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Summary 

Crop yield/ weed density functions gener
ally show. de<:reasing rate of yield loss 
with Increasing weed density (I.e. they are 
strictly convex runetions). We demonstrate 
the influence of spatial distribution of 
weeds on crop yield for generalized convex 
funcUon and give a numerical example for 
barnyard grass (Echinochloa crus-gaJ/i var. 
oryzicola) in rice. Plants generally display 
some degree of contagious or clumped dis
tribution. Where this occurs in crop weeds, 
estimates of yield loss, based on mean 
densities over large areas, will usually be 
over-estimates. 

Introduction 

Crop yield/ weed density models generally 
indicate a decreasing rate of yield loss with 
increasing weed densi ty (Cousens 1985), i.e. 
strictly convex functions (see Figure 1). Est
imates of crop loss are typically obtained 
by estimating the mean weed density for a 
large area, e.g. I ha or a field of many hect
ares. However, mean loss values for similar 
weed densities often vary widely and thus 
there is difficulty in establishing economic 
thresholds with precision (Auld et al. 1987). 
This may be partly explained by the 
innuence of uneven spatial distribution of 
weeds, as plants frequently have clumped 
or contagious distributions (Kershaw 1973). 

General derivation 

Suppose that an area under study is divided 
into l_m2 quadrats and that weed density 
is uniform within each quadrat. Let Jlw) 
represent the yield in a quadrat as a func
tion of its weed density. Furthermore, let 
n be the number of different weed densities 
observed in relation to all the quadrats 
making up Ihe field. 

If PI represents the proportion of a field 
of a size of A m2 with a weed density of wi> 
IOtal yield is 

Y = '1: ,p,Aj(w,j ,. 
and r:.p,= I 

(I) 

(2) 

Average yield m- l is: 

y = Y/ A ='1: oj'(w,) (3) I. r 

If all the Wi are not equal (Le. if weed 
density m- l is not uniform) and sincef(w) 
is strictly convex, it follows that 

~,pj'(WI»f {~,PWI } (4) 

(Hardy et al. 1934; Karlin 1959) i.e. non
uniformity of weed density compared to 
uniformity results in a greater estimate of 
yield on average m - l. 

This is illustrated in Figure 1. If weed 
density is uniformly distributed at w per 
square metre yield on every ml (and there
fore on average m - 1) is Yl . Now suppose 
that weed density in half the ml quadrats 
is WI and in the other half is W2. In those 
square met res with a density of WI yield is 
Y 4 and in those with a density of Wl yield 
is YI ' Hence yield on average ml is 

Y, = O.5Y. +0.5 Y, (5) 

Because of the strict convexity off(w) and 
as can be observed from Figure I , Y] > Y2, 
the yield obtained when weeds are uni
formly distributed. 

Hence, because the yield estimate is 
greater for clumped distributions, the yield 
loss estimate is lower. Thus the current 
assumption in crop loss models of an even 
distribution of weeds over-estimates yield 
loss. 
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Figure 1 Generalized crop Yleldlweed der,s,ly con· 
vex lunctlon Y .. I(w) (solid line). 
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A numerical example 

Some appreciation of the impact on phys
ical yield loss can be gained from a specific 
example. Chisaka (1977) presented a typical 
yield/ weed density relationship which was 
specific for barnyard grass (Echinochloa 
crus-galli var. aryl-ico/a) in rice (although 
he gave no data on distribution of the barn
yard grass we will assume it to have been 
uniform). Using his function, let us con
sider two possible situations where the 
mean weed density over an area of 1 ·ha was 
one barnyard grass plant m - l , i.e. the 
total weed population in each instance was 
10 000 plants. In one case the weeds are dis
tributed evenly so that one plant occurs in 
each ml. In another case (ignoring edge 
effects) weeds are distributed in 100 discrete 
1 m x 1 m patches each with 100 weeds. 
The predicted yield loss in the first case is 
51 kg ha- ' and in the second it is 36 kg 
ha- I . 

Conclusion 

Plants frequently display some degree of 
clumped or contagious distribution. Where 
this occurs with crop weeds, current esti
mates of crop yield loss based on mean 
densities per acre or hectare will usually be 
over-estimates; the more uneven the spatial 
distribution of weeds the greater the dis
crepancy. Consequently, the ability to 
determine crop loss functions with more 
precision and therefore economic thresh
o lds would require data on weed distri
bution. In the absence of greater precision, 
uncertainty about weed distributions may 
influence decis ion making in weed control 
(Auld and Tisdell 1987). There is clearly a 
need to estab lish the magnilUde of this dis
tribution effect in field studies. 

References 

Auld, B. A .• and Tisdell , C. A. (1987). 
Economic thresholds and response to 
uncertainty in weed control. Agricultural 
Systems 25, 219- 27. 

Auld, B. A., Menz, K. M .• and Tisdell, C. 
A. (1987). 'Weed Contro l Economics'. 
(Academic Press: London.) 

Chisaka, H. (1977). Weed damage to 
crops: Yield loss due to weed competi
tion. In ' Integrated Control of Weeds', 
eds J . D. Fryer and S. Matsunaka, 
pp.I-16. (J apan Scientific Societies 
Press: Tokyo.) 

Cousens, R. (1985). A simple model relat
ing yield loss to weed density. Annals of 
Applied Biology 107. 239-52. 

Hardy, G., Littlewood, J . E .• and Polya, 
G. (1934). ' inequalities'. (Cambridge 
University Press: Cambridge.) 

Karlin, S. (1959). 'Mathematical Methods 
and Theory in Games, Programming 
and Economics'. Vol. I pp.404-5. (Addi
son-Wesley: Reading. Mass. ) 

Kershaw, K. A. (1973). 'Quantitative and 
Dynamic Plant Ecology'. 2nd ed. (Ed
ward Arnold: London.) 


