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Summary   The perceived need for a succession of 
costly manual and mechanical weeding operations in 
organically-grown onion crops is a signifi cant deterrent 
to the growing of this crop. In this paper we describe 
the yield responses of two organic onion crops to 
progressively delayed and prolonged weeding in two 
experiments using the Gompertz equation. We then 
use these response patterns in conjunction with the 
marketed yields and weeding costs in the surrounding 
commercial crops to reveal how the net margins from 
weed control declined with increased prolongation of 
weeding. The result identifi es a need to restrict weed-
ing operations, particularly costly hand-weeding, to 
the early crop development period when larger yield 
responses to weed control occur.
Keywords    Weed control,  economics.

INTRODUCTION
Onions are highly susceptible to competition from 
weeds and may produce little or no marketable yield 
if weed control measures are not taken (Hewson and 
Roberts 1971, Wicks et al. 1973). Slow emergence, 
slow initial growth rate, and low maximum leaf area 
index, the latter facilitating weed emergence through-
out the long crop development period, account for this 
susceptibility (Dunan et al. 1996). As a result weed 
control constitutes a high proportion of the produc-
tion costs of onions. This is especially so in organi-
cally-grown crops in which a succession of thermal, 
mechanical and costly hand-weeding operations take 
the place of the less costly pre- and post-emergence 
soil-residual herbicides that are used in convention-
ally-grown onions. 

The high cost of these physical weeding opera-
tions is a strong deterrent to the development of the 
organic onion industry in New Zealand and has in 
some instances resulted in production costs exceed-
ing revenue gains (Spenser, A.S. Wilcox and Sons 
Ltd. pers. comm.). Low or negative net margins from 
weeding may be a consequence of onion growers 
conducting some weeding operations after the so-
called ‘critical period’ for weed control, and in so 
doing securing little or no extra yield (Knezevic et 
al. 2002). Time-of-weeding experiments indicate that 
the greatest yield benefi ts occur from weeding onions 
early in crop development, e.g. 6–8 weeks (Hewson 
and Roberts 1971), 0–12 weeks (Wicks et al. 1973) and 

2–6 weeks after crop emergence (Menges and Tamez 
1981). In the current study we model the response 
of onion yield in two time-of-weeding experiments 
in Canterbury, and use these responses to calculate 
net margins for the commercial weeding programs 
conducted in these crops. 

MATERIALS AND METHODS
Experiment 1   This experiment was conducted on a 
Lismore stoney silt loam in an organically-grown di-
rect-seeded onion crop (var. Pukekohe Long-keepers) 
at Kirwee, Canterbury, New Zealand, in the 2000–01 
growing season. The onions were sown on 16 August 
2000 using a Stanhay vacuum precision seeder in fi ve-
row 1.625 m wide beds at spacings of 28 and 6 cm 
between and within-rows respectively (17 seeds m-1 of 
row). Overhead irrigation was supplied on eight occa-
sions (about 30–40 mm each time) from 27 October 
until 14 February. An organic fertiliser, derived from 
fi sh by-products, was applied at 75 L ha-1 on 12 Dec., 
25 Dec., 2 Jan., 13 Jan. and 29 Jan. Copper, at 1.5 kg 
ha-1, was added to the fertiliser application on 22 Dec. 
Pyrethrum was applied on 17 and 20 Feb. to control 
thrips. Soil samples at sowing time revealed 18% soil 
moisture and 13 species of buried weed-seeds. The 
entire crop was fl ame-weeded on 8 Sept. before onion 
emergence. 

The design was a randomised block with 14 
treatments and six replicate blocks divided spatially 
into two groups of three and located to avoid stones. 
The plots were 3 m long × 1.625 m wide arranged 
contiguously along the beds. There were seven treat-
ments in which the fi rst weeding was progressively 
delayed until 2, 4, 9, 13, 16, 20 and 26 weeks after 
50% crop emergence on 14 September 2000, and seven 
in which the plots were kept weed-free for increasing 
lengths of time (until 2, 4, 8, 13, 16, 20, 26 weeks). 
The plots were kept weed-free for the duration of each 
of the treatments using sharp pocket-knives to sever 
the weeds at ground level. The grower conducted a 
weeding program in the remainder of the crop fol-
lowing best practice; costs of each of these weeding 
operations were recorded.

The onions were harvested on 12 March 2001 by 
hand fork and left to dry on the surface. The outer two 
guard rows of each plot were discarded along with 
25 cm at the end of each row. The sample area was 
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calculated as 2.5 × (3/5 × 1.625) = 2.4375 m2 since 
three of the fi ve rows in each bed were harvested. On 
20 March the stems were removed 30 mm above the 
bulbs which were left until 28 March to dry when they 
were sampled and graded into six size classes; 0–40, 
40–60, 60–70, 70–80, 80–90, and >90 mm diameter. 
The bulbs in each grade were weighed, counted and 
stored for six weeks, at which time storage losses 
were assessed.

Experiment 2   This experiment was conducted in 
an onion crop sown on 24 August 2001 into the same 
paddock as used for Experiment 1 following a winter 
fallow. The grower conducted a weeding program in 
the remainder of the crop following best practice and 
costs of each weeding operation were recorded. All 
details of the experiment were essentially the same 
as for Experiment 1 with the following variations: (1) 
irrigation was applied on 6–8 Sept. and from 19 Nov. to 
4 Dec.; (2) a pre-sowing application of an organic fer-
tiliser was applied on 10 Aug.; (3) the crop was fl ame-
weeded from 11–13 Sept.; (4) 50% crop emergence 
occurred on 18 Sept.; (5) ‘delayed’ and ‘prolonged’ 
weeding treatments were determined as the thermal-
time equivalents of those in Experiment 1; (6) onions 
were harvested on 21 Feb. 2002 and tops removed in 
fi eld on 25 Feb. 2002; and (7) the >90 grade onions 
were amalgamated with the 80–90 grade class. 

Crop yield data analysis   The total onion yields were 
subjected to statistical analysis in which Gompertz 
equations (1) were fi tted to the treatment means:

Y = A+Ce
[−e−B(t −M )]

 (Equation 1)

where A, C, B and M are parameters describing the 
shapes of the ‘delayed-weeding’ and ‘prolonged-weed-
ing’ curves, and t is time since 50% crop emergence 
in units of cumulative thermal time (TT (degree days, 
°Cd)). TT was calculated as the sum of daily mean 
temperatures, the latter being the mean of frequent 
temperature readings. 

Net margin analysis   For a crop without weed con-
trol, the proportional yield loss is (1−a), where a is 
the relative yield without weed control (Figure 1). A 
weeding program that keeps the crop weed-free from 
time t1 to t2 (Figure 1) incurs two losses. Firstly, it will 
incur a proportional loss of (1−d) through delaying the 
fi rst weeding until time t1, where d is defi ned by Figure 
1. Secondly, it will incur an additional proportional 
loss of (1−b) through prolonging the weeding until 
time t2 only (Figure 1). The total loss is (1−d)+(1−b); 
this necessity for adding the losses predicted by the 

‘delayed’ and ‘prolonged’ weeding curves has been 
overlooked by previous authors (Knezevic et al. 2002). 
When compared to a crop without weed control, the 
proportional yield loss prevented by the t1−t2 weeding 
program is (1−a)−(1−d)−(1−b) = (d+b−a−1). In ab-
solute terms, the prevented yield loss is W(d+b−a−1), 
where W is the weed-free onion yield (kg ha-1). 

If the total cost of the weeding operations carried 
out between t1 and t2 is C ($ ha-1), and the price received 
for the onions is P ($ kg-1), then the net margin, NM 
($ ha-1), for this weeding program is:

NM = W (d+b−a−1)×P−C  (Equation 2)

Using this approach we calculated the NM for the 
full weeding program conducted in each of the two 
crops (7 and 6 operations for the Experiment 1 and 2 
crops respectively). To determine the NM for less pro-
longed weeding programs, we repeated the calculation 
for programs consisting of the fi rst weeding operation 
alone, the fi rst two operations, and so on. 

RESULTS AND DISCUSSION
Crop yield data analysis   Weed communities de-
veloped and accumulated dry masses of 500 and 790 
g m-2 on the unweeded plots of Experiments 1 and 2 
respectively (data not given). The dominant species in 
both experiments was Trifolium repens L.

The onion yields from both experiments were well 
described by the fi tted Gompertz equations, with over 
97% of the variance accounted for in the case of both 
the delayed and prolonged weeding treatments (Table 
1). There were differences between the experiments in 
the model parameter values and thus the shapes of the 
curves (Figure 2). In Experiment 2 the weed-free yield 

Figure 1.   Theoretical representation of a weeding 
regime beginning at time t1 and ending at time t2. The 
curves are the relative yield responses to delayed (---) 
and prolonged (—) weeding given by equation (1).
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was higher, and the weedy-yield (without weed con-
trol) lower, than in Experiment 1 (Table 1 and Figure 
2). The steeper slopes of the curves and the greater ef-
fect of the weeds on yield in Experiment 2 may refl ect 
the higher weed biomass in Experiment 2. 

The weeding operations conducted in the commer-
cial parts of the two crops varied in number and timing 
(Figure 3). Seven separate weeding operations were 
conducted in the Experiment 1 crop using inter-row 
hoeing (IR) and hand-weeding (HW); these were IR, 
IR, HW, HW, IR, IR and HW. Six weeding operations 
were conducted in the Experiment 2 crop: IR, HW, IR, 
HW, IR and IR. In the Experiment 2 crop the weeding 

operations began and stopped later in thermal time than 
in the Experiment 1 crop (Figure 3b cf. Figure 3a). 

Net margin analysis   Marketed yields of 24,750 and 
14,250 kg ha-1 from the Experiment 1 and 2 crops 
respectively were approximately 2/3 and 1/3 of the 
total harvest yields. Storage losses were not corre-
lated with crop weediness (data not given) and were 
due mainly to Botrytis spp. in the Experiment 1 crop, 
and to Botrytis spp., Penicillium spp., other fungi and 
wireworm (Coleoptera: Elateridae) in the Experiment 
2 crop. To obtain the weed-free yield, W, for Equation 
2, these commercial yields were scaled up by dividing 

Table 1.   Parameter values for the Gompertz equations (1) fi tted to the onion yield data from ‘delayed’ and 
‘prolonged’ weeding treatments. 

Experiment 1 (2000–2001) Experiment 2 (2001–2002)

Parameter Delayed Prolonged Delayed Prolonged

B −0.003366 0.002732 −0.00414 0.01258

M 1194 −2614 1035 417.4

C 27,568 34,757,492 42,779 40,291

A 8759 −34,722,527 4136 5459

% var. acc. 97.7 98.6 97.1 99.1

Weed-free yield (kg ha-1) 35,836 34,965 46,329 45,750

Weedy yield (kg ha-1) 8759 7462 4136 5459

Figure 2.   Response of onion yield to delayed (---) and 
prolonged (—) weeding in (a) Experiment 1 and (b) 
Experiment 2. Symbols are treatment means. Param-
eters for fi tted equations (1) are given in Table 1. 
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Figure 3.   Timing of the commercial weeding opera-
tions in relation to the response curves in Figure 2 
expressed on a relative basis for (a) Experiment 1 and 
(b) Experiment 2. Vertical lines are: solid (inter-row 
hoe), broken (hand-weeding).
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them by 0.9704 and 0.8773 respectively. These were 
the values of (1−d)+(1−b) obtained from the curves in 
Figure 3, using the timings of the fi rst and last com-
mercial weeding operations to determine the values of 
d and b respectively. The resulting values for W were 
25,506 and 16,242 kg ha-1 for the Experiment 1 and 2 
crops respectively.

For use in Equation 2, the value of parameter a, the 
relative crop yield without weed control, was calculat-
ed as the average of the two estimates of ‘weedy yield’ 
(from the delayed and prolonged models) divided by 
the average of the two estimates of ‘weed-free yield’ 
(Table 1), giving a=0.23 and a=0.10 for the Experiment 
1 and 2 crops respectively. The value of parameter d 
for the start of the weeding program in each crop was 
calculated from the delayed weeding curves in Figure 
3, giving d=0.98 and d=0.88 for the Experiment 1 and 
2 crops respectively. 

Equation 2 was then applied in a stepwise manner 
to calculate the cumulative effect of the successive 
weeding operations on the net margin, NM, in both 
crops (Table 2). For this purpose, values of b were 
taken from the prolonged weeding curves in Figure 
3.

The full post-emergence weeding programs 
yielded positive NMs of $236 and $8317 ha-1 in the 
Experiment 1 and 2 crops respectively, so that in both 
cases the full weeding programs were economically 

justifi ed. However neither program was the optimal 
solution economically. This is evident for the Experi-
ment 1 crop where the weeding operations conducted 
after the second operation, at 555 °Cd, progressively 
reduced the NM from a maximum of $14,158 to $236 
(Table 2). This pronounced fall in NM was due to the 
costly hand-weeding operations conducted late in crop 
development when yield responses to removing weeds 
were minimal (Figure 3a). In the Experiment 2 crop 
there was also a progressive, although less pronounced, 
reduction in NM with each successive operation from 
a maximum of $10,945 from the fi rst operation at 590 
°Cd, to a minimum of $8317 (Table 2). The lesser 
cumulative effect of each weeding operation in the 
Experiment 2 crop resulted mainly from the lower costs 
of hand-weeding in this crop (Table 2), due to the use of 
a tractor-drawn platform to move prone hand-weeders 
at a constant rate along the onion beds. 

GENERAL DISCUSSION
The conclusion from this analysis is that the late-season 
weeding operations reduced the net margin from weed 
control so that both crops would have returned a greater 
overall profi t had these late season operations not been 
conducted. This analysis ignores any additional costs 
incurred through extra harvesting diffi culties as a con-
sequence of late season weeds interfering with onion 
lifting and grading machinery. In Experiment 2, these 

Table 2.   Net margins, NM, for the cumulative effect of the weeding operations up to varying points in time 
in the two commercial crops using equation (2). For the Experiment 1 crop, W = 25,506 kg ha-1, a = 0.23, 
d = 0.98. For the Experiment 2 crop, W = 16,242 kg ha-1, a = 0.10, d = 0.88. The price, P = $1.0 kg-1. 

°Cd Weeding operation
Cumulative C 

($ ha-1) b
Yield loss 

prevented (kg ha-1)
NM 

($ ha-1)

Experiment 1 crop

273 IR $294 0.63 9,628 $9,333

555 IR $589 0.83 14,746 $14,158

620 HW $7,449 0.86 15,456 $8,008

950 HW $13,451 0.94 17,651 $4,200

1033 IR $13,745 0.95 17,952 $4,207

1418 IR $14,040 0.98 18,730 $4,690

1619 HW $18,670 0.99 18,906 $236

Experiment 2 crop

590 IR $77 0.91 11,022 $10,945

683 HW $1,642 0.97 12,063 $10,421

923 IR $1,736 1.00 12,533 $10,797

1071 HW $4,092 1.00 12,554 $8,462

1134 IR $4,147 1.00 12,556 $8,408

1735 IR $4,240 1.00 12,557 $8,317



186

Fourteenth Australian Weeds Conference

costs, H, were estimated from information provided 
by the commercial grower. Estimates were $1137, 
$912 and $333 ha-1 for weeding programs prolonged 
until 590, 683 and 923 °Cd respectively, with no such 
costs for programs of greater duration. The revised net 
margin is given by:

NM = W(d+b−a−1)×P−C−H  (Equation 3)

With this revision the NMs for the fi rst three 
weeding programs for the Experiment 2 crop reduce 
from $10,945, $10,421 and $10,797 (Table 2), to 
$9808, $9509 and $10,464 respectively. Thus for the 
Experiment 2 crop, taking account of the harvesting 
diffi culties prevented by weeding results in the con-
clusion that the economically optimal solution was to 
weed until 923 °Cd (cf. 590 °Cd). Nevertheless, this 
was still more than a $2000 ha-1 improvement in NM 
compared to the full weeding program conducted in 
the commercial crop. 

In summary, these results reveal a need for im-
proved guidance for the weeding of organically-grown 
onion crops in New Zealand. Such guidance could be 
provided by models developed from delayed and pro-
longed weeding experiments (Knezevic et al. 2002). 
Their robustness for this purpose would depend upon 
developing an understanding of how their parameter 
values vary across the range of biotic and abiotic con-
ditions defi ning the crop growing environment.
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