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ABSTRACT

In this study, optimum level of nitrogen fertilizer and plant spacing on the row were investigated in spinach
cv.”Harrier” based on the aims of four scenarios: economic, health of food, marketable and optimum production,
using statistical response surface methodology. The independent variables including plant spacing on the row (7, 11
and 15 cm) and nitrogen fertilizer (0, 200 and 400 kg urea ha™), were evaluated using central composite design at
Research Field of University of Tehran. Leaf fresh weight, biomass, leaf area index, nitrogen use efficiency, nitrate
concentration and total chlorophyll traits were considered as dependent variables. The fitting of data to second order
polynomial equation and optimization of responses was performed using Mnitab16 software. Increasing of plant
spacing on the row had alone a significant effect on total chlorophyll traits. High levels of nitrogen fertilizer had an
increasing effect on dependent variables, except nitrogen use efficiency. The optimum combination of variables and
desirability function for economic, environmental, marketable and optimal production limit scenarios were at plant
spacing on the row of 7, 7.48, 7.24 and 7 cm, nitrogen fertilizer of 189.9, 60.6, 189.9 and 149.5 kg ha™, and 0.97,
0.77, 0.9 and 0.82, respectively. Based on desirability function results, the model possesses a high power to simulate
optimum level of independent variables at economic scenario than the others.
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Table 1. Experimental codes and levels of independent variables by Central Composite Design

Coded variable

Actual variable

Run order Plant spacing Nitrogen Plant spacing Nitrogen
on the row fertilizer on the row fertilizer
(x) (x2) (cm) (kg ha)
1 -1 1 7 0
2 1 0 7 200
3 1 +1 7 400
4 0 -1 11 0
5 0 0 11 200
6 0 0 11 200
7 0 0 11 200
8 0 0 11 200
9 0 0 11 200
10 0 +1 11 400
11 +1 -1 15 0
12 +1 0 15 200
13 +1 +1 15 400
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Table 2. Some soil physical and chemical properties of experiment site of 0 to 30 cm depth

Soil texture % N

P (mg/kg)

K (mg/kg) EC (ds/m) Ph

Soil field Clay loam 0.12

41.2

399 1.8 7.6
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Table 3. Results of variance analysis for the second order polynomial model for dependent variables (response) in spinach

Mean of squares

Source of df Leaf fresh Biomas Leaf area Nitrogen use Nitrate Total

variation weight index efficiency concentration chlorophyll
Regression 5 706050 9210.5 1.24231 36.5167 1.20301 142.980
Linear 2 1745207 22660.6~ 3.08805™ 81.6581" 2.92485™ 344,894
A 1 2543684 31091.47 486355 76.3960 0.29704 ns 12.529™
B 1 946730 14229.8” 1.31256™ 86.9202" 5.55266" 677.259"
Square 2 18634ns 277.6ns 0.01771ns 3.43387 0.04234ns 12.120™
A*A 1 34828 ns 523.9 ns 0.02272 ns 0.7580 ns 0.02447 ns 0.428 ns
B*B 1 13634 ns 193.0 ns 0.02612 ns 3.8170” 0.08207 ns 18.168™
Interaction 1 2571ns 175.6ns 0.00000ns 12.4000™ 0.08066ns 0.872ns
Error 4 10284 153.7 0.00953 0.2855 0.00388 1.194
Lack of Fit 3 7902ns 87.4ns 0.00826ns 0.2310ns 0.06527ns 0.253ns
R* (%) - 98.20 98.13 99.00 99.00 96.61 99.23
RMSE (%) - 9.64 9.423 7.27 9.53 19.97 4.65
ME - 0.98 0.98 0.99 0.99 0.96 0.99

o, ) 50 Jleosl e )0 o cixe Dglas 5 o g gl g o 5 Ay 1

ns, * and **: Non-significantly difference and significantly different at the 5% and 1% of probability levels, respectively.

s NS
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Table 4. Estimated statistics results of the t-test for comparing the slop (b) and intercept (a) of the 1:1 line against the fitted

linear regression between the dependent variables of observed and simulated data (Simulated = a + b x Observed)

- B A T-value HO
Variable Value SE Value SE b Ta a=0 b=l
Leaf fresh weight 0.982 0.04 47.251 107.216 0.45 0.4407 Accepted  Accepted
Biomas 0.981 0.41 5.833 12.98 0.4634 0.4494 Accepted  Accepted
Leaf area index 0.99 0.03 0.034 0.104 0.3333 0.3269 Accepted  Accepted
Nitrogen use efficiency 0.99 0.03 0.141 0.438 0.333 0.3219 Accepted  Accepted
Nitrate concentration 0.966 0.055 0.077 0.13 0.6182 0.5923 Accepted  Accepted
Total chlorophyll 0.992 0.026 0.38486 1.333 0.3077 0.2887 Accepted  Accepted
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Figure 1. Comparison of observed and simulated data of leaf fresh weight (A), biomas (B), leaf area index (C), nitrogen use
efficiency (D), nitrate concentration (E) and total chlorophyll (F) of spinach by 1:1 line.
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Figure 2. 3D response surface plot of the leaf fresh weight (A), biomas (B), leaf area index of spinach (C) to
independent variables of plant spacing on the row and nitrogen fertilizer
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Table 5. Result of observed and simulated data the each of independent variables of spinach to independent variables
of plant spacing on the row and nitrogen fertilizer

Variables Leaf fresh weight Biomas Leaf area index Nitrogen use efficiency  Nitrate concentration Total chlorophyll
Run @m? @m? (m?m?) (kgkg™) (mg g* dry matter) (mg g™ FW)

X1 X2 Observed Simulated Observed Simulated Observed Simulated Observed Simulated Observed Simulated Observed Simulated
1 7 0 2857917 292160 337.81 344969 3.7694  3.83667 241296  24.2012 121 13552  36.9543  36.8903
2 7 200 3415853 336373 402734 395402 44584 440102 17.3592  17.4588 2.94 26316  49.7136  49.6125
3 7 400 3676.905 366535 428940 429.117 47807 477085 132389  13.0676 34 35632 57.04 57.2051
4 11 0 2238245 213284 263128 252585 29487 284502 187949  18.3484 124 11806  38.3249  38.2623
5 11 200 2474432 260033 291540 309.644 33655 340999 125664  13.3667 2.24 23149 526946 51.4514
6 11 200 2581.780 2600.33 311782 309.644 33655 340999 134389  13.3667 2.22 23149 520353 514514
7 11 200 2699.849 2600.33 321333 309.644 35087 340999 138506  13.3667 2.38 23149 498738 514514
8 11 200 2504.167 260033 299.504 309.644 32713 340999 129096  13.3667 23 23149  50.7885 514514
9 11 200 2681.061 260033 316933 309.644 34859 340999 136609  13.3667 2.28 23149  51.2812 514514
10 11 400 2882222 292729 346571 349984 37299 3.78045 10.6966  10.7361 32 31046  60.0319 595110
11 15 0 1526944 156867 184359 187.747 19983  2.03476 131685 135433 128 1.1942 38.72 38.8466
12 15 200 2069.722 206151 251.229 251431 25962  2.60036  10.8288  10.3223 2.033 2.1866 52.985  52.5026
13 15 400 2447333 241382 301.987 298396  3.0121 297145 9.3206 9.4524 2.902 28342  60.6733  61.0291
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Figure 3. 3D response surface plot of the nitrogen use efficiency of spinach to independent variables of plant spacing
on the row and nitrogen fertilizer
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Figure 4. 3D response surface plot of the nitrate concentration of spinach to independent variables of plant spacing on
the row and nitrogen fertilizer.
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Figure 5. 3D response surface plot of the total chlorophyll of spinach to independent variables of plant spacing on the
row and nitrogen fertilizer
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