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Fig.3- Variation trend in fraction of absorbed radiation (fabs) of sesame in A: %100 B: %75 and C: %50 irrigation

levels by different fertilizer treatments during growing season
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Fig.4- Variation trend in fraction of absorbed radiation (fabs) of sesame in A: %100 B: %75 and C: %50 irrigation

levels by different biofertilizer treatments during growing season
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Fig.5- Variation trend in cumulative biomass (gr/m?) of sesame in A: %100 B: %75 and C: %50 irrigation levels by
different fertilizer treatments during growing season
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Fig.6- Variation trend in cumulative biomass (gr/m?) of sesame in A: %100 B: %75 and C: %50 irrigation levels by
different biofertilizer treatments during growing season
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Fig.7- Relationship between cumulative absorbed PAR and sesame dry matter in sesame in ~ A: %100 B: %75 and
C: %50 irrigation levels by different fertilizer treatments
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Fig.8- Relationship between cumulative absorbed PAR and sesame dry matter in sesame in A: %100 B: %75 and C:
%50 irrigation levels by different biofertilizer treatments
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Table 1-Radiation use efficiency (RUE,gr/Mj), maximum of leaf area index (LAImax) and maximum of sesame
biomass (DM max) by different fertilizer and biofertilizer treatments in %100 irrigation level

DMunax (gr/m?) Finex(o6) R? RUE(gr/Mj) LA e
1350a 92a 92% 2.66 4.26a St
(Nitrogen+phosphore)

1310a 95a 96% 2.46 4.2a Slae
(Nitrogen)

1200ab 82ab 98% 2.39 2.8abc RPN
(Phosphore)

960ab 83ab 97% 2.3 2.67bc 558 g g
(Biosulphore)

1254a 86a 93% 2.43 3.32ab b gt S 5 23
(Nitroxin+biophosphore)

1227a 86a 94% 2.4 3.25abc oS 9 8
(Nitroxin)

1110ab 85a 99% 2.38 2.94abc b g
(Biophosphore)

820b 70b 97% 2 1.84c dals
(Control)
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Table 2-Radiation use efficiency (RUE,gr/Mj), maximum of leaf area index (LAl ) and maximum of sesame
biomass (DM .x) by different fertilizer and biofertilizer treatments in %75 irrigation level

DMumax (gr/m?) Finex(96) R? RUE(gr/Mj) LAl s
1320a 89ab 77% 2.32 3.27a bt
(Nitrogen+phosphore)

1284a 95a 83% 2.27 3.8a e
(Nitrogen)

1220a 90ab 98% 2.21 3.23a RPN
(Phosphore)

1042a 80ab 98% 2.16 2.76ab 558 g g

(Biosulphore)
1061a 84ab 92% 2.24 2.81ab i gt S 5 25




(Nitroxin+biophosphore)

1218a 85ab 93% 2.39 2.96ab oS 8 5
(Nitroxin)

1021a 79b 94% 2.38 2.71ab i 5
(Biophosphore)

504b 79b 90% 1.7 1.72b dals
(Control)
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Table 3-Radiation use efficiency (RUE,gr/Mj), maximum of leaf area index (LAl.x) and maximum of sesame
biomass (DM 5x) by different fertilizer and biofertilizer treatments in %50 irrigation level

DMpax (gr/mz) fmax(%) R2 RUE(gr/Mj) LAl max ol
1069a 87a 94% 2.39 2.83a St |
(Nitrogen+phosphore)

982a 79ab 96% 2.22 2.5% e |
(Nitrogen)

902a 80ab 98% 1.89 2.39a SHlae b
(Phosphore)

831a 70ab 97% 1.76 2.2a 538 g 5
(Biosulphore)

997a 79ab 90% 2.14 2.64a it S g 5
(Nitroxin+biophosphore)

1087a 84ab 95% 2.44 2.88a oS 3
(Nitroxin)

1065a 83ab 96% 2.16 2.82a b g
(Biophosphore)

342b 72b 99% 1.49 1.74a dals
(Control)

(S S e

35 5,08 5 B 5251 5lr) 035 55V (Bl 55 wtints oS 5 8y o (5hls 55 355 4 o gl 3557 (sla e

-“gﬂcb‘“ﬁéi%‘jﬁjﬁﬁw,”"@Q@Tﬂéu’)@)-’uﬂﬂ"ﬁ.Mu“iw. S5



SSE) 0l & s 5y el S s L5 gomia b ailiie (453 (sl JS02) 0L 4 o (B )3 winds D15 L) il
40l s gsdn nl 4 35 JolS LT 51 28 5 e 555 S35 8 e T 25 slasle S 55 50 (251
S S p e 5 P ST A5 Glolas (oled 53 e 30> Cnd T 35 sl 53 5 a5 i g ralS
Seslizal s g Jol8 (LT 5 28 sl cal 55 558 e (2T Ol ol 5o 5 Bl [2alS leg L5 5 55 0L >
355 5,8 55k o 5 Aol 58 5 AT eslitel o ol (LT Sl 53 plard 5 (S5 e Calises (slas S
4l 55 O e 2T 5 S a3le g odd A5 53 Cindded Sl 0T Cusgdoms 5 (SKist 25 Ll 8 3 jied e (S5 4o

Bah o gl b S

1l
1-Ahmadi Vavsari, F. 2009. Investigation the effect of biofertilizers, phosphate solubilizer and
Thiobacilluson on yield and yield components of sesame (SesamumindicumL.). MSc Thesis.
Agricultural Sciences and Natural Resources of Gorgan, Iran. (In Persian with English Summary)
2-Al-Moshileh, A. M. 2002. Effect of rate and time of nitrogen application on onion production
in the central region of Saudi Arabi. Journal of King University. 4:33-41.
3-Azadi, V., Rezadost, S., Rashidi, M., and Norabadi, E. 2013. Study the effect of biofertilizers
application on sainfoin morphological characteristics in Azarbayejan.In Second Conference on
Effects of Climate Change on Agriculture and Environment, Oromiye, Iran, 2013, p.3994-4006
(In Persian).

4- Basra, A.S., and Basra, R.K. 1997. Mechanisms of Environmental Stress Resistance in Plants.
CRC Press 407 pp.

5-Basu, M. and P.B.S. Bhadoria. 2008. Performance of groundnut (Arachishypogeslinu) under
nitrogen fixing and phosphorus solubilizing microbial inoculants with different levels of cobalt in
alluvial soils of eastern India.Agronomy Research 6 (1): 15-25.

6-Betram, K., Janssens, M.J.J., Abdalwahab, A., 2003. Breeding for drought tolerance in sesame
(Sesamum indicum). In: Conference on Technological and Institutional Innovations for

Sustainable Rural Development, 8-10 October, Deutscher Tropentag, Gottingen, p135.



7-Bohrani, M., and Babaii, G.H. 2007. Effects of plant density and nitrogen fertilizer on grain
yield, yield components and qualitative characteristics of two sesame varieties. Iran Agronomy
Journal. 3:237-245. (In Persian)

8-Boyer, S. (1970). Leaf enlargement and metabolic rates in corn, soybean and sunflower of
various leaf water potentials. Plant Physiology, 58, 398-401.

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

10-Chezhiyan, N., Saraswathy, S. and Vasumathi, 2003, Studies on organic manures and
biofertilizers on plant density, on growth, yield and alkaloid content of bhumyamalaki
(Phyllarthus amarus Schum and Thonn.). South Indian Hortic.,51 ; 96-101.

11-Collino, D.J., J.L. Dardanelli, R. Sereno, and R.W. Racca. 2001. Physiological responses of
argentine varieties to water stress. Light interception, radiation use efficiency and partitioning of
assimilates. Field Crops Res.70: 177-184.

12-Darzi, M.T., Ghalavandi, A., an Rajaii, F. 1998. Effect of biofertilizers on N-P-K uptake and
grain yield of fennel plant. Iran Journal of Medicinal Plants. 1:1-19. (In Persian)

13-Dilip, K., M. Ajumdar , & S. Roy.1991. Response of summer sesame (Sesamumindicum) to

irrigation, row spacing & plant population. Indian Journal of Agronomy. 37: 758-762

14-El-Habbasha, S.F., A.b.d. El Salam, M.S., and M.O. Kabesh. 2007. Response of two sesame
varieties (Sesamumindicum L.) to partial replacement of chemical fertilizers by bio-organic
fertilizers. Research Journal of Agriculture and Biological Sciences 3(6): 567- 571.

15-Feltcher, A. L., P.R Johnstons and E.Chakwizira.2013. Radiation capture and radiation use
efficiency in response to N supplyfor crop species with contrasting canopies. Field Crops
Research 150 :126-134.

16-Ghosh, P., Jana, P.K., Sounda, G., 1997. Effect of sulfur and irrigation on growth, yield, oil
content and nutrient uptake by irrigated summer sesame. Environ. Ecol. 15,83-89.

17-Ghosh, D.C., and M.Mohiuddin. 2000. Response of summer sesame (Sesamumindicum) to
biofertilizer and growth regulator. Agricultural Science 20(2): 90-92

18-Goldani, M., Rezvanimighadam, P., Nassiri Mahalati, M., and Kaffi, M. 2011. Study of
phonological and physiological indices of corn hybrids in different plant densities. Crop

Production Researches Journal 7(1):1-27. (In Persian)



19-Hamzei, J., and Soltani, J. 2012. Deficit irrigation of rapeseed for water-saving: Effects on
biomass accumulation, light interception and radiation use efficiency under different N rates.
Agriculture, Ecosystems and Environment 155 : 153— 160.

20-Hay, R. K. M., and Walker, A. J. 1989. An introduction to the physiology of crop yiel d.
Longman, Essex, GB. 292 p.

21-Heidaripor Kashkoli, R. 2011. Effect of irrigation and nitrogen on water use efficiency of
corn, sesame and sugar beet. MSc dissertation, Faculty of Agriculture, Ferdowsi University of
Mashhad, Iran. (In Persian with English Summary).

22-1shizuka, J. 1992. Trends in biological nitrogen fixation research and application. Plant and
Soil 11: 197-209.

23-Jahan, M., Aryaii, M., Amiri, M., and Ehyaii, H. 2011. Effect of plant growth promoting
rhizobacteria (PGPR) on qualitative and quantitative characteristics of Sesamum indicum L with
application of cover crops of lathyrus sp and Persian clover (Trifolium responatum L).
Agroecology Journal. 5(1): 1-15. (In Persian)

24-Jahan, M., Nassiri Mahallati, M., Amiri, M.B., and Ehyayi, H.R. 2013. Radiation
absorptionand use efficiency of sesame as affected by biofertilizers inoculation in a
low input cropping system. Industrial Crops and Products. 43:606-611.

25-Jouyban. Z., and Moosavi,S.G. 2011. Study of Effects of Different Levels of Irrigation
Interval, Nitrogen and Superabsorbent on Seed Yield and Morphological Traits of Sesame.
Australian Journal of Basic and Applied Sciences, 5(10): 1317-1323.

26-Kader, M.A. 2002. Effects of Azotobacter inoculant on the yield and nitrogen uptake by
wheat. Journal of Biological Science 2: 259-261.

27-Karimi, K., Bolandnazar, S., and Ashori, S. 2012. Effects of nitrate ammonium and
biofertilizers on allium yield and vegetative characteristics. In First National Conference on
Agriculture & Environment Science. Iran. 6 February 2012, p.1-7.

28-Karimian, M., Kochaki. A., and Nassiri Mahalati, M. 2009. Effect of nitrogen fertilizer and
plant density on radiation absorption and radiation use efficiency of two canola cultivars. Iranian
Journal of Field Crop Research. 7(1): 163-172. (In Persian)

29-Koocheki, A., Tabrizi, L., and Ghorbani, R. 2008. Effect of biofertilizers on agronomic and
quality criteria of Hyssop (Hyssopus officinalis). Iranian Journal of Field Crops Research 6: 127-
139. (In Persian with English Summary)



30-Kumar, A., J. Elston, and P. Singh. 1994. Leaf area growth of two Brassica species in
response to water stress. Crop Res. 8: 594-602.

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

32-Majidian. M., Ghalavandi, A., Kamkar Haghighi. E., and Kardimian, N. 2007. Effect of
drought stress, nitrogen fertilizer and manure in different growth stages on corn agronomic
characteristics. In Second Proceeding of 2" Congress of Ecological Agriculture of Iran, Gorgan,
Iran, 2007. (In Persian)

33-Malekoti, M.J., and M. Homaei. 2004. Fertility of Arid and Semi arid. 2nd End.
TarbiatModarres University Press. Tehran .pp 494. (In Persian)

34-Miladi Lari, A ., and Ehsanzade, P.2010. The negative effect of drought on safflower grain
yield thought impact on photosynthetic surfaces and on efficiency. Iranian Journal of Filed Crop
Science. 41(2):375-384. (In Persian)

35-Mirzakhani, M. 2011. Response of safflower growth indices to nitrogen and biological
fertilizers. The First National Conference of New Concepts in Agriculture, Saveh, Iran,2011. (In
Persian)

36-Monteith, J.L., 1977. Climate and the efficiency of crop production in Britain. Philos.Trans.
R. Soc. London B 281, 277-294.

37-Naderi D, M. R., Nour Mohammadi, G., Majidi, E., Darvish, F., Shrani Rad, A. H., &
Madani, H.(2004). Effects of drought stress and plant density on echophysiological traits of three
safflower lines in summer planting in Isfahan. Journal of Seed and Plant, 20(3), 281-296. (In
Persian)

38-Nath, P.K., Chakrabotry, A., 2001. Effect of climatic variations on yield of sesame (Sesamum
indicum L.) at different date of sowing. Agron. J. Crop. Sci. 186, 97-102.

39-Parsa, S., Kochaki, A., Nassiri Mahalati, M., and Ghaemi, A. 2007. Seasonal variation of
radiation interception and radiation use efficiency in sugarbeet. Iranian Journal of Field Crop
Research. 5(2): 229-238. (In Persian)

40-Rasmusson, D. C. 1987. An evaluation of ideotype. Crop Sci, 27:1140.



41-Razi, H. and Assad, M. T. (1998). Evaluating variability of important agronomic traits and
drought tolerance criteria in sunflower cultivars. Journal of Science and Technology of
Agriculture and Natural Resources, 2(1), 31-42((In Persian)

42-Rudresha, D.L., Shivaprakasha, M.K., and Prasad, R.D. 2005. Effect ofcombined application
of Rhizobium, phosphate solubilizating bacterium and Terichoderma spp. on growth, nutrient
uptake and yield of chickpea (Cicer artienium L.). Applied Soil Ecology 28: 139-146.

43 -Sabannavar, S.J., and H.C. Lakshman.2008. Interactions between Azotobacter, Pseudomonas
and arbuscularmycorrhizal fungi on two varieties of(Sesamumindicum L.). Journal Agronomy
and Crop Science 194:470-478.

44-Sajadi Nik, R., Yadavi, E., and Balochi, H. Effect of nitrogen, vermincompost and nitroxin
biofertilizer on yield and yield components of sesame. Proceeding of 11" Congress of Agronomy
and Plant Breeding, Iran, Shahid Beheshti University, 2010, p. 1366-1369. (In Persian)
45-Sendur, K. S., Natarajan, S. and Thamburaj, S., 1998, Effect of organics and inorganic
fertilizers on growth, yield and quality of tomato. South Indian Hortic., 46 (3-4) :203-205.
46-Sharifi, Z., and Haghnia, G. Effect of nitroxin biofertilizer on yield and yield components of
wheat (Sabalan cultivar). In Second National Conference Ecological Agriculture of Iran, Iran,
2009. P.137-140. (In Persian)

47-Sinclair, T. R., J. R. Farias, N. Neumaier, and A. L. Nepomuceno. 2003. Modelling nitrogen
accumulation and use by soybean. Field Crops Res, 81: 149-158.

48 -Sinclair, T. R., and R. C. Muchow. 1999. Radiation use efficiency. Adv. Agron, 65: 215-265.
49-Tantawy, M.M., Ouda, S.A., Khalil, F.A., 2007. Irrigation optimization for different sesame
varieties grown under water stress conditions. J. Appl. Sci. Res. 3,7-12.

50-Vafabakhsh. G., Nassiri Mahalati, M., and Kochaki, A. 1999. Effects of drought stress on
yield and radiation use efficiency of winter canola. Iranian Agronomy Field Crop Researches.
6(1):193-204. (In Persian)

51-Wright, P.R., J.M. Morgan, R.S. Jessop, and A. Gass. 1995. Comparative adaptation of
Canola (Brassica napus) and Indian mustard (B. juncea) to soil water deficits: yield and yield
components. Field Crops Res. 42: 1-13.

52-Williams, J.H., Boote, K.J., 1995. Physiology and modelling predicting the unpredictable
legume. In: Pattee, H.E., Stalker, H.T. (Eds.), Advances in Peanut Science. Am. Peanut Res.
Educ. Soc., Stillwater, OK.



53-Youssef,A.A., A.E. Edris, and A.M.Gomaa. 2004. A comparative study between some plant
growth regulators and certain growth hormones producing microorganisms on growth and
essential oil composition of (Salvia officinalis L.) Plant Annals of Agricultural Science 49: 299-
311.

54- Zahir, A.Z., M. Arshad, and W. F. Frankenberger.2004. "Plant growth promoting
rhizobacteria:  Application and  perspectives in  agriculture”  Adv. Journal of
Agronomy,2550,01:11-150

Abstract

Effect of chemical and biological fertilizers and irrigation regimes on radiation use efficiency of

sesame

In order to evaluate the effect of chemical and biological fertilizers on radiation use efficiency
(RUE) of sesame a field experiment was performed using a split plot experiment based on
completely randomized design with three replications at Agricultural Research Station, Ferdowsi
University of Mashhad, Iran during growing season of 2013. Main plots were three levels of
irrigation (%100, %75 and %50 of sesame water requirement) and sub plots were eight different
biological and chemical fertilizers (nitrogen, phosphorus, nitrogen + phosphorus, nitroxin,
biophosphore, nitroxin+biophosphore, biosulphur and control). Results showed that for all
fertilizer and biofertilizer treatments reduction in of irrigation levels was the major factor in
reduction of leaf area index (LAI), dry matter (DM) and RUE. Application of N+P fertilizer in
100% and 75% sesame water requirement led to maximum RUE(2.66 and 2.32 gr/Mj,
respectively). Among biofertilizer treatmentsin 100% sesame water requirement application of
the nitroxin+biophosphore led to maximum sesame LAI(3.32), DM(1254gr/m?) and
RUE(2.43gr/Mj). Reduction of irrigation levels was the major factor in reducing RUE due to a
decrease in LAI in drought stress treatments. Use of different chemical and biological fertilizers
compared with control increased RUE. Under stress free conditions (100 percent of sesame
irrigation requirement), chemical fertilizer exhibited more RUE than biofertilizers(2.66, 2.46 and
2.39 for nitrogen+phosphore, nitrogen and phosphore fertilizers and 2.43, 2.4 and 2.38 for
nitroxin+biophosphore, nitroxin and biophosphore, respectively). In general, biofertilizers
particularly nitroxin inoculation, improved growth characteristics and radiation interception &

use efficiency of sesame, under 50% water requirement supply, the same as chemical fertilizer.
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