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1. Multivariate regression
2. Stepwise regression

3. Forward selection

4. Backward elimination
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Table 1. Physical and chemical characteristics of experimental field soil.

Soil texture

Nitrogen (ppm)  Phosphorous (ppm)  Potassium (ppm) pH

EC (dS.m™)

Silty loam 15.7 13.4

417 7.3 11
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Table 2. Used organic fertilizers characteristics in the

experiment.
-(I)—?/gp:n?cf Nitrogen ~ Phosphorous  Potassium
fertilizer (%) () (%)
Compost 0.64 0.44 0.49
Vermicompost 0.89 1.53 0.96
Cow manure 0.21 0.29 1.04
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Table 3. Analysis of variance (mean of squares) for some morphological characteristics and yield of Echium
amoenum affected by different plant density and application of organic and chemical fertilizers.

Mean of squares

a Shoot yield per plant ~ Plant height ~ Flower number per plant Dry flower yield
Block 2 8.80™ 109.95™ 221078™ 339204™
Plant density 2 48116.71" 0.82ns 2810317" 13075569
Fertilizer 4 3396.94™ 540.38™ 1722380 2183909
Plant densityxFertilizer 8 9373.317 122.40™ 923445 2497218"
Experimental error 28 305.51 74.91 191739 266634
CV (%) - 10.36 9.48 17.58 16.84
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** *and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.
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Table 4. Mean comparison for interaction effects of different densities and organic and chemical fertilizers
application on some quantitative characteristics and yield of Echium amoenum

Shoot yield per plant (g.plant™)  Plant height (cm)  Flower number per plant  Dry flower yield (kg.ha™)

Density of 3 plants per m?

Compost 151.00ef* 99.00ab 2268.1ed 3914.4ab
Vermicompost 96.12h 86.33a-c 2594.9b-d 4340.7a
Cow manure 126.33f-h 90.00a-c 3348.3b 2996.6bc
Chemical fertilizer 170.98de 101.66a 2489.8cd 4392.1a
Control 210.01c 78.00c 2528.9b-d 4219.3a
Density of 5 plants per m?
Compost 312.15a 101.33a 2178.3 3654.0ab
Vermicompost 262.27b 96.00ab 2535.7b-d 4242 .9a
Cow manure 217.65¢c 98.66ab 4177.7a 3580.2ab
Chemical fertilizer 207.19c 82.33bc 2576.3b-d 2354.4c
Control 161.14de 77.66C 2650.4b-d 2142.7c
Density of 10 plants per m?
Compost 116.84gh 100.00a 1844.6de 2504.4c
Vermicompost 105.58h 90.00a-c 3123.7bc 2117.3c
Cow manure 188.40cd 98.66ab 1871.6de 3818.6ab
Chemical fertilizer 143.30e-g 86.00a-c 1640.9¢ 913.8d
Control 61.28i 82.66bc 1524.6e 1183.4d
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* In each column, means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on Duncan’s multiple range.
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Table 5. Correlation coefficients between studied traits in Echium amoenum affected by different densities and
application of organic and chemical fertilizers

Code Trait 1 2 3 4 5 6 7 8 9 10
1 Dry flower yield 1
2 Flower number per plant 0.30* 1
3 Fresh flower weight per plant  0.40**  0.10 1
4 Dry flower weight per plant 0.36* -0.01 0.76** 1
5 Seed yield 0.26 -0.12  0.67** 0.67** 1
6 Shoot yield per plant 0.42** 016  0.59** 047** 0.34* 1
7 Branch number per plant 0.31* 0.30* 0.55** 0.56** 0.35* 0.22 1
8 Branch length 0.28* 0.09 0.42** 041** 042** 035* 0.22 1
9 Plant height 0.35* 0.03 041** 0.38** 034* 022 022 053** 1
10 Canopy diameter -0.05 0.09 -0.10 0.06 -0.10 0.14 012 0.23 005 1

**and * are significant at the 0.01 and 0.05 of probability level, respectively.
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Figure 1. Path coefficients between dry flower yield and morphological characteristics of Echium amoenum in
conditions of organic and chemical application and different plant densities (e represents an immeasurable errors)
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Table 6. Analysis of correlation coefficients of morphological characteristics affecting
dry flower yield of Echium amoenum to direct and indirect effect
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Direct effect

Shoot yield per plant (P41) 0.32
Plant height (P42) 0.27
Flower number per plant (P43) 0.24
Indirect effect of shoot per plant via

Plant height (P21xP42) 0.0594
Flower number per plant (P31xP43) 0.0384
Height and Flower number per plant (P21xP32xP43) 0.0002
Indirect effect of Plant height via

Flower number per plant (P32xP43) 0.0012
Total direct and indirect effects of shoot yield per plant 0418
Py + [(Pa1 X Pap) + (P31 X Paz) + (Pay x Pap x Py)]

Total direct and indirect effects of plant height 0.271
Paz + (P32 x Paz)

Residual effects (error) 0.07
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ABSTRACT

In order to study the morphological characteristics affecting yield of Echium amoenum under different
nutritional treatments and different plant densities, a factorial experiment based on RCBD design with
three replications was conducted at Agricultural Research Station, Ferdowsi University of Mashhad, Iran
in 2011-2013 growing seasons. The experimental treatments were all combination of three plant densities
(10, 5 and 3 plantm?®) and five different types of organic and chemical fertilizers (compost,
vermicompost, cow manure, chemical fertilizer and control). Results showed that organic fertilizers
increased flower yield compared to control treatment. The flower yield of compost, vermicompost and
cow manure treatments were 25, 28, and 27 percent more than control, respectively. Results of
multivariate regression showed that variables of plant height, shoot dry weight, and number of flower per
plant were the main factors affecting yield of flower; meanwhile, the relative contribution of shoot dry
weight was approximately 16 and 25 percent more than plant height and number of flowers per plant,
respectively. Based on the results of path analysis, shoot dry weight per plant had indirect effect on yield
flower in different ways, but most of its indirect effect was imposed through plant height on the yield
flower.
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