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1. INTRODUCTION.

Within rapidly developing economics there is an increas-
ing demand for better planning for the use of resources Tor
agricultural production.

Planned agricultural development dcpends upn a variety
of resources and conditions including, management and cultu-
ral practices.

It is a known fact that the yield of a particular crop
is a function of many factors such as water amount, plant
type, climatological factors, soll typ:z and condition,avail-
2bls nutrients and biolczical materials, descases a2rd past.
Jeh foetors control awnd limit the ratcs of yield.

Rezvorel investigato

H
4]
EJ
(¥

attemped to exprass the re-
spcnse of plants to witcr and nutricnt application in o quei-
titative manner.

Perhaps the ¢ldcst ~nd probably boaT krown of Tht Te-

sponse equations was the one propos-d by Mitscreriich:

EEG RS ToiO (1)

o
H

wkere "y is the yield correcponding To the 2D i3 o .2.on of

2 growsh factor in the amount "x", "A" is the theer wical
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maximum magnitude of the yield: and "c" is an index characte-

ristic of the type of crop, growth factor, and other pertinent
condition, One of the other early criticisms of Mitszcherlich’s
equation was that no allowance was made for posc:ble yield
depression by harmful excessss of any growth entancing factor.
Mitscherlich, after extensive study of his experimental Jata
introduced a modification of the following form to allow for
such depressioni
2

y = Al - 107%%) (107 ), (2
with the index "k" being called the "factor of injury". The
best releticnship received a prolonged elaboration, but i-s
zprlicaticn as z whole is difricult due to¢ the presesncz cl
+hpee characteristic corstants A, ¢, and ¥) and the nonline-

arity with »zzv=ct to the ¥, evsr using lcrzrithmic scales
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The contradictcry ef and "¥" in-
terfer making it @ifficnlt 4o istsimire Tootr dssorote unlues
experimentally. In this worl 2z trial vzs Toce U0 FIind out
functions that fulfil physical pelsvarce, simvllelw” In arrli-
cotion, and ¢lose agreszent with response of Fizll
and nitroren arplication and their int@raétion Pact ol v

pma e A
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at high rates of applicatinn, A few new functions are innova-

ted and critically compared znd reviewed with other existing

functions.
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TI. REVIFW OF LTTTRATURS

—ta

The eguations describing yizld response to water and nu-
trients application are an important point of research which
had received a eonsiderable efiencion fror many irvestigators,
and also about the effzcts of soil moisture and application of
nutrients such as nitrcgen on the growth and yield of plants,

Following is a review classified according to functiocnal rels-

tionships,

IT.1. Equations describing yield response to weter ard ru-

trwpn+~ arplication.

With the ircreased interest of production, several parer:s,

0
o

h as the following, have teeon concarned with the choice of

s propsr Tuncticrsi model for the chnracterizaTion of input -

catput welesm oo ip dnm o vlEvs Trouin,

Tierists 100 dm o vis o7 seguent ToToro mS TOOMS oL
this sgubloeT mowTicnel TooT T wulasderorly Lotvesn y2oold
a3 wuTrient arrliesticn o f=.. = o 7wz crop yield
i3 linear, and oy be cwoTs w Tl Trolovian form:

v =%~ R (%)

where "y" is the yizld obrain.d when "x" isg the amount of the
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growth constituent present, and "R" is the resistance to growth

of yield. But "R" values are not known. He alsc establish the
law of the minim'm factor which he stated as "by the deficiency
or absence of one necessary constituent, all the others being
present, the soil is rendered barren for all those crops to
the life of which that one constituent is indispensable".
Mitscherlich (1930) made experikments with plants grown
in sand cultures supplied with "excess" of all nmutrients except
the one under investigation., His expression is commonly kmown
by the descriptive term "law of diminishing returns®. Mitscher—
lich’s work, like Tiebig's, produced ccntraversy and has both
ardent suprorters and critics. Eis function was modified by
other workers. There are also many other functional models for
response curvas or Yresnonse surfaces, Lo follnwing i~ a re=-

view of scze of then,

IT,1.A. Tupcticrol melels Jer sirele = v 02lial ZESSTRNIT
Lurves.
Mason (1955} mentizn.d oot = L zplichh function
(Eg. 1) expresscs quantitutiwely *r: oL.a.cnment trat the in-

crease of crop produced by unit invcoonsnt of the lacking fac-
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tors is proportiocnal to the decrement from the maximim, one

has:

F - ela -, ()

wnere "y" is the yield obltained when "x" is the amount of

X

the consiituent present, "A" and "c¢" ave as defired before.

IT.l.A.2. Mitsche;lich EQE@?EEE:

Upon separation of variables, integration, and assuming

that y = Q when x = 0, in the nbeve equation:

y = A(L - 715 (5)

This equation resermbles Ig. 1 with the replacemznt of
LU

“CXr with e7"1T ., Here 20

tke quantity "10 —CX _ g7C1X op

+-~innd the* the "¢™ wvalues in nils ex=-

pression were coemntant 0T 4 pivorn wotrlant oyl 2 D firent

itechsrlich main

i e A

creps and groving ornditions.
Most of the oarly contraversy oiou” Iis wors Cotired a-
roud iz Momothersfz centorwis T the UeTovoiuen, Tre worllers,
subsequently mentione’ ns utii; T “hoherlich-type equa-
that el ig a macmoter to De eztinated

tien, have assumed

from the data.
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This function is expressed in another exponential form
by Spillman (1933):
y = A1 ~ RS,

where "R" is a characteristic constant, and the rest of sym~
bols are as defined before,

Mitscherlich’s equation is widely applied in the study
of the gquantitative relationships between plants and ferti~
lizer application, in suck works as:

Balba and Bray (1956) used the Mitscherlich ecuation:

7 = A(1 - 702 = o2y, (7)
where "y" is the yield ot-ained when "b" units of nutrient
are in the so0il and "x" units are added as fertilizer; for
studying the relationshir between supply of "P" and the "P"
content of wheat grain.

The egvuatior cbtainsd is 2¢ follows for the conditions

of the mun expsriments
_Z T e 0 -2 S B =y -3
¥ = 0.5834 (1 - o Aol ow 10 Tn=2.77 x 10 'X), (8)

where "y" is the percenta~ of "P" in

ot

k. grair in the pre-
sence of "x" 1b of fertilizer P205 and "t" 1b of so0il "P",
Balba and Haley (1955) found the result obtained by
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applying the modified Mitscherlich equation:

g = a(1 - "B+ F)y (2)

and the Balba-Bray formula:

% (10)
¥+ b

compared with ewperimental date including rates of epplica-
tion of "P" and soil test values were presentel. He calcu-
lated values of "P" upteke LY plantqkrom the soil "P" and
the applied superphosphate azd found that they are in agreec-
ment with the results obizin.d from radioactive technigues.
Omar, ¢t 21 (19€9) stow:d that the 195 1230, extractatbls
nitrate nitrosos can be s.ccocssfull; wsed as o reliable me-

thod Tor rredicving aveilsnle nitrocer svartus of the Valietla

.
!
L1

scile. The followine egua-icn was cst-hliiszl T to Goterming

iy WS

A = - - - L 3 7 .o = -
y-tls 5L Tl TOTTE- I T (AR SR ORINR BRI N
B -
- 1“,~r- AT gClu\ -
co= 1000 - 2 i -
Taw oot lceding ricvoooneis fortiliniToo iTor oI

P A T T T ~ s - - P
corrn, tiic follicwins ¢QuIticor s .50 TILhLoLO0nond

o4
1l
-
o
(6]
N
—
§
[
O

-
»
|
~
[
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One of .. early critizisms of Hitrcherlich’s couati.m

(Eg. 5, or ~) was that no ~llowanc: was o2l foT neesitle
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