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1 Executive summary 
The development of herbicide-resistant weeds is a persistent global issue 
that now affects the New Zealand kumara industry. Local growers of kumara 
(Ipomoea batatas (L.) Lam.) have begun reviewing their weed control 
practices due to the spread of paraquat-resistant biotypes of black 
nightshade (Solanum nigrum L.) and small-flowered nightshade 
(S. americanum Mill.). This research project examines potential replacement 
weed control strategies for the kumara cropping system. Paraquat diagnostic 
rates were estimated, to allow identification of resistant populations. It was 
found that resistant nightshade populations are well established throughout 
the main production area, and that under similar herbicide regimes resistant 
populations could quickly but independently develop in other regions. Various 
alternate herbicide systems were evaluated in a field trial, conducted at a 
paraquat-resistant black nightshade site. The primary approach assessed 
residual herbicides to control general weed growth followed by contact 
herbicides to clean up any escapes. The residual herbicides Sylon, Frontier 
and Lasso were all useful, but Sylon was most effective, particularly against 
paraquat-resistant nightshade. Oxy*250 was also effective in cleaning up 
nightshade escapes. Herbicide residues were not detected in roots harvested 
under the Sylon/Oxy*250 spray regime. To minimise crop damage it is 
important that careful attention is given to season/site-appropriate herbicide 
selection and the delivery system. 
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2 Introduction 
Herbicide-resistant weeds have become an escalating problem on a global 
scale, causing increasing levels of concern for economically sustainable crop 
production. Repeated use of a herbicide at low dosage levels effectively 
selects any portion of a weed population which shows resistance, removing 
only susceptible plants. The relative frequency of resistance genes within the 
remaining population increases. Through repeated cycles of plant 
germination, followed by herbicide selection and subsequent seed 
production, high levels of herbicide resistance may be found throughout an 
entire local population. Difficulties are also found following the continual use 
of residual herbicides, where after repeated chemical exposure soil microbe 
populations may become more efficient at degrading herbicides (Kaufman 
1987).  

Agrichemical resistance is not new to the kumara (Ipomoea batatas (L.) 
Lam.) industry: in the Dargaville-Ruawai district the scurf fungus 
(Monilochaetes infuscans) is recognised as resistant to benomyl fungicides. 
Field herbicide resistance generally only becomes noticeable when the 
frequency of resistant weeds becomes quite high (Gressel 1986). However, 
paraquat-resistant biotypes of black nightshade (Solanum nigrum L.) and 
small-flowered nightshade (S. americanum Mill.) have become increasingly 
widespread in the Dargaville-Ruawai region.  

This research project was established to examine the problem of paraquat 
resistance and to investigate potential replacement weed control strategies 
for the New Zealand kumara cropping system. It should be borne in mind that 
crop production takes place in a dynamic synthetic ecosystem and weed 
control strategies will need to be continually modified to remain effective.  

The project was jointly funded and supported by the MAF Sustainable 
Farming Fund, Horticulture New Zealand – Process Vegetable Product 
Research & Development Grants Committee and the Northern Wairoa 
Vegetable Growers’ Association.  

3 Dargaville field trial 
3.1 Aim 

To evaluate various herbicide systems for use in the kumara crop, with 
particular reference to controlling paraquat-resistant black nightshade.  

3.2 Materials and methods 
Based on the previous season’s results and industry input, a number of 
herbicide combinations were selected for application in a field trial (Table 1). 
The trial site was on a commercial property situated near Dargaville, in a field 
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with an established history of paraquat-resistant black nightshade. The trial 
was laid out in a modified alpha row-column design, four columns wide by 16 
rows long (see images in Appendix I) The 16 treatments were replicated four 
times. Each plot was four rows wide by 3 m long, with a 1 m long gap 
between plots along columns. Transplants were inserted every 30 cm along 
each row, with an inter-row spacing of 75 cm. Each plot therefore contained a 
total of four rows with 10 plants in each row, the two outer rows serving as 
guard rows.  

Residual herbicides (Afalon, Frontier, Lasso, Oxy*250-C and Sylon) were 
applied immediately after planting and watering was complete, on 29 
December 2005. Spray mixtures were applied at various chemical-specific 
water rates (Table 2, see also the water analysis in Appendix II). For the 
Afalon treatment, the herbicide was washed from the transplants’ leaves 
immediately after application (as in the South African production system). 
The Oxy*250-C treatment plots were initially sprayed with water (608 L/ha) to 
simulate dew, prior to herbicide application. The weather was calm and dry 
during the application of residuals, but rain fell on following days, ensuring 
herbicide activation (Figure 1). Soil nutrient levels, organic matter content and 
level of exchangeable cations were assessed during the trial period (see soil 
analysis in Appendix III).  

The first applications of contact herbicides (Gramoxone, Organic Interceptor, 
Oxy*250 and Tough) were made under calm, dry conditions on 11 January 
2005 (Table 2). Oxy*250 treatment plots were again sprayed with water  
(608 L/ha) to simulate early morning dew, prior to herbicide application. 
Weed growth was light but relatively even throughout the trial, with the most 
advanced nightshade seedlings showing 2–3 true leaves (Appendix I: 
Plate 2).  

The final applications of contact herbicides (Gramoxone, Organic Interceptor, 
Oxy*250 and Tough) were made under calm conditions (Table 2) in the early 
morning of 6 February 2005 (Appendix I: Plate 3). The Oxy*250 treatment 
plots were sprayed with herbicide while leaves were still naturally covered 
with a heavy early morning dew (Appendix I: Plate 4).  

On 3 March, weed samples were collected from four 40 x 40 cm quadrats per 
plot (two on ridges and two in the valleys) and the control plots were carefully 
hand-weeded. The season was generally dry, so weed germination was 
relatively light. The weed samples were used to evaluate weed numbers, 
species and biomass (dry weight at 80°C) under the different herbicide 
regimes.  

At harvest, on 10 April 2006, root total yield, marketable yield (roots greater 
than 2.5 cm in diameter) and marketable root numbers were recorded per 
plot (Appendix I: Plate 5). Roots were cut open to check for internal defects 
and root sub-samples were oven-dried at 80°C to assess the ratio of root dry 
matter to water content.  
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Table 1: Herbicide product combinations and application times for a sweetpotato (I. batatas (L.) Lam.) 
herbicide trial at Dargaville over the 2005-06 season. The trial was planted on 29 December 2005 and 
harvested on 10 April 2006.  

Residual 
application 
29/12/2005 

1st contact application 
11/01/2006 

2nd contact application 
6/02/2006 

Weed 
assessed 
3/03/2006 Treatment name 

- - - Hand-weeded Hand-weeded 

Frontier Gramoxone Gramoxone  Frontier-Gramoxone 

Frontier Oxy*250-A Oxy*250-A  Frontier-Oxy*250 

Afalon Gramoxone Gramoxone  Afalon-Gramoxone 

Afalon Oxy*250-A Oxy*250-A  Afalon-Oxy*250 

Sylon Gramoxone Gramoxone  Sylon-Gramoxone 

Sylon Oxy*250-A Oxy*250-A  Sylon-Oxy*250 

Lasso Oxy*250-A Oxy*250-A  Lasso-Oxy*250 
     

- Gramoxone Gramoxone  Gramoxone  

- Gramoxone Tough-A  Gramoxone-Tough-A 

- Gramoxone Tough-B  Gramoxone-Tough-B 

- Organic Interceptor-A Organic Interceptor-A  Organic Interceptor-A 

- Organic Interceptor-B Organic Interceptor-B  Organic Interceptor-B 

- Oxy*250-A Oxy*250-A  Oxy*250-A 

- Oxy*250-B Oxy*250-B  Oxy*250-B 

Oxy*250-B Oxy*250-B Oxy*250-B  Oxy*250-C 
Full trademark names of products are as follows: Frontier®, Gramoxone®250, Lasso® Micro-Tech®, Afalon®, Organic InterceptorTM, 
Oxy*250 SC, Sylon®840, Tough® 450 EC. Note that the extensions -A, -B and -C are to distinguish different application rates.  
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Table 2: Chemical and application parameters for a sweetpotato (I. batatas (L.) Lam.) herbicide trial at Dargaville over the 2005-06 season. 

Product Active ingredient 
Concentrate 
formulation 

Product 
application rate 

L/ha 

Active 
ingredient 

L/ha 
Water 

rate L/ha 
Pressure 

bar 
Number of 

applications 

Season a.i. 
application 

L/ha 

Frontier Dimethenamid 900 g/L 2.0 1.80 300 3 1 1.800 

Gramoxone Paraquat dichloride 250 g/kg 0.4 0.10 300 3 2 0.200 

Lasso Alachlor 480 g/L 5.0 2.40 300 3 1 2.400 

Afalon Linuron 450 g/L 2.0 0.90 300 3 1 0.900 

Organic Interceptor-A Pine oil 510 g/L 35.3 18.00 300 3 2 36.000 

Organic Interceptor-B Pine oil 510 g/L 17.7 9.00 300 3 2 18.000 

Oxy*250-A Oxyfluorfen 250 g/L 0.4 0.10 481 1 2 0.200 

Oxy*250-B Oxyfluorfen 250 g/L 0.6 0.15 608 1 2 0.300 

Oxy*250-C Oxyfluorfen 250 g/L 0.6 0.15 608 1 3 0.450 

Sylon Acetochlor 840 g/L 2.5 2.10 300 3 1 2.100 

Tough-A Pyridate 450 g/L 1.0 0.45 300 3 1 0.450 

Tough-B Pyridate 450 g/L 0.5 0.225 300 3 1 0.225 
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Figure 1: Daily rainfall (mm) at Dargaville over the period following residual herbicide 
application, 29 December 2006.  
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3.3 Results and discussion 
Examining the trial results for evidence of crop damage, the herbicide 
regimes evaluated had a significant effect (Table 3) on total root yield 
(P<0.001), marketable yield (P<0.001), root dry matter content (P<0.001) and 
root number (P=0.020), but not on marketable percentage (P=0.24).  

Table 3: Effects of various herbicide treatments on the yield of sweetpotato cultivar Owairaka Red at 
Dargaville during the 2005-06 season.  

Treatment 
Total yield 

t/ha 
Marketable yield 

t/ha 
% 

Marketable 
Root dry matter 

% 
Root number 

per m2 

Oxy*250-C 11.9 10.1 81.9 31.0 6.2 

Afalon-Gramoxone 12.8 9.6 73.1 28.7 6.4 

Oxy*250-B 13.6 10.5 76.1 29.8 7.1 

Frontier-Gramoxone 14.0 10.9 76.9 27.2 7.3 

Afalon-Oxy*250 15.1 12.0 77.1 28.5 7.6 

Gramoxone-Tough-A 15.1 11.7 76.7 30.2 7.6 

Sylon-Oxy*250 15.3 13.1 85.6 31.1 7.6 

Frontier-Oxy*250 15.8 13.3 83.4 31.5 8.2 

Oxy*250-A 15.8 12.5 80.1 29.0 8.2 

Gramoxone-Tough-B 16.0 13.0 81.7 29.9 7.4 

Sylon-Gramoxone 16.1 13.0 79.0 28.5 8.4 

Lasso-Oxy*250 16.2 13.3 83.0 31.1 7.8 

Gramoxone  16.7 13.8 79.5 28.6 8.6 

Organic Interceptor-B 17.1 13.9 78.8 29.4 8.3 

Organic Interceptor-A 18.0 14.6 79.3 30.2 9.8 

Hand-weeded 18.5 14.9 80.0 30.7 9.7 
    

  

LSD0.95 (df = 30) 2.9 2.9 8.4 2.0 2.2 

P value <0.001 <0.001 0.24 <0.001 0.020 
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On average (Figure 2), marketable yield increased by 0.95 t/ha (SE = 0.062) 
for every 1 t/ha increase in total yield (P<0.001, R2 = 94.7%).  
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Herbicide treatment key: (A) Afalon-Gramoxone, (B) Afalon-Oxy*250, (C) Frontier-Gramoxone, 
(D) Frontier-Oxy*250, (E) Gramoxone, (F) Gramoxone-Tough-A, (G) Gramoxone-Tough-B, (H) 
Hand-weeded, (I) Lasso-Oxy*250, (J) Organic Interceptor-A, (K) Organic Interceptor-B, (L) 
Oxy*250-A, (M) Oxy*250-B, (N) Oxy*250-C, (O) Sylon-Gramoxone, (P) Sylon-Oxy*250. 

 

Figure 2: Comparison of total and marketable yield (t/ha) for sweetpotato cultivar 
Owairaka Red under different herbicide regimes. In the absence of any major 
defects, roots over 2.5 cm in diameter were considered marketable.  

 

As the season was dry, weed competition was relatively low and marketable 
root yield was not related to weed density as assessed by weed canopy dry 
weight (Figure 3). The highest marketable yields were seen in the hand-
weeded treatment (H), and the Organic Interceptor treatments (J and K), 
which also had the highest weed populations (Table 4). As there was no 
correlation between crop root yield and weed population density, the crop 
effects seen in Table 3 are indicative of direct herbicide phytotoxic effects, 
rather than a response via modifying weed competition. Based on these 
results, any of the weed control measures applied to this trial site could not 
be justified by improved economic returns within the evaluation season. 
However, failure to restrain weed growth and subsequent seed set could 
cause major problems in ensuing seasons.  
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Herbicide treatment key: (A) Afalon-Gramoxone, (B) Afalon-Oxy*250, (C) Frontier-Gramoxone, (D) 
Frontier-Oxy*250, (E) Gramoxone, (F) Gramoxone-Tough-A, (G) Gramoxone-Tough-B, (H) Hand-
weeded, (I) Lasso-Oxy*250, (J) Organic Interceptor-A, (K) Organic Interceptor-B, (L) Oxy*250-A, 
(M) Oxy*250-B, (N) Oxy*250-C, (O) Sylon-Gramoxone, (P) Sylon-Oxy*250. 

 

Figure 3: Weed dry weight (g/m2) relative to marketable root yield (t/ha) within a 
sweetpotato Owairaka Red herbicide trial at Dargaville in the 2005-06 season.  

 

Herbicide applications had a significant effect (Table 4) on weed growth, as 
measured by weed dry weight (P<0.001) and number (P<0.001). The trial site 
had a history of paraquat-resistant black nightshade, which was confirmed in 
the greenhouse by evaluating seed collected from the site. The number of 
nightshade plants growing under different herbicide regimes differed 
significantly (P<0.001). Black nightshade plants made the greatest 
contribution to total weed numbers (75.6%) under the Gramoxone 
(a.i. paraquat) treatment, compared with the overall treatment mean of 46.9% 
(Table 5).  

The hand-weeded treatment gives a measure of weed number, mass and 
composition without the use of herbicides. Compared with the hand-weeded 
treatment, all other treatments showed a significant reduction in overall weed 
dry weight, but the Organic Interceptor treatments did not differ from hand-
weeded plots in either overall weed numbers or in number of nightshade 
plants (Table 4). The Organic Interceptor treatment of the previous season 
appeared more effective in controlling the weed population, but under the trial 
conditions and application rates examined here, Organic Interceptor was not 
effective in weed control. It should also be noted that the Organic Interceptor 
formulation has been altered between the two seasons, as shown by the 
changing concentration of active ingredient from 680 g/L to 510 g/L.  
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Table 4: Effects of various herbicide treatments on the weed population within a sweetpotato 
Owairaka Red trial at Dargaville during the 2005-06 season. 

Treatment 
Weed dry 

weight g/m2 
Weed 

number/m2 
Nightshade 
number/m2 Nightshade % 

Sylon-Oxy*250 0.0 0.4 0.0 0.0 

Sylon-Gramoxone 0.0 1.2 0.4 12.5 

Frontier-Gramoxone 1.4 2.3 1.6 58.3 

Oxy*250-A 2.5 7.8 2.7 29.5 

Gramoxone-Tough-A 3.1 16.8 7.4 49.6 

Gramoxone-Tough-B 3.5 18.4 6.3 36.6 

Oxy*250-B 4.1 7.8 1.2 18.7 

Gramoxone  4.2 10.2 6.6 75.6 

Oxy*250-C 4.5 11.7 2.3 22.5 

Lasso-Oxy*250 4.8 5.5 1.6 20.0 

Frontier-Oxy*250 5.0 3.1 1.2 25.0 

Afalon-Oxy*250 6.0 13.3 4.7 30.6 

Afalon-Gramoxone 7.1 9.4 6.3 69.2 

Organic Interceptor-A 10.3 23.1 15.2 73.5 

Organic Interceptor-B 18.8 28.1 14.1 49.1 

Hand-weeded 41.3 30.9 17.6 55.4 
     

LSD0.95 (df = 30) 15.1 10.08 5.61  

P value <0.001 <0.001 <0.001  
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Table 5: Weed population species composition (%) within a herbicide 
trial at Dargaville during the 2005-06 season. 

Common name Botanical name Weed composition % 

Nightshade Solanum nigrum 46.9 

Fathen Chenopodium album 13.0 

Redroot Amaranthus retroflexus 26.3 

White clover Trifolium repens 9.9 

Field speedwell Veronica arvensis 1.6 

Sow thistle spp. Sonchus spp. 0.2 

Scarlet pimpernel Anagallis arvensis 0.4 

Grass spp.  1.6 

 

The primary weed management system evaluated in this trial was to apply a 
residual herbicide to control general weed growth followed by a contact spray 
to clean up any weed escapes. A comparison of the deleterious effects of 
herbicide regimes using either Gramoxone or Oxy*250 as the contact sprays, 
regardless of residual herbicide used, showed a very similar marketable yield 
response (Figure 4). The same comparison for total weed number showed a 
similar response (Figure 5). However, a contact herbicide comparison for 
black nightshade plants as a percentage of total weed numbers showed that 
the Oxy*250 group gave a significant reduction in nightshade plant numbers 
relative to those in the Gramoxone group (Figure 6).  

Comparisons of three residual herbicide treatment groups based on Afalon, 
Frontier or Sylon, each supported by spraying with either Gramoxone or 
Oxy*250, showed similar marketable yield responses (Figure 7). However, 
the groups showed quite dissimilar responses in total weed dry weight 
(Figure 8), with the use of Sylon allowing minimal weed growth. Total weed 
numbers across these groups were similar (Table 4), so weeds growing 
under the Sylon treatment were of particularly reduced size. The three groups 
showed quite dissimilar responses in nightshade-specific weed control 
(Figure 9). Although the residual herbicides lowered the general weed 
population, the contact herbicide Gramoxone selectively allowed more of the 
paraquat-resistant black nightshade plants to escape. In each of the three 
examples in Figure 9, cleaning up weed escapes with applications of 
Gramoxone was not as effective for black nightshade as using Oxy*250, 
owing to the resistant nightshade contribution. 

 



 
Page 12 

 

Contact herbicide comparison
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Figure 4: Marketable yield (t/ha) for treatments including the 
contact herbicide Gramoxone compared with those including 
Oxy*250, disregarding other weed control measures. The 
mean marketable yield within each of the two groups is 
indicated by the dotted line.  
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Figure 5: Total weed number (per m2) for treatments 
including the contact herbicide Gramoxone compared with 
those including Oxy*250, disregarding other weed control 
measures. The mean total weed number within each of 
the two groups is indicated by the dotted line.   
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Contact herbicide comparison
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Figure 6: Contribution of nightshade plants to total weed 
number (%) compared for treatments including the contact 
herbicide Gramoxone and those including Oxy*250, 
disregarding other weed control measures. The mean 
contribution of nightshade plants to total weed number within 
each of the two groups is indicated by the dotted line. 
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Figure 7: Marketable yield (t/ha) for treatments including the 
residual herbicides Afalon, Frontier and Sylon. Within each 
residual herbicide group the contact herbicide Gramoxone is 
presented first, then the contact Oxy*250. The mean 
marketable yield within each of the groups is indicated by a 
dot.  
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Figure 8: Total weed dry weight (g/m2) for treatments 
including the residual herbicides Afalon, Frontier and Sylon. 
Within each residual herbicide group the contact herbicide 
Gramoxone is presented first, then the contact Oxy*250. 
The mean total weed dry weight within each of the groups 
is indicated by a dot.   
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Figure 9: Mean contribution of nightshade plants to total 
weed number (%) for treatments including the residual 
herbicides Afalon, Frontier and Sylon. Within each residual 
herbicide group the contact herbicide Gramoxone is 
presented first, then the contact Oxy*250. The contribution 
of nightshade plants to total weed number within each of 
the groups is indicated by a dot.   
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4 Acetochlor evaluation 
4.1 Aim 

To determine whether applications of the residual herbicide acetochlor 
(Sylon) delay development of storage roots in the kumara cultivar Owairaka 
Red.  

4.2 Materials and methods 
The trial was situated at the Pukekohe Research Centre, and laid out in a 
randomised complete block arrangement on a Patumahoe clay loam soil site. 
The experiment was a complete two-way factorial design with each of the six 
factor combinations (i) Sylon; absent or present and (ii) Harvest date; 72, 98, 
119 days after transplanting (DAT), being replicated four times. Each plot 
was four rows wide by 3 m long, with a 1 m long gap between plots along 
columns. Transplants were inserted every 30 cm along each row, with an 
inter-row spacing of 75 cm. Each plot therefore contained a total of four rows 
with 10 plants in each row, the two outer rows serving as guard rows. The 
residual herbicide Sylon (840 g/L acetochlor) was applied (2.1 L a.i. per ha) 
immediately after planting (19 January), and watered-in with overhead 
irrigation. Weeds were further controlled with two applications of the contact 
herbicide Gramoxone (250 g/kg paraquat) at 0.1 L a.i. per ha, followed by 
hand-weeding. Overhead irrigation was used to supplement rainfall 
throughout the trial period. Roots were hand-harvested at the three dates 
(72, 98, 119 DAT) and divided into two groups, those less than 2.5 cm in 
diameter and those equal to or greater than 2.5 cm. Roots were cut open to 
check for internal defects and root subsamples were oven-dried at 80°C to 
assess the ratio of root dry matter to water content.  

4.3 Results and discussion 
There was no evidence of an acetochlor-induced delay in storage root 
development over the trial’s growing period (Table 8). As measured by total 
root weight on both a fresh weight and a dry weight basis, use of acetochlor 
significantly increased yield by 31% (P=0.028) and 33% (P=0.026), 
respectively. An increase was also evident for both root size categories, but 
the level of variability was such that it was not formally significant.  

Comparison of the Sylon-Gramoxone treatment with Gramoxone alone in the 
Dargaville field trial (Table 3), also gave no evidence of an acetochlor 
induced yield loss.  

A manufacturer’s recommended precaution to prevent crop damage through 
acetochlor use, is to avoid prolonged cold and wet post-planting conditions, 
and soils with very low organic matter.  
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Table 8: Effects of acetochlor (Sylon) herbicide treatment on the yield of sweetpotato cultivar 
Owairaka Red at Pukekohe during the 2005-06 season.  

Roots < 2.5cm  Roots ≥ 2.5cm Total root 

 

Sylon 
Number 
per m2 

Weight 
g/m2  

Number 
per m2 

Weight 
g/m2 

Number 
per m2 

Weight 
g/m2 

Dry weight 
g/m2 

Dry matter 
content (%) 

Absent 3.2 99  6.0 437 9.3 536 101 18.6 

Present 5.0 133  5.5 571 10.5 704 134 18.4 

          

LSD0.95 2.3 59  1.4 142 2.7 147 29 0.64 

P value 0.13 0.24  0.47 0.062 0.35 0.028 0.026 0.46 

 

5 Paraquat resistance in  
S. americanum  

5.1 Aim 
To estimate the paraquat concentration required to kill resistant small-
flowered nightshade (S. americanum Mill.) populations from the Dargaville-
Ruawai production area.  

5.2 Materials and methods 
Small-flowered nightshade seed from the Dargaville-Ruawai and Waitakere 
regions was chilled at 5°C to break dormancy. The seed was then sown in 
trays of peat/pumice potting mix. Following germination and development of 
the two cotyledons (seed leaves), the first true leaf became visible. Seedlings 
that had simultaneously reached this stage were transplanted into pots, so 
that each pot contained nine plants, spread to maximise inter-plant distance.  

Once the first true leaf had developed and the second true leaf was 
commonly just appearing, the pots of small-flowered nightshade plants were 
sprayed with varying concentrations of paraquat. For the Dargaville-Ruawai 
population, each treatment was replicated across 20 pots, so that 180 
individual plants were exposed to each paraquat concentration, apart from 
the lowest concentration which was replicated across nine pots. The six rates 
of paraquat (active ingredient) applied were 0.040, 0.16, 0.64, 2.56, 10.24 
and 15.36 g ai/L. For the Waitakere population, each treatment was 
replicated across six pots, so that 54 individual plants were exposed to each 
paraquat concentration. The five rates of paraquat (active ingredient) applied 
were 0.010, 0.020, 0.040, 0.16 and 0.64 g ai/L. Paraquat was applied in the 
Gramoxone 250 formulation (containing 250 g/kg paraquat dichloride salt in 
the form of a soluble concentrate). The plants were maintained in an 
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unheated greenhouse under natural lighting until living plants showed five 
true leaves, at which time the numbers of dead plants were recorded.  

Curves were fitted (GenStat 2003) to the data generated by each population.  

5.3 Results and discussion 
The preliminary fitted curves for resistant and standard small-flowered 
nightshade populations (Figure 10) show similar shapes, but the resistant 
population requires higher paraquat concentrations to produce a response. A 
comparison of LD99 estimates for standard and resistant populations (Table 
6) suggests that a concentration increase of more than 18-fold is required to 
kill resistant small-flowered nightshade. The shape of curves fitted for black 
nightshade (S. nigrum L.) seedlings (Figure 11) last season were similar to 
those for small-flowered nightshade populations. However based on these 
preliminary estimates of lethal dose concentrations for the paraquat-resistant 
small-flowered nightshade population (Table 6), the resistant black 
nightshade (Table 7) requires more than a 4-fold increase in concentration to 
produce similar death rates.  
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Figure 10: Preliminary evaluation of fitted response curves for 
the percentage of small-flowered nightshade (S. americanum 
Mill.) seedlings killed at varying paraquat concentrations (g a.i. 
per litre). Small-flowered populations from Waitakere and 
Dargaville-Ruawai were compared. Paraquat concentration is 
presented on a logarithmic scale. Each dot represents the 
mean response of 54 plants for the Waitakere population and 
180 treated plants for the Dargaville population (apart from the 
Dargaville resistance test treatment of 0.040 g a.i. per litre, 
which was based on 81 plants).  



 
Page 18 

 

Table 6: Estimates of the paraquat concentration (g a.i. per litre) required for lethal dose 
(LD) thresholds of 50, 95 and 99% plant death in two populations of small-flowered 
nightshade (S. americanum Mill.). Standard errors (SE) and 95% confidence levels are 
given. This table is based solely on preliminary experimental data from seedlings with one 
true leaf at the time of spray application.  

Population LD 
Estimate 
g a.i./litre 

SE 
g a.i./litre 

Lower 95% 
g a.i./litre 

Upper 95% 
g a.i./litre 

Waitakere      

 50 0.038 0.0704 0.034 0.044 

 95 0.072 0.1686 0.058 0.111 

 99 0.095 0.2188 0.071 0.167 

Dargaville      

 50 0.345 0.0555 0.310 0.384 

 95 1.080 0.0991 0.910 1.341 

 99 1.734 0.1291 1.390 2.305 
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Figure 11: Fitted response curves for the percentage of black 
nightshade (S. nigrum L.) seedlings killed at varying paraquat 
concentrations (g/litre). Black nightshade populations from 
Pukekohe and Dargaville-Ruawai were compared.  Paraquat 
concentration is presented on a logarithmic scale and each 
dot represents the mean response of 180 treated plants.  
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Table 7: Estimates of the paraquat concentration (g a.i. per litre) required for lethal 
dose (LD) thresholds of 50, 95 and 99% plant death in two populations of black 
nightshade (S. nigrum L.). Standard errors (SE) and 95% confidence levels are given. 
This table is based solely on experimental data from seedlings with one true leaf at 
the time of spray application.  

Population LD 
Estimate  
g a.i./litre SE g a.i./litre 

Lower 95% 
g a.i./litre 

Upper 95%  
g a.i./litre 

Pukekohe      

 50 0.019 0.0004 0.018 0.020 

 95 0.044 0.0019 0.040 0.048 

 99 0.062 0.0035 0.056 0.070 

Dargaville      

 50 1.47 0.051 1.38 1.57 

 95 4.5 0.32 4.0 5.2 

 99 7.1 0.68 6.0 8.8 

 

6 Paraquat resistance selection in 
black nightshade 
Seed from a standard Pukekohe black nightshade population was sown in 
the 2004-05 season. The seedlings were transferred to pots and grown until 
the second true leaf was just appearing. A total of 20 pots of plants were 
prepared, at nine plants per pot, giving 180 individual plants. The plants were 
sprayed with paraquat at a concentration of 0.040 g ai/L. Two of these plants 
survived, so the survival rate was 1.1%. The surviving plants were grown on 
and their ripe berries harvested. The extracted seed was sown in the 2005-06 
season, and the process repeated. A total of 24 pots of plants were prepared, 
at nine plants per pot, giving 216 individual plants. Following an application of 
paraquat, again at 0.040 g ai/L, six plants survived, giving a survival rate of 
2.8%. It appears that paraquat-resistant black nightshade selection is 
relatively rapid under repeated low application rates.   

7 General conclusions 
Although paraquat remains a useful tool in controlling weeds of the kumara 
crop, it will require increasing support from other herbicides. This can be 
seen in the local development of paraquat-resistant biotypes of black and 
small-flowered nightshade, along with the wide spectrum of paraquat-
resistant species seen globally. Selection of paraquat-resistant biotypes can 
occur rapidly, as was demonstrated by artificial selection for a resistant 
population from within a normal Pukekohe black nightshade population. The 
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establishment of diagnostic paraquat rates for black and small-flowered 
nightshade populations will assist in determining site-specific weed control 
strategies.  

Residual and contact herbicide combinations appear useful for general weed 
control in the kumara crop. A residual herbicide lowers the number of viable 
weeds, while a contact spray cleans up any weed escapes. Of the residual 
herbicides, acetochlor (Sylon) was particularly effective (Figure 8), including 
good control of paraquat-resistant nightshade (Table 4).  

There was no evidence that the use of acetochlor delayed crop development 
(Table 8), but there is a manufacturer’s recommendation to avoid prolonged 
cold and wet post-planting conditions, and soils with very low organic matter.  

The residual herbicides Sylon, Frontier and Lasso were all useful, but require 
rain or soil incorporation to increase their effectiveness. Frontier needs to be 
applied at relatively higher rates on soils with high cation exchange 
capacities.  

The contact spray Organic Interceptor, as applied in this season’s field trial, 
was not effective in weed control. Oxyfluorfen (Oxy*250) was effective 
against paraquat-resistant nightshade (Figure 6), but requires careful 
application. To minimise crop damage, oxyfluorfen is applied at high water 
rates, at very low pressure and through spray nozzles that form large 
droplets. It is preferable that application takes place when there is a heavy 
dew, to facilitate chemical shedding by the kumara leaves. The 
acetochlor/oxyfluorfen combination provided the greatest control over 
paraquat-resistant nightshade germination and growth.  

There are further potentially useful herbicide systems to explore, and only a 
small sample could be evaluated here. Knowing that herbicides will be 
constantly challenged by the development of weed resistance and changing 
weed spectrum suggests a need for equal persistence in evaluating new 
techniques for weed control.  
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Appendix I  Images from Dargaville herbicide trial 
site 
 

 

Plate 1: The Dargaville herbicide trial site just prior to sweetpotato  
(I. batatas (L.) Lam.) cultivar Owairaka Red plant establishment,  
29 December 2005. This site has an established history of sweetpotato 
production coincident with high population densities of seedling 
paraquat-resistant black nightshade (S. nigrum L.).  

 

 

Plate 2: Seedling paraquat-resistant black nightshade (S. nigrum L.) and 
seedling redroot (Amaranthus retroflexus L.) at the Dargaville site at the 
time of first contact herbicide application, 11 January 2006.  

 



 
Page 24 

 

 

Plate 3: The sweetpotato (I. batatas (L.) Lam.) herbicide trial site at the 
time of second contact herbicide application, 6 February 2006.  

 

 

 

Plate 4: Morning (8 am) dew levels on sweetpotato (I. batatas (L.) Lam.) 
cultivar Owairaka Red leaves at the time of second contact herbicide 
application, 6 February 2006.  
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Plate 5: Harvest of the sweetpotato (I. batatas (L.) Lam.) cultivar 
Owairaka Red herbicide trial at Dargaville, 10 April 2006.  
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Appendix II  Water chemical analyses: Pukekohe 
(Puke 1) Dargaville (Darga 1) 
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Appendix III  Soil nutrient analysis: Dargaville trial 
site (Darga S1) 
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Appendix IV  Sweetpotato root tissue herbicide 
residue analysis 
 

Sample name Herbicide applied Active ingredient 

Herb A Gramoxone Paraquat dichloride 

Herb Ba Sylon Acetochlor 

Herb Ca Lasso Alachlor 

Herb Da Frontier Dimethenamid 

Herb Ea Afalon Linuron 
aAs these samples were from plots sprayed with Oxy*250, this evaluation also tests for the 
presence of oxyfluorfen.  
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