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Optimization of Nitrogen Fertilization and Planting Density for Enhancing the Leaf
and Seed Performances of Woad Using Artificial Neural Network
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Table 1: Evaluation indices regarding to various transfer functions in the training phase

Sl sl asls

o T e Jusl &b
Evaluation indices Output variable Transfer function
R? RMSD MAE RSE P

0.9322 269.46 159.97 0.1028 Leaf 5 ,, IR
0.9679 5.96 421 0.0907 Grain als Sigmoid
0.8116 449.20 268.16 0.1711 Leaf 5 S
0.7723 17.66 8.19 0.2691 Grain «ls Gaussian
0.6254 758.48 401.38 0.2907 Leaf 5, Sdgmle il
0.7337 19.16 12.51 0.2940 Grain als Tangent hyperbolic
0.7477 534.81 345.01 0.2072 Leaf 5, Sds e colse
0.7458 17.01 11.78 0.2655 Grain als Secant hyperbolic

Table 2: Mean squares of leaf and grain yield of woad

©ol3l ax 0

ails s Skee S o3 B
Grain yield Leaf weight df Source of variation

63.12" 177518 2 Replication S
4543.52™ 605139" 3 Nitrogen(N) (N) (359,50

137.50 507695 6 Error a a glas
21138.99™ 16305411 3 Density(D) D) oSy
2815.44" 3460058" 9 w513 X Odard

DxN
135.93 227979 24 Error b b slas

o, ) Jleiml mhans (o o S g o cire oS Sy ke g NS
ns and **: Non-significant, and significant at 1% probability level, respectively

o olE) S (ST ¥ Loyl d )0 dosg (&0 50 0 r’)f) als 5 (LS ;0 0,59LS) I 0, Slee (1 Kileo anglae 1Y Jgu

0395 955 lade 5 (&0 e
Table 3: Mean comparison for leaf (kg ha) and grain yield (g m) of woad under 4 planting density (plant m) and
nitrogen fertilizer amount.

S )0 G3a s 0 S5k 200 LS jo (459,55 0,5 5kS 150 S8 53 (59555 0,5 5kS 100 S 50 355 0,5 LS 50

200 kg N ha! 150 kg N ha* 100 kg N ha* 50 kg N ha S [?511;;
s = s =, s =, s = 2'323?3
Grain Leaf Grain Leaf Grain Leaf Grain Leaf
19.6e 1641fghi 32.3de 2667cdef 6.6e 1210hi 9.8¢c 756i 10
66.6bc 1359fgh 54cd 894i 21.8e 2206efgh 21.3e 1440ghi 15
132a 3576bcd 136a 3625bc 50.1cd 3220bcde 88.4b 2975hcde 25
53.3cd 4151b 139 2380efgh 135a 2450defg 64.7bc 5775a 35
Means with similar letters in each column have no significant difference based on LSD test
P 150 -
¥=0.914X +212 3 Y =0990X+1.176 ’
j; 5 4500 | *=00932 = RZ=0974 o o
X3 A< 100}
= 4 =
; 5 3000 | ; 5
- 15
338 1500 } 39
0 ..'. N N N 0 - L L i
0 1500 3000 4500 0 40 80 120
B ol g.s"""u""" J.hbl.cu A ol LS“"‘U““" )"‘)L"“o
Predicted values Prdicted values

Fig. 1: Sensitivity analysis of neural network model during training phase for grain (A) and leaf weight (B)
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Fig. 2: Deviation of predicted values from observed values of grain and leaf in the training phase for the sigmoid (S),
Gaussian (G), hyperbolic tangent (HT), and Hyperbolic Secant activation functions (HS)
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Optimization of Nitrogen Fertilization and Planting Density for Enhancing the Leaf
and Seed Performances of Woad Using Artificial Neural Network

Gholipoor'™, M., Nikbakht-Raieni?, H. and Ansoris, A.

Abstract

Usually, effects of three or four levels of independent variables (here, nitrogen fertilizer and planting density) on the
dependent variables (here, leaf and seed performances) are investigated and the best levels of the independent variables
are found by comparing the resulting average values. However, such results may be inaccurate. The aim of the present
investigation is to find accurate optimal values of nitrogen fertilizer and planting density via interpolation
(optimization), so as to enhance leaf and seed performances of woad, using artificial neural network (as a
complementary analysis). In a farming test with split plot design at the research farm of Jiroft Branch of Islamic Azad
University (Jiroft, Iran), the effects of four planting densities (primary factor, 10, 15, 25, and 35 plants per sq. meter)
and four levels of nitrogen fertilizer (secondary factor, 50, 100, 150, and 200 kg per hectare) on the weights of leaf and
seed of woad were investigated. The obtained results from the analysis of the data indicated that the neural network
structure based on 4 neurons was the most appropriate structure. Optimal levels of planting density and nitrogen
fertilizer were found to be 32 plants per sg. meter and about 70 kg of nitrogen fertilizer per hectare, respectively, which
could increase the leaf and seed performances by 6.3% and 7.7%, respectively.
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