treatment of the grain insemination with nitroxin biofertilizer and foliar application of micro-nutrients
at the heading stage and the treatment of the Parsi cultivar with an average of 6844/3kg/ha™". Considering the
significant increase in the grain yield, the applying fertilizer treatment of the grain insemination with nitroxin
biofertilizer and foliar application of micronutrients at the heading stage and the treatment of the Parsi cultivar
were proposed for Khorramabad Situation.

Conclusions

In this study, significant differences between the various levels and stages of foliar fertilizer, bio Nitroxin
micronutrients showed that appropriate use of these two factors can result in maximum performance of the
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Iran
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wheat. The process of spraying micronutrients had a significant effect on grain yield. The highest yield of seed
was obtained in inoculation with the combined application of organic fertilizer and foliar Nitroxin micronutrients
in the treatment of stage and heading to the Persian superior varieties of grain yield. The results of this
experiment showed that the use of micronutrients can improve agronomic characteristics and increase the grain
yield. Micronutrient fertilizers sprayed on soil conservation assistance in achieving the objectives of sustainable
agriculture. The application of biological Nitroxin because of beneficial bacteria in the soil can achieve the goals
of sustainable agriculture like reducing chemical inputs and thus the protection of soil and water used in
agriculture is very helpful. In this study, there were significant differences between different levels of foliar
nutrients and Nitroxin the traits under study showed that the use of these two factors had positive impacts on
wheat yield and led to maximum performance.

Keywords: Grain insemination, Grain yield, Heading stage, Wheat
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Table 1- Analysis of variance of the effect of salinity and seed priming on growth and some physiological characteristics of

sesame
. @y Job SUis (5 S o9 Slyiz=e . . Jndg s -
& s 20 w b 359,
s gl ey aBlw Job i, o ol i, O o a Judg,ls Jadg ks ath ENPTY) F\/Fy,
Root Relative
S.0.V df IS hoot Root Shoqt dry dry water Chl a Chl b Chl Carotenoide
ength  length weight . atb
weight content
b 21.00™  1.28™  57.83™ 0.66" 61.62°  0.0141™ 0.0002™ 0.016™ 0.0100™ 0.003™
(Replication)
a9 (.A) 281.40° 4110 1387.72""  0.12% 89.99™  0.1647 0.0216" 0.286" 0.0245° 0.022"
(Salinity)
&w‘)) (P) * *k *k * *k ns *k *k *k *k
A 42590" 11.88"  969.82 2.23 10527 0.0293™  0.207" 0354 0.0375"7  0.046
(Priming) . X
AxP 9 18337 4277 170.027  0.54™ 3583 0.0378™  0.0078" 0.047™ 0.0121™  0.006
ws fError) 30 95.46 1.12 36.79 0.53 11.81 0.034 0.001 0.037 0.005 0.002
C.V. (%) 11.06 14.65 12.58 17.89 6.59 20.90 8.33 13.70  20.62 7.19

Pasine ©slis pie o iee 2oy B sl o 3 F ol ine doy ) Jleis a3 ¥F
*+Significant at 1% probability level, * significant at 5% probability level, ™ no significant difference
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Table 2- Mean comparison of Effect of salinity stress and seed priming on some growth and physiological characteristics of sesame

Syl Tolw Bl Job Wy ) SWS (39 A Jady ks ath Judg 5 Mg,
Treatment Shoot length Root dry Chlorophyll a Chlorophyll Carotenoids
levels (cm) weight atb
® [mg g (FW)]

Sag

Salinity (mM)

0 95.00+2.73 4.02+0.15 0.944+0.059 1.49+0.063 0.328+0.014
15 88.75+2.66 4.01+0.16 0.941+0.057 1.48+0.078 0.326+0.028
30 84.91+4.19 4.07+0.23 0.943+0.060 1.45+0.084 0.413+0.034
45 84.52+3.47 4.23+0.34 0.709+0.029 1.16+0.050 0.397+0.029

Kisoulyy (Priming)

NaHCO; 90.50+3.82 3.79+0.10 0.873+0.063 1.35+0.078 0.432+0.043
NaCl 91.83+1.81 4.07+0.24 0.91540.070 1.38+0.072 0.362+0.016
H,O 90.50+3.63 4.70+0.29 0.930+0.059 1.63+0.067 0.375+0.022
Control 79.41£3.13b 3.77£0.11b 0.820+0.042 1.22+0.048 0.296+0.011
LSD 8.11 0.609 0.154 0.159 0.063

23l e 3yl glas £ S5 Y . Sike pdlie 35,5 (g 5 sxe BB doyd gy Jloin] o 3 LSD 9051 oluslp cdictents S yiiio gy gl & ol pSileo gty 50
Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using LSD test. Each value is
mean of three replicate with standard error (Mean + SD).
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Figure 1- Effect of salinity and priming on root length and stem dry weight of sesame. Bars represent standard error. P1:

Priming with sodium bicarbonate, P2: Priming with sodium chloride, P3: Hydropriming, P4: Control. Means in each stress
level followed by similar letter(s) are not significantly different at %S5 probability level, using LSD test.



MO

xS oL (S 59lg1 3 S SHg B g Sy by Hde Soaeyly 1

WPl HP2 MP3 BP4

70
. b
&gsc: ® e e
< § 50
353&0
"3 B
a;§30
Q"‘j@
g:gzo
=
= 210
0

be be 2 pe

15

30 45

[ Yo ) ool 20
Alkaline stress (mb)

Sl o2 L Spol g PT siudly 0 3, lailil (g (glalso (51, 80Li0) xS S 3 O (nd (glgimo 2 Siwoslyy 9 (55908 8B Y JSUS
LSD (49031 (bl y (o5 gedanw 3 45 dsliine gy b L piSilie) 2 ld P4 5 Sisou 19y P3 cptia 0 15 b Koo |1 P2 cqians
(5,5 o2 U (g5 siro AT (P<0.05)

Figure 2- Effect of salinity and priming on relative water content of sesame. Bars represent standard error. P1: Priming with

sodium bicarbonate, P2: Priming with sodium chloride, P3: Hydropriming, P4: Control. Means in each stress level followed
by similar letter(s) are not significantly different at %35 probability level, using LSD test.
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Figure 3- Effect of salinity and priming on Chb and Fv/Fm of sesame. Bars represent standard error. P1: Priming with

sodium bicarbonate, P2: Priming with sodium chloride, P3: Hydropriming, P4: Control. Means in each stress level followed
by similar letter(s) are not significantly different at %35 probability level, using LSD test.
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Table 3- Analysis of variance of the effect of salinity and seed priming on Ion content of sesame

Olpdd ilie (93051420 s o e el Comd S e
S.0.V df K Na K/Na Ca Mg
‘ v
),)S) . 2 0.0100ns  0.060ns 0.004ns 0.00lns  0.0006ns
(Replication)
5 (A
d)’f ( ) 3 0.0900*  0.097ns 0.055%* 0.009ns  0.0152%*
(Salinity)
I)J (P) 0.371**  2.046** 0.650%** 0.154**  0.0650**
(Priming)
AXxP 0.038ns  0.097ns 0.021ns 0.012ns  0.0040*
las
30 0.027 0.089 0.019 0.005 0.0010
(Error)
C.V. (%) 10.70 14.08 17.93 24.01 21.20

Paisine ol pas oy sine doys B Jlais] gaw 3 F lyine 2oy ) Jlois] s 3 FE
**Significant at 1% probability level, * significant at 5% probability level, ™ no significant difference
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Table 4- Mean comparison of Effect of salinity stress and seed priming on Ion content of sesame

Syl T ol 2w 2w &) el Copunsd podS’
Treatment levels K (%) Na (%) K/Na Ca (%)
S
Salinity (mM)
0 1.97£1.67 1.68+0.014 1.08+0.014 0.19+0.0005
15 1.52+0.85 1.85+0.017 0.83+0.028 0.25+0.0007
30 1.48+2.09 2.46+0.017 0.61+0.034 0.31%0.0012
45 1.38+1.45 2.48+0.035 0.57+0.029 0.46+0.0016
Kisoulyy (Priming)
NaHCO; 1.53+0.018 2.24+1.68 0.73£0.0009 0.30+0.04
NaCl 1.50+0.009 2.09+1.24 0.74+0.0015 0.27+0.016
H,0 1.67+0.012 2.03+1.34 0.87+0.0006 0.30+0.022
Control 1.48+0.030 2.13%1.51 0.75+0.0014 0.34+0.011
LSD 0.138 0.249 0.116 0.063

sl £ S5 ¥ Sike polie 35,15 (6o sxe BB doyd gy Jloin] o 3 LSD 9051 oluolp cdictnts S yiiio gy gl & oo pSileo gy 40

Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using LSD test. Each value
is mean of three replicate with standard error (Mean + SD).
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Figure 4- Effect of salinity and priming on magnesium content of sesame. Bars represent standard error. P1: Priming with

sodium bicarbonate, P2: Priming with sodium chloride, P3: Hydropriming, P4: Control. Means in each stress level
followed by similar letter(s) are not significantly different at %35 probability level, using LSD test.
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Introduction

Sesame (Sesamun indicum L.) is an important oil seed crop. Its seed has excellent nutritional value with a
high and unique protein composition, making it a perfect food. Salinity is a serious problem in many regions of
the world including Iran. Salinity stress is one of the widespread environmental constraints affecting crop
productivity. Salinity generally induces osmotic stress and causes direct ion injury by disrupting ion homeostasis
and the ion balance within plant cells (25). Seed priming is one of the ways to reduce negative effects of salt
which is used for increasing germination percentage and seed resistance in salty zones. Seed priming is a pre-
germination treatment that provides a moisture level sufficient to start pre-germination metabolic processes. It
entails the partial germination of seeds by soaking them in water (or in a solution of salts) for specified period of
time, and then re-dry them just before radicle emerges (24). Priming stimulates many of the metabolic processes
involved with the early phases of germination. Given that part of the germination processes have been initiated,
seedlings from primed seed grow faster, grow more vigorously, and perform better in adverse conditions (24).
The objective of this study was to investigate the effects of salinity stress caused by alkali salts on growth and
some physiologic characteristics of sesame.

Materials and Methods

This study was conducted in a greenhouse in Vali-e-Asr University of Rafsanjan as factorial arrangement in
randomized complete block design with three replications. Experimental factors included priming (control
(unprimed), hydropriming, halopriming with NaCl and NaHCO; and level of salinity with sodium bicarbonate
salt (Zero, 15, 30 and 45 mM). Seeds were planted in pots filled with perlite and cocopite (1:1). The pots were
irrigated with a nutrient solution (with half strength Hoagland's solution). After the fourth true leaves appeared,
salinty stress in the pot were created by adding NaHCOs, to half strength Hoagland’s solution. Control plants
were only irrigated with half strength Hoagland’s solution. Plants were harvested after 45 days of seed sowing.
After forty five days, shoot and root height, shoot and root dry weight, relative water content, Fv/Fm, chla, chlb,
total chlorophyll, cartonoied content, potassium, sodium content and sodium to potassium, calcium and
magnesium content were measured.

Results and Discussion

Results showed that salinity stress decreased shoot and root height and also shoot dry weight. Valdez-Aguilar
and Reed (33) reported a decrease in Phasaeolus vulgaris L. growth with increasing sodium bicarbonate salt. By
increasing sodium bicarbonate, salt relative water content decreased. Also, the decreases in relative water content
have been reported in wheat under salinity stress caused by alkali condition (15). Salinity stress decreased leaf
chlorophyll content and Fv/Fm. Similarly, Guo et al., (16) observed a decrease in leaf chlorophyll content and
Fv/Fm with increasing sodium bicarbonate salt. Different treatments of priming increased root height and shoot
dry weight compared with unprimed treatment with increasing salinity stress. Igbal and Ashraf (18) indicated
that priming increased growth in wheat under salinity stress caused by alkali condition. Moreover, relative water
content, chlb content and Fv/Fm increased under different treatments of priming and stress. It seem that under
stress condition, plants with maintain relative water content, chlb content and Fv/Fm, decreased the harmful
effect stress. The highest shoot dry weight, relative water content, chlb content and Fv/Fm was observed at
hydropriming treatment. Although salinity stress decreased K concentration and K'/Na', but the Na’, Ca," and
Mg,  concentration increased. Zhang and Chun-Sheng (39) concluded that by increasing sodium bicarbonate
salt, potassium content decreased in Lathyrus quinquenervius, whereas sodium and sodium to potassium ratio
increased. Moreover, the increases in calcium and magnesium content have been indicated in sunflower (22) and
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e-Asr University of Rafsanjan, Rafsanjan, respectively
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wheat (15) under salinity stress caused by alkali condition. Hydropriming increased K concentration and
K'/Na'. Igbal and Ashraf (18) indicated that priming increased potassium content and potassium to sodium rate
and decreased sodium content. All of priming treatments also increased Mg, concentration compared with
unprimed treatment in 15 and 30 mM alkaline stress.

Conclusions

Result showed that salinity stress decreased shoot and root height, shoot dry weight, relative water content,
leaf chlorophyll content and Fv/Fm. Different treatments of priming increased root height, shoot dry weight,
relative water content, chlb content and Fv/Fm compared with unprimed treatment with increasing alkaline
stress. The highest shoot dry weight, relative water content, chlb content and Fv/Fm also was observed at
hydropriming treatment. K concentration and K'/Na" decreased under salinity stress, whereas the Na®, Ca," and
Mg," concentration increased. The highest K' concentration and K”Na" was observed in hydropriming
treatment. Also, under 15 and 30 mM salinity stress, all of priming treatments increased Mg, concentration
compared with unprimed. So, seed priming especially hydropriming can be an effective method to improve plant
growth of sesame in alkaline stress condition.

Keywords: Bicarbonate sodium, Halopriming, Hydropriming, Ion content
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Table 1- Values and coefficients of treatments based on Box-Behnken design
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Coefficients Treatment values*

o ojlad g s Pwd b 358 Ojer i o1 355
leial:lnl:;::lt Nitrogen Phosphorus Manure Nitrogen Phosphorus Manure
(X1) (X2) (X1) (kgha')  (kgha')  (ton ha™)

1 +1 -1 0 300 0 15

2 0 -1 0 150 0 15

3 +1 0 +1 300 100 30

4 +1 0 -1 300 100 0

5 -1 0 +1 0 100 30

6 0 0 0 150 100 15

7 0 -1 +1 150 0 30

8 -1 0 -1 0 100 0

9 0 -1 -1 150 0 0

10 0 +1 -1 150 200 0

11 0 +1 +1 150 200 30

12 0 0 0 150 100 15

13 -1 +1 0 0 200 15

14 +1 +1 0 300 200 15

15 0 0 0 150 100 15

amd e L 1y )5S 1m0 Sile 5 ol YU ok iy o 5=) )
* +1, -1, and 0 indicates up, down and medium level of each factor
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Nloss: Ninitial+ Nfertilizer - (Nplant+ Nsoil)
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2oL 535,55 Olive Notan kg M 0)5) 355 3 b 51 8 e
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1- Agronomical Nitrogen Use Efficiency
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2- Lack of Fit
3- RMSE (Root mean square error)
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Table 2- Physical and chemical properties of experimental
field soil before planting

S Gos
Soil depth (cm)
15-30 0-15
0.068  0.077 5 Oiar
(%) Total N
7 11 oo BB jhud
(ppm) Available P
465 480 oo BB ety
(ppm) Available K
12.5 13.2 OFare & (p)S
C/N
7.6 7.8 (sl oylac) pH
0.52 0.58 o ge)f
(%) Organic C
22 24.3 Sl oS b b
() ater holding capacit
(%) Water holding capacity
1.54 1.42 sl pogase (i
(g cm™) Bulk density
1.1 1.2 oSl cylan
(ds m'l) Electrical Conductivity
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Table 3- Analysis of variance of the full quadratic regression model
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Efficiency Loss Water number Yield Yield
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kk * kk kk kk kk Constant WL‘ )‘J.Qc
O Sy JAe
62.776** 13742%* 28.1721ns 6.7192ns 2.2907* 9 Regression model
s
128.86%* 21374* 23.2676ns 0.6478%* 4.8728ns 1.1854ns 3 Linear
345.229% 62121%* 0.5822ns 0.3729ns 0.9773ns 2.1275%* 1 . OI9F
Nitrogen (N)
0.081ns 1407ns 66.2452% 0.3679ns 12.3070%* 1.6689* 1 -
Phosphorus (P)
b 2gs
17.877ns 1100.2ns 1.4238ns 0.9375%* 2.3086ns 0.5512ns 1
Manure (M)
Y
44.878%* 16584* 21.5724ns 0.0450ns 7.6513ns 5.3810%* 3 N
2 Order
33.179% 13492% 32.5710ns 0.6381%* 0.0601ns  7.7415%* 1 U”’E :{3)”‘“
35.361% 3105ns 24.8508ns 0.8214%* 2.9008ns  4.5876%* 1 ”*“; :I’)w
ol 558 X als 368
27.479ns 21375* 13.1493ns 1.5623** 19.6578* 0.1060ns 1 MM
Hizo )
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Interaction
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| ..
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a .‘
7.180ns 1396.4ns 18.1179ns 1.0000%** 2.6974ns 0.2795ns 3 IR fJ&,
Lack of Fit
B3 o i 1) I gxe glds dgng pae NS 9 /D o /) gaw )3 (g gxe oS gy g FF
*, ™" and ns represent significant at 5% level, Significant at 1% level and non-significant
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Table 4- Regression coefficients of the equation of

2 2 2 *
Y =q,+aX +a,X,+a X ,+aX +aX, taX, ta X X,+aX X +a, X X,

&l S i
Response Variables
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NUE N Losses RWC Fertile tiller No. Biolpgical S'eed Coefficient
yield yield

12.64 65.5 78.97 2.863 15.11 2.939 a
0.0008 -0.136 -0.0258 -0.00852 -0.0155 0.03063 a
0.0606 0.640 -0.0821 -0.00836 0.0077 -0.01522 a,
-0.424 -11.36 -0.496 0.0203 0.410 -0.0108 a3
0.000148 0.00298 0.000146 0.000023 -0.000006  -0.000071 ay
-0.000326  -0.00306 0.000274 0.000069 -0.000094 0.000118 as
0.01252 0.349 0.00866 -0.000067 -0.01059 -0.00078 ag
0.000019 -0.00073 -0.000247 0.000023 0.000128 -0.000045 ay
0.000604 0.00106 0.000297 0.000067 0.000117 -0.000042 ag
0.000577 0.0151 0.00220 -0.000333 -0.001454 0.000229 a9
95.31 92.86 82.02 98.24 83.08 92.06 R?
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X1, X, and X; indicates independent variables of nitrogen fertilizer, phosphorus fertilizer and manure, respectively
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Figure 1- Graph and equation of the regression line and the value of RMSE for observed and predicted values of the wheat
seed yield based on full quadratic regression model
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Figure 2- Response surface for seed yield in different nitrogen and phosphorus fertilization at constant level of 15 tones/ha of
manure
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Figure 3- Response surface for biological yield in different phosphorus and manure fertilization at constant level of 150 kg/ha
of nitrogen
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Figure 4- Response surface for fertile tiller number of wheat in different nitrogen and phosphorus fertilization at constant
level of 15 tones/ha of manure
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Figure 5- Response surface for relative water content of wheat in different phosphorus and manure fertilization at constant
level of 300 kg/ha of nitrogen
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Figure 6- Response surface for nitrogen losses different nitrogen and manure levels fertilization at constant level of 100 kg/ha
of phosphorus
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Figure 7- Response surface for nitrogen use efficiency in different nitrogen and phosphorus levels fertilization at constant
level of 30 t/ha of manure
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Figure 8- Graph and equation of the regression line and the value of RMSE for observed and predicted values of the wheat
nitrogen use efficiency based on full quadratic regression model
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Table 5- RMSE values and coefficients of determination of fitted equations for response variables

b gl yiie
Response Variables
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NUE N Losses RWC Fertile tiller No. Biological yield Seed yield
8.51 18.98 2.67 6.47 6.35 7.34 RMSE (%)
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Table 6- Optimized values of nitrogen fertilizer and irrigation for reaching the dependent variables based on evaluated

scenarios
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Introduction

It is estimated that up to 50 percent of applied nitrogen would drift from agricultural systems as gaseous
compounds and other types of activated nitrogen (27 and 46). When applied in high amounts, up to 90% of
phosphorous fertilizers could be fixed in soil together with metallic elements as insoluble forms leading to
further phosphorus pollution (1). In many crops, low absorption efficiency of fertilizers is the main reason of
losses through leaching, volatilization and diffusion of soluble chemical fertilizers which easily released to soil
and air. It has been reported that between 18-41 percent of applied nitrogen retain in soil after crop harvesting
(Fageria, 2014). Nitrogen losses happens in different ways as ammonium volatilization in lime soils (10-70%),
denitrification (9-22%) and leaching (14-40%) (13).

Chemical fertilizers are widely used by farmers due to low costs, easy availability and easy applicability.
Chemical fertilizers increase the rate of organic matter decomposition in soil, thus increase the amount of
greenhouse gasses such as N, CO, released in air which aggravate global warning and climate change (2)

This research was aimed to emphasize on optimizing of chemical and organic fertilizer use in winter wheat
production in Iran, study the trend of change in different N, P and cattle manure levels and their effects on wheat
characteristics and its changes trend also, comparison of the effectiveness of manure by chemical fertilizer
related to NUE and yield increase of wheat.

Materials and Methods

By conducting Box-Behnken design, it is possible to obtain the most information from the least operational
practices due to distribution of experimental points through treatments confined. The design points were defined
based on low and high levels of N (0, 300 kg ha™), P (0, 200 kg ha™) and manure (0, 30 tones ha™") as shown in
Table 2. Manure was analyzed for N, P and K content (1.18% of N, 0.29% of P and 1.04% of K). The high and
low levels of manure were determined based on nutrient content and local recommendations.

Response of measured variables (y) to experimental factors (X) was estimated by using second order
polynomials with interaction (Equation 1):

m m m
y=>5 +ZﬁiXi +Zﬁinin +2ﬁiiXi2
i=1 i<j i=1 (1)

Where S is constant and S, B, and f; are coefficients for linear, interaction and quadratic terms,
respectively.

After simulation, using statistical methods, the result is a second order polynomial which states the estimated
of response (yield) as a function of inputs variables. Finally, after optimizing of resulted function and eliminating
of low effect terms, using statistical tests and criteria such as, F test, lack of fit test, coefficient of determination
(R?), a final function to predict yield and other expected variables was calculated (Equation 2):

Y =a,+aX,+a,X,+aX,+a X’ +a X, +a X +aX X,+aX X, +aX,X,

2

In this function, Y is a dependent variable, X is the independent variable of N fertilizer, X, is independent
variable of P fertilizer, X; is independent variable of manure, and a, to a¢ are coefficients of function. The
equation is functional only in the defined range of input variables and could not predict values out of the range.

The optimized rates of N, P and manure, determined considering 3 scenarios including: economic,
environmental and eco-environmental, which seed yield, N loss and NUE and N loss were the main determining
factors, respectively.
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of Agronomy and Plant Breeding, College of Agriculture, Ferdowsi University of Mashhad, Iran
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To obtain optimized levels, response-surface methodology was used. Finally, the fitted values compared to
observed values then validity of regression models evaluated by RMSE test (Equation 3) and 1:1 regression line.

" (P -0,
(%) RMSE bt lg_o X zi:]( 1 i ) (3)
n

Results and Discussion

Optimization of nitrogen, phosphorus and manure fertilization were done according to 3 scenarios of
economic, environmental and eco-environmental. In economic scenario, wheat seed yield was considered as the
main determining factor of optimized resource, thus the result showed by applying of 145.45 kg ha™ N, 200 kg
ha™ P and 18.48 tones ha™ manure, it would be attained the seed yield of 6500 kg ha™' and dry matter yield of
13130 kg ha™. In eco-environmental scenario, the determining factor for optimizing resource was considered as
nitrogen losses. The main objective of this scenario was reduction of environmental hazards resulted from the
high rates of using of N, P and possibly manure, so, the economic yield had less importance. According to this
scenario N application by 21.21 kg ha™ with no use of P, plus 16.36 tones haof manure, minimize N losses (0
kg ha™"). Considering the optimized amount of used resource in this scenario, seed yield, dry matter yield and
NUE were estimated of 3160 kg ha™', 11692 kg ha™ and 9.08 kg DM/kg N, respectively.

Under eco-environmental scenario the main determining factors for optimizing resource, were considered as
NUE, N losses and seed yield. As applying of 144.73 and 34.3 kg ha™ of N and P, respectively, and 30 tones ha
of manure, resulted in seed yield of 4031 and dry matter yield of 15311 kg ha™, respectively, which showed an
increase of 36 percent for NUE compared to economic scenario (16.50 vs. 10.49.

Conclusions

The results of this study showed that N and P fertilizers which used for wheat production did not reflect the
actual needs of different crops under different agro-climatic areas indeed, as it should be reconsidered. In this
experiment, applying of 30 tones ha™ of manure in eco-environmental scenario caused high availability of N, P
and possibly other needed nutrients for plant, finally improved crop productivity. Moreover, trapped and retained
nutrients in manure matrix which considered as an ecofriendly and low cost input, which simply preparable
locally, improve effectiveness of chemical fertilizer in long term use.
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Table 1- Some soil physical and chemical properties
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Table 2- Properties of vermicompost used in this exp.
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Table 2- Analysis of variance of quantitative and qualitative of Foeniculum vulgar as affected by vermicompost, mycorrhiza
and humic acid
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35 2slo a1 as
)?06; d )df i Colonization Essence Essence yield ~ Seed yield
- % %
Soh 2 32.2 0.009 3.919 6278.26
Blok
(V) “‘“"5 29 2 159.68** 1.48%* 603.9%* 274591.82%*
Vermicompost
(M) 258 1 5400.53%* 0.92%* 25191%%  80863.36**
Mycorrhiza
(VXM) coogeaS 50057550 2 2.93 0.129%* 1.47 18268.85*
Vermicompostx Mycorrhiza
(H) Seoge S 1 7.94 0.269%* 306.77%* 326191.15%*
Humic acid
(VXH) Sage del XuwgaS 5029 2 14.47 0.024 2.95 10389.4
Vermicompostx Humic acid
(MXH) Seopen 2013, )50 1 40.61 0.00 16.71 16977.62
Mycorrhiza x Humic acid
CangeoS 00)9% 52950 X Sogud Spusl
(VXMxH) 2 11.41 0.071%** 30.63** 12784.02
Vermi. x Humic. X Mycorrhiza
s 22 16.18 0.044 5.12 4509.62
Error
Ol s g >
oV 11.45 3.67 7.8 5.83
.Lo).\
%
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* | ** significant difference at 5 and 1 percent, respectively.
dJLu‘b bl,«s &MS 9 uwos > &»%&: Saw] 9 ,},{)N 4&2}«.»%05@)9 o3bw u‘)."—‘” Jg.\?
Table 3- Effects of vermicompost, mycorrhiza and humic acid on quantity and quality of Foeniculum vulgar

o Oowlmigl Mo bl 3)0es  uilwl o il 3,Sles
Treatment Colonization Essence yield Essence  Seed yield
(%) (kg ha™) (%) (kg ha)
(M) 529550 udls pas 23.89b 26.38b 2.35ab 1104.58b
Control
(m2) lg5e el 47.39a 31.67a 2.67a 1199.37a
Mycorrhizal inoculation
(V1) CowgiaS gos9 Syae pos 30.94b 22.04¢ 2.15¢ 1016.16¢
Control
(V2) )52 )3 (3 F 3 e 36.97a 28.82b 2.54b 1225.12b
4 ton ha™ vermi.
(V3) 652 )3 (5 A 30 37.52a 36.22a 2.83a 1315.12a
8 ton ha™ vermi.
(1) oo sl (A5l s 22.58 26.11b 2.42b 1056.6b
Control
(hy) Soogen sl (S Jslve 23.74 31.95a 2.6a 1247.62a
Humic acid

23l ed o yd O aws y3 Sl (glatals Wi yg0l il (oI e BMBI (gll> gt b 3 S jide By (gl (slapSole %
* Means with the same letter(s) have no significant difference at 5%.



AYD o ySlos 3 Sungad dumml § ComigrnS 509 I3 555900 b (ums 3o 35 (o 5

bl ol 3 by 53 il (e 35000 o (22950 gudls
g Mt (s )5 (ol 5 lapilul &8 catly BT Gl
5 Sliadgyey Jittgpl ke (dgesn) bl onilo slasly
555 (NADPH 5 ATP) & g sl lausg ey Ll ko 53
sly phed g (g pld (polic join & godge (@ d2g L
o 9y (=l 5l ddlioe 90 Sl oS 5SSt
bogi (Faxt (5399 b g shd Lol Cla 55k 1 ol )58
23 Y] 3550 argld oS ] bl il e s3]y ity
plosl gliss (29) ol (59, 457 (6)500 adlllas 1> poguad (e
b gliss ol guadls o8 03,8 (013 (V++F) o)) Sen 5 LS e85
2> Sl 81Ty (bl e (slalanMo LB jsboas 15255540 )8
3 gl oS aity) b 32)550 )6 (st jon 45 2Bl > ] (1Y)
bl oo 5 > Byae y polis 5 Ol il Gl3dl 5ok
oS (g9 yo 00 ploul o ) dlayly ek j3 .Gl 02 5o
Ol o (2l30)950n (o oS 45 odalde JLIS 09)l>
Olgieds Saged ol (W) 29500 4> )3 (il ljne Ko
Gk 3l e (b @lie o 5 Gogesn | Jols JT s
g rolie (SUSONS 5 Qe polie Ll d90 (Jgay9n L)l
oS gl polie cnl (2BlS jLasl o 5 polie sl jl gpSel>
slaawl 5l 68l yolio 0ad by Luilwl 5 iol58) o
5 3edgs G331 )3 s Sl geyom S 5 dg2g > 4 I
(YY) B)ly (g550liS” Y guame CudS
22 Aol 45 Jodr @l 4 da gl ipuilul 5 Sdos
Sl 3l 5 g Sroged bl g CamgraS(a)g d2)9Sen )5S
Lo ) SO e by Guilul 3 Sles e o gl dils aw
O A4S 0b s b ylews uS0le dusle (Y Jodn) 13,5 Iy e
VEIYA) qudls pacs 5 (LS 53 pS5hS YVIPV) (o205 il
45 (5920 Aoy il g2y ()l xe gl (LS )5 p Sl
pas 5l pde 2o Ve 29 olh)9Sse gudls 53 (il 3 Slee
M) 3559 (go0imd i pSle Sluslio (¥ Jgis) 29y guidls
ol 3 )Sdas 69y 32 CusgeoS (o0y9 CilSie sbaw (o (6l Sxa
S 0 5 A0l 30 wilwl 5y Slas 4 S ()9 bay g dil
ol gaw b dwglie ) (JiSa )3 p S5k YF/VY) CusgeoS 00y
VAIAY) JLiSa 55 (5 )l 2,01 9 (LS )3 )5 5L YY/-Y)
Sy lis )y sy YO 9 5F isli 8l oo ias (HiSa jd p,5 oL
o o ]y ladas Mo JB gl (5:50ke Claslie (¥ Joa2)
0L 0 il 3,Skes (535 3 (s e e 3 (o3 e

1- IPP
2- DMAPP

= G e BN Dy g (godimd LS b 1, Sl duslis

Do CiuwgeaS oyg adiste Fola w s dild ilwl Mo > (g9,
CwgpaS c0yg (35 Gt 350)5 13 dily pilwl s > &S ¢ 50boay
o= olae 3508 5 (Ao )0 Y/V0) dalds b duslie ) (1o Y/AY)
Onzmed I LS (g xe iol8l (Ao yd Y/OF) CuwgeeS oo )g
Aol 1y (g iz gl &l ilul sy (:0ke Sluglis
a0l L5 Spagen sy 3l o pa 5 (30 sl
St el (8l Sl a3 & il 30 455559
Gl me iol38l (o) Y/FY) salis jles 4 Cons (duoyd V/5+)
58 L8 5d Jolite , 51 Slpe dunlde (Y JSi) oy i |,
2 Gl |y o)loine WS 55 132 )9-Se g CamnigraS (0
5 1320550 @il (5xlesd S 5 3 &lld 5 il (i &S5 y5bas
Solosd S 5 Ay Sl (103 ¥/48) CamguaS' 50y pos o
(423 YNV ) 12)9-Se gl pie 9 CgnoS (cny9 s pie
e 06Sle gl |V JS3) ol s ]y (sl gime ol
1y (6l mine M) 15 il aw blize 1 13l cov aily Luilul
ol (g)los Sy 50 ash Luslul 5 aS geo0 oy lis
LS )3 (5 Culds Bpae 9 Singed Al (8L Jsloxe 5 1255500
Jloss Ao S |y ()3 (e (5 (103 ¥/+A) CungeaS (509
CavgeaS o0yg pdlie isliol (Y JSCE) ol lis 1oy /A]) salis
AS_iie 2l > 88 gt 5 i sy Do anld 3o
s i ol e Ltalidl cely ol wilyj olS il
33l A el o e (Voo A) GhlSon 5 5550 i
el o gobaw )3 (USa 53 (5 Ve g 8 9 ho) CusgeeS ()9
i gl cppizman (V) 4 a3, 55 Leolol o> i3l
bl i8S 9w g bl Glie (RIS (S 5 503
CwgsaS 0y9 3,8 S 15 (Ocimum basilicum L.) >,
L oS’ (gl 5 (B) Comsl 0392 (9 202 10 9 B N+ cjdo)
ooy sl obS (29 5t Casgual sog iliseo yyolio 1 o3lisl
«d )5 & o0 (Ocimum basilicum L. cv. Vikas Sudha)
Jobd (6355 S 5 G 5l 053y 3 (V2 40) oo 5 )l
i 355 5 (CegaS rorg Ly lyan o 355) Jl 355
O B By me 4 S a il s Ll .ass S enlazwl (NPK)
S50 (B YONYO)NPK sla s 555 L olyob CuvguoS c0)9
Slebl Legl iy sals 4 cus wilol olise ya5 5] wguxo
yolis anlyd Lais a5 SB & CuvgraS 0yg (0938 &S Al
S23d balpd 290 b 4y camd o JI381 olS 5l 0y90 (olie
iy ey cslin s Sy 2by) e ST il elail 3
gt Elid )3 g (hne polis 4 gwytwd (Il Olage iy,
odlo G puno awyp ol 3 (V) Gl 03yl warlyd 55 1y uill l5ee



IWAF (ylimo) F 0ylods IV alx oyl pl o£1y5 Sliubay arpis  AYF

(¥ Jods) g s Ao 3 VY (S j3 p,S6LSTYE/VY)

Sl (b Jodore jlayd po aiily il 5 Sloe a5’ g9z0 4 2l
il Jadoe pae a Cuus (S 43 p )5 6lS YV/AD) Siooun

8355 Bliseo (gl lowd i ailyjly oL ilwl 43 39390 OluS 37 Mo 0 —L Jou
Table 4- Essence compounds percent in different fertilizer treatments
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oeilol iged e il (880 lhme il JoS T piwlylime il g0l il oy

i Limonene Fenkon Stragol Anethole Essence
Treatment () () () () %
vim;h, 5.52 12.21 6.54 64.24 1.99
vim;h, 4.82 11.12 6.02 65.66 2.22
vimzh, 4.6 10.08 4.52 69.78 2.18
vimzh, 4.43 10.02 4.58 70.22 2.22
vomh, 5.12 11.21 5.08 67.20 2.30
Vamzh, 5.2 11.05 4.59 69.68 2.42
vomh, 3.02 9.68 3.65 70.20 2.48
vymlh, 3.08 9.65 3.88 73.32 2.97
vsmlh, 4.95 11.08 4.78 69.72 2.51
vsmlh, 3.55 11.45 3.83 70.22 2.66
vsm2h, 3.05 9.08 3.51 74.20 3.08
vimzh, 3.01 8.23 3.22 75.89 3.09
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vermicompost: v; (control), v, (4 ton ha™), vs (8 ton ha™"); m, (control), m, (mycorrhizal fungi); h; (control), h, (humic acid)
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Figure 1- Effects of vermicompost with mycorrhiza interaction on seed yield
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Figure 2- Effects of vermicompost with mycorrhiza interaction on seed essence percent
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Figure 3- Effects of fertilizer treatments on essence percent. V, M. H; vermicompost: v, (control), v, (4 ton ha"),
v; (8 ton ha"); my (control), m, (mycorrhizal fungi); h; (control), h, (humic acid)

w8l ol 38l als b dlie 3 (gg5 JB psbods )8 () Cumer
odb by p3 sy (S jod 123 dgic s IS (e 41
steldio gl 4 3 (Ve o) hlSen 9 5008 dlaly (o 53 sl
P bl Ay S jon Joyd dS Wdged sdalin Ll aizbl cuss
9 Glomus macrocarpum |y )4 Sis )8 4565 93 U o ils
pas jlos jl yid (6 pSeids )b & Glomus fasciculatum
o> 59 3 jles Il e0ke Cluglie (yizxan (10) 351 geidls
O S g slae By e 48 3 (L gl jigls
Salis gaal gl dio) oy Sl Jlai 515U 53 Cagra a)g
05 S g )laz 3L e 48 Az e El sy o)l

adls 3929 (5l gme gl LD oS L CamgeeS 00y

s Joir | Jool gl iy ) (grmwliuigt wo )

il 551 53 ool 1 S ol o] Sl (F J32) ol
Ogelisgls 22> Sy Jlotsl aw )3 CuwgraS 09 9 1295
ot o oS 0b i s 1Sl duglie ()8 > Sixe ddd
gl Ay gl iglS S92 U i 3l il pie g 130500
2 Ay s jeb o yd &S (o g 0 00 (glalasMe B
(Ao YY) dalis &y G (Lo yd FV/YR) 15550k el Lo
i Lo S5 (S50 bl S b JT 555 ey S
SLS i) sloan]p g Sogrge oy clled g (2528 el
o) prsSue gudli L 4S5, S blaswl oles oo (V) LS o ol )3



IWAF (ylimo} F o5lods IV alx eyl pl o235 sliubay a1 pis  AFA

(U 5 p55hs) ilel 5,Slas
Essence yield

)b&A)Vg,beS&,b&i)Vz c(drmfo.\.c) ViCuwgnoS 059 %’;QH,McV) wﬁu‘b,ﬁ&x&:;;ﬂé’éu)wx;%—i JSS

(Seogad wow! 8 puro) By g (< puro £ By (Suogap damw! g 2z, zdli) My g (S pis) my 155,950 o ;LS
Figure 4- Effects of fertilizer treatments on essence yield. (V, M, H; vermicompost: v; (control), v, (4 ton ha"), v; (8 ton ha");
m, (control), m, (mycorrhizal fungi); h, (control), h, (humic acid)
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Figure 5- Correlation between Anethole and other compounds in seed essence
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Introduction

The main objective of sustainable agriculture is to decrease the off-farm inputs such as chemical fertilizers,
increased farm nutrient cycle through reduced tillage and the use of biological and organic fertilizers. Studies on
medicinal plants indicates that the use of sustainable farming systems provide the best conditions for the
production of these plants. Mycorrhizal fungi, vermicompost and humic acid are samples of biological and
organic fertilizer that can be used, to eliminate or substantially reduce the use of chemical inputs in order to
increase the quantity, quality and stability of the products. Mycorrhizal fungi are one of the most important
rhizosphere microorganisms which have symbiotic relation with root of most crops. Mycorrhizal symbiosis
improves the soil physical (through expansion of hyphae of fungus), chemical (through increased absorption of
nutrients) and biological (the soil food web) quality. These fungus increased nutrient uptake, such as phosphorus
and some micronutrients, water uptake, reducing the negative effects of environmental stress and increase
resistance to pathogens and improve the quality of their host plants. Fennel (Foeniculum vulgare Mill) is one of
the most important medicinal plants, as the essential oil from the seeds used in a variety of industries,
pharmaceutical, food and cosmetic use. Anethole is important component of the essential oil of fennel seed.

Materials and Methods

This experiment was conducted as a factorial based on randomized complete block design in order to
evaluate the effects of vermicompost application, humic acid and mycorrhizal fungi on quantitative and
qualitative aspects of fennel yield at experimental farm of Shahrood University during growing season of 1391-
92. This experiment includes 12 treatments and 3 applications. Vermicompost levels include: v1 (no application)
v2 (4 ton ha™) v3 (8 ton ha). Mycorrhizal fungi include: m1 (no inoculation) and m2 (inoculation) and humic
acid include: h1(no application) and h2 (application). Each plot had 5 rows with row spacing of 50 cm and row
length of 5 m was considered. Ten grams mycorrhizal fungi were added to the soil under each seed. Humic acid
was sprayed in 3 stages (vegetative, reproductive and seed filling stage) according to the recommended dose
(200 mg per liter). Sampling and measuring of traits were done at the end of the season and after removal of
border rows. A 50 gram sample of each plot milled and then essence collected with Clevenger for three hours
using water distillation. Percent of fungal colonization obtained with Gridline Intersect Method. Finally, for
analysis of data and drawing shapes, MSTAT-C software and Microsoft Excel were used. Comparison of the
least significant difference test (LSD) was conducted at the 5% level.

Results and Discussion

Results of this study showed the main effects of experimental factors on seed yield, essence };)ercent and yield
were significant. Comparison of mean results showed the highest seed yield (1119.37 kg ha™) obtained from
mycorrhizal colonization. With increasing vermicompost applying, seed yield also increased. So, the greatest and
lowest seed yield obtained from 8 ton ha™ vermicompost and control plots (1315 and 1016 kg ha™), respectively.
With humic acid foliar application, seed yield increased about 18 percent. In this experiment essence percent
significantly increased due to mycorrhizal colonization. Essence percent of fennel seeds showed, the highest
value of essence percent (2.83%) obtained from 8 ton.ha™ vermicompost and the lowest essence was obtained
from control plots (2.15%). Seed essence percent significantly increased due to humic acid foliar application
compared with control plots (2.6% and 2.4% respectively). Essence yield significantly increased due to
mycorrhizal inoculation (31.67 kg ha™). Vermicompost application increased essence yield about 64 and 25
percent compared with control plots. Compared to control, humic acid increased essence yield by 22 percent.
Mycorrhizal inoculation significantly increased root colonization compared with control plots (47.39 and 23.89
%, respectively). Application of vermicompost increased root colonization by about 6% compared to control

1 and 2- Post graduate and Associate Professor, Shahrood University of Technology, Shahrood, Iran
(*- Corresponding Author Email: ahgholami@yahoo.com)
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plots. Combined effects of vermicompost and mycorrhiza on seed yield and essence percent were significant.
Combination effects of vermicompost and mycorrhiza showed, seed yield increased about 45 percent. Moreover,
combination of mycorrhiza and 8 ton.ha™ vermicompost resulted in the highest seed essence yield (3.09 kg ha™)
that significantly was higher than control polts (2.11 kg ha™) .The threeway interactions of factors on seed yield
and essence percent was also significant. The highest essence percent of seed obtained from combination of 8
ton.ha™' with humic acid and mycorrhizal inoculation (3.09 %) which significantly was higher than control plots
(1.99%). In this treatment essence yield was 36% higher than control plots. In general, the highest amounts of
anethole obtained from 8 ton ha™ with humic acid and mycorrhizal inoculation. On the other hand, with increase
in anethole the amounts of stragol, fenkon and limonene per seed essence decreased.

Conclusions
Results of this study showed that vermicompost and humic acid application and also mycorrhizal
colonization, improved the quantitative and qualitative yield of fennel. So, the seed yield, essence yield and root
colonization significantly affected by these factors. These factors without causing environmental damage,
provide nutrients for medicinal plants, therefore improved the yield and quality.

Keywords: Anethole, Biofertilizer, Essence, Fennel, Organic manure
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Introduction

Available water is an important factor for plant growth in arid environments. Results indicated that foliar
application of methanol is believed to be more important than the drought tolerance in C; plant. Since bean is a
C; plant, it performs light respiration under intense heat, light and water stress due to internal leaf CO,
concentration reduction and oxygen concentration increase. Light respiration can cause up to 20% loss of carbon
in plants and decrease the yield. Increasing concentration of carbon dioxide can neutralize the effect caused by
drought stress. Thus, the use of substances that can cause an increase in the concentration of carbon dioxide in
the plant, leads to improving the yield under the drought conditions. One of the ways of increasing the
concentration of carbon dioxide in plants is by using compounds such as methanol, ethanol, propanol, butanol as
well as use of the amino acids of glycine, glutamate and aspartate. Plants can easily absorb methanol sprayed on
leaves and use it as a carbon source added to atmospheric carbon. Methanol is relatively smaller compared to the
CO, molecules, so it can be easily absorbed and utilized by plants.

Materials and Methods

In order to evaluate the effects of foliar application of methanol on some morphological characteristics of
bean under drought stress, a factorial experiment was conducted based on completely randomized block design
with three replications in 2014 at the Khatam Alanbia University of Behbahan. The treatment of sprayin%
methanol was at 4 levels include control (without spraying), 10, 20 and 30% v/v methanol which added 2 g I’
glycine to each of solutions. Adding glycine to aqueous solution of methanol leads to prevention of damages
caused by the toxicity of methanol. The drought factors including control (100% field of capacity), moderate
drought stress (50% field of capacity) and severe drought stress (25% field of capacity) were considered. In this
experiment, each experimental unit was a pot of 1 kg and 5 seeds were planted in each pot and after emergence
decreased to 3 seedlings per pot. They were placed in a growth chamber with day and night temperatures as 25
°C and 15°C, respectively. Drought stress treatment based on soil moisture percentage was adjusted by
measuring the weight percent of soil moisture and adding water consumed daily by each pot. Foliar application
was done 3 times during the growing season and at intervals of 10 days. The first foliar application was
performed during the seedling stage within 4 weeks after planting and other foliar application, respectively in
early flowering and early podding. The foliar application was performed in such a way that solution droplets
were present at all parts of the bean. Trait measurement was carried out 35 days after planting.

Results and Discussion

Results showed that there was significant difference (P=<0.01) between methanol and drought stress
regarding the plant height, number of branches, leaf number per pod, root and shoot dry weight, tap root length,

root area, root diameter, root volume, and number of pod (P =0.05). All of the morphological traits were mainly
affected by severe drought stress. The results of the comparing mean data in the interactions of methanol and
drought stress showed that 20% methanol level in non-drought stress significantly increased in plant height,
number of branches, root dry weight, root diameter and number of pod compared with control. 20% methanol
level in temperate drought stress condition significantly increased the number of pod compared with non-applied
methanol foliar application. Severe drought conditions in other traits except plant height difference between the
levels of methanol and the methanol was observed.
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Conclusions

Present study showed that the use of methanol at 20% by volume of methanol without the stress could be
effective but failed to reduce the negative effects of drought stress on bean (Phaseolus vulgaris L.cv. sadry)
plants.

Keywords: Drought stress, Methanol foliar application, Morphological characteristics
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