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Table 1- Rates and coefficients for treatments based on
central composite design
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Treatments Coefficients*
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Nitrogen (kg.ha®) Plant(No.m?) X Xy
fertilizer density

0 10 -1 -1

0 40 -1 +1

100 10 +1 -1

100 40 +1 +1

50 10 0 -1

50 40 0 +1

0 25 -1 0

100 25 +1 0

50 25 0 0

50 25 0 0

50 25 0 0

50 25 0 0

50 25 0 0

i g 6515 5 (505 Jitue (gl yusie sdimd s b iy 2 X 9 Xy
X1 and X,: indicate independent variables of nitrogen and
plant density, respectively.
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Table 2- Physical and chemical properties of soil
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1- Full quadratic regression
2- Lack of-fit
3- RMSE: Root mean square error
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Table 4- Regression coefficients and R? for full quadratic model: Y=ag+a;X;+a,X,+asX; > +a,X;,>+asX X,
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Sy 3 Jyuss Sl 104.17 -0.654 0.0309 -0.03575 0.000183 0.001167 99.81
Capsule number ' ' ' ' ' ' '
per plant
09y Mo pd 50.983 -0.532 -0.0169 0.00822 -0.000123 0.000250 87.75
Oil percentage
Oy 3,Slas 532.9 5.61 -0.332 -0.2266 0.00192 0.0005 89.23
Oil yield
gy Aoy 17.846 0.4412 0.0157 -0.007170 0.000143 -0.000503 88.86
Protein content
gz ,Slas 164.9 12.39 0.22 -0.2745 0.00306 -0.01007 89.23
Protein yield
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X1 and X;: indicate independent variables of nitrogen and plant density, respectively.
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Table 5- Comparison of observed and predicted values of sesame yield as affected by nitrogen and plant density levels
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Treatment Biological yield Seed yield (kgha') L000-seed weight (g) Seed number per 0il percentage Protein percentage
(ighad) ] capsule Capsule Plllumberper
ant
X X 8 K L?"J‘L:“'J' i adalls LF‘JUMJ bl adalls "wJUA‘J sidnialls d“JU*J sidadalls L?“JU*J i adalls LF'JUA‘J il odslls L?"J‘L:“'J'
! - . M:" Ohbserved e"‘:“' Observed ed:“' Observed M.“' Observed N:“' Ohbserved eJ:“' Observed M:"
Observed  Predicted Predicted Predicted Predicted Predicted Predicted Predicted
10 0 337411 33749 123162 1216.7 3 198 303 2987 100 0994 46.67 4649 2132 2134
L0 0 261121 26314 91392 8209 165 275 28 2793 U 4435 43 42.86 2397 2402
10 100 385066 38096 129633 12627 333 348 333 3493 106 106 4368 4382 4.7 24.04
40 100 276085 27392 946.62 93438 303 3 323 3233 333 3304 4077 4094 2331 25.01
10 50 361264 365423 1173161 122233 31 319 31 3217 1025 1025 4541 4546 22352 1243
L] 30 264343 26473 90433 91068 3035 189 30 30.01 493 4869 4224 412 23.02 2416
15 0 373906 371988 123389 12423 3 193 29 2967 203 20.19 415 1282 2467 2439
75 100 3R2628 389113 122607 127243 333 336 34 3451 283 28.03 4083 4053 2511 26.14
15 50 373374 37675 123113 12403 31 31 313 31.86 g3 8363 40.89 4198 25.84 2491
15 50 399964 37675 132032 12403 303 31 313 31.86 833 2363 4187 4198 2499 2491
25 50 3742 37673 1222 12403 303 31 323 31.26 835 2363 4257 4198 2478 2491
15 30 37913 37673 12434 12403 3035 31 31 31.86 843 8363 4193 4198 2482 2491
15 30 361182 37673 1237 12403 303 3.1 32 31.86 g3 2363 42.66 4198 24.29 2491
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X and X;: indicate mdependent vanables such as nitrogen and plant density, respectively.
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Figure 1- Response surface model for capsule number per plant (A), seed number per capsule (B), 1000-seed weight (C) and
seed yield (D) of sesame affected as plant density and nitrogen fertilizer
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Figure 2- Response surface model for biological yield of sesame affected as plant density and nitrogen fertilizer
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Figure 3- Response surface model for Oil content (A) and Protein content (B) of sesame affected as plant density and nitrogen
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Introduction

Sesame (Sesamum indicum L.) is known as the king of oil seeds due to the high oil content (50-60%) of its
seed. Nitrogen (N) is one of the most important nutrients in crop production systems. Excessive use of N in crop
production causes a declining trend in nitrogen use efficiency (NUE). It has been reported that not more than
33% of N applied is used by the plant, while the remainder is lost and causes environmental pollution as well as
emission of greenhouse. Optimization of nitrogen and plant density is a management approach to conserve
resources and decline environmental pollutions. Response surface methodology (RSM) is defined as a set of
mathematical and statistical techniques that are used to develop, to improve or to optimize a product. RSM is a
statistical method for optimization of multiple factors which determine optimum process conditions by
combining experimental designs. In this work, optimization of nitrogen fertilizer and plant density of sesame
using central composite design for Response surface methodology was done.

Materials and Methods

This research was conducted using central composite design with 13 treatments and two replications at the
Research Field of Ferdowsi University of Mashhad during the growing season of 2015-2016. The treatments
were allocated based on low and high levels of plant density (10 and 40 plants.m™, respectively) and nitrogen (0
and 100 kg Urea ha™, respectively). Plant height, yield components, seed yield, blological yield, harvest index,
oil percentage, oil yield, protein percentage and, protein yield were calculated as dependent variables and
changes of these variables were evaluated by a regression model. Lack-of-fit test was used to evaluate the quality
of the fitted model. The adequacy of the model was tested by analysis of variance. In general, the full quadratic
polynomial equation was tested to determine the significance of the model and the component of the model
(linear, squared first-order interaction terms). The quality of the fitted model was judged using the determination
coefficient (R?).

Results and Discussion

The results showed that effect of linear component was significant on all studied characteristics. Effect of
square component was significant on all studied criteria except harvest index, seed No. per capsule and 1000-
seed weight. Interaction effect of full quadratic was significant on plant height, seed No. per plant and protein
percentage. Lack of fit test had no significant effect on the studied traits. The full square model for the response
variables gave insignificant lack-of-fit indicating that the data of experimental were satlsfactorlly explalned The
highest estlmated and observed values of seed yield were obtalned for 25 plants.m? and 50 kg Urea ha™ and 25
plants.m™ and 100 kg Urea ha™* with 1320.5 and 1272.4 kg.ha™ respectlvely The highest estimated values of oil
percenta%e and protein percentage were obtalned for 10 plants.m™ and without Urea application (46. 7%) and 40
plants. m’ and 100 kg Urea ha™ kg Urea ha* (25.3%) and these maX|mum observed amounts were recorded in 10
plants.m™ and without Urea application (46.5%) and 40 plants.m? and 100 kg Urea ha™ kg Urea ha™ (25.0%),
respectively.
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Conclusions

The slope of seed yield increased by an increase in density up to 25 plants.m? and was higher under high
levels of N fertilizer (optimum level= 50 kg Urea ha™) than under low levels, because the plant growth was
improved in high amount of N fertilizer and resulted in high yield components and seed yield. Therefore, the
effect of plant density on yield improvement could be increased at high levels of N fertilizer which clearly
suggest the importance of N for higher seed production in sesame. In general, it seems that resource use
optimization based on the central composite design may be suitable cropping approach for sustainable
production of sesame.

Acknowledgement

This research was funded by Vice Chancellor for Research of Ferdowsi University of Mashhad, which is
hereby acknowledged.

Keywords: Lack-of-fit test, Response surface methodology, Sustainable production






