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Abstract

Factors affecting on Chinese Kale fresh weight by urine were optimized using
response surface methodology with central composite design. Investigated parameters
included urine concentration, volume of urine and application rate frequency. Results
revealed that the optimum conditions were a urine concentration of 25.04%, volume
of urine of 76.09 ml/plant and application rate frequency of 6.00 day. Under the
optimal conditions, a maximum fresh weight of 115.74 g was obtained. The confirmation
experiment under optimal condition showed a fresh weight of 117.08 g. This was only
1.15%, different from the predicted values.
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Table 1 Chemical Composition of Urine

Parameters Concentration (mg/L)
Nitrogen 1872.20

Phosphorus 131.00
Potassium 142.90
Calcium 19.50
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Table 2 Experimental variables and levels investigatedby central composite design

. Parameter value
Code Variable -0l Low Medium High o
X;  Urine concentration (%) 318 1000 2000 3000 3682
X, Volume of urine (mL/plant) 5318 6000 7000 8000  86.82
Xs  Application rate frequency(Day) 3.00 400  6.00 8.00 9.00
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4. nslitaanzunivnaaag
instidaanzunaziaiusndienstoty 14 Ju lnenssailausuinany
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Table 3 Central composite experimental design matrix defining urine concentration
(x1), volume of urine (x) and application rate frequency (Xs) on fresh weight
of Chinese Kale

RUN X1 X1 X2 X2 X X
(Code)  (Observed) (Code) (Observed) (Code) (Observed)
1 -1.682 318 0.000 70.00 0.000 6.00
2 0.000 20.00 0.000 70.00 0.000 6.00
3 0.000 20.00 0.000 70.00 0.000 6.00
4 1.000 30.00 -1.000 60.00 1.000 8.00
5 1.000 30.00 -1.000 60.00 -1.000 4.00
6 0.000 20.00 0.000 70.00 0.000 6.00
7 0.000 20.00 0.000 70.00 -1.682 3.00
8 0.000 20.00 0.000 70.00 0.000 6.00
9 -1.000 10.00 -1.000 60.00 -1.000 4.00
10 -1.000 10.00 1.000 80.00 -1.000 4.00
u 0.000 20.00 -1.682 5318 0.000 6.00
12 -1.000 10.00 1.000 80.00 1.000 8.00
13 0.000 20.00 0.000 70.00 1682 9.00
14 1682 36.82 0.000 70.00 0.000 6.00
15 1.000 30.00 1.000 80.00 -1.000 4.00
16 0.000 20.00 0.000 70.00 0.000 6.00
iy 0.000 20.00 1682 86.82 0.000 6.00
18 0.000 20.00 0.000 70.00 0.000 6.00
19 -1.000 10.00 -1.000 60.00 1.000 8.00
20 1.000 30.00 1.000 80.00 1.000 8.00

Remark -1.682=-a level, -1=Low level, 0=Medium level, 1=High level, 1.682=cx level
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MTAlATIENanaiRvesaunisuansnuduiusvesadendnu uazAing
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urumsYRaeUUdRaLnansiin R winifudesay 98.85 wandlviiufisnauannsaluns
ofunsAILUTUTILATdonIneuauedtaunsild Taganunsailuldlunisesurenanis
nasosldlndifvstuaasdlunmsvaasdddtaansiiinedvinanvosasiidedosay 98.85
Armwldimnyauveswuusiassiunaniseass (Lack of fit) wudnlaiffoddgymisada
(P=0.0901) uansiuuumsmaassildiinrumnganiulumaildlunsmaaounagidefiatsan
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Table 4 Model coefficients estimated by multiple linear regression (significance of
regression coefficients)

Source Sum of squares Mean square p value
Model 1057250 117467 0.0011*
X 1967.90 1976.90 0.0033*
%, 1249.03 1249.03 0.0124*
X3 20240 20240 0.0248*
XX 416.16 416.16 0.1093
XX 23113 23113 02195
XoXs 26.72 26.72 0.6655
X 3812.76 3812.76 0.0003*
X 1689.62 1689.62 0.0053*
X 2176.68 2176.68 0.0024*
Residual 1347.02 13470
Lack of it 1058.33 21167 0.0901
Pure error 288.69 57.74
R 0.99

Remark * (P<0.05)

Figure 1 uandlsiituishuinanvesagihildannmamaassingaegd 40.59 n¥u was
geanogi 115.74 nsu duthasvesariiiisdudeofiuanududuresiaanzdunfonas
10.00 fsfevay 25.04 luvusiiwmiinanvesazihanasilaiuanududurostiaansgands
Yovay 25.04 dnnanvesnstniintuiilerfiuuunalunislataaizdaus 60.00 fs 76,09
finddnsrery luvneiidminanvesngtnanailodiuuiinalunislddaannzgenda 76.09
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Figure 1 Response surface plots showing the effects of urine concentration (xy), volume of
urine (x,) and application rate frequency (Xs) on fresh weight of Chinese Kale.

Table 5 Experimental design and results of confirmation test

Urine Volume of

Application Fresh weight (g)

Condition concentration urine rate frequency :

(%) (mL/plant) (Day) Predicted Observed

Optimum 25.04 76.09 6.00 117.08 115.74
High 30.00 80.00 8.00 - 99.10
Medium 20.00 70.00 6.00 - 105.33
Low 10.00 60.00 4.00 - 55.62
Add uria - - - - 12781
Control - - - - 4059
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