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ABSTRACT

Eatlier work suggests a close link between plant competition and pattern of planting. A
new approach has been made to compare the competition effect in varied plant geometry. For
this, the model proposed by Gooddll and Berry, has been modified to include all the surrounding
plants, and the competition effect is assumed to vary inversely as the distance between plants,
The competition effece computed under varied plant geometry has been discussed. These theore.

tical considerations suggest equidistant planting

in tiangular pattera to vyield less compe-

tition of individual plants. The competition effect under square planting was not consistently
lower. Thf _gﬁect of rectangular shape. s.a.,, the rato of the sides of the rectangle, affected the
net compétition. Rectangular pattern obtained by 1:2 ratio of the sides of the rectangle yielded

lower compegition, compax_*eq to the square pattern itself. Also the modified model, appreared to
be moge flexible and realistic in practical situatiops, compared to Goodall's model.

PLANI}HNG pattern cr what is known as plant

geomeiry is refatively 2 new conceptin Agronomy,
The main objective is o minimise the competition
among plants, by varying the pl.nting pattern. Gene-
rally, pl.nting in rectingalar fashion is in vogie, but
several workers have tried different metrods of plant-
ing for varied pirposes. Squere planting, a parti-
cular case of rectangulzr planting was preferred
by Donald® and Robinson and Modson8, According
to them, these yiclded higher than the convention2l
rectangular planting, waen the diiection of rows had
no effect, 'But rectingilar planting w?s preferred
because of ease of intercultivation, Shubeck and

Youpng? opined that planting in diamond shape-
pattern was profitable,

Goodall?® wes the first to postulate a model for plan!
ompetition, He assumed competition effect to be
proportional to the distance between the plants end
suggested a logarithmic relation, i.e., between log of
weight of the individual plant and the log of tae dis-
tance between plants. He further assumed a linear
additive effect of the neighbours. Goodall 2lso ¢pined
that photosynthesis reduction and the competition
effect should jacrease inversely 2s a power of the dis-
tance (of the neighbours), ranging between the first
and third power, according to the relative importance
of below ground portion and zbove ground portion

competition. Barry! modified the model proposed by

Goodall to include the rectangularity of plhatung,

The pu r‘pose of this article is to find out the theoreti-
ea1l competition effcct in varying plant geomciry,

METHODOLOGY
To find out the competiticn effect, a single plat is
considered, following Goodull®. Good1ll postulated a
model, W = aqd,"* %%, wheie W =dry weight of
the plant, a == constant, b,, by = regression coctlivients,
d, and d, = dist nce between rows and within a ToW.

But Bleasadale and Nelder? observed that the mode
depicting the relation of plant yield and density, was
of a logistic type, wherein a final const..nt yjeld exists,
As stch, Berryl, assuming a simple reciprccal equation,
between plant vield and density, g-ve the following

model, taking the plont rectangularity also into consie
aration,

PRI DS .
Wo d, E;] d,dy
Here d,, d, are the sides of rectanguler and d; X d

is the area per plant, b and ¢ are the regression
coeflicients.

Here, for a particular situation wherein the different
patterns axe tried, keeping the area per plant constant
the third term will be the same, Only the second tert
varies, depending on the planting pattern, As such,
this term which brings in the variation, is considered
for finding the differential effect of competition. Also
the competition effect is assumed to be proportional
to the inverse of the distance between plants. Goodall
observed that it may vary inversely anywhere from
single to third power of the distance. Butiatheabsenue
of any biological menaing for assummng any higher
power, the simple distance is considered, in computing
the competition ellect.

Further, Good»ll consicered only the inter-and intg-
distnce of the ncighbouring plents, but here all the
plants surrounding in the first rhizosphere has been
comvidered for assessing competition effect, This will
avsame impoyince, especially in varied plenting pat-
(erne. And thus totaly all the 8 plants surrounding the
plent in rectingubor and sqtivee patterns, and 6 plants
in teiwngllar pattern is considered for finding out the
competition elivet,  Further, (he compelitjon cilect i
asgumed to be the same, with respect to diiection
of rows.
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The competition effect and algebra of the same is
shown below -

Rectanguiar Planting

Consider a plant *A°) surrounded by B, C on the
samg row and D, E vertically opposite, along either
side and F, G, H and I diagonslly, in different rows.

I{ the distance between AB or AC is d; and the dis-

tance AD, AE be ., then the distance between AF,
the diagenal is

\f!dlﬂ o ﬁ}i

Similarly, AH, AG and Al. Assuming linear additive
effect of competition from all the 8 plants, the competi-
tion will comprise of 2 plents within yow, 2 plants
verticaliy opposite on either side of the plent and four
plants diagonmally. placed. _Further, 2ssuming imverse
finear relitionship, the differential competition dre to
varying planting pattern is proportional to

or differential competition 1is

2 2 4 .
b + - e
[dl dz -/ d]_ Y d E]
where b is the partial regression coebicient in the

mode] stggested by Berryl.

Square Planting

Square planting is a particuler case of rectangular
planting, and here d; = d, = d (sey), 50

the differential competition is

b[4+ 4 ]_6:84.5
d = J2d d

where b is the partial regression coefficient.

Triangular Planting

In triangular planting, the distance between plants
in the same row, and the distznce between yows will
be constant. . So, if we consider the differential competi-
tion for plant A, on the spme row, distence AB, AC
== d.
The distance AD, AE, AF and AG =
J&+ (0-50d)2 = 1-118 d.

So competition

2 4 5-58  5-58
- 2435801 —— = — b
a[d 1-113.-;1}’r @+338)o1—5 = 3

where b is the same pattiel regression coefficient n
Berry’'s model.

To Hlustrate one example, sorghum. erop is grown
with plant density of 2 67 lakh_per hectare under
varied planting paitern @s shown bejow. The differen-
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tial plant competition due to varied planting pattern

{(sccond term in Berry's Model), is computed as

follows :

Planting Rectangular  Square Triangular

patiern

Spacing (i) 75 x50 19-4x 19-4cm

(in cm) (i) 10-0 % 37-5  19-4  (bet.
(i) 12:5 x 30-0 plantsand

bet, rows)

Gv) 15-0 x 25-0

Then, the plant competition in rectapgular pattern
will be proportional to

2. L 2 2 4
75 ' 50-0 J(? 5T+ (50)°
as per methodology, explained previously.

That is competition = p (0- 3837), siialarly for other
rectangular patterns, it is shown in Table I.
TABLE |

Differenttial competition effect in sorghum, due to
‘varying planting pattern (gl/plantfunit area)

"

1. Plant density of 1-33 lakhiha.

(a) Rectangular pattern L/B Competition
effect due to
distance
() 12:3 % 60 4- 8§00 0-2536
(i) 15,10 x 50-0 3-333 02499
(iii) 20-0 x 37-5 1-875 0-2474
(iv) 25-0 % 30-0 1200 0-2491
(b) Square pattern
27-4 x 27-4 Q-2492
(¢) Triangular pattern (27-4cm between
rows and between planis in a row)  0-2036
2. Plant density of 2- 67 lakhlha.
() Rectangilar pattern L/B Competition
effect due to
distance
(i) 7-5 X350 6667 0- 3857
(ii) 10-0 x 37-5 3- 750 Q- 3564
Giii) 12-5 % 30-0 2+ 400 0- 3498
(iv) 15-0 x 25-0 1- 667 0- 3505
3. Square pattern 19-4 x 19-4 (- 3520
(¢) Triangular pattern (19-4 ¢m between
rows and between plants in a row) 0:2863

—
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‘FOI'H the square pattern of planting, the competition From this, it is clezr that triznguler plinting creates
will De proportional to less competition, if the ple ntsin the firstcircle strrovnd-
4 4 ing e2ch plant is considered. Asintrizngular plenting

19-4 -+ ;/2::(19' Ay, only 6 plants compete directly, wherers in either the

rectengular or the squere plenting 8 plsnts ccmpete.
because d, = d; = 19-4.ie,, competition = (0-3520) 5. But if the spreing is too close, then even tle plents in
For the triangular planting : the subsequent second circle of ezch plant may compete,
and then these plants also should be considered, Even

Competition ) .

in that case, the trienguler ple nting wili bave ¢n edge
m?_ 1 4 over the tre ditionz| plenting. Also if t} e competition
d \/dﬂ + (0-5d)* effect is considered as some higher power of the dis-
5 4 i::mce b;twee;] plants,thenin t;ih?t situation the c;nmpeti-
o L — : - - 1on effect betweert any two arréngements bDeEcomes
19:4." /(10+4)* 4 (0-25)(19-4)° more marked or distinct, end these will nct ¢lter the
y) 4 | results much., Thus it appeers, thit triznguler plent-
0119_4 I 51. 69 or 02873 ing has marked advantages compired to dreditionel

planting, in terms of the compeiition effect.
=4 (0-2873). The compirison of competition effect between rectan-

gular 2nd square plenting hes 2lwzys been 2 contiC-
versizl one. Scveral workers incltding GeodaHe have
Resulis of differential competition effect is tebulated opined that competition effect will be low, in squaje
in Tables Tand I for sorghum and finger millet, Tes- planting. Donzld? quoted several workers to eMphasise
pectively, for two different plant densities, under thatsquare plantingwlllyieldhighcriyie}d ‘bry admitted
varied plant geometry. that this was not wholly consistent, This was trroe
TaBLE II only when direction of rows is immaterizl for competi-

_ -, tion effect. Bit Holliday® found somie adventage in
Different competition € ' ; bl o . o ;

RESULTS AND DDISCUSSION

) vawying plannfg pattern (glplantfunit area) while suggesting 2. model for plant competition consi-

dered only the adjacent plants on either side, end thus
1, Plant density of 2-5 lakhlha fiis mode! always gave the superiority of sqiere plant-
(a) Rectangular pattern (L/B) Competiticn ing to rectangular planting., But in computing the

effect due to competition effect, diagonal plants also should be

distance considered. ~While compcring planting p2tterns, 1D
_ rectangular plauting, a plant moie distant than the
(.‘_) 8 x50 6-25 0- 3690 dirgonal one in square plwnting, is ccnsidered for
(i1) 10 % 40 4-C0 0-3470 finding gut the competition, but the nerer plant, viz.,
(1) 12-5 X 32 2-56 0-3389 diagonal plant is not considered in squase planting.
(iv) 16 2 25 }-56 0.3398 This anomaly can be overcome only by considermg
(b) Square pattern (20 X 20) 0. 1414 all the 8 plants strrounding each plant n bmh‘ the
patterns. Hence, as per the niethodology eapleined
{c) Triangular pattern (20 cm between the inverse of the distances of all the 8 plants were
rows and between plants in a row) 0-2789 cousidered for finding out the competition eflect,
Hypotheticully this method of finding competition
2. Plant density of 4-4 lakhjha cilect was followed for {wo crops, viZ., sorghum gnd
(2} Rectangular pitteen (Ratio of Competition finger miltet, for two populadion levels, voder diffegent
the side)  effectducto Pl nting pattern. Hepe for dilierent planting paticins,
distence  the arcr was hepl constaat, and the mtrd and nter-
. distince of plants was varied and the competition
(,") 7-5 X 30-0 4-00 0-4628 cflfecl was comp vHed  the netw 2y, T1he cesulis are

(_f') 9 %250 278 0-4527 tabultted in Tables T and IL,
(i) 10 % 22:3 2:23 0-4514 The competdion ¢flfect was compried ot two plong
(b) Square pattern (15 X 15) - 4533 pap ttion Jevels,  The competilion eflect wes Do
(¢) Triangular pattern (15¢m between at hrgher density ol plant pop itrhion, compaed at
TOWwWS and between PI‘HI'IIS in a lower l_l;,;nx.tiy’, Also the Lluﬂ“uwnn.:} L:IT{.‘;! {\.f cOMPet-
FOW) 0.3778 fon due to planting paiterns wes Moge prosouned 1

higher densly, than at lower denstty, 1 his eledly

~r ———— m— W £
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shows that this mode of explaining competition effect,
is in conjanction with the reality of the situation,
basically,

As expected, m triangular plenting the competition
effoct was theoreticully lower than either the rect n-
gular or square planting, But the diffcrential effoct
of plant competition between square planting and
rectangu]ar planting was not consistent in both the
crops. Hypothetically, different rectangular shapes
were created, by varying the sides of the rectangle,
but keeping the area consttant. The effect of rectain-
gular shape, viz., the ratio of length to breadth of
rectangle was found to be important. Whenever
the ratio was very high, sqare planting Yields less
cympetition, bui when the ratio was margmally greater
than two, the competition effect was the Jower in
rectingular planting. Agiin waen the ratio ranged
between 1 to 1-5, the competition effect in rectangular
pattarn increased, Thus, tiese theoretical considera-
tions suggest that there exist a opiimal range of ratjos
of the rectangul.r sides, beyond wuich zone on either
side the rectaing lar pattern will yield more competi-
tion of individual plants, And this ratio suggested
from taese investigitions was found to be somewiaere
around 2 to 2-3, at waich tae rect:ng:lir pattern of
planting will yield slightly less competition effect of
individual pl.nts,

The theoretical results, obtained from the assump.
tion of the-inverse relationship of competition effect
with distance and the additive effect of competition,
seems to expl in prictical results obtained in some
experiments, For example, triangular planting has
vielded more tian the conventional planting pattern
in finger millet crop in an experiment conducted in

summer 1976 wita three genotypes of differing plant

types (Subramanizm, persona] commupication),

Also in some genotypes, in Sorghum, triangular
planting has viclded miore than the conventional plant-

ing?,

Shubeck and Young®? found increased yield by 9
bushels/ha when planted in diamond shape, (compared
to the conventional rectangalar shape, in maize). But

systematic and sophisticated studies with refined tech-
niques are required to investigate on these aspects.
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Thus, it appears that from this modified approach
of computing competition effect, equi-djstant spacing
in triwngular pattern of planting seems to have marked
advont ges over conveutional planting, And in the
compirison of rectangular and square patterns, it
appe'rs rectsngular pattern  varying moderately
from sqizre pattern to yield better results thon the
sq lare pattern, Also it appexrs the restlts ¢btained
from the trials conducted on planting patterns,
conferm more with this new theoretical approach,
c>mp red to the model considering adjacent plants
only. Farther, this concept developed is More flexible
end comprelbensive, in that, it can be used to compare
tre effect of different patterns of planting,

Hob>wever in all these models the competition effect
is 258 med to be two-dimensional, while, in prectice,
it s three-dimensional, jnvolving the other factors
—volvme of the secil, plint canopy and plant roots,
Incl'sion of th.. factor involves investigation with
highly sophisticated techniques under highly controlled

conditions, which is not in the perview of the present
study.
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