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Third Autumn Workshop on Mathematical Ecology

14 October - 1 November 1996. Trieste

P. Racsko: Models of Agricultural Systems
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Questions of long range
agroecological mocle/lrng PLANT GROWTH MODELS, VEGETATIVE PHASE
COMMON APPROACH:

Objectives :  Economically efficient agriculure
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Self organizing principle - Principle of maximal productivity Light intensity and
photosythesis
Growth equations:
x(t+1) = {x(6) + e W{x(O) VO - w) % "
3
~
gy
where n ;
S i (Other limiting factors)
= B
x,(r) - biomass of leaves, stem & roots = S temperature
Vit = ... v,(t)) - environmental cond. - N/ Saturation P
(6 = (6} vale) 3 > : -CO; concentr
e,(t) -allocation rate of the new assimilation 3 *9? point ]
' = ) - water
v(z) - gty of new assimilates produced from ¢ to 1+ / é - etc.
wife) - Joss rave / Compensation L>ht intensi
poin 1ght intensity

Ze[(t)zl 0<e <1



Empirical formula for leaf photosynthesis:

P = ol P,

t all + Pmax

where P, - the value of P at saturating high level,

o -constant (dP/dl at [, = 0), known as the photosynthetic
efficiency.

Response to CO? level: P, = 1C,

where T - CO2 conductance.

Typical parameter values:

T =0002 ms? C, =0.0006 kgCO,m™
Brax = 1.2%x107°kgCO,m 25!

o = 13 X 10°kgCO,(JPAR)"!
T

Photosynthetically
active radiation

Light interception on 3 horizontal plane

Monsi-Saeki equation: I=I,e"u'
where: [~ light flux intensity above canopy
I- lisht intensity within canopy
L- leaf aren index (leaf areasunit around ares)
k~ constant {(extinction coefficient)

on the leaf surface:

ok BT o kLl
IL-(A"M)I- I‘Tﬂﬁ )E'

where m - transmission coeMdicient of the legd



Crop photosynthesis

£ MIPmax

P =
’ OMJ‘I"PM

al

Substitution of the Monsi-Saeki equation gives:

L
kI P e

P — [e] Thax

¢ ! K o™ + By, (1-m)

dL

or
L

P= Lo fufk e+ o1

o

The initial slope of photosynthesis:

dP .. o of{l-e®)
d[o(f_o)— l-m

and a light saturation: P.(/, — «) = P,,. L

Tabie 8.4 Calculated maximum daily rates of net crop photosynthesis

Item Process Value
Total radiant energy available  Total radiant energy 1674 x 103 [ ha-! day™!
to crop
50% in visible sector 837 x 108 T ha'! day"!
(photosynthetically active)
Radiant energy losses tocrop  Albddo 11%
Notintercepted  11%
Tota] lost 22%
Total utilised by crop
canopy T8% 652 x 108 ] ha-! day-!
Efficiency of gross C4 system 143 x 108 J ha-! day-!
photosythesis Max. efficiency of white light
conversior, = 22% at low
fight intenstties (Chapter 6)
Estimated loss of efficiency to 100 x 108 J ha ! day-!
allow for leaves receiving
tight at high intensity, less
30%
8 0.60 t ha'! day!
Equivalent DM =100x160%
167x108
C3 system
Less a further estimated 33%  0.40 t ha-l day!
to allow for photorespiration
Efficiency of net C4 system 9.40 t ha'! day-!
photosynthesis Less 33% whole crop respira-
tion*
C3 system
Less 33% whole crop respira- (.27 t ha! day"!

tiona

DM formed per 100 x 103 C4 system 0.024 t ha day-!
Jha'l day-! total incident  C3 system 0.016 t ha'! day!
radiant energy

Total incident radiant energy €4 system 4185 x 108
required to produce [ tDM €3 system 6194 x 108
ol

of toea) incident €3 system 4.0
radiant energy appeamg as €4 system 27
chemicat cnerggy in crop
Yoy

* Arbitrary vahe - varics with temperature

/o,



Table 8.6 Some examples of total radiant energy (RE) conversion from actual data

Crop or ecosystem Location Growth Photo- Total RE 'Avatlable' R Production
period  synthesis (Jx 108 (Jx 108 ha'l} bpM Conversion
(days) system ha'! gty £ hal gy of RE
into DM
(%)
Climax -Trepical rain forest Ivory Coast 365 (oK) 611101 611101 11.5 0.32¢
Beech - 46 yr old Denmark 180 Cc3 12.2 0.62¢
86 yrold 1001 0.52
Pine forest UK 365 C3 345 680 320723 173 1.95a
Deciduous forest UK 180 C3 345 680 285 231 18.3 1.0
Mass algate culture Japan 365 C3 413 600 413 600 531 2,150
Sugar cane¢ - March Hawati 365 Cc4 676 236 676 236 8.7 1.95®
August Hawaii 3465 c4 676 236 676 236 40.3 1.00¢c
Elephant grass 2 Porto Rico 365 C4 676 000 676 000 110.6 2.66v
Mean of 3 high-yield reports 1 El Salvador
More normal values 1 El Salvador 365 C4 676 000 676 000 246 0.59¢
Mean of 4 tropical grasses (high N)  Uganda 365 C4 611 680 611 680 254 0.69%
Maize (2 crops) Uganda 135 135734 19.10
+ C4 611 680 2358
135 135734 19.10
Maize ¢! crop) Kenya (uptands) 240 C4 - 274 016 22,5 137
Soya beans {2 crops) Uganda 135 C3 611 680 135 734 7.67 0.95
+ +
135 135734
Perennial ryegrass (mean of 6 cvs) UK 365 Cc3 310404 208 680 239 1.43%
Rice Japan 180 C3 413 600 146 414 16.9 1.93¢
Winter wheat Holland 319 C3 403213 189 227 14.7 1.30¢
Spring barley UK 152 C3 345 680 132211 1.8 1.49¢

* = Natural ecosystem investigations = Data from experiments ¢ = Very Bood commercial yield

[
Q
) 2
ﬂ m..h
m V.m - - — — . o~ p— — o~ — —~ —~ ~
3 = 83 o - i N e o, Mo e® Y™
m 8388 22422532dc Fug WTEd o nidn Zelvl
=
; W
= &4 e.nal/
- — o~ —— g~ p— —— — — —
. : —~— = 5
= MUY ..899.8.458 838 §58% se  88sF 28:8
& |22E3 oFEf4ZqgEZE ZZH 0 EEUE g8 ZEnE el
5
(5]
& .
[ m,_.m.
1+ m -
o 208
L¥]
2 mmmm PRIAZASAZE LAS aERR ad g Bt~ R - RS
A
e [}
c =
] o
B Am =
2 3 sk «
] w wown .m o o a3 £ mrs
2 48 ¢ Ef 238 SR G8 gesf 4%°
e [ RN =] = .= .
3 +E T =TT - a3 E2 e <2F
% LIRS - mma, w28 Jy mwmn mem
o e EF8¥ FH gz B9
s MWWNWMUUMM 278 588z SO SEEE CoiE
-
N
S5 . §
2 X3
5 & 28
2 8,
=] W;Wl
o
ot 2i £ g 28, g8 ] 535
] FEch 3 & g $E588,8488 1383 £y
3! sisP 8 of RRE fHafrednf pRf ZueRiils
5w ErCd b o - = CECEen S Y O s
mm eoF o a0 O s0 o

from

a

* Assuming 50% of total radialion is photosymhetically active tight. Valses in brack i
data im Black (1956), and using conversion factor of 1 g dry matter=17.3 KJ of fixed tmergy.

12 .

i,



between plant organs
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Table 8. 7 Comparative study of total radiant energy (RE) conversion efTiciencies: different crops at different centres

A
Kale Sugar beet Maize:Caragua Maize: Inra 200

Data class UK Italy UK UK italy UK Italy

A B W B @A) B (A ®B®_ A B (A) (B &) (B)
Lenght of trial* 2 2 - 2 2 1 2 2 2 2 2 2 1 2
Y,DM (t ha!} 1892 21.18 - 2223 2102 2270 931 19.10 4591 3237 865 1189 2476 2570
Total RE conversion(%) 1.79 Ll - 12 197 179 088 145 332 185 073 095 174 133
'Weighted' RE conversion (%) 298 268 - 1.87 328 298 147 242 526 308 122 203 290 222

* Data from | yr or mean of 2 yrs.

Centres: UK {A) Leeds Univ. Farm, (B) Cawood Exp.

Italy (A) Turin, (B) Rome.

Stn,

B —
Mean ‘weighted' RE ¢onversion (%)
Total Cool areas Warm areas
C3crops: Kale 2.51
Sugar beet 313
Total 2.82 2.98 .87
C4 crops: Maize: Caragua 3.04
Maize: Inra 200 2.09
2.57 1.79 335

Total

Adapted from Gibbon et al. (197¢).
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- mechanistic approach

-transport and conversion processes

whole plant level (overview by (.. Gross 1988)
Optimization of fitness measures by distribution between
the plant's organs

fitness measures:

- empirical dry weight proportion (Thornley &
France 1982)

- substrate (C/N) concentration stay constadnt in
various parts

- goal seeking methods (constant ratios)

- timing of vegetative vs. reproductive growth
(Cohen, 1971, etc.)

/5.

Hypothesis:

The new photosynthate in every time step is distributed
between the leaves, stem & roots in such a way that the plant
could produce the maximum quantity of new photosynthate
during the next time period provided the environmental
conditions do not change,

Formally, e/(t) e,{r) e,(t) is the solution of the following
probiem of mathematical programming:

Hx(t +1)7 (1)) > max

ie,(r):]; 0<e(t)s

i=1

/6.
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Regression Analysis - Linear model: Y = a+bX

Dependent variable: avg.temperature 10/16-04/15

Independent variable: year:
Standard T Prob.
Parametar Estimate Error Value Level
Intercept 14.89%5 35.9014 0.414868 68108
Slope -8_12801E-3 0.0182424 -0.335922 73919
Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratiec Prob. Level
Model .1123570 1 -1123570 .112843 .T391¢
Error 30.5866418 31 . 995621
Tatal (Corr.) 30.978773 32 1
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Regression Analysis — Linear model: Y = a+bX

Dependent variable: avg.temperature 04/16-10/15 Independent variable: years

Standard T Prob.
Parameter Estimate Error Value Level
Intercept 115.231 26.69 4.48543 -00008
SElope =0._.0497288 0.013057 -3.80859 . 00060

Analysis of Variance

Source Sum of Squares Df Mean Square F-Ratio Prob. Level
Model 8.092741 1 B.092741 14.50534 00060
Error 17.853263 32 .557914

25.946003 33

Total (Corr.)

Correlation Coefficient = -0.558486 R-squared = 31.19 percent

Stnd. Error of Eat. = 0.7468937
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Precipitation between 10.16 - 10.15. (Iregszemcse)
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Number of solar hours 04.16.-10.15. Kompolt
Precipitation between 04.16 - 06.30. (Iregszemcse) —
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Daily avg. humidity between 04.16-19.15. Kompolt
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Lower confidence limits of the average wheat and maize yield prediction
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Fourier approximations of daily average temperature and

std. deviation in Kompolt for the lst day of series of
any length (solid line} and for any other day of series
(dashed line) (a)} wet series, (b) dry series.







