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Irrigation scheduling is becoming a mbre'crﬁcial management function
Because of thevincreasing costs associated with irrigation and the increas-

ing shortages of irfigation water. Jensen [6] and others have developed

irrigation scheduling models, but such models estimate only physical condi-

tioﬁs, such as daily soil moisture depletion, but ignore eeonomic factors.
| The objective of this project is to develop a corn crop response rela-
tionship that can be used in an economic irrigation scheduling model. This

paper eovers a brief discussion of corn growth es it relates to this project,

the development of the corn crop response‘model with water as the input and

grain yield as the product; and the testing of the:model.

Growth and Development of the Corn Plant as it Effects Grain Yield

" The amount of grain produced by the eern plant will depend upon the
rate of growth. vTherefore, to estimate Yieid one needs'to be able to esti-
mate the rate of growth apg any variable that effects the rate of growth.

In ouf model all variables except water were held constant. To develop this
ﬁodel we needed to develop a growth function and estimate the relationship
that water has with this growth function.

In this model we are interested in how water effects grain yield and

plant growth. We are interested in the latter only to the extent that it
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*Undergraduatevin Agricultural Economics, Kansas State University.



effects grain yield. For our model wé used a mid season hybrid that silks
at 66 days after emergence (Figure 1). All normal corn piants follow the
éame general pattern of devéiopment though specific times of silking, matu-
rity and other stages may vary between different hybrids [5].

It can be no.;ea* from Figure 1 that by silking all the accumulated leaf
dry weight hasfoécured. This indicates ﬁhat at this point the plant has
developed nearly all of its leaf area or photosynthetic capacity. All grain
development starts at this point. We propose.that ear development and grain
yield are a function of plant development prior to silking and water avail-

: able for plant uptake during ear developmént. Theréfbre we have divided
the growth process into two functions using the accumulated dry matter curves

in Figure 1 to estimate these functions.

The Exponential Vegetative Growth Function -

The vegetative growth fﬁnctioﬁ is the growth curve for the corn plant
priqr to silking (the first 60 days after emergence) at which time it is
building fhe photosynthetic.factory from which it will producé the grain
following silking. The corn plant during this period develops slowly at‘
first, but as more leaves are exposed to sunlight the rate of growth in-
creases gradually. By the 40th day enough leaves are exposed so thét growth
is rapid. o

The exponential equation was usgd to estimate the vegétative growth
functién beqause it is of compatible shape (Figure 2). The ekpoﬁential
equation is

Y+8 D
e

G, = (D)

D
where GD is growth at day D (0<D<60) and Y and § are unknown constants.
y and § were estimated from Hanway's data (Figure 1) by taking the log

transformation of (1) and using least squares regression. The least squares



estimate for y and § are -1.7 and 0.094, respectively with an R2 = .,947.

The graph of the vegetative growth function using Hanway's data and
'tﬁe graph of equation (4)vcan be seen in Figure:Z,_ In view of their com-
pafibility, equation (4) appears to be a good apprdximation of the vegeta-
tive growth function.

To obtain the.rate of growth we takebthe firsf derivative of equation
(1) and substitute (1) into thé result to obtain

de, , A
o - % g - (2)

where § is the peréent growth rate which is constant over time; So if
water stress effects growth rate, it has equal éffect QVer the‘whole Vege-
tative growth stagé.

Since growth inpperiod D is dependent on accumulated growth in the
brevious period, D—i,,we‘used a fecursive form of equation (1),

‘. _ YD - es,éy+a(n-‘1)‘# ea.GD_l | )

In the recursive form ¥ is no longer the y-intercept (since y is lost in
the development of the recursi&e form), but the value for’GD_1 when D#l be~
comes the y-intercept. In this function it is a very émall number less than
one since there is very little dry matter accumulation at eﬁergence.

Using equation (3) as the growth function, we developed the following

as the growth relationship between water and vegetative growth for the first

60 days after emergence:
§7 %p | | I
Gy = [e ] Gy_q fpr 1<D<60 @

where o indicates the plants ability to absorb water as soil moisture

stress varies., s which equals one at field capacity and zero at perma-
nent wilting point, was proposed by Jensen as

ap = Ln(AM:l + 1) /Ln(101)

where AM, 1s percent of avallable soil moisture. He proposed this function

N



to reflect plants ability to absorb soil moisture. In our formulation
growth is unrestricted with 100 percent available water, ;hat is at field
capacity,vand growth stops at zero percent available water, that:ié at
permanent wilting point.

We tested this function by computer simulation. We used the recur-

sive growth relationship in equation (4) and 0.094 for S. ap

Was‘allowed
to take on oniy three values in eaéh simulation. This was done by break-
ing the 60 day vegetative growth period into three periods of 20 days eagh.
We did this in order to simplify the testing Qf this function. :

The following simulations were made:

a's for the a's for the - a's for the
first period second period third period
Run 1 . .
Simulation 1 - 1.00 . 1.00 ' 1.00
2 .20 1.00 - 1.00
3 1.00 .20 ' 1.00
4 1.00 1.00 8 .20
Run 2
1 1.00 . 1.00 1.00"
2 .80 ' 1.00 : 1.00
3 1.00 .80 - 1.00
4 1.00 , 1.00 .80
Run 3 -
1 1.00 1.00 .1.00
2 .80 ' .80 .80.
3 .40 : ;.. 1.00 1.00
4 1.00 .60 - .80

The results of these simulations can be seen in Figures 3, 4 and 5.

It can be.readily seen that limitingbwafer to the point that o is’
.20 for 20 days has a significant effect on vegetative growth (Figure 3).
It can also Be seen that it does not matter when water is limiting if it is
limiting fdr the same length time and to the same extent (Figure$v3 and 4),
or if the total amounf of water that is available dUring the Vegetétive'
growth stage is the same, the distribution of it ﬁﬁring thisrstage is not
crucial (Figure 5). These latter properties are a result of the constant

percent growth rate. This property appears to be consistent with agrono-

mic studies [12].



The Modified Logistics Ear Development Function

For the ear development function we propose that theudeﬁeloPment of

the cob, silks and.grain ére indicatiQe of yield since ifmwater is withﬁeld
at the time the silks are to be broduced it will reduce the number of silks,
‘result in poor pollination of the ovules, and restrict the number of ker-
nels that develop.v‘To estimate this function we usgd the combined dry
matter accumulation curves for the cobs, silks, and grain parts. The
function goes from the beginning of the development of thesg parts (60 days
after emergence) to maturity (126 days after eﬁergence); ihis fﬁnction is
dependent‘on the accumulated development of the vegetative growth function
at day 60 ahd available water thereafﬁer.‘ It takes the f6fm of:first iﬁ—
creasing at an increasing rate and then as it maturés it increases at a de-
creasing rate until matﬁrity. We used a-modified ldgistiés équation to
estimate this function.i | i |

The logistics equéﬁion says growth slows as the plant approaches some
maximum amount of development. The differential equation for grain develop-

ment, Ht,vassuming a logistic curve would be

dd: - K -H , : : :
s G'Ht(———g) . o (5)

dec K Mx-w |
where t=D-60. The term —x | savs that as Ht’ accumulated ear develop-

at day t, approaches K, the maximum amount of ear development attainable,

the grewth rate slows.

We suggest that a truer relationship would be that grewth slows as
the plant approaches maturity.

. By substituting T, date of maturity, for K and t, time in ear develop-
K-H '

ment stage, for H into the term -————t) in equation (5) we have

K

dH | | |
Lt _ o I-t ‘ '
It § Ht ( T ) . (6a)



T- * ' ~ ' :
Whereéﬁf%)says that the rate of ear development slows as the plant nears
maturity.

Equation:(6a)”is a derivative or the growth rate. To obtain the growth

function we rewrite equation (6a) in the form of partial fractions,b

% = 6',(1,%) dt = §'d_- &' ',%dt | ’ | ‘: . (6b)
and integrate both sides to obtain
- | 5't> | S |
log Ht = Sft - 57 + C . (7a)
where C'is thé constant of integration. Réwriting equation (75)’we have
log H = C+ §f (t - %;' | . .. L _7(7b)

where Ht is accumulated ear de&elopment at day t, t=D%60, 0<t<66, O<ﬁ<l,‘
C and 6' are constants. Using Hanway's data and equation (7b) we obtained

regression estimates for C and 8' of -3.573 and 0.109, reépectivelyvand an

R2 = .994. To get the growth function we take the exponential of both sides

to obtain .

H = (8)

t
where 0<t<66 and T=66.

O (t=t/21) | _-3.573 + 0.109(t-t’/21)

The‘graph of the éar dévélopmeﬁtvfunctionvand the abové estimate are
in Figure 6. From Figure 6 it can be seen thatdequéﬁionl(S) is a goéd‘ap-
proximation of this function. If:the estimate was shifted down about three
values it would be an even better estimate. This in féct happens when the
estimate 1is uéed in recursive form since C, the y-intercept, is dropped.

The develo?ment of equation (8) into recursive form follows:
_ e = (812 | ok - (81/2) ((t-D)+1)

t
4 o Ot = (81/2D) ((e-1) P42e-1)
t .
© o GOt = (87721 (e-1)% - (8'/2T) (2t)48" /21
t ,
' ' 2 1_gt ' T
g, = oOP (D) = @'/ () 81-8e/r + 8/21 ©)



Since ear development for the previous day is
_ O (e-D) - (8'/21) (t-1)”

C By - (10
we can substitute Ht-l from equatim (10) into equation (9) to obtain
_ §'=8't/T +68'/2T
Ht = Ht—l e (11a)
Rewriting equation (1lla) we have
L 8'8'/2T -8't/T :
Ht = e e H 1 (11b)

Equation (llb) was used for the ear development function in the growth re-

lationship for 0<t<66,

§'+8'/21 -8't/T| %t ' .
H, [; 2T o ] W, S an.

When t=1 we used a very small ndmber for H in testing this relationship

t-1
separately but when we’cbmbined it with the exponential function we used
the r;tio of actual vegetative growth over optimum vegetative growth (i.e.
water not limiting) to indicate the relative amount of photosynthetic capa-
city available to provide for ear development. » »

The growth relationship in equation (12) with 0,109 and 66 being used
for §' and T respectively was tested by éoﬁputer simulation. at was allowed
to take only three different ﬁalues for eagh simulation for thejpurpese of

simplificafion° Each period consisted of 22 days. The fbllowing.is,a list

of the simulations and o, 's used:

t
a's for the a's for the a's for the
Simulation first period second period | third period
1 1.00 ~1.00 1.00
2 .20 . . 1.00 1.00
3 1.00 © .20 ' ' 1.00
4 1.00 1.00 .20

The results can be seen in Figure 7.

| It is apparent from Figure 7 that the most critical time fdr water
during ear development is earlybin thisiprocess,‘and the 1east critical
period is the last days dufing ear development. Both properties correspond

closely to what is already known about the relationship between water and
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corn grain yield [12]. At this point the properties of this function :.:::

appear to be quite desireable.

The Model

Involved in this model are the interrelationships between water, plant
' growfh, grain yield and evapotranspiratibn. The followihg is a brief dis-
cussion of the interrelationships between these factors and howbthey are
used in this ﬁodel.

| The pergentage of available soil moisture, AMj, was used as the-inde—

pendent variable. Available soil moisture is the amount of water held_in
the soil which is available to the plant for uptake. It is the amount of
water held in thé soil between permanent wilting point, tﬁe soll moisture
tension at which the plant fifst undergoes complete wilting without recovery
in a saturated atmosphere, and field capacity, the maximum amount of water
a soil will hold against gravitational forces after a soil has been satu-
rated. AWG was simplifiedmyy Timiting:it+-to nime:.periods.of.l4.days :éach
where:-j & Ly:owey 9.1, ., .

To estimate water use by corn plants we usgd daily évapotrénspiration,

ETD' ET_ was éstimated by

D

‘ = *

ETD aDBDETD _ | (13)
-where ETB, the evaporative potential of the atmosphere, was estimated from

‘meteorological data, o is as described before, SD is the crop coefficient
which indicates the relatiénahip befween plant size and evapotranspiration.
Two plant factors directly influencing evapotranspiration are,ieaf area
. and root mass. For the purpose of this model we used empirical data from
1970 tests at Scandia, Kansas for BD. The general form of BD for corn is
given in Figure 8.

For the growth relationship in £he model we used the following thrée

equations:



‘XD‘,= l;o.1094] %p x o | o e

%50 =[X60/0.286] N o - (14p)

0.109 _-0.00165¢ | -
e[ P - (160

Equation (l4a)'was:dbtained from equatioﬁ (4) bybsubstituting 0.094 for
X for G where 0<D<60 and XD 1 was a very small number when D=1. To
imake the transition from the vegetative growth relationship in equation
(14a) to the ear development relationship in equation (14c) we used X60
(equation (14b)) fer‘XD_l in equation (l4c) when D=61'where is the ratio
| of X60’ actual vegetative gtowth at day 60 over 0.286, the value for op- .
timum vegetative gfowth at day 60 (equation (l4b)). For the laSt,66 days'
equation (l4c) was used;' It was obtained from equation (12) by substitu-
ting 0.109 for &', 66 for T X for H, and D for ¢, where 60<D<126 and
=D-60. At maturity, D=126, X126 was expressed as the percentage of opti—

mum yield X! 6’ where optimum yield is the value for X126 when water is

12
not limiting over the whole gxowthpper&ﬁ4,£0595126.'LWate:uaseaéﬁfiéiengy,‘
WUE, was calculated by dividing percent of optimum yield X126’ by accumu-

1ated evapotranspiration, ZDETD, as. follows.- o o
= %! oo : (15
WUE Xlzﬁ//&DETD | : @13

The Testing qf the Mbdel

- The modeliwas tested by computer simulation at variousllevelsiof avail-
able soil mdisture (Tables 1 and 2). The most critical period is period‘
five, the pefiod surrounding silking. Past observations>indicate that
this ﬁroperty is correct [12]; Grain yield is lowest when'vatervis-with-
held during the last five_peripds, the eardevelopment.periods. vThie also

.corresponds-vith past observations_[lZ]..’Yieldsttend,to be'higher.when the

water is distributed over the growing season ihstead of apﬁlying all needed
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during some.périods and none during others. Andthér property of this
model, as a result ofithe exponentiadl funé;ioﬁ, ié that water distribuﬁion
is not critical during the vegetative growﬁh periods.
The most efficient combination is when water is not limitipg through-
» out the gréﬁing season.i If this were true there wduld not be an economic
problem, the decision would be to apply all needed ﬁater or to apply no
water, We know that is not the experience of i;rigators;
To check this we used the méthod of Lagrange multipliers to maximize
a simplified version of the growth relatiomship, v 4
Xj=[vj] éjxj-l d=1, .9 (6
- where Vj is the appropriate growth function (equationg (14a) (14b) and (lé4c))
and each j represents a 14 day period, subject to water available: to be
used, S, egualing accumulative:evapotranspiration_(water use), gj “533 ETg,
as follows:

S=%j (‘X;jzj J =1’ * 00y 90 (17)
where j is as above, and since Bj and ET? are not allowed to vary we com-
bined Bj and ET? to become Zj thus simplifying the formulation without ef-
fecting the solution.

For the last period of the growth relationship we have the following:

%
XJ = [VJ] aXJ—l (18a)
- | o
XJ 'Q'J Vj X, | (18b)
log XJ = gj aj (log Vj) XO ' | (18¢)
Since XO is a constant we dropped it when we formed the maximization

criterion which follows with the constraint:

%j aj log Vj - (19a)

Subject to S =

Maximize
55 ajzj (;9b)

where j = 1, ..., 9.
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Using the method of Lagrange multipliers we first construct the auxiiiary

function, and its partial derivatives

A= 5 o log Vj - (S - Ej o Zj) o - (20)
%%; = log Vj - Azj o ,'>v | (21a)
a—k=s—,§,j o zj (21b)

When the partial derivatives (equations (21a) and (21b)) are set
equal to gzero the constraint is met and we have maximized the function re-
sulting in

A =logV /Zj , for all j. » : (22)

|
In analyzing this function we would expect the following relationship

should exist:

log V log V,, ' ' '
_— s — . o | O (23)
3 LA . P

where j # j'. Therefore the following should be true:

log V Z ET* ' ' ' '

og 1.5 61 T3 , e

This relationship would hold true if both Vj‘and Zj were notvpfedetermined
independently of each ofher. The case of our_model;is that Vv, is determined

3

by one function and both Bj and ET*, .components of Z_ , are both empirical

j , | _
functions determined before hand. The result. is that equation (22) says
to apply as much water as needed to the period with the highest A and then
do the same to each next highest A until there is n@vmore_water “available.

If either B or ET* were related to growth V, then there would not be

i
the above problem, ET* is not related to growth because it is the evapora-
tive potential of the atmosphere and is measured from meteorological-data.
The B values used in this model were empirical data taken from experiments

in Scandia, Kansas. This in effect made B a function of time, but B should

actually be a function of growth as described earlier.
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If a functiqn could be developed that would represent B as a function
of plant growth then this problem could be corrected. We propose to re-
place our current B's with one that would be a function of growth. We
propose that a constant times the first derivative of the growth function
as éstimated by using a modified logistics as described before would re-
sult in a function of the same general shape as the one we are now using

but will aléo be a function of growth,

anclusion

At this point our model appears to give a‘realistic g:éin yiéld re-
sponse to‘changes in available water. Further teéting and comparisqns to’
actual field trials will be useful in determining this models réliability
and its limitations. Of immediate concern will be tﬁe development of a
realistic B function as discussed earlier. With a useablé B.function we

lj
|

will be able to begin work on testing this models usefulness in economic

v irrigation scheduling. ﬁ ’
We believe that a m%del such as this will be useful to the irrigation

researcher in planning his field trials, since many computer simulatiogs

. can be run quickly at a Eelatively low cost, allowing him to éheck only

those ﬁost critical to his project. We also hope that this model will be

of use to irrigation service groups in scheduling their constituents ir-

vfigation. Most iﬁportant could be the models use in making policy de-

cisions in areas where mining of non-renewable sources of irrigation water

1is taking place.
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TABLE 1. MODEL TEST RESULTS NRGANTZED BY PERCENT AVAILABLE MOISTURE, AM{J) HHERE J = 1, o o o, ©
C YIELD EVAPOTRANSPIRATION WATER USE EFFICTIENCY  AM(1) AMI2) AM{3) AM{4) AM{S) AM{6) AM(T7) AM{B) AM{Q)

26,712 21.073 1.268 0. 100, 160, 100. 10C0. 100. 100, 100. 100,
26,712 20. 869 1.289 : 100, 0. 100. 100. 100. - 100, 100. 100. 100.
26,712 20.358 1.312 100. 10G0. 0. 100, 100. 100, 100. 100. 1100,
262712 13.570 1.365 1060. 100. 100. 0. 100. 100. 100, 100. 100.
24,598 - 18. 765 1. 332 100. 100. 100. 100. 0. 100, 100. 100. 100,
32.119 18,062 : 1.778 1060. 100. 100. '100. 100. 0. 100. 100. 100.
444383 17.702 2507 160. 100, 100. 100. 100, 100. 0. 100. 1G0,
61,328 18.046 3,298 10D. 1006, 100. 100. 100, 100. 100, De 100,
844744 18,630 40549 100. 100. 100. 100. 100, 100. 100.  100. 0.
1.£52 40668 0.387 100. 100, 100. 100, Q. 0. 0. O 0.
7,409 7.536 £.583 100, 100. 100. 100. 10C. O. . 0. 0.
23. 0656 11.109 2.076 100. 100. 100. 100. 100. 100, Da 0. 0,
51.%572 15.042 3.455 100. 100. 100. 100. 100, 100. 100, 0, 0.
67003 16.906 3.963 100. 100. 100, 1080. 100, 100. 100, 10. 0,
71. 154 17.409 4,122 ' 100, 100. 100. 1008. 100. 100. 100, 20. 0.
14,776 17.712 4,222 100. 100. 100, 100. 100. 100. 100, 30. 0.
77024 17.929 4,296 100. 100. 100. 100. 100. 100. 100. 40, 0.
780 8256 18,099 4., 355 100. 100. 100. 100. 100. 100. 100. 50, 0.
80,336 ig8.238 4.405 : 100, 100. 100. 100. 100. 100. 100. 60 . 0.
81.638 18.356 : 4.448 100. 100. 100. 100. .190. 100. 100. 70. Ds
82,785 18.458 4,485 100, 100. 100. 100. 100, 100. 100. 80. D,
83,813 18.549 4,518 100, 100. 10C6. 11:00. 160. 100. 100. 90. 0.
84, 144 18, €30 ’ 42 549 100. 100. 100. 100. 100. 100. 100. 100. Do
92.355 20.191 4.574% i00. 1€0. 100. 100. 100, 100. 100. 100, 10.
9453522 20,612 44586 100. 100. 100. 100. 100, 100. 100. 100. 20.
95, €51 20. 865 ‘ 44 59% 166. 100. 100. 100. 100. 100. 1060. 100, 30.
36,817 21 .047 4,600 100, 100. 100,  100. 100. 100. 100. 100. 40,
. 57.578 : 21, 190 ' ' 4. 605 100, 100. 100. 100. 100, 100. 100. 100. 50
$8.207 ‘ 21,306 4609 : 100. 100. 100. 100. 100. 100. 100, 100, £0.
$3. 743 21.405 : 40613 ' 100. 100. 100. 100. 100. 100, 100. 100, 70.
59,211 21.451 4,616 100. 160. 100. 100. 100. 100. 100. 100, 80,
G9.62% 21.566 : 4.619 - 100. 10C. 100. 100. 100. 100. 100. 100, 90,
160,000 21.634% 4.622 100, 100, 100. 100. 100. 100. 100. 100. 100,
. 9379 . 10.450 ‘ 0. 897 ’ 90, 60, £0. 50. 30. 15. 10. 0. . 0,
18.858 13.736 1.373 S0. 90. 90, 60. 35, 25, 10, 5 5
47,522 18,664 . 2.546 ' 90 60, 55. 80. . 85, 90. 60, 35, 15,
57844 19,962 3,404 95, 90. 90, 90. 80. 80. 65. 55, 50,
77.359 20,901 3.701 90. 90, 90, S0. 85, 85. 85, 30, 75.
5,657 5.248 G.612 ' 85. 55. 40, 35. 25, 10. 5e D 0.
28,010 17.958 ' ' 1.560 : 80. 55.  40. 35. 55, 80. 65, 30,  20.
37. 133 18.875 1.967 80, 50. 40, 65, 75, 80. 65, 40, 30.

53,771 20,495 2,824 80. 55. 55, 85, 85, 80, 75, 0. 75,



TABLE 2. MODEL TEST RESULTS DRGANIZEC BY YIELD |
YIELD EVAPOTRANSPIRATION WATER USE EFFICTENCY  AM{1) A¥[2) AM{3) AM(4) AM{3) AM{6) AM{T) AM{3) AM{9)

1.852 44563 0.397 100. 10C. 100. 100, 0. 0. 0. De 0.
5. €57 G.248 : o 0.612 85, 55, 40, 35, 25, 10. 5 Da 0.
7.409 T.535 0.983 : 100. 160. 106G. 100. 100, 0. 0. 0. 0.
5. 379 10.450 0.897 S0, &0. 60, 50. 30. 15. 10. 0. Ne
18.£58 13.736 1,373 50. 90, 90. 60. 35, 25, 10. 5. 5,
23,066 11.109 ' 2.C756 100. 100. 100. 100. 100. 100, 0. D O
24.958 ' 18, 766 - 1e332 100. 100. 100. -100. 0. 100. 100. 100. 100.
26,712 21.0713 1.268 0. 160. 100. 100. 100, 100, 100.  100. 100.
26,712 20.869 ‘ 1.280 100, 0. 1060. 100. 100, 100, 100, 100, 100.
26712 20,358 1.312 100. 100. 0. 100. 160, 100. 100. 100, 100.
26.712 13.570 1365 -1006. 1G60. 100, 0. 100, 100, 100. 100, 100.
28.010 17.958 1.560 80. 55. + 40. 35, 55 80 &5, 30. 20,
32,119 18.062 1.778 i00. 100. 100. 100. 100, 0. 100. 100. 100,
37-133 18.875 : 1.987 80. 50, 40, 65, 75, 80. 65, 40. 30.
44,383 17.702 ‘ 24507 100, 100. 100. 100. 100, 190D. 0. 100. 100,
47,522 - 18.664 2.546 S0. 60. 55. 80. 85, 50. &0 35, 15.
51.572 15.042 - 3.455 100. 108. 100. 100. 100. 100. 100, O 0.
£3.771 20,495 ’  Z2e824 20, £5. 55. 85, 85. 80, 75. 30. 5.
61,328 : 18.04¢6 v ©.3.3918 100, 100. 100. 100. 100. 100. 100. 0. 100,
€7.003 16., 906 E o 3.963 : 100. 100. 100, 100, 100, 100. 100, 10. Q.
67.94% 16.5¢2 7.404 35. 30, 50. S0. 80, 80. 65. 55. 50,
71. 754 17.409 4.122 160. 100. 10C. 100. 100. 100. 100. 20, 0
14,776 17.712 44222 -100. 100. 100, 100. 100. 100. 100. 30. O,
T71-.024 17.929 C 4.295 : i00. 1060, 100,  100. 100. 100. 100, 40, 0.
77.359 20.901 . 3.701 ’ 50, 90. S3. 90, 85, 85, 35, 990, 75,
78.826 18,069 ' ©.. 4. 355 100. 100, 100. 109. 100. 100.  100. 50 Na
80,336 18.238 4,405 100, 100. 100. 100. 1006. 100. 100. 60, 0.
81.€38 182356 , : ‘ 4448 v 100. 100. 100. 100, 100. 100. 100, 70. 0.
82,785 18,458 : 4. 485 100. 100. 100.- 100, 100. 100. 100, 80, O,
83.813 18.549 4,518 100. 10C6. 1C0. 100. 100. 100. 100, 90, O
84, 744 18,8390 ' ' 4,549 i00. 100. 100. 100. 100. 100. 1100, 100. Q.
92,355 20.191 4.574% 1¢0, 100. 100. 100. 100, 100. 100, 100, 10.
84,522 20,812 44586 100, 100. 100. 100. 100, 100. 100. 100, 20
95. 851 20. 865 4. 594 100. 100. 100. 100. 100. 100. 100. 100. 30.
96,817 21 . 047 _ - 44600 106. 100.  100. ™=100. 100. 100. 100, 100, 40
S7.578 21.190 T 4%4.605 ' 100. 100. 100. 100. 100. 100. 100. 100. 50,
98,207 21.306 ’ 4,609 100.  160. 100. 100. 100. 100. 108. 100. 60,
58,743 21.405 42613 © 100. 100. 100, 100. 100. 100. 100, 100, 70.
93,211 21.491  h. 616 100, 100. 100. 100. 100 100, 1Nn0. 100. 80,
235,626 21.566 ' 4,619 ) 100, 100. 100. 1060. 100. 100, 100. 100, 90 .

100.C00 21. 634 4,822 100, 100. 100. 1¢7, 100. 100. 100. 100, 100.
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