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2. Response-Surface Methodology
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1. Central Composite Design
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Table 1- Rates and coefficients for treatments based on central composite design.

e (RN S S S B v AA Ve Mooy Y
Treatment
(oo 52 31) G5 (S| 5
, S 15 10 15 10 15 125 125 125 125 125 125 125
Plant density (No.m™)
Oa 5) gl
S S ) 28 0 70 70 35 35 0 70 35 35 35 35 35

Cow manure (t.ha™)
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Table 2- Physical and chemical properties of the soil (0 — 30 cm depth)
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3. Desirability
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Table 4- Regression coefficient and R for full quadratic model on vegetative traits of peppermint for two cuttings.
LAQ:?_. Slaws

. . RZ as a4 as a a ag
Cuttings Traits

dlo 5 055
Fresh weight of 70 -0.000 0.010 -0.000 -0.098 0.0.42 3.82
stem
sle Si 03
Dried weight of 64 -0.000 -0.024 -0.000 0.803 0.043 -3.77
stem
J S P05
Fresh weight of 72 -0.000 -0.000 -0.000 0.031 0.001 -0.319
leaves
S Ka 035
Dried weight of 72 -0.000 -0.001 -0.000 0.057 0.003 -0.612
leaves
S0
Total dried 71 -0.000 -0.001 -0.000 0.045 0.002 -0.507
weight

The first

Bl 5 055
Fresh Weight of 85 -0.000013 -0.000099 -0.000001 0.00333 0.000297 -0.03109
stem
sle S 03
Dried Weight of 84 -0.000067 -0.000535 -0.000008 1.01817 0.001637 -0.1726
stem
£ Sp50ss
The Fresh weight of 73 -0.000004  -0.000070  -0.000000 0.002070 0.000095 -0.01681
second leaves
S Ka 035
Dried weight of 84  -0.000021  -0.000474  -0.000001 0.01340  0.000438  -0.1023
leaves
S0
Total dried 77 -0.000016 -0.000226 -0.000002 0.00682 0.000371 -0.0570
weight

L3l o G (SIS pl5 35S e slapaze sdasOlS o 5 4 X 5 X
X;and X;: represent independent variables such as cow manure and plant density, respectively.
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Figure 1- Equation of the regression line for predicted (Pi) and observed (Oi) of stem fresh weight of peppermint and
RMSE percent based on full degree regression model.

0%/YF) RMSE l.Uis (1 sdalie &5 shilon
555 G an Olipe Siall b coprmman 3L )5l

edoasOlil 4 s Al Yo 51 VL (Ws s
ﬂ‘f\ﬁ 4Bl d)} )L?g.h B u,:;" S g G Lfd\b

(Y IS il

CLJ bl (0 K8 cl Jbe Cins i

_54_7).5 (’S\J—.’.MC‘“L-’-)béL""JJUJJ L.c.wl._::—cla.u

600
Fresh weight of stem{g/m2)
400
(e a g p5) Bl 5 035
200

14

12 plant density(No/m2)
o]

20
40 50 10 (mp fo g ) 65 o515
Cow man ure level(ton/ha)

GLsle o 15) s 208
(15355 5 G g oS15 g s S s A L Bl 5 035 ey — g Je -Y IS
Figure 2- Response - surface model for fresh weight of stem of peppermint affected as plant
density and cow manure.
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Figure 3- Equation of the regression line for predicted (Pi) and observed (Oi) of stem dried weight of
peppermint and RMSE percent based on full degree regression model.
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Figure 4- Response - surface model for stem dried weight of peppermint affected as
plant density and cow manure.
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Figure 5- Equation of the regression line for predicted (Pi) and observed (Oi) of leaf fresh weight of
peppermint and RMSE percent based on full degree regression model.
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Figure 6- Response - surface model for leaf fresh weight of peppermint affected as
plant density and cow manure.
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Figure 7- Equation of the regression line for predicted (Pi) and observed (Oi) values of leaf dried weight of
peppermint and RMSE percent based on full degree regression model.
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Figure 8- Response - surface model for leaf dried weight of peppermint affected as
plant density and cow manure.
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Figure 9- Equation of the regression line for predicted (Pi) and observed (O1i) values of total dried weight of
peppermint and RMSE percent based on full degree regression model.
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Figure 10- Response - surface model for total dried weight of peppermint affected as
plant density and cow manure.
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Table 5- Analysis of variance (mean squares) of complete quadratic regression model for the effects of density and
cow manure on biomass yield and essential oil percentage of peppermint in two cuttings.

sl oer £3° Or
i b 3T s The first cutting The second cutting
T T
S.0O.V. df o ) )'J 03 5l ) 3 S o ) )'J 03 5§ 3 S
Essential oil Bi . Essential oil . .
iomass yield Biomass yield
percentage percentage
S 6 0.028™ 0.0001" 0.004™ 9140.8%*
Model
kY * . . .
{’g“ ) 1 0.102 0.001 0.004™ 5455.8™
Replication
ﬂ’l"' 2 0.019™ 0.0001™ 0.008" 11778.2™
Linear:
S . . . .
e 1 0.033™ 0.001 0.002 ™ 10964.4 ™
Density (D)
| S . . * .
e 1 0.006™ 0.000001™ 0.014 12591.9™
Cow manure (M)
Y . . . .
e 2 0.013™ 0.000001™ 0.001™ 12854.8
Square:
S| %S| 5 . . . -
i 1 0.023™ 0.000001™ 0.003™ 25287.0
DxD
Is s | S . . . .
2 28 1 0.000001™ 0.000001™ 0.0001™ 6334.1™
MxM
sl . . . .
& 7 1 0.001™ 0.000001™ 0.002"™ 123.2™
Interaction:
Is S . . . .
ol 2555 1 0.001™ 0.000001™ 0.002"™ 123.2™
DxM
e
19 0.023 0.000 0.002 1815.8
Error:
St 11 0.026™ 0.000™ 0.002™ 1081.3™
Lack of fit
= glas
sl 8 0.020 0.000 0.001 2825.6
Pure error
Lot Sl o 1 Sle
2 ol s 13.429 25.194 10.631 11.245
RMSE (%)
K )5 _ _ _ _
Total

.ml{j,\.@;&”w\,@;@JW!C@)>)!>3MJ)l;3uﬁbm;ou%;@:ese

# NS

ns, * and **: represent non-significant and significant at 1% probability levels, respectively.
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Table 6- Regression and R” coefficients for full quadratic model on biomass yield and essential oil percentage of
peppermint in first and second cuttings.

LAQ:?_. olaws )
. . R as a4 a3 a; a ag
Cuttings Traits
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percentage
,f“s . 61 0.045 5.42 -0.0552 -150.0 4.17 1270
" Biomass yield
Th( d oolel s s
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Table 7- Optimization of plant density and cow manure for biomass yield and essential oil percentage of peppermint.

olis O 53 5) pols 55 (rorie 2 63) S5 (S5 N
Characteristics Cow manure (t.ha™") Plant density (No.m™)
| Lapll s Sles
SR SEEE 23 10 0.94
Biomass yield
Lol Ao 03 95 s )
D e 49 10 0.96
Biomass yield and essential oil percentage
o n ) 0.90
Total
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d: indicates desirability of optimization and its range is between zero to 1.
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