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Investigation on the economically-ecologically appropriate amount of nitrogen
fertilizer applied in rice production in Fe-leaching-Stagnic Anthrosols of the

Taihu Lake region
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Abstract The roles of nitrogen absorption and nitrogen utilization efficiency under different fertilizer rates were studied in a
field experiment involving Taihu Lake region Fe-leaching-Stagnic Anthrosols. The "N tracer technique was also employed to
reliably calculate the amount of nitrogen loss. We measured rice yields nitrogen utilization efficiencies and the amounts of
nitrogen loss under different levels of application of nitrogen fertilizer in the paddy field. The economic benefit and
environmental benefit were evaluated with the data obtained from the experiment. In accordance with the calculus theory of
mathematics and the Coase Theorem of Environmental Economics the results showed that the ecologically and economically
appropriate amount of nitrogen fertilizer for producing rice in this area was in the range 219 — 255 kg hm ™ and the

corresponding economic and ecological yield was in the range 8600 — 8661 kg hm ~ using current agricultural production
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Table 1 The agro-chemical properties of soil tested
pH Organic matter Total N Total P Total K Olsen-P Available K
gkg™! gkg™! gkg™! gkg™! mg kg™ mg kg™
5.39 24.6 1.64 0.51 16.4 5.35 76.5
1.2
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total nitrogen accumulation TNA

nitrogen dry matter production efficiency NDMPE
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nitrogen grain production efficiency NGPE
nitrogen harvest index NHI
nitrogen agronomy efficiency index NAE
nitrogen recovery efficiency NRE
2
2.1
2.1.1
1
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3 0 1
3 15d
1 NO
N1 N2 N3 N5 N6 P <0.01 N4 N5 N6 N4 N5 No
P <0.05 N5 No
FEMS Sample No.
—B— N0 —A— NI —¢— N2 —A— N3 —8— N4 —©—N5 —¥— N6
400 —
350
£ 300
N
Eé 250
2Z 200
@ £ 150
) 100
[_‘
50
0
0 15 30 45 60 75 90 105 120
ke RE
Day after transplanting (d)
1
Fig. 1 The dynamic change of nitrogen absorption by rice after transplanting
y=0.325x +2.262¢ -45.435 R=0.912""
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2.1.2
fertilizer N use efficiency FNUE
recovery efficiency uptake efficiency RE
physiological efficiency PE agronomic efficiency AE partial
factor productivity of applied N PFP e
RE
PE
AE
PFP
13
2

2

Table 2 Nitrogen uptake and utilization efficiency by rice under different nitrogen fertilizer rate

Sample No. N ra&j 'l‘NAJ NRE % NDEV[PE N(}l’E NHI NAEf
code kg hm =2 kg hm == kg kg ! kg kg ! kg kg ™!
NO 0 150.8 - 92.1 44.5 0.74 -
N1 100 196.0 45.2 80.91 40.6 0.69 12.6
N2 150 246.0 63.4 73.2 35.6 0.66 13.6
N3 200 230.6 39.9 78.3 37.1 0.65 9.1
N4 250 258.0 42.9 71.7 34.8 0.65 9.0
N5 300 285.6 44.9 62.4 30.6 0.63 6.8
N6 350 274.4 35.3 68.2 31.9 0.61 5.8
2 NO
150. 8kg hm ™
14 15
2 TNA
NRE 63.4% 35.3%
NDMPE 92. 1kg kg™ 68.2 kg kg™ 25.9%
13 ” NAE
13.6 kg kg™ 5.8 kg kg™ 57.4%
NGPE NHI NGPE  44.5kg kg™'

30.6kg kg™' NHI  0.74 0.61
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Fig. 2 The relationship between rice yields and the amount of
N applied
3 N4
3
Table 3 Rice yields under different nitrogen fertilizer rate
Nitrogen fertilizer The average amount of Average yield Marginal yield L L
Treatment code o . . . O Elasticity of productivity
rate kg hm the yield kg hm kg kg kg kg
NO 0 6717
N1 100 7710°% 9.9 9.9 1.00
N2 150 8447bcAB 11.5 14.7 1.28
N3 200 8580*P 9.3 8.6 0.93
N4 250 8976 9.0 7.9 0.88
N5 300 8750 5.8 -2.3 -0.39
N6 350 8011 4.3 -19.3 -4.48
Average yield is the amount of grain produced by one u-nit of nitrogen fertilizer using on
rice Marginal yield is the amount of increased grain produced by one increased unit of fertilizer
using on rice elasticity of productivity EP EP is the ratio of marginal yield to average yield
2004 .70 /kg 4.57 /kg Y
M 2 -
Y = —0.04675x> +20.454x +11384.56 - M 1
dx
dY/dx = -0.0935x +20.454 2
dY/dx =0 Y 2 x =219

219kg hm 8601 kg hm~*
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Fig. 3  The ecological satisfactory amount of N fertilizer applied
in rice
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dy/dx = —=0.055x +14.72 4
¥ =26. 926" 0% 5
dy/dx =0. 1588¢" ™™ 6
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g
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4 PN
Table 4 The amount of N fertilizer loss under different N rate in micro-plot experiments
kg hm =2 15N % kg hm =2 kg kg ™!
Treatment code N fertilizer rate The percentage of 15N loss % Calculated fertilizer loss amount Marginal N loss amount
N1 100 42.25 42.26 0.42
N2 150 42.45 63.68 0.43
N3 200 53.73 107.45 0.54
N4 250 49.09 122.74 0.59
N5 300 51.33 153.98 0.62
N6 350 53.66 187.82 0.68

Marginal N loss amount is the increased amount of N loss produced by one increased

unit of fertilizer using on rice

219 ~255kg hm *
8601 ~8662kg hm ~*
219 ~255kg hm

349

30a
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