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Use of Mitscherlich Model for Efficient and Economic
Fertilizer Use

C.5. BALASUNDARAM!

Field experlments were conducted at six different locations with sorghum 1o study

the response to nitrogen. Basad on the efficiency factors of soll and fertilizer nitroaen,
the fartilizer recammendations were calibrated which can help to reckon the fartifizer dose

in cognizance 1o the soil test value.

Further, it provides an opportunity 10 the farmer 1o

1@itar the yield target in tupe with hiz monetary considerations Also, an artmpt was made
to work out the oplimum rate of nitregen with Mitscharlich medel for ariving 2t cost :

benofit details.

The patterns of yieid response to
fertilizers are complex. In an attempt
to summarize data, simplify interpreta-
tion and to forecast fertilizer require-
ments, mathematical models have been
used. One of the best known is that of
Mitscherlich (1908) used by Crowther
and Yates (1941) in their classical work
on the development of fertilizer recom-
rmendations for agricultural crops. Since
then many workers like Bray (1944),
Wilcox (1855). Reith and Inkson (1963)
and Sceife (1968) have successfully
utilised thiz model for evaluating fertili-
zer requirements for various crops. For
evaluating crop responses in relation to
soil test Mitscherlich-Bray model was
successfully employed by Mackay er /-
(1963), Ranganathan et al. (1969),
Dhanapalan Mosi ef ‘al, (1973) and Bala-
surdaram ef al. (1977) for nitrogen too
contrary to the original mobility concept
of Bray. In the present study, the same
model was fitted Lo find out its useful-
ness in relating soil test with crop res-

ponse so as to calibrate a site-specific
nitrogenous fertilizer recommendation.

MATERIAL AND METHODS

Six field experiments were conduc-
ted at different locations of Agricultural
Research Station, Bhavanisagar, with
CSH.5 Sorghum as test crop. The ran-
domized block design was adopted and
the levels of nitrogen tried were 0, 50,
100, 150 and 200 Kgfha, keeping phos-
phorus and potassium at sufficient
levels. Nitrogen was estimated by alka-
line permanganate method (Subbiah and
Asija, 1956) for all the initial soil samp-
les. The maximum possible yields were
determined by plotting the log yields
against the reciprocal of the dose of
nutrient (x1 and extrapolating to 1'x—0
(Ranganathan ¢t &f. 1969). The percen-
tage vields were calculated using this
maximum Yield. By substituting the
soil test value in Mitscherlich-Bray moda:
viz., ¥
Y= A(1-10"C1D-CX)
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TABLE | Soil test values, yield of grain and porcentage vinld of sorahum.

Grain yield Kg/ha
Initial 50il —— —— e Maxinium Far ennt yiold
Location 1est volue W dose Kglhg poesible
MR ———— e e ylald e
0 B0 100 450 200 0 60 100 1850 200
Bhavanisagar 1 141 407 1585 2484 3996 4002 5248 7.8 30.2 403 762 78
Bhavanisagar 2 126 72 2507 2864 4075 3560 4385 6.2 57.0 CR3 0290 £2.2
Bhavanizanar 3 125 226 824 3060 3962 3884 BO1Z 4.5 384 008 739 4.5
Bhavenisanar & 167 277 1737 3271 4267 4199 EB22 4.9 308 582 758 747
Bhavanisagar 5 173 792 2275 3322 4471 3882 4BEB 162 466 078 O1.3 7.3
Bhavanisagar 6 188 917 2547 3633 4473 3862 515217.8 4%.4 70.5 B6.2 76.9
the efficiency of soil nitrogen (C,) and TABLE |1, Ci Values and tawiural (lussss
that of the fertilizer form (C) were cal-
culated. The optimum rate of N was Location  Cjvalue Testure of soil  [daan G
also arrived at as outlined by Balba : -
et al, (1972), Bhavan:
cagar 1, 0.00025  Sandy loam
RESULTS AND DISCUSSION Bhavani-
sagar 2 0.00022 Sandyjoam  0.00018
The usefulness of the soil nitrogen Bhavani-
measurement by alkaline permanganate sagar @ 0.00018  Sandy loam
method has been well established ear- Bbavani-
lier with different crops like rice,cotton, sagor 4 0.00014  Sendy loam
sugarcane (Ranganathan ef a/. 1969) and Bhavani-
ragi (Balasundaram, 1975). Initial soil sapar & 0.00044 Loam
hitrogen by alkaline permenganate ..
method, the grain yields besides the sagar 6 0.00044  Loam 0.00044

maximum possible yield and the percen-
tage yields are presented in Table |.
The initial nitrogen content of soils
varied from 125 to 188 Kg/ha, The
efficiency factors of soil form of N, C,
values, for all the six experiments are
presented in Table Il The C, values
showed some variation owing to the
textural make up of the soil, Therefore,
the C, values were grouped into two on
the basis of the textural class viz,,
sandy loam and loam,

= ar—

The actual yield obtained and their
corresponding calculated yields are pre-
sented in Table |l for the various nitie-
gen levels tried. The ratios of C,/C
were also worked out {Table V) to
ascertain the efficient form of the nui-
rient and it was found that the added
form of the nutrient to be more efficient
than the soil form in all the experiments.
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TABLE !HI The relationship between the actuel yiold and the calculawed yiell for sorghum at diffa-
rant levels of N Application

Grain yield Kgfha

_ Control 50 Ky Nfha 100 Kg Njha 150 Kg N/ha 200 Kg fi/ha
Location — e
Actual Caleu- Actual Caleu- Actual Caleu-  Actual Calou- Actual  Caleu-

lated lated [ated lated laind
Bhavenisagar 1 - 407 315 1685 2342 2484 3495 3996 4240 4092 £G4
Ehavanisagar 2 272 234 2501 1998 27BG4 2545 475 2488 2560 I2Zh
Bhavanisagar 3 226 268 1924 2281 3050 3367 3%62 4042 38B0 4240
Ehavanisagor 4 277 400 1737 2531 2271 3785 4287 45819 4180 4501
Bhavanisagar & 792 788 2275 2477 3322 3472 44T 4088 3822 4403
Ehavanisagar 6 917 833 2547 2644 3633 3676 4472 4283 3962  4£39
oy ey S TR

TABLE 1V The ratios of C; 10 C wvalues

Lacation cyjC
Ehavanisagar 1 00781
Bhavanisagar 2 0.0373
Bhavanisapger 3 - 0L0286
Bhavanisogar 4 {0358
Bhavanisagar 5 0.0814
Bhaw?niaagar & a.0917

The need for refinement in the in-
terpretation component for precise fer-
tilizer recommendation has often been
siressed, The need for adjusting
the fertilizer rates on the basis of
coil testing has also been well empha-
sised (Van der Paauw, 1973). Balasun-
daram 2! al, (1978) have clearly shown
the economics and usefulness of consi-
dering the soil test values in evaluating
fertilizer recommendations.

Fram C, and C values obtained il
is possible 1o interpret a site specific
recommendation for sorghum  based on
the given initial soil test value. Utilsing
the mean C, and C values for the loamy

e E— i —— AT

and sandy loam soils ferritizer reguire-
ments were compuied for the cOmMmCn
ramge of soil test veluss from 100 ¢
400 Ko'ha of alkaline percentage N &nd
is presented in Tabie V.

TABLE V. Mitrogen fertilizer jequirerient for

sarghum™

Mitrogan {Kafha) required 10 ailens
the Indicered lovais of feximom
posgible yicid

Soil tesi

value{Kg/ha) Sandy loam =ojl L=gmy =il
(Alk-EMngy —— == ———+ = e e
=) 7B BB, S6%, TIU,EEN, EoY
100 127 786 300 12y 181 23B
125 126 195 28h 317 158 242
180 125 184 288 1 132 L.6
200 123 192 286 92 186y Ikh
226 127 181 285 04 37D Lo
260 12 48F 283 08 YR L

Calculated based on the fnilawiayg souniions
Sandy laam seil pys= A Y160 0OMY -
G.00a6 1
yo=A {1-10-0.00254 & -
0 aD4st )

Loamy sofl 5
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The optimum rate of nitrogen appli-
~ation was alto calculated taking into
ascount the cost of fertilizer nitregen
‘v) and the cost of produce (v). To
calculate the most profitable fertilizer
zpplication the differentiation of "'y
with regard to “x" in the Mitscherlich
aguation was obtained and equated with
the ratio of unit price of fertilizer to
+he unit price of sorghum grain and the
resulting equation was solved for "x"
(Balba =t af, 1972).

dy -C,b. 10-Cx.
Cl L ""A.1n
dx
Price of X
ini0(-¢)=. —————
Price of Y

By substitution of “A”,"b" and "C"
with their corresponding values from
the eouations given in Table V. and
nowing the price of one Kg of "X for
zll the six experiments was calculated.
Eesides this, the obtainable yield with
these doses were also calculated along
veith the cost of fertilizer and the value
of grain yield presented in Table VI.

TAELE "I Optimum rate of M application and
the ohisinable yield with cost: benefit details

X' The obtgi- Value of Value

(Kg) neble yvield required of ol-

by (Rg)  fartilizer tain-
Location (As.)  ablo
s0r-

ohum

grain

{Rs.)

Shavanisagar 1 211 4139 738 2311
Buevanisagar 2 188 - 3877 BRI 3102
Dhevanisogar 3 208 4482 7327 3504
thavanisegar 4 214 GEGE - 749 4444
Bhewoniseqgur 5 208 4442 728 3654
Brasanisngar 6 207 4678 725 3742
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The fertilizer. recommenaatioti table
would help the farmer 1o ,gel'_a_t_.- site
specific fertilizer recommendation  just
by reading that table agaist the. known
soil test value, This also ;ﬁmvi#eﬁ him
a chance of choosing & yield targst: in
accordance with the monetary aspects,
thus, providing a dual ' benefit 10 the
farming community,
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