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The Economic Impacts of Agricultural 
Sustainability: An Application to 

Irrigated Cotton Production 
- By: Jason L. Johnson and Eduardo Segarra 

The retention of soil productivity is a genuine facet of sustainable agriculture and an esselllial issue for produc
ers and land O1\1ners. Sustainable perspectives often result in a conflict betvoleen the short-term goals of lessees 
and the longer-term objectives of lessors. This study evaillares the sensitivity of the optimal decision rules for 
nitrogen fertilizer application and the impact on net retUrl1S for irrigated Callan production in the High Plains 
ofTe.ras when provisions are included requiring mailllenance of soil productivity. 

lntroduction 
Modem agriculture is undergoing a shift in emphasis from II 

primary goal of maximizing production and profit for the shorr 
tenn. to un enlarged perspective that also considers the ability to 
maintain production over the long run. This sustainable per
spective carries with it important implications for resource allo
cution and lund tenure relationships. A further development ha£ 
"een the increased popularity of land leasing agreements in the 
;nited Stares, which has enlarged the separation between own

ership and operation. This structural phenomenon has renewed 
interest in the possible trade-offs between the traditional goals 
of maximizing production and profit and the desire to optimize 
sustainability. 

Land represents over 70 percent of the value of aSsets in 
agriculture. and access to land is typically gained either through 
ownership or leasing. Recently released duta from the 1992 
Census of Agriculture show that fanners operated 405 million 
acres under lease, through 2.1 million rental arrangements 
(USDA. 1995). Nationally, farmers leased 43 percent of the 
fann land operated in 199:1, the highest proportion since 1940. 
In Texas. 49.3 percent of the total land acreage in farms was 
rented either by tenants or part owners. The proportions of 
owned and rented land in farms have implications for decision 
making in production, the level of capital available to the indus
try, major land USe changes, and the extent of participation in 
and benefits received from agricultural policies. 

This study is a continuation of on-going efforts to analyze 
optimal decision rules for nirrogen fertilizer application for irri
gated cotlon production in the High Plains of Texas. The 
prominence of leasing agreements in production agriculture and 
continued concerns related to economically and environmentally 
beneficial production systems have motivated this study. This 
research extends previous research by Segarra et aL (1989) by 
lcorporating the influences of maintaining soil producdvity on 

. -the derivation of dynamic optimal nitrogen application pHltems. 
That slUdy found that dynamic optimal nitrogen applications 
critically relied on initial nitrate-nitrogen levels and nitrogen-lo-

cotron price ratios. In addition. single-year optimization lead to 
suboptimal nitrogen applications. which helped to explain long
teml cotton yield declines in the High Plains of Texas: however, 
single-year optimization did not significantly impact the net pre
sent value of returns from irrigated conan operations. 

For the purposes of this study, the term ·'production envi
ronment" will refer to a particular nitrogen-cotton price ratio, 
and the tenn "soil productivity" will be used to describe the 
nitrate-nitrogen content of the soil as an appropriate proxy for 
the productive characteristics of the soil resource base. Soil 
productivity is 0 critical issue for landlords who will ultimately 
regain control of their land at the termination of a leasing agree
ment as well as for the traditional fumily-farm operator who will 
eventually deed the land to following generations. The inability 
of agricultural producers to influence output or input prices 
accentuates the importance of sound production practices and 
efficient resource use as key components for profitability and 
survival. 

The primary objective of tbis study was to evaluate tbe sen
sitivity of optimal decision rules for nitrogen fertilizer applica
tion and the impact on net returns for irrigated cotton production 
in the Hi!!h Plains of Texas when provisions are included reguir-
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ing maintenance of soil productivity. In parliculnr. a dynamic 
opUrnization model of nitrogen utilization which incorporates an 
inlertemporal nitrale~nitrogen residual carry-over function and 
restrictions related to various canon prices. nilrogen prices and 
soil productivity mainren:mce levels is presented. 

The Studv Area and Soil Resource Base 
This study assumes typical conditions related to irrigated 

cotton production on the High Plains of Texas. Texas is the 
leading producer of cotton in the Uniled Slates (24 perceol of 
domeslic supplies), and 57.7 percent of Texas cotton produclion 
is produced in the Texas High Plains (Texas Agricultural 
Slalistics Service, 1993). This area encompasses 39 counties 
with over 3 million planted acres of colton. 

Three major soil resource areas are prevalent in the region. 
Hardlands account for j4 percent of this area and are character
ized by fine-textured clays and clay loams. Mixedlands repre
sent 23 percent of the region and are primarily medium-textured 
loams and loamy sands. Sandylands account for 23 percent of 
the area and are predominantly coarse-texrured sands. 

The Dvnamic Optimization Model 
Contemporary srudies Ihal have addressed Ihe impacls of 

nitrogen fertilizer applications and residual nitrate-nitrogen lev
els on crop yields (Segarra. 1989; Segarra el al.. 1989; Glover, 
1994; Schnilkey and Miranda, 1993; and Cochran and 
Govindasamy, 1994) reveal that the accumulalion of residual 
nitrate-nitrogen in sufficient quantities affects crop yields. They 
also indicate that total nitrogen available to plants at a given 
time is a function of previous nitrogen levels and previous levels 
of residual nitrate-nitrogen. This would imply that oprimal deci
sion rules for nitrogen use must account for these dynamic rela
tionships. 

The detemlinistic specification of the empirical dynamic 
optimization model formulated to derive optimal decision rules 
for nitrogen fertilizer follows that of Kennedy (]986). and 
Segarra et al. (1989): 

I I) MAX Z = 
[NArl 

n 
I 

l = 0 

subject [0: 

(2) NTt=NAt+NRI, 

(3) NRI + 1 = ft [NAt, NRrl, 

(4) NAt+1 = NAt, 

(5) NRO =NRIO), 

(6) NRt= C, 

;md 

NAI, NRI, NTI ;, 0 for nil I, 

where Z is the per-acre net present value (5) of returns to land. 
irrigation water, overhead, risk, and management from cOllon 
production; n is the length of the planning horizon in years: P is 
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Ihe colton price IS/lb.); Y is Ihe callan yield function Ilb,./"cre); 
NT is tile nitrogen available to Ihe callan plants Ilbs./acre): CN 
is Ihe price of nilrogen (S/Ib.): NA is Ihe nilrogen applied 
(lbs./acre); r is the discounr rJte; and NR is the nitrate-nitrogen 
residual (lbs./acre); and C is a cons laO[ retlecting the desired 
level of nitrate-nitrogen at the end of tile planning horizon (T). 

In addition, the subscript t denotes the specific year within the 
planning horizon. 

Equation (I) represenls Ihe objecli ve funclion of Ihe 
dynamic optimization model. Equation (2) is an equality Con
straint which accoums for the t01a1 quumiLy of nilrogen avail
able 10 Ihe crop by adding up Ihe applied nilrogen and Ihe 
nitrate-nitrogen residual. Equation (3) is the equation of motion 
in the model which updates the nitrate-nitrogen residual neces
sary for consideration in equation (2). That is, residual nitrate~ 
nitrogen at a particular poim in time is. in tum, a function of 
previous nitrogen applications and previous levels of nitrate
nitrogen. Equation (4) places a restriction of equal nitrogen 
applications throughout the planning horizon. The justification 
for this restriction is that nitrogen and cotton prices VUI)' year to 
year and thus a "rolling horizon" dynamic oprimal decision rule 
subject to input and output price variability is desired. 
Following Segarra el al. (1989), Ihis restriclion had minimal 
effects on per-acre present value of returns and provided for a 
more stable optimal decision rule to simplify management 
implementation. Equation (j) is an initial condition on the 
nitrate-nitrogen residual. Finally. equation (6) represents the 
terminal condition of the nitrate-nitrogen residual at the end of 
the planning horizon. 

The yield response function. Y t in equation (l) was taken 
from findings previously reported by Segarra el al. (1989). 
These authors estimated the yield response as n function of the 
tOlal nitrogen available to Ihe plants. accumulated daily hear 
units, inches of water received during the growth period, row 
spacing, cotton variety, soil moisture deficiency, and soil type 
using logarithmic, Mitscherlich-Spillrnan, and quadratic func~ 
lional forms to capture diminishing marginal returns. 

The nitrate-nitrogen residual function, equation (3), was 
taken from previous research by Sunderman (1976), and 
Sunderman el al. (1972). The estimated carry-over funclion for 
the mixedlnds soil resource area of the Texas High Plains was: 

(7) NR t+1 = -2.167 + 0.0199 NAI + 0.9922 NRI 
(-2.12) (6.07) (14.77) R2 = 0.86, 

where the variables are defined as before and associated para
meter t-values appear in parenthesis. Estimated parameters in 
equation (8) were significant al the 0.01 level excepl for the 
intercept, which was significant at the 0.05 level. 

For illustrative purposes, consider the production environ
ment for the Dunn 56-C cotton variely produced on mixedland 
soils. Following Segarra et al. (1989), the appropriate formula
tion of the cotton yield function for this scenario is: 

(8) YI = 497.14 + IS.03lnINTt). 

where In denotes the natural logarithm of total nitrogen avail
able 10 the colton plants. Equation (6) provides Ihe yield func
tion used to solve the optimization model in equation (I). 
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The optimiziHion model depicted in equmions (1 - 6) was 
solved for the mixedland soil resource area and the Dunn 56-C 
cotton variery assuming: (a) a ren-year planning horizon: (b) 
tllree alternative levels of cotton price (0.55, 0.60. and 0.65 dol
i~lrs per pound); (c) three alternative levels of nitrogen price 
,tJ.:!O, 0.25, and 0.30 dollars per pound); (d) a discount nHe of 5 
percenr: (e) nn initial condition of the nitrate-nitrogen residual 
of 30.0 pounds per acre; and (f) four alternative soil productivity 
maintenance restrictions that specified the level of the nitrate
nitrogen at the end of the planning horizon (0, 18, 24, and 30 
Ills./acre). 

Empirical Results 
Solutions to the 36 optimization models (corresponding to 

four soil productivity maintenance restrictions, three cotton 
prices and three nitrogen prices) were obtained using GAMS 
tBrooke et aI., 1988). Table I illustrates the per-acre dynamic 
optimal levels of applied nitrogen. associated neL present value 
of returns for alternative cotton-nitrogen prices. and soi1 produc
tivity remaining at the end of the terminal period when there 
was no restriction on the condition of land at the end of the 
planning horizon. As the nitrogen-cotton price ratio decreased. 
more nitrogen was applied in the dynamic optimal sol0[10ns. 
Oynnmic optimal levels of nitrogen application ranged from 
10.17 Ibs./acre/year for a production environment with a nitro
gen-cotton price ratio of 0.545 to 30.68 Ibs./acre/year for a 
nitrogen-cotton price ratio of 0.308. The reduced nitrogen-cot
IOn price rario also resulted in a higher net present value of 
returns and higher levels of soil productivity remaining nt the 
end of the terminal period. The optimal residual nitrate-nitrogen 
evel at the end of the planning horizon ranged from 10.82 

Ibs./acre (at a nitrogen-cotton price ratio of 0.545) to 14.38 
lbs./acre (at a nitrogen-cotton price ratio of 0.308) when there 
was no restriction on the level of soil productivity to be main
tained. This range of terminal residual nitrate-nitrogen levels is 
equivalent to stating that the land at the end of the planning 
horizon retained only 36.06 percent and 47.93 percent of Ihe 
original soil productivity, respectively. when compared to the 
initinl residual nilrate-nitrogen level of 30 lbs./acre. 

In order to examine the impacts of a soil productivity main
tenance restriction, an additional constraint was imposed on the 
model to fix the terminal residual nitrate-nitrogen level to a 
desired level. Table 2: presents a comparative situation to the 
optimal solutions reported in Table I by detailing the impacts of 
a 60 percent soil productivity maintenance restriction. This 
restriction is equivalent to fixing the minimum level of 
residual nitrate-nitrogen at 18lbs./acre at Ihe end of the terminal 
period. The dynamic optimal nitrogen application was com
plelely insensitive to the production environment with this 
restriction. That is, dynamic optimal nitrogen applications ror 
lhe 60 percent soil productivity maintenance scenario remained 
al 51.34 Ibs./acre/year regardless of the nitrogen-cotton price 
ri.ltio. However, incorpomting this restriction directly affects the 
additional nitrogen applications necessary for compliance. net 
present value of returns, and soil productivity remaining nt the 
'~nd of the tenninal period for each of the nine production envi
,'onments considered. 

Additional nitrogen applications required to meet the 60 
percent soil productivity maintenance restriction ranged from 
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41.17 Ibs./acre/year (for a nitrogen-cotton price ratio or 0.545) 
to :2.0.66 Ibs./acre/year f for i.I nitrogen-collon price ratio of 
0.308). The associated reduction in net present value of returns 
ranged from $38.07/acre to S5.46/acre across production envi
ronments. Additional soil productivity remnining at the end of 
the ternlinal period rnnged from 23.94 percent to 12.07 percent 
across production environments versus thut of the optimal solu
tions for identical prodUCTion environments without n soil pro
ductivity maintenance restriction (Table 1). 

The final component of Table 2 identifies the value of an 
annual payment (annuity) to u lessee required to exactly offset 
the economic losses which evolve due to compliance with rhe 
soil productivity maintenance restriction. These reported values 
acknowledge two distincT facets of the losses from maintaining 
soil productivity. The first aspect is the time value of money
i.e., values reported refer to an annuity payment with a discount 
rate of 5 percent and a IO-year planning horizon. The second 
aspect recognizes the bnsis for the annuity as 75 percent of the 
reduction in the net present value of returns (this accounts for 
Ihe fact that the typical landlord in the Texas High Plains 
assumes 25 perc em of fertilization costs). The value of the 
annuity required to offset the economic losses which evolves 
due to compliance with the 60 percent soil productivity mainte
nance restriction ranged from S3.70/acre/year to $O.53/acre/year 
across production environments. 

Table 3 presents a comparative situation to the optimal 
solutions reported in table I by detailing the impacts of an 80 
percent soil productivity maintenance restriction. This restric
tion is equivalent to fixing the minimum level of the residual 
nitrate-nitrogen level at :!~ Ibs./acre at the end of the terminal 
period. Once again. this restriction fUrIher influences the 
dynamic optimal nitrogen applications, net present value of 
returns. and soil productivity remaining at the end of the tenni
nal period for each of the nine production environments consid
ered. The dynamic OptiITIill nitrogen application levels were 
again insensitive to the production environment. That is, opti
mal nitrogen applications for the 80 percent soil productivity 
maimenance scenario remained at 86.09 lbs./acre/year regard
less of the nitrogen-cotmn price ratio. 

Additional nilrogen applications required to meet the 80 
percent soil productivity maintenance restriction mnged from 
75.92 Ibs./acre/year (for a nitrogen-cotton price ratio of 0.545) 
to 55.41 lbs./acre/yenr (for a nitrogen-corton price ratio of 
0.308). The associated reduction in net present value of returns 
ranged from $92.55/acre to 528.61/acre across production envi
ronments. Additionnl soil productivity remaining at the end of 
the terminal period ranged from 43.94 percent to 32.07 percent 
across production environments versus that of the optimal solu
tions for identical production environments without a soil pro
ductivity maintenance restriction (table 1). Finally, the value of 
the annuity required to offset the economic losses related to 
compliance with the 80 percent soil productivity muintenance 
restriction ranged from 58.99/acre/year to $2.78/acre/year across 
production environments. 

The constraint governing the terminal residual nitrate-nitro
gen level was then moditled to impose a 100 percent soil pro
ductivity maintenunce restriction. ll1is restriction is equivalent 
to fixing the minimum level of the residual nitrate-nitrogen level 
at 30 Ibs./acre at the end of the terminal period (equal to the ini-
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tial residual nitrate-nitrogen level). Table.oj. presents a compam
tive situation to the optimal solutions reported in Table I by 
detailing the impacrs of this type of agreemenl. The dynamic 
optimal nitrogen application level to ensure 100 percent soil 
-'roducrivity maintenance across production environmems was 
. ound ro be 120.65 Ibs./acre/yenr. This restriction has relatively 
dramatic impacts on additional optimal nirrogen applications 
and net preseOl value of returns. as well as the soil productivity 
remaining at the end of ule tenninal period for each of the nine 
production environments considered. 

Additional nitrogen applications required to meet the 100 
percent soil productivity maintenance restricrion ranged from 
110.48 Ibs./acre/year (for a nitrogen-cotton price ratio of 0.545) 
to 89.97 Ibs./acre/year (for a nitrogen-cotton price ratio of 
0.308). The associated reduction in net present value of returns 
ranged from $154.43/acre to $60.49/acre across production 
environments. Additional soil productivity remaining at the end 
of the terminal period ranged from 63.94 percent to 52.07 per
cent across production environments versus that of the optimal 
solutions for identical production environments without a soil 
productivity maintenance restriction. This addition to soil pro
ductivity renects the replenishing of the entire initial residual 
nitrate-nitrogen levels that were present at the lime that cotton 
production was initiated. Finally, the value of the annuity 
required to offset the economic losses which evolve due to com
pliance wirh the 100 percent soil productivity maintenance 
restriction ranged from $15.00/acre/year to $5.8S/acre/year 
across production environmenls. 

roncJusinns and Implications 
The objective of this paper was to evalume the sensitivity of 

the optimal decision rules for nitrogen fertilizer application and 
the impact on net returns far irrigated cotton producers in the 
High Plains of Texas when provisions are included requiring 
maintenance of soil productivity. As the desired level of soil 
productivity maintenance increased, additional nitrogen applica
tions were required, net present value of returns were reduced, 
and the annual payment required to offset these economic losses 
increased across a series of nine production environments (nitro
gen-cotton price ratios) considered. While exact estimates of 
these categories were reported for irrigated carton producers in 
the High Plains of Texas, soil productivity maintenance restric
tions like those examined in this study have more widespread 
consequences. 

Current land tenure agreements make no allowance regard
ing the condition of the land (i.e. soil productivity) either at the 
initiation or at the conclusion of the lessor-lessee relationship. 
However, substantial evidence exists which supportS the 
premise that residual nitrate-nitrogen levels playa vital role in 
the productive capabilities of land in future periods. 

Actions devoted to maintaining soil productivity carries 
with them a number of corresponding ramifications. 
Maintenance of soil productivity implies the annual application 
of (in some cases) substantial amounts of additional nitrogen. 
This may be viewed as contradictory to recent environmental 

I -:erns which have concentrated on production systems which 
, ___ . j-lhasize lower levels of input use in agriculture. Also, the 
additional nitrogen applications (over those otherwise deemed 
optimal) effectively reduce the net presem value of returns. If a 
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landlord desires ro implement this type or .soil producrivity 
maimcnance restriction. it will most likely only be i.lccepwble to 
the lessee if it were accompanied by an annual payment (or 
reduction in land rent) to offset the economic losses of compli
ance . 

It can be argued that because Olany. if not most. fumlers do 
follow recommended nitrogen applicalion rares. they are 
accounting for the nutrients slored in soil organic m~lller and 
nutrient carryover because such credits are built into these rec
ommendations. Nevertheless. simple manugement alertness can 
result in more nutrient efficiencies in current production sys
tems, over and above the benefits of using rotations. 
However. these increased efficiencies will require more inten
sive management as they succumb to the pressures of econom
ics and environmental regulation. 

Research designed to develop feasible sustainable agricul
tural practices must incorporate both economic and environmen
tal concerns in order to be considered a viable alternative. A 
research focus in agriculture that takes udvantage of rhis knowl
edge and experience permits explorarion of rhe multiple bases 
upon which sus/ainubility rests. Further research is needed to 
evaluate the impacts of udopring the dyn:lI11ic optimization 
nitrogen applications derived in this study. Among rhe potential 
environmental issues of interest is Ihe effects on groundwater 
quality resulting from additional nitrogen applications. The 
functional fonn of the yield response funcrion employed in ttJis 
study did not allow for the possibility of nitrogen "bum our-' 
resulting from excessive nitrogen applications. nor did it capture 
the own and interacting effects among orher nurrients such as 
phosphorous (P) and pOlassium (K). In additioll. alternative 
means for maintaining soil productivity (other than simply 
applying additional nitrogen) represent another potential 
approach for preserving productivity. 
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Table L Optimal Levels of Nitrogen, Net Present Value of Returns and Soil Productivity Remaining for Alternative 
Nitrogen-Cotton Prices with No Restrictions on the Condition of Land at the End 01' the Planning 
Horizon. I /ll 

2/ 
3/ 

Nitrogen 
Price ($l1h ) 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

Cotton Price ($/Ib.) 

O'i'i 060 o 6'i 
Nitrogen AQI~licmion (lbs.Lucre/vear) 

10.17 12.53 14.90 
15.38 18.16 21.16 
23.35 27.00 30.68 

Net Present Value of Returns 
IS/acre. IO-vear I2lanning horizon} 

2306.38 2518.93 2730.94 
231 1.25 2524.30 2737.83 
7318.60 7537.91 2747.69 

Soil Productivity Remaining at the End of the Terminal Period3/ 
('7c- oflnirial Nitrate-Nitrogen Level) 

36.06 
39.08 
43.69 

37.43 
40.75 
45.80 

38.80 
42.42 
47.93 

Mixedlands soU resource area of the Texas High Plains. 
Results are reported for the Dunn 56-C cotton variety assuming 30 Ibs./acre initial condition on the nitrate- nirrogen level. 
Exact nitrme-nitrogen levels may be deremlined by muiliplying the soil productivity remaining (percentage reported abovej 
by the initial nilJ'ate-nitrogen residual level (30 Ibs./acre). 
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Table 1. 

Nitrogen 
Price ( 'h/lb ) 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

j(}/lmal of the ASFMRA 

Selected Economic Impacts of Incorporating a 60% Soil Productivity lVlaintenance Provision for Irrigl.lted 
Cotton in the Texas High Plains.I / 

Cotton Price ($/Ib.l 

0"5 060 o 6'i 
Additional Nitrogen Applicadon 

( Ibs.iacre/vearl 
41.17 38.81 36.44 
35.96 33.08 30.18 
27.99 24.34 20.66 

Reduction in Nel Present Value of Returns 
($lacre. 10-veaq~lannin!! horizon', 

38.07 33.55 28.50 
23.04 19.03 15.49 
10.49 7.74 5.46 

Additional Soil Productivity Remaining at the End of the Tenminal Period 
(% of Initial Nitrate-NitrD!!en Level) 

23.94 22.57 21.20 
20.92 19.25 17.58 
16.31 14.20 12.07 

Annual Payment Required to Offset Losses from Maintaining Soil Productivity2/ 
($/acre/Year ) 

3.70 
2.24 
1.02 

3,26 
1.85 
0.75 

2.77 
1.50 
0.53 

1/ 
1/ 

Results reported represem a comparmive situation to that in which no restriction governing soil productivity exists (Tnble J). 
Calculated 3S an annuity payment equivalent to 75% of the reduction in the net presem value of returns. 

I 
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Table 3. Selected Economic Impacts of Incorporating a 80% Soil Productivity Maintenance Provision for Irrigated 
Cotton in the Texas High Plains. II 

1/ 
")' 

Nitrogen 
price ($!Jb ) 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

Colton Price ($/Ib.) 

Q'i5 Q 60 061 
Additional Nitrogen Application 

Obs.lacre/veurl 
75.92 73.56 71.1 9 
70.71 67.83 64.93 
62.74 59.09 55.41 

Reduction in Net Present Value of Returns 
($lacre. IO-year QIannim!" horizon) 

92.55 85.71 78.34 
64.18 57.85 51.99 
38.29 .,., '1'1 

~ 28.61 
Additional Soil Productivity Remaining at the End of the Tenminal Period 

43.94 
40.92 
36.31 

(% of Initial Nitrnte-Nitroe:en Level) 
42.57 
39.25 
34.20 

41.20 
37.58 
32.07 

Annual Payment Required to Offset Losses from Maintaining Soil Productivity2/ 
j$/acre/vearl 

8.99 8.32 7.61 
6.23 5.62 5.05 
3.72 0")0 

...::l.:.d 2.78 

Results reported represent a comparative situation to [hat in which no restriction governing soil productivity exists (Table I). 
CaIculared as an annuity payment equivalent to 75% of the reduction in [he net present value of returns. 
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Tobie 4. 

Nitrog.en 
price ($f1b ) 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

0.30 
0.25 
0.20 

030 
0.25 
0.20 

Juurnal oflile ASFMRA 

Selected Economic Impacts of Incorporating a 100% Soil Productivity Maintenunce Provision for Irrigated 
Cotlon in the Texas High Plains. II 

Cotton Price ($/lb.J 

O'i'i 060 065 
Additional Nitrogen Application 

( Ibs.!acrelvearl 
110.48 108.12 105.75 
105.27 102.39 99.49 
97.30 93.65 89.97 

Reduction in Net Present Value of Returns 
($Iacre. 10-vear Qlanning horizon I 

154.43 145.94 136.91 
112.72 104.73 97.22 
73.48 66.75 60.49 

Additional Soil Productivity Remainingat the End of the Terminal Period 
(Ifo of Initial Nitrale-Nitrog:en Level) 

63.94 62.57 61.20 
60.92 59.25 57.58 
56.3 I 54.20 52.07 

Annual Payment Required to Offset Losses from Maintaining Soil Productivi ty2/ 

15.00 
10.95 

(Slacrelvearl 
14.18 
10.17 
6.48 

13.30 
9.44 

1/ 
2/ 

Results reponed represent a comparative situation to thar in which no restriction governing soil productivity exists (Table 1). 
Culculated as an annuity paymem equivalent to 75% of the reduction in the nei present value of returns. 


