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Wild carrot is native to Central Asia and parts of Europe, specifically areas with a temperate and 

semi-arid/arid climate (Iorizzo et al., 2013). It has been introduced into various areas across the 

globe, including New Zealand (Rong et al., 2010). Carrot grown as a root vegetable is also Daucus 

carota but a different subspecies (subsp. sativus). The cultivated carrot has been domesticated 

from the wild carrot (Hauser & Bjørn, 2001). Figure 1-1 shows where the wild carrot is typically 

found growing along a fence and a road.  

 

Figure 1-1: Wild carrot plants (Source: Robert Southward, 2022; AgResearch, 2022) 

Wild carrot has been shown to freely cross-pollinate with commercial carrot varieties (Mandel et 

al., 2016). This will likely compromise the quality of the seed crop, especially in hybrid seeds where 

genetic purity is a crucial parameter of seed quality. Another issue is that transfer of pollen from 

the crop varieties to the wild carrot may allow the weed plants to inherit traits that further 

contribute to their environmental hardiness that further complicates their control (Kiran & 

Pandey, 2020).  

Currently for seed production, the production and surrounding areas are manually inspected for 

the presence of wild carrot plants which are then rogued. Removal of the entire plant (roguing) 
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Figure 2-1: Carrot crop plant life cycle (Linke et al., 2019). 

2.1.2 Carrot seed production in New Zealand 
In New Zealand, carrot seed crop is planted directly from seed in January-February (mid-late 

summer). This is followed by a period of taproot development and overwintering. Flower initiation 

happens in November (spring) followed by seed set and seed development into the next year. 

Finally seed harvest takes place in March for early varieties through to April for late varieties. The 

production time is around 13-14 months, and the major crop development/management stages 

occur a few weeks earlier in the South Island relative to the North Island (Richard van Garderen, 

South Pacific Seeds (NZ) Ltd., personal communication, 2022). 

2.2 Wild carrot 
Wild carrot is said to be an annual or biennial plant (Wohlfeiler et al., 2022). Wild carrot has been 

reported to flower without a period of vernalisation (Simon, 2019).  

Wild carrot can grow up to 1m tall. It has tripinnate leaves with white flowers clustered in the 

umbels, with sometimes red/purple flowers in the centre of the umbel. In contrast to cultivated 

carrots it has a thickened white tap root (AgResearch, 2023) . Wild carrot is found throughout the 

North Island, and on the West Coast, Southland and Canterbury regions of South Island 

(AgResearch, 2023). It appears alongside roadsides, other waste areas, and at times is found in 
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spontaneous hybridisation of the earlier yellow and white-root cultivars with a wild carrot 

subspecies (Hauser et al., 2004) 

 

2.8 Genetic contamination mitigation methods 
There are a range of mitigation methods that can be used to ensure varietal purity in hybrid seed 

lines. These have different effectiveness and given the stringent genetic purity requirements of 

0.02% a number may not be feasible for use in hybrid carrot seed production. 

2.8.1 Isolation distance 
As mentioned earlier, use of an appropriate isolation distance between 2 crop fields is the primary 

method to mitigate genetic contamination through cross-pollination (Thomison & Geyer, 2016; 

Warner & Lewis, 2019). The risk of cross pollination reduces at an exponential rate with distance 

between crop and pollen contaminant source (Stewart, 2002).  

2.8.2 Border zones around crops 
It has been reported that the likelihood pollen contamination from outside a crop decreases 

exponentially from the edges to the centre of the crop field (Staniland et al., 2000). Thus a practice 

to mitigate pollen contamination is to discard seed from the edges of the field as majority of the 

pollen contaminants is likely to have pollinated the crops on the edges (Stewart, 2002). However, 

given the value of the hybrid carrot seed, the low levels of contamination permitted and that the 

crop is insect rather than wind pollinated the feasibility of this approach in carrots is likely to be 

limited. 

2.8.3 Physical barriers and hedges 
A cultural method of mitigation of pollination contamination is use of physical barriers like hedges. 

It is believed to mitigate crop contamination by limiting the movement of wind and insect borne 

pollen (Stewart, 2002), but may not achieve the high purity requirements for hybrid carrot seed 

production. 

2.8.4 Planting dates 
Manipulating the flowering time of the crops by adjusting planting dates is another method that 

can be used to reduce genetic contamination. This usually involves planting the crop so the 

flowering period does not occur during peak wild carrot flowering of contaminant pollen source 

like other varieties of the crop or compatible weed species (Thomison & Geyer, 2016). However, 
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this can prove to be difficult in a carrot seed production context where the wild carrot populations 

flower through large time periods of the year.  

2.8.5 Good housekeeping/hygiene 
An effective housekeeping and hygiene system in place is crucial to minimise genetic 

contamination in seed crops. This includes adequate weed control in the fields, clearance of excess 

plant material from past crops, maintaining adequate hygiene in machinery used in crop 

management. This may also include practising a high level of record keeping including the 

planting/harvest dates, isolation distance considerations, weed/pest control records, all of which 

have implications on possible genetic contamination (Warner & Lewis, 2019).  

Figure 2-3 shows the various sources of contamination at different crop production stages and the 

mitigation strategies used to mitigate the risk from the contamination sources (Warner & Lewis, 

2019).  

 

Figure 2-3: Mitigation strategies for genetic contamination from different sources at different crop production stages 
(Warner & Lewis, 2019) 
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determination such as detecting greasy spot (Mycosphaerella citri) in citrus trees (Du et al., 2004), 

abiotic stress determination such as estimating salt stress in a sugarcane fields (Hamzeh et al., 

2013) and early detection of drought stress in cereals (Römer et al., 2012). 

Hyperspectral imagery is able to detect differences in biophysical properties of leaves of different 

weed species (Pignatti et al., 2019). The technology was able to detect/differentiate weed species 

Amaranthus retroflexus L. and Cyperus rotundus L. from a maize crop and from each other 

(Pignatti et al., 2019), detect spotted Knapweed (Centaurea stoebe L.) in forest areas of Idaho and 

Montana in the United States (Lass et al., 2002), Hoary cress (Cardaria draba L.) in an agricultural 

area of southwestern Idaho, United States (Mundt et al., 2005). These reports all providing 

evidence to support the hypothesis that the hyperspectral imaging could potentially be used to 

identify wild carrot plants in different ecosystems. Further, although limited, there is some 

evidence of the use case of the technology of identification at a variety/sub-species level (Tu et al., 

2018). 

Collection of hyperspectral data using a sensor mounted on an aircraft is called airborne 

hyperspectral remote sensing. The plane flies ~600-1500 m above the areas of interest and 

collects hyperspectral data (Veraverbeke et al., 2018). Airborne hyperspectral remote sensing 

allows data collection at a high spatial scale (Meerdink et al., 2019). This will allow data collection 

over a large surface area in relatively short period of time, allowing the large areas surrounding 

the carrot seed crop to meet the isolation distance requirement of 2000 m to be surveyed for the 

wild carrot. Once surveyed wild carrot rouging can focus on the areas where the wild carrot has 

been found, increasing roguing efficiency. 

2.10 Hyperspectral remote sensing  
For efficient and effective control, an alternative method is needed that can identify all the wild 

carrot plants over a large surface area (at least within the isolation distance for carrot crops) in a 

short period of time. Hyperspectral remote sensing technology has the potential to be an 

alternative method.  
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2.10.1 Principles of hyperspectral remote sensing 
Hyperspectral remote sensing is a technology that collects high resolution spectral data remotely 

across a wide range of the electromagnetic spectrum, typically ranging from blue to short-wave 

Infrared region (~300-2500nm) (Manea & Calin, 2015; Xie et al., 2014). 

 

Figure 2-4: Electromagnetic spectrum (Source: (Isse & Ghouch, 2016)) 

This ability to collect high resolution spectral data means there is the potential for the technology 

to discriminate and identify the wild carrot plants among other weed species and in relevant 

environments (roadsides, ditches, cultivated paddocks). A hyperspectral camera/sensor collects 

spectral reflectance data, which is the proportion of radiation energy reflected at different 

wavelengths from the surface (Thorp & Tian, 2004; Wójtowicz et al., 2016). This reflectance data is 

high resolution as the data is collected in narrow contiguous bands across the relevant parts of the 

electromagnetic spectrum (Veraverbeke et al., 2018).  

2.10.2 Multispectral versus hyperspectral 
Multispectral and hyperspectral are two popular forms of sensors used in optical remote sensing. 

The major point of difference between the two sensor types is the number and size of bands. 

Multispectral sensors employ a lower number of bands (3-10 generally), and the width of the 

bands is bigger (10-20 nm). Hyperspectral sensors usually employ hundreds of narrow-contiguous 

bands (Srivastava et al., 2020). The figures below give an illustration of the number and width of 

bands across the electromagnetic spectrum in multispectral (Figure 2-5) and hyperspectral (Figure 

2-6) imagery. Hyperspectral data has a greater number of bands that are narrow and contiguous, 

relative to multispectral data. Figure 2-5 shows multispectral bands (high band width, lower 

number) juxtaposed with hyperspectral bands narrow, contiguous and overlapping (not shown in 

figure 2-5, see Figure 9-4 in appendix for another illustration).  
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Figure 2-10: Whisk broom sensor concept (Source: (L3Harris 
Geospatial Solutions, 2023)) 

 

2.10.2.2 GNSS-GPS 

The collection of aerial survey data is usually accompanied by ground truth data collection which 

aids in model development and validation of the method processes.  

Ground truth data is usually collected using an accurate GPS device. Like a GNSS enabled GPS 

device. Global navigation satellite system (GNSS) enabled GPS device allows for a greater degree 

of accuracy and reliability on the location of interest (< 100 cm). The ground data will allow for the 

development of spectral libraries for dominant weed species, including wild carrot, and provide a 

foundation for the spectral unmixing and classification methods to be applied. This method of 

collecting aerial hyperspectral data and ground based validation with a view to discriminate 

between crops and weeds and between different weed species has been used before (Pignatti et 

al., 2019).  

 

2.10.3 Data pre-processing 
Hyperspectral remote sensing is an analytical technique which includes variables that influence 

the hyperspectral data. These variables need to be accounted for, to have reliable final output - 

spectral reflectance values. Camera, surface, and the light source are the main variables (Amigo & 

Santos, 2020)  

Camera, surface and the light source are the main analytical variables/elements in hyperspectral 

remote sensing (Amigo & Santos, 2020). The photons received onto the camera/sensor from the 

Figure 2-9: Push broom sensor concept (Source: 
(L3Harris Geospatial Solutions, 2023)) 
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Non-selective scattering happens via scattering from particles like dust aerosols, smoke, pollen, 

whose size is 10x or greater than the wavelengths of the radiation (Gibson et al., 2000b). Figure 

2-11 illustrates the scattering phenomenon. 

 

 
Figure 2-11: Scattering phenomenon: a. causing illumination of areas under shadow, b. reason for different 
colours/appearance in the sky (Gibson et al., 2000b) 

 
As illustrated in Figure 2-11, non-selective scattering causes illumination of regions in shadow 

whereas selective scattering of radiation of different wavelengths causes degrees of scattering in 

light of different colors. This gives the sky a blue appearance during the day (blue light most 

scattered) and the red/orange during sunrise/sunset (red/orange most scattered). 

 

Also, due to scattering, the diffused solar radiation enters the instantaneous field of view (IFOV) of 

a sensor which is called path radiance. Furthermore, the scattering causes radiation reflected from 

the background of the target surface to enter the IFOV of a sensor. In the presence of the 

atmosphere, at-sensor radiance is, therefore, composed of three radiance components: 1) 
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classification analysis performed with an aim to detect and identify wild carrot plants in the 

hyperspectral data.  

Ground truth data was collected at the two known wild carrot hotspots (Figure 3-5). The wild 

carrot patches were identified, and an accurate RTK-GPS location was captured using GPS Leica 

Zeno 20. The model is GNSS-environment enabled system and can collect data to a high level of 

accuracy (up to 1 cm) (Leica Geosystems, 2022) (Figure 3-7).  

Part of the ground truth points acted as training data for the subsequent classification (MDC) and 

spectral unmixing algorithms (MTMF). Training data in this case was used to create the MTMF 

model which in turn predicts the potential wild carrot locations. RGB images were captured of 

each wild carrot patch from a nadir angle for a pixel composition analysis. The RGB pictures were 

collected using Sony SLT-A57 Camera using a Sony SAL1855 Lens. A measuring tape was added to 

the scene before acquiring the picture to provide scale and to ascertain an approximate surface 

area coverage of the images so the composition analysis data can be seen as pixel compositional 

data. The RGB image covered a surface area of around 1.5×1.5 m, which included the wild carrot 

plants and the surrounding vegetation or growing environment. A total of 65 wild carrot patches 

were sampled (Figure 3-8) with 24 samples being in hotspot 1 and 41 samples being in hotspot 2. 

A further 8 images were taken which represented the most common background for the wild 

carrot plants.  
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Figure 3-7: Ground truth points - data collection. Obtaining the RTK-GPS location using the GPS Leica Zeno 20 
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Figure 3-11: part of Study area visualised in band 175 (972nm) Figure 3-11: part of Study area visualised in band 175 (972nm). 
Not used in analysis - Low signal to noise ratio) 

 

Figure 3-10: Part of Study area visualised in band 174 (969nm) 
(Used in analysis - High signal to noise ratio) 
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Figure 4-2: RGB map of wild carrot Hotspot 1 (Coordinates: -39.909, 176.413, intersection of State Highway 50 and 
OngaOnga Road)  

 

  

Figure 4-3: Minimum distance classification (MDC) land surface cover map of wild carrot Hotspot 1 (Coordinates: -
39.909, 176.413, intersection of State Highway 50 and OngaOnga Road)  
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Figure 4-4: RGB map of wild carrot Hotspot 2 (Coordinates: -39.934, 176.517, on OngaOnga Road). 

 

Figure 4-5: Minimum distance classification (MDC) land surface cover map of wild carrot Hotspot 2 (Coordinates: -
39.934, 176.517, on OngaOnga Road). 
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Figure 4-8: OngaOnga land MTMF weed map - MTMF model predicted potential wild carrot locations (red points), 
Hotspot 1 (Coordinates: -39.909, 176.413, intersection of State Highway 50 and OngaOnga Road)  

 

 

Figure 4-9: OngaOnga land MTMF weed map - MTMF model predicted potential wild carrot locations (red points), 
Hotspot 2(Coordinates: -39.934, 176.517, on OngaOnga Road). 
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the small patches were observed to be around other patches, including bigger patches within the 

detection limits of the model. This suggests that in the current context of carrot seed production, a 

detection threshold of 5% pixel coverage may still provide value in terms of weed identification 

and thus its management by enabling effective scouting and hand rouging.  
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