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Preface 

Specialists f rom ten countries attended the Meeting of Section Engineering of the 
European Association for Potato Research, held in Wieringerwerf, The Netherlands in 
September 1992. 
The subjects of the meeting were 'Haulm Killing' and 'Damaging Potatoes'. The 
presented papers of this meeting are brought together in these Proceedings. 

The haulms of a seed potato crop have to be killed to preclude virus infection of the 
crop. Other reasons are to stop the growth to obtain the desired sizes and to have an 
easier harvest. 
Haulm killing can be done by chemical, thermical or mechanical methods. In considera
t ion to the environment the use of chemicals has to be minimised and some chemicals are 
forbidden. 
Therfore mechanical systems as haulm pulling and green crop harvesting are developed. 

The quality of potatoes is assessed largely by damages, which can be internal and 
external damages. They are arise mostly f rom mechnical influences as bumping, pressing 
and cutting. The amount of damage depends on falling height, the transport speed, the 
maturity and the structure and the weight of the tuber and the pressure on the tuber. 
The research is working on all this areas. 

Manufactures and importers of machinery and equipment for planting, ridging and 
haulm kill ing, they have given us the possibilities for organizing the demonstration. 
Besides that the manufacturers of sieving webs and storage equipment have invited the 
participants for the excursions. 
Members of the organizing committee and employees of the IMAG-DLO have also conti-
buted to the success of the meeting. 

A.A. Jongebreur 
Director of the Institute of Agricultural Engineering 
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Introduction 

The meeting of the Section Engineering of the European Association for Potato Research 
was attented by 37 specialists f rom 10 countries. The meeting was held in Wieringerwerf 
(The Netherlands) in September 1992. 

Prof.Dr.lr. P.C. Struik opened the meeting wi th a survey of the potato cultivation and 
haulm destruction in the Netherlands. 

Haulm Killing and Damaging Potatoes were the main subjects of the meeting. 

In various countries there is a tendency towards minimizing the use of chemicals for 
haulm killing in consideration of the environment. A system to achieve such minimization 
is a combination of spraying wi th pulverizing the haulms. The quantity of chemicals can 
be reduced to 50%. 
Instead of using chemicals, f laming can be used in combination wi th pulverizing. At 
present LPG gas is used instead of diesel oil. The costs of fuel for the burners, the produc
tion of carbon dioxyde and the distribution of LPG gas are problems of this system. 
Besides the chemical and thermical treatments of potato haulms there are the mechan
ical treatments of pulverizing, haulm pulling and green crop l i f t ing. These treatments can 
be combined. 
In the proceedings, attention has been paid to all these systems, and the results of the 
killing are discussed. Besides the results of haulm killing, the effect of the various systems 
on the spread of diseases and the sensitivity to peeling are reported. 
The different systems of haulm killing were demonstrated on the experimental farm 
'Oostwaardhoeve' of IMAG-DLO in Slootdorp. There was also an exhibition of a complete 
line of potato mechanization. 

The quality of potatoes is assessed on the basis of damaging, greening, presence of 
diseases, etc. The subjects of the proceedings dealing wi th the mechanical damage are 
the measurements of the sensitivity of peeling, a method of rapidly developing latent 
bruising in potatoes, the use of electronic tubers to locate bruise spots in a harvester, the 
damaging of potatoes in a commercial storage installation, and a comparison between 
two types of pendulems. 

A factory of sieving webs and a factory of storage equipment were visited. In both, the 
production was shown wi th special attention being paid to mechanical damage. Covering 
of the rods, the use of covering materials in the implements, drop heights, and so on, 
were discussed and shown. 

At the business meeting the fol lowing four items were discussed: 
- In the future the quality of potatoes wil l become more important for both table pota

toes and potatoes for processing. To gain an insight into the sources of damage in the 
whole chain of potato handling to be able to remedy the problems, an inventory has 
to be made. Besides, the direction for research can be indicated. 

- The classification of the different types of mechanical damage and also the rate of 
damage in the different classes. At the meeting it was decided to make a proposal for 



a discussion at the next meeting in 1993. 
- It is important that next to a system for rapid development of bruises in potato tubers 

there is a system for an objective, fast and uniform classification. 
- There is much misunderstanding with regard to terminology in mechanization and 

especially in haulm kill ing. In the section, representives of Britain, Germany and France 
wil l draft a list of the most usual terms. This is coordinated by the chairman. 

Aries Bouman 
Chairman of the Section Engineering of the EAPR 



Potato cultivation and haulm destruction in 
the Netherlands 

P.C. Struik 

Agricultural University, Wageningen, The Netherlands 

Summary 

In the Netherlands, potato is widely grown for ware, seed and starch potato production. 
Large concentrations of potato production are found in the south-west and centre of the 
country (ware potato), along the northern coast and in Flevoland (seed potato) and in 
and around the peat colonies (starch potato). Yields increased steadily over the years, 
although trends are different for ware, seed and starch potato. The input of fertilizer 
and pesticides also strongly increased. Stimulated by consumers' awareness for quality 
and environment and by government policy, the crop husbandry changes, including the 
haulm destruction methods. 

Haulm destruction is carried out to control spread of diseases, to manipulate tuber-size 
distribution, and to advance skin set and ease harvesting. In seed potato production, the 
t iming of the haulm killing is crucial for the economic return. The haulm can be 
destroyed by f laming, pulling, chopping, chemical treatment or by a combination of 
methods. The choice depends on crop characteristics (type, maturity), occurrence of pests, 
costs and convenience, weather and concern for the environment. Mechanical haulm 
destruction increases the number of growing days, is environment friendly and may 
reduce infestation of the produce and of the soil. 

1 Outline 

In this short opening paper, some information wil l be provided on the potato cultivation 
in the Netherlands and on the trends in yields, use, production and research of the crop. 
The main theme of this contribution, however, wi l l be the goals, methods and effects of 
haulm destruction. 

2 Potato cultivation in The Netherlands 

In the Netherlands, potato is mainly grown to produce ware, seed or starch potatoes. 
Potato is hardly grown for animal feed, although a large portion of the condemned lots 
is used as such. Table 1 summarizes some statistical data of the year 1991. Recent changes 
in area are not large. The potato industry is very export-oriented for all production 
purposes. In the Netherlands, the per capita consumption has decreased over the last 
decades, but it still is about 80 kg per year. At the same t ime, the consumption shifted 
from consuming table potato to the consumption of processed potato. 
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Table 1 Acreage, yield and production for ware, seed and starch potatoes in the Netherlands in 
1991 (Data from Annual report of the Dutch Commodity Board for Potatoes, 1992). 

Crop 

Ware potato 
Seed potato 
Starch potato 

Area 
x 1000 ha 

Fresh yield 
(Mg/ha) 

Total production 
x 1000 Mg 

79.7 

37.2 

62.7 

45.5 

34.0 

33.5 

3626 

1265 

2106 

Potato is widely grown in the Netherlands, but the seed potato production is concen
trated in the Noordoostpolder, Drenthe and along the northern coast, the ware potato 
production is mainly found in the south-west, Flevoland and Noord-Holland, whereas the 
starch potato production is concentrated in and around the peat colonies. 
The yield per hectare has strongly increased in t ime, especially during the last 35 years 
(Fig. 1), but the trends were not similar for ware, seed or starch crops. These increases are 
large, considering the limited progress in yield through breeding, as compared to other 
f ield crops. At the same time, the amount of pesticides and fertilizers applied strongly 
increased. Per hectare, the different potato crops rank very high in use of biocides, 
mainly due to the large amounts of fungicides applied (Table 2; chemicals applied for soil 
sterilization are not included; soil sterilization, however, is mainly carried out to al low 
more frequent potato production in the same fieJd). Over 50% of the total amount of 
chemicals used in arable farming is applied in potato crops. These facts attracted atten
t ion f rom organizations of consumers and environmentalists. Together wi th the recently 
adopted government policy to reduce the use of and dependence on biocides in agricul
ture, and the increase in popularity of bio-organic farming, this consumers' awareness for 
the environment wil l have a great impact on the crop husbandry and hybrid choice of 
potato. 

fresh yield (in g/hâ  
50 

1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 

year 
Fig. 1 Changes in time in yield of (ware and seed) potato in The Netherlands. 

Source: Landbouwcijfers, LEI, The Hague. 



Table 2 Amounts of active ingredient used in arable crops in the Netherlands in 1987 (after 
Berends, 1988). 

Crop Amount 

kg/ha • year Mg/year 

Onion 20.0 310 
Potato 13.1 2200 

Ware 17.0 1300 
Seed 13.0 450 
Starch 7.8 450 

Sugar beet 4.9 630 
Winter wheat 3.1 320 
Maize 1.7 340 
Spring barley 1.5 63 

Total (all arable crops) 5.5 4200 

Moreover, there is an increase in the consumers' awareness for internal (residues of 
nitrate, pesticides) and external quality, a possible preference for environment friendly 
products, more diversification in the consumers' price and a stronger preference for 
certain cultivars (depending on the use of the potato). All these developments strongly 
influence both fundamental and practice-oriented research in the Netherlands. 

3 Haulm destruction 

Haulm destruction is a drastic method of crop protection or crop manipulation. Killing 
the haulm is a dramatic event in the life of a potato tuber, especially in the case of seed 
potatoes where the treatment is carried out when the haulm is still very active and tuber 
bulking is still rapid. Haulm destruction completely changes the physiological behaviour 
of the tuber, as is illustrated by the effects of temperature on dormancy (Fig. 2; note that 
the comparison is not perfect, because data are f rom different experiments and tubers 
are not of the same age). The haulm has a controlling influence on the dormancy of 
tubers, although the variation in behaviour of tubers f rom the same stem is still 
extremely large. 
The main objectives for haulm killing are: 

- for seed potatoes: control of spread of virus, manipulation of tuber-size distribution, 
stimulating skin set, and advancing and easing harvest. 

- for ware potatoes: control of spread of Phytophthora to the tubers, stimulating skin 
set, and advancing and easing harvest. 

In starch potatoes haulm killing is not common. 
Control of tuber-size distribution is crucial in seed potatoes. When the harvest is delayed, 
the physical yield still increases but the financial yield can decrease by up to DFL 
400/ha^day. 
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Fig. 2 Effect of temperature during the last 4 weeks before haulm destruction (HD) or during 
storage on the duration of dormancy (in days after harvest, DAH) for cv. Désirée. Based on 
Van Ittersum, 1992. 

Methods of haulm destruction include f laming, chopping, pulling, chemical treatment, or 
a combination of treatments. The choice of method depends on the crop (type, maturity), 
the occurrence of weeds, pests and diseases, aphids, other insects and bacteria, costs and 
convenience, weather conditions, and the concern for the environment. Because the use 
of chemicals should be decreased and dinoseb is banned in the Netherlands, mechanical 
methods are becoming more popular. Table 3 gives an overview of advantages and 
disadvantages of mechanical haulm destruction. 

Table 3 Comparison of mechanical vs chemical haulm destruction. 

Yield + 
Quality of result 
Weed control 
Independent of weather 
Cost effective 
Environment friendly + 
Disease protection in product var 
Effect on soil infestation var 

+ means that mechanical destruction has an advantage; 
means that mechanical destruction has an disadvantage; 

var means that the effect depends on the organism. 

Especially for seed potatoes, the 'green-crop harvesting system' is promising. In this 
system the haulm is mechanically destructed, tubers are lifted and stored in a hill to 
harden, sometimes after application of antagonists of fungal diseases. This system 
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strongly reduces problems with Rhizoctonia solani and Phoma. For ware potatoes, two-
stage harvesting techniques are developed which also may reduce diseases and storage 
losses. 
The method of haulm killing influences the occurrence of diseases on the harvested 
products, but may also affect the level of soil infestation. This wil l be demonstrated by 
some unpublished results of research at the Department of Agronomy, Wageningen. 
In 1991, seed tubers of cv. Santé were planted, which were heavily infested wi th 
Rhizoctonia solani. In some treatments, Monceren (a.i. pencycuron) was applied in April 
in 50 or 100% of the advocated amounts. At the end of the growing season black scurf 
was recorded. In the same field plots, healthy tubers (disinfected wi th Solacol, a.i. valid-
amycine) of the cv. Element were planted in 1992 to test the stem infection by 
Rhizoctonia after the treatments of the previous growing season. Black scurf was reduced 
by green-crop-harvesting and to some extent by Monceren, but increased by chemical 
haulm killing (Table 4). The stem infection in the next year was reduced by mixing the 
haulm wi th the upper soil after green-crop harvesting, probably because of heavy 
competition wi th other microorganisms and (to some extent) by a Monceren treatment 
in the previous year. 

Table 4 Effects of haulm destruction methods on Rhizoctonia solani. Unpublished data of 
M. Lootsma. 

Treatment in 1991 

Green-crop harvesting 

haulm removed 

haulm on soil 

haulm in soil 

Haulm pulling 

Chemical haulm killing 

Chem. haulm killing + 

Chem. haulm killing + 

Natural maturing 

50% I 

100% 

Monceren 

Monceren 

Black 

index 

6a 

7a 

6a 

35 c 

44d 

27 b 

26 b 

31 c 

scurf 

1991 

Stem infection 

index 1992 

26 be 

28 be 

17a 

39 d 

33 cd 

27 bc 

23 ab 

30 bc 

Also in the case of Verticillium dahliae (an important soil-borne fungus wi th a wide host 
range, causing early dying), the method of haulm destruction is relevant. Microsclerotia 
(survival structures, which are stimulated to germinate by root exudates) are formed on 
senescing plant material or plant debris, mainly stem parts, but also on other plant 
organs. The amounts of microsclerotia are much larger when the crop is harvested late 
and when a sensitive cultivar is grown. Haulm destruction methods have a considerable 
effect on the number of microsclerotia on the haulm. At a seed potato harvest, chemical 
haulm killing and f laming resulted in more microsclerotia per amount of dry haulm mate
rial than haulm pulling or chopping (Fig. 3). Mixing wi th the upper soil did not result in a 
significant effect. 

These and other results suggest that mechanical destruction may reduce the occurrence 
of some diseases in the harvested product, but may also reduce the level of soil infesta-

12 
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Fig. 3 The number of microsclerotia of Verticillium dahliae per 100 mg of dry haulm four weeks 
after haulm killing by pulling or chopping (cutting) with or without mixing with the upper 
soil layer or by spraying a chemical or burning. Unpublished data of L. Mol. 

t ion. On the other hand, it may stimulate some other pests and diseases. More research 
into the possibilities to control soil-borne diseases wi th haulm treatments and other culti
vation techniques (e.g. green manure) is necessary. 
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A review of the research work into the 
different haulm killing methods in The 
Netherlands 

A. Bouman 

Institute of Agricultural Engineering (IMAG-DLO), Wageningen, The Netherlands 

Summary 

Haulm killing has a history of more than f i f ty years. There has been an evolution from 
fully manual operations towards ful l mechanization by chemical, thermical and 
mechanical methods. 
The different systems are reviewed wi th respect to the effect of haulm killing on the 
susceptibillity to peeling, the incidence of black scurf, late blight and gangrene, the in
fluence of weather and field conditions, the capacity and the costs. 
The most effective systems of haulm killing are green-crop l ift ing and haulm pulling. 
These two systems, including f laming, need less or no chemicals. 
Most of the haulm killing systems have a small working width, and therefore they can 
have problems under wet weather and f ield conditions. 

Introduction 

The haulm of a seed potato crop has to be killed or removed for a number of reasons. 
These are to preclude virus infections of the crop, to stop growth in order to get the 
desired grades of the tubers, and to have an easier harvest. 
Virus infection takes place by virus-transmitting aphids. The t ime of killing depends on 
the likehood of flights of these aphids and the variety and classification of the seed 
potatoes. 
The grower wishes the highest yield of tubers in the grades between 35 and 55 mm. 
When the haulm has been removed it is easier to separate haulms and tubers wi thout 
loss and damage. For that reason, the haulm of the crops of ware potatoes and starch 
potatoes also need to be killed. 
Immature tubers have a high susceptibility to peeling and should therefore not be 
harvested. Peeled areas open the way for further infection by disease organisms. 
Susceptiblity to peeling decreases, when haulms are expiring. This process can be chosen 
at an earlier t ime by haulm killing or removing. 
In earlier times the crop was dug by hand. The capacity was low and this system required 
many workers. The next step was the introduction of haulm pulling by hand. Though the 
capacity was twice as much, but the system still required 20 to 25 manhours per ha. This 
work was also very hard for the backs and wrists of the workers. 
Therefore, in 1947 the first experiments were carried out wi th mechanical haulm pulling. 
The development of chemicals for haulm killing pushed the method of haulm pulling 
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aside. The capacity of the ful l-width spraying machines was much higher and the job was 
easier. After chemical haulm killing, however infection w i th black scurf increased more 
than after pulling. The use of machines for haulm pulling gained interest, but decreased 
again wi th the development of fungicides to control black scurf, such as Solacol and 
Monceren. 
In the near future the use of some chemicals wil l be forbidden. The use of Dinoseb is no 
longer allowed already. Besides, there is also a general att i tude to minimize the applica
t ion of chemicals. The interest in alternatives is growing. 
Researchers have done much work in developing and testing of the different haulm 
killing sytems. 
The systems are chemical (full-width spraying and strip spraying in combination wi th 
pulverizing), f laming in combination wi th pulverizing and mechanical methods such as 
haulm pulling, root cutting and green-crop l i f t ing. 
There are several factors, which influence the grower's choice of system for killing the 
haulm. The susceptibility to peeling and the incidence of black scurf (Rhizoctonia solani) 
are two of them. These factors depend on potato variety and type of soil. With the appli
cation of a fungicide, such as Monceren at planting t ime, black scurf can be controlled 
(Mulder and Roosjen, 1984). 
Besides these two factors, the capacity of spreading diseases, such as late blight 
(Phytophthora infestans) and bacteria (Erwinia), dependence on weather and field condi
tions, and the costs of the systems, are important for making a decision. 
All these factors are affected by the system of haulm killing or removing. 

Materials and methods 

The different methods of haulm killing or removal were investigated wi th particular 
attention to the fol lowing items: efficiency of haulm killing, susceptibility to peeling, 
black scurf (/?. solani), late blight (P.infestans), gangrene (Phoma exigua var. foveata), 
dependence on weather and f ield conditions, capacity and costs. 
The extent of peeling is presented as a peeling index, and the incidence of black scurf as 
a Rhizoctonia solani index (Bouman et al., 1983). The maximum index figure, which is 
allowed for the two indices, is 20. 
The results of the fol lowing systems are discussed: 
- the combination of pulverizing and strip spraying wi th a working width of 300 cm 

(four rows), 
- the combination of pulverizing and vine burning wi th a working width of 300 cm (four 

rows), 
- haulm pulling w i th the two systems wi th pulling belts and pulling balls, respectively. 

The working width was 150 cm (two rows), 
- root cutting. The working width was 300 cm (four rows). The machine had been deve

loped for reseach purposes. With this machine the roots of every row were cut by two 
knives. 

- green-crop l ift ing was done wi th a two-row pulverizer as well as w i th a two-row 
haulm puller mounted to the f ront of the tractor, and a two-row lifter w i th two discs 
mounted to the back of the tractor. With the discs the tubers were covered over 
(Bouman eta l . , 1990). 
The pulverizer, as well as the haulm puller, is capable of transporting the haulm and 
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the stalks sideways out of the undug rows. This ensures, that haulm and stalks are not 
present in the new ridge formed after haulm pulling. 

In the tables the methods of haulm killing are described wi th abbreviations, which are 
presented in Table 1. 

Table 1 

Method 

Th. e abbreviations of the hau Im killing methods. 

Abbreviation 

Full-width spraying FW5 
Strip spraying and pulverizing SSP 
Flaming and pulverizing FP 
Haulm pulling HP 
Root cutting RC 
Green-crop lifting GCL 
GCL and pulverizing P/GCL 
P/GCL and haulm transportation PT/GCL 
GCL, HP and haulm transportation HPT/GCL 

The results of the last ten years are summarized. 

Results and discussion 

The results, which are discussed, are related to seed potatoes. 

Haulm killing 

After a chemical treatment haulm dies back slowly. The variety has a great influence on 
the effect of chemical killing. The quantity of haulm mass (40 or more tonnes/ha) and the 
weather and crop conditions (wet) necessitate the treatment sometimes to be repeated 
more than once. The quantity of chemicals can be reduced by over 50% wi th strip 
spraying in combination w i th pulverizing (Breemhaar, 1992). 

The amount of haulm killed by f laming is often inadequate. The treatment has to be 
repeated once or more times. 
The killing effect of haulm pulling is mostly sufficient when the shape of the ridge is 
uniform and the stalks are on the top of the ridge. Over the years the percentage of 
pulled stalks varied from 96 to 100% (Bouman and Bouma, 1982). The variety also has a 
great influence on the results. In practise sometimes a treatment wi th a low concentra
t ion of a herbicide is used. 

The effect of root cutting is insufficient and has to be combined wi th spraying or 
f laming. Under dry weather and field conditions the results of this combination tended 
to be better. 
With green-crop l ift ing there is no regrowth, when the haulms are pulled or pulverised 
to short stalks and the tubers covered sufficiently. The depth of soil covering the tubers 
has to be at least 10 cm. 
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Susceptibility to peeling 

The susceptibility to peeling decreases in t ime after haulm killing or removing and mostly 
the crop can be harvested 10 to 17 days after the treatment. The length of the period 
depends on the variety and on the maturity of the crop. 
The decrease in susceptibility is the same whatever the method is of killing and removing. 
The susceptibility to peeling averages from peeling index 51 to peeling index 7 in 9 to 17 
days after haulm kill ing. 
The system of green-crop l ift ing gave a peeling index of 7 to 15 over the years (Peeling 
index, see Bouman et al., 1983). 

Black scurf 

After spraying, the incidence of black scurf has increased strongly in case of naturally 
infected soils and infected seed potatoes. Flaming has the same effect on the develop
ment of black scurf as spraying. 
Mostly after ten days the incidence is over 20 (index). Therefore, after spraying the pota
toes have to be dug wi th peeling or wi th black scurf, because the peeling index is above 
20. 
Table 2 shows average results of the incidence of black scurf after spraying and pulling in 
five varieties. 

Table 2 Incidence of black scurf (Rhyzoctonia index) after spraying and haulm pulling of five 

varieties on a peat soil*. 

Harvest dat Spraying Haulm pulling 

(days) * * (R.index) {R.index) 

0 4 4 

7 19 12 

14 49 26 

21 59 34 

* Bouman et al., 1983. 

* * Days after haulm pulling treatment. 

The incidence of black scurf 14 days after pulling is just more than 20. In this case the 
grower has only 4 days to dig his potatoes wi thout peeling and black scurf. 
Root cutting has resulted only in decreasing black scurf in a dry growing t ime, because 
the roots were growing deep and cutting could be effective (Dijst, 1989). 
The results of the development of black scurf after green-crop l ifting are presented in 
Table 3. 
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Table 3 Effect of green-crop lifting after haulm pulverizing and haulm pulling with an application 
of Monceren and Verticillium biguttatum on the development of Rhizoctonia solani after 
20 days. 

Method Black scurf index 

No application Monceren V. biguttatum 

SSP 60 -

P/GCL 45 15 21 

PT/GCL 49 10 23 

HPT/GCL 11 2 3 

Green-crop l i ft ing in combination wi th haulm pulling wi th the transportation of the 
haulms and stalks to the side the incidence of black scurf can be limited to below the 
index 20. 
Green-crop l i ft ing gives the oppertunity for chemicals or antagonists to be applied to the 
tubers before they are covered again. With an application of the fungicide Monceren 
(pencycuron) or the antagonist Verticillium biguttatum in combination wi th removing 
the haulm and stalks by pulling, the incidence of black scurf can be greatly l imited. 
Haulm in the new ridge influences the incidence of black scurf; the more haulm, the 
more the incidence of black scurf (Molema et al., 1992). 

Late blight 

The plots were artificially inoculated wi th P. infestans. Two weeks later the haulm was 
killed by the different methods. The results are presented in Table 4. 
After spraying there is a small increase in late blight (0.2 and 0.5%). Burning can have the 
same effect, because for a period of two seconds the stalks are exposed to a temperature 
of 1000 °C, and in this t ime the spores are killed. 

Table 4 Increase of late blight in infected crops* on a sandy clay and a clay soil after four treat
ments (% infected tubers)**. 

Method Clay soil Sandy clay soil 

0.5 
1.9 
4.1 
0.6 

* The infection on vine killing date was 2%. 
** Turkesteen et al., 1990. 

Haulm pulling gives an increase in infected tubers of 0.2 and 1.9%. A possible explana
t ion of the difference is, that on clay soil the haulm was pulled by hand and on the sandy 
clay soil by machine. With manual pulling the haulm was not pulverized and directly 
taken out of the plots. On the sandy clay soil the haulm was pulled mechanically. In this 
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case the pulverized haulm and the pulled stalks were laid on the ridges and after that 
sampled by hand, wi th a greater chance of infection. In 1991 a system of haulm pulling 
and direct transport of all haulm and stalks out of the undug fields was developed. 
Green-crop l ift ing wi th short pulverized stalks on the ridges showed an increase in late 
blight by 3.1 and 4.1 %. When a fungicide Daconil (chloratonil) was applied, the increase 
of infected tubers was 0.6 and 0.7%. 

Gangrene 

The plots were artificially infected wi th gangrene (P. exigua var. foveta) and situated on 
sandy clay soils (Turkesteen et al., 1990). The results are presented in Table 5. 
Spraying shows an increase of gangrene in the infected tubers by 4.5% in 1988 and 2.2% 
in 1989. 
Green-crop l ift ing reduced the infection (lesions/tuber after standard wounding) in 1988 
by 84% and in 1989 by 70% in comparison wi th spraying. With an application of the 
fungicides Thiabendazol and Daconil or the antagonist Trichoderma harzianum during 
green-crop l i f t ing, the infection was reduced by 95.0 % and 99.6% in comparison wi th 
spraying. Green-crop l ift ing appears to be a promising system to control gangrene 
(Turkesteen et al., 1990). 

Table 5 Infection of tubers (in lesions/tuber) with gangrene after chemical haulm killing and 
green-crop lifting in combination with the addition of fungicides or antagonists*. 

Method 1988 1989 

SSP 4.5 2.2 

PT/GCL 0.8 0.6 

PT/GCL and Trichoderma harzianum 0.3 0.1 

PT/GCL and chloratonil ' 0.1 0.1 

* Turkesteen et al., 1990. 

Weather and field conditions 

Most systems have a.small working width of two or four rows and therefore all the ridges 
are near the wheels of the tractor. 
In wet f ield conditions the wheels wil l slip, and deep tracks wil l be formed. This causes 
clods to be formed and the ridges and tubers are damaged. 
A solution is, to f i t tyres of not wider than 9 inches when the row width is 75 cm. 
At this moment the main problem of all systems referred to, is moving over the fields. 
The problems of pulverizing, pulling and digging in wet f ield conditions, especially on 
sandy clay and clay soils, have not yet been researched. In wet circumstances the chance 
of spreading diseases settled in the haulm is high, specially when the haulm is pulverized 
and spread over the ridges. 
After a rainy period the moisture content in the new ridges after green-crop l ift ing is the 
same as in undug ridges, when green-crop l ift ing was done under dry conditions. The 
ridges dry out to the same extent as undug ridges. At harvest, there are no difficulties in 
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sieving out the soil, and clods are not present. 
Under wet weather and crop conditions mostly spraying and burning have to be re
peated once or more times. After haulm pulling a treatment with a low rate of a 
chemical may sometimes be necessary. 

Capacity 

The capacity of the different methods is presented in Table 6. The gross capacity is the 
working width multiplied by the working speed. The net capacity (ha/h) is 75% of the 
gross capacity. 

Table 6 Working width (m), working speed (km/h) and net capacity (km/h) of the different 
methods of haulm killing. 

Method Working width Working speed Net capacity 
m km/h ha/h 

Full-width spraying 24 5 9.1 
Pulverizing/spraying 3 4.7 1.0 
Flaming 3 1.8 0.4 
Haulm pulling two rows 1.5 4.7 0.5 
Green-crop lifting 1.5 4.0 0.4 

The net capacity in this table is the capacity for one treatment. Mostly spraying and 
burning have to be repeated one or more times. 
After haulm pulling sometimes a chemical treatment is necessary. 
Green-crop l ift ing does not need an extra treatment for kil l ing. 

Costs 

The costs of the different methods have been calculated wi th the IMAG-DLO Data 
Service. For the calculations the fol lowing factors are used: capacity, required tractor 
power, area to be treated per year (hectares), new price, interest, depreciation, final 
value, costs of repair, etc. 
The interest, the depreciation, the final value and the costs of repair are admitted, and 
therefore the costs are presented as proportional numbers. The costs of strip spraying in 
combination w i th pulverizing is set at 100. 
The results are presented in Table 7. In the costs of burning and spraying, account is 
taken of the fact, that the treatments have to be done twice. 
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Table 7 Costs (index) of the different haulm killing methods, the area and the equipment will be 
used (ha/year). The costs of strip spraying are fixed at 100. 

Method Number of Costs/ha 
ha/year index 

SSP (four rows) 100 100 
FP (four rows) 50 201 
HP (two rows) 100 . 8 7 
PT/GCL (two rows) 100 89 

The results show, that there is hardly any difference in the costs of strip spraying in 
combination wi th pulverizing, haulm pulling and green-crop l ifting in combination wi th 
pulverizing. The costs of burning in combination w i th pulverizing are twice as much due 
to the low capacity, the double treatment and the LPGgas price. 

Discussion and conclusions 

The percentage of killed haulm and stalks wi th all systems of green-crop l i ft ing is 100% 
and after haulm pulling it varies f rom 95 to 100%. After spraying and burning the effect 
is insufficient. 
The infection of tubers wi th black scurf can be very much reduced wi th green-crop l ift ing 
combined wi th an application of a fungicide or the antagonist Verticillium biguttatum in 
combination with haulm pulling, when the haulm is delivered to the side. After green-
crop l ift ing in combination wi th haulm pulling and side delivery of the haulm, the black 
scurf index wil l stay below a maximum admissible index 20. 

With spraying, haulm pulling and green-crop l ift ing (in combination w i th pulverizing) 
there is a low increase in late blight infection. 
Green-crop l i ft ing, whether or not w i th an application of a fungicide, keeps gangrene 
infection down. 
In general it can be assumed, that the quantity of haulm is important in the spread of 
diseases in the new ridge formed after green-crop l i f t ing. For that reason, the quantity of 
haulm has to be minimized. Haulm pulling w i th side delivery of the haulm wi l l be a solu
t ion. In the case of black scurf, late blight and gangrene, antagonists and fungicides need 
not be applied. 

The systems mentioned have a small working width of 150 and 300 cm. Under wet condi
tions there are problems in moving on the fields. There is no reliable information about 
the influence of wet conditions on the operations of haulm pulling and green-crop 
l i f t ing. 
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Minimizing the use of chemicals for haulm 
destruction of potatoes by combining haulm 
pulverizing with row spraying 

H.G. Breemhaar and A.Bouman 

Institute of Agricultural Engineering (IMAG-DLO),Wageningen, The Netherlands 

Summary 

Haulm destruction of potatoes is needed to keep the tubers healthy, to avoid tuber 
outgrades and facilitate the l ift ing of the potatoes. 
Nowadays chemical haulm destruction is one of the most important methods. Because of 
environmental considerations the use of chemicals in agriculture needs to be restricted. 
An important reduction of chemicals can be reached by combining haulm pulverizing 
wi th row spraying. 
The destruction results strongly depends on the cultivars which are used (maturity, haulm 
mass). 
Single and double f lat fan nozzles were applied, but no significant differences were 
found. 

Introduction 

Haulm of potatoes has to be destroyed for several reasons: 

- to avoid virus infections of tubers by restricting the movement of sap f rom the haulm 
to the tubers (in particular seed potatoes); 

- to stop tuber growth to avoid tuber outgrades; 
- to release haulm from the tubers to give the opportunity for the skin to harden; 
- to avoid blockages when the potatoes are l ifted; 
- to avoid reducing separation capacity. 

Haulm of potatoes can be destroyed mechanically, wi th burning techniques or chemi
cally. Because of environmental considerations the use of chemicals in agriculture shall to 
be restricted. 
IMAG-DLO has investigated the possibility of reducing the amount of chemicals by simple 
technical methods. Haulm pulverizing in combination wi th row spraying could be a 
suitable method. The amount of chemicals could possibly be halved because haulm 
pulverizing halves the spraying area. 
By preference the haulm has to be pulverized in f ront of the tractor, to avoid running 
over the haulm with the tractor wheels. As regards spraying minimize the influence of 
aerosols caused by the haulm pulverizer, it is better t o spray at the rear of the tractor. 
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The sprayer can also be fixed at the rear of the haulm pulverizer if there is a good shield 
between pulverizer and sprayer. 

Materials and methods 

The location of a trial in 1991 was the IMAG-DLO experimental farm 'Oostwaardhoeve' in 
Slootdorp. The trial was carried out in two cultivars (Bintje and Alpha), using four 
concentrations of chemicals and three replicates. If the results of haulm destruction were 
not sufficient after the first treatment, the crop was sprayed a second, or even a third 
t ime. 
The chemicals used were DNOC and Reglone in the fol lowing concentrations: DNOC: 
25.00, 12.50, 6.25, 3.13 l/ha and Reglone: 5.00, 2.50, 1.25, 0.63 l/ha (concentrations were 
halved every time). A total amount of 400 I l iquid was sprayed per ha. 
Flat fan nozzles (single and double) were used because they spray more effectively than 
for example, cone nozzles. It was to be expected that the stems would be better covered 
wi th the chemicals using double f lat fan nozzles because they receive spray from two 
sides. The fol lowing f lat fan nozzles were used: nozzle A: T-jet 8002E (single) and nozzle 
B: T-jet 60-6503 (double). 
Spraying took place on a moist potato crop. After spraying the warm and dry weather 
conditions were ideal to achieve good results. 
Is was established that Alpha produced more haulm mass than Bintje. Alpha had fewer 
stems per plant, but they were rather bigger than the stems of Bintje. 
The treatments wi th DNOC 25.00 I and Reglone 5.00 I were the controls in the trial 
(usually used concentrations in practice for whole-field spraying in full haulm). The 
controls were only sprayed wi th nozzle A because nozzle B often caused blockages due 
to of the very narrow gaps. 
In vigorous crops wi th bulky haulm and/or under moist conditions, spraying has to be 
repeated several times to achieve a sufficient haulm destruction result. 'Sufficient' in this 
case is at least 95% of the stems dead, and no growth of new leaves. The trial was repe
ated ten days after the first spraying, because desiccation of none of the haulm was suffi
cient. 
To establish the haulm destruction results, the haulm was examined twice, ten days after 
each spraying. 
Ten days after the second spraying the number of stems per plant and stems wi th new 
growth were counted. The percentage of haulm destruction was calculated from these 
figures. The results are shown in Table 1. 

Results and discussion 

At the start of the trial the cultivar Bintje was physiologically more mature than the 
cultivar Alpha. Is was established that Alpha produced more haulm mass than Bintje. 
Alpha had fewer stems per plant, but they were rather bigger than the stems of Bintje. 
Alpha had also much more haulm to be destroyed than Bintje. 
After the first spraying, the destruction results of Bintje were better than those of Alpha. 
DNOC showed a better result than Reglone. 
The table shows that the percentage destruction depends very strongly on the cultivar 
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used. The already somewhat mature cultivar Bintje was destroyed wi th less chemicals 
than Alpha. 
In comparison wi th a whole-field spraying there is an important reduction, even when 
sprayed twice, for both cultivars. 
Both types of nozzles worked well and no significant difference in the results of destruc
tion was found. 
It was supposed, that Reglone could only be sprayed wi th good results in a full haulm 
crop. This trial has shown that Reglone can give a good result in pulverized haulm as 
well. 
The haulm should not be pulverized too short, otherwise the stems have insufficient 
contact area for absorbing the chemical. 
An important condition for using haulm pulverizing in combination wi th row spraying is 
that the crop has to be fully free f rom Phytophthora infestans. Otherwise the spores of 
this fungus could be spread by the haulm pulverizer. 
After spraying, the haulm dies slowly. Therefore spraying has to be done in good t ime 
before l ift ing the potatoes. 
A limited nitrogen application, so that the mineral nitrogen has been used at the 
moment of haulm destruction, might have a positive effect on the haulm destruction 
results. However, it is rather difficult to adjust the nitrogen application to a date of 
l i f t ing. 
A disadvantage of pulverizing and spraying is the smaller working width in comparison 
to whole-field spraying. 

Table 1 Average percentage of haulm destroyed after haulm pulverizing followed by spraying 
twice for Bintje and Alpha. 

Chemical Amount % haulm destruction % haulm destruction 
flat fan nozzle A flat fan nozzle B 
(single) (double) 

A m o u n t 

(l/ha) 

2x 

25.00 

12.50 

6.25 

3.13 

5.00 

2.50 

1.25 

0.63 

Bintje Alpha Bintje Alpha 

DNOC 25.00 100 90 
DNOC 12.50 100 82 

DNOC 6.25 100 58 
DNOC 3.13 99 20 
Reglone* 5.00 100 88 
Reglone 2.50 99 72 
Reglone 1.25 98 61 
Reglone 0.63 95 48 

100 
100 
98 

99 
97 
98 

77 
62 
54 

78 
60 
40 

* = full haulm treatment 
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Testing for tuber skin maturity subsequent to 
vine killing 

J.L. Halderson 

University of Idaho, Aberdeen, USA 

Summary 

After a development period, a device has been used to conduct trials to determine 
potato tuber skin strength. Factors which cause variation in strength values have also 
been examined. Measurements were done wi th a torsional device and have only been 
applied to the Russet Burbank variety so far. Some factors which affect strength values 
are: elapsed t ime after vine killing, moisture on skin, location of test on tuber, character
istics of tester t ip, and operator skill. 

Introduction 

Producers traditionally determine when potato tubers are mature by applying thumb 
pressure and lateral force to the skin of freshly dug tubers. Variance of such measure
ments is so great as to preclude accurate quantification by which production practices 
could be improved. 
Skin damage during harvest and handling lowers the fresh market value as well as in
creasing storage loss f rom dehydration and microbial decomposition. Producers in south 
eastern Idaho are currently allowing approximately three weeks between vine killing and 
beginning of harvest. A shorter maturation period would be quite advantageous if tuber 
maturity can be maintained or improved relative to current levels. Trails of various types 
of vine killing have not yet shown any method which provides superior or more rapid 
tuber maturity. To improve the sensitivity and repeatability of tuber maturity measure
ment, a study was undertaken which led to the present device. Other researchers have 
also been examining procedures and equipment for determination of tuber skin maturity. 

The torsional test device (Fig. 1) has a t ip diameter of 1.27 cm wi th the best performing 
t ip composed of neoprene. A force of 71 N has proven to be suitable for use as a normal 
force for t ip contact w i th the skin. Torsional resistance forces of a range of 288 to 4600 g-
cm have been observed. During development, factors such as t ip material, t ip hardness, 
t ip area, t ip normal force and ease of operation have been examined and optimized. 
However, the device provides better performance wi th a trained operator. 
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Testing methods and results 

Several trials have been conducted over a period of several years. Only a brief description 
wil l be noted herein for each trial. Vine killing trials were conducted to examine their 
effect on the rate of change and amount of tuber skin strength. Vine killing treatments 
were all applied the same day to vines wi th less than 10% senescence. Treatments were; 
sulfuric acid, Diquat, f lail, puller (Drost) and the untreated control. Skin strength was 
measured, over a period of three weeks, from freshly dug tubers. No difference could be 
detected in skin strength due to vine killing treatments except for the control. 
Several types of tester t ip materials were studied by examining data variance f rom skin 
strength tests of freshly dug tubers for three weeks after vine killing wi th a f lail. Best 
results were obtained wi th a neoprene t ip of 67 hardness on the Durometer " O " scale. 
The t ip needs to be sufficiently resilient to conform to the curvature of tubers but suffi
ciently stiff to not deform at the contact area while under thrust and torsional forces. 
Usage causes wear and rounding of the t ip periphery. Tips were replaced when wear 
approximated a decrease in diameter of 4 mm, or a change of 10% in t ip area. 
To determine the effect of test location differences on the tuber, tests were conducted 
every Monday, Wednesday, and Friday for seven times after vine killing wi th a f lail. 
Freshly dug tubers were allowed to air dry for 15 minutes before testing. Tubers ranged 
in weight f rom 170-200 g to permit sufficient test area. The length of the tuber was visu
ally divided into thirds, w i th 16 tubers having four tests w i th the No. 3 t ip in each of the 
three areas. Results show that the stem-end skin has greatest strength, fol lowed by the 
center and then the bud end (Fig. 2). The stem-end values are 250 g-cm higher than the 
center and 600 g-cm higher than the bud-end. 

To determine the effect on skin strength of air drying t ime between digging and testing, 
t ime periods of 0, 15, 30 and 45 minutes were established. Four tubers were used for tests 
for each t ime period wi th four skin strength measurements per tuber wi th each of three 
different tips (No. 2, 3 and 4). Results primarily show that tester t ip No. 3 provided the 
most consistent response of all tips but performed better at 45 minutes after digging 
than for shorter times (Fig. 3). There was interaction between drying t ime and tester tips. 

POINTER 

TESTER TIP 

\ 
TIP HOUSING 

INDICATOR DISK 

Fig. 1 A field tester for determining tuber skin resistance to scuffing. The tester tip has an area of 
1.3 sq cm and the normal force was 71 N. A torsion bar connects the handle end to the tip 
end. The pointer can rotate in either direction relative to zero on the disk. 
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Fig. 2 Change of tuber skin strength over t ime due to differing test locations on the Russet 

Burbank tuber. All values are significantly different wi thin each day at P = 0.05. 

DAYS AFTER VINE KILL DAYS AFTER VINE KILL 

DAYS AFTER VINE KILL 

Fig. 3 Response of three different tester tips, in f ield testers, to tuber exposure t ime after digging. 

The error bars represent standard error of means. Tip No. 3 in tester 3 is the most sensitive 

to skin strength change. The longest elapsed t ime provided the best results as evidenced by 

a significantly greater peak in results. 
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Potato haulm killing by flaming 

K. Larsson 

Swedish Institute of Agricultural Engineering (JTI), Uppsala, Sweden 

1 Introduction 

Treatment and removal of haulm before harvest is an important part of potatogrowing. 
At present, chemical spraying is the usual method. However, the use of chemicals in pota
toes is becoming increasingly questioned, particularly in late stages of the growing 
season. For the growers, the handling is risky, the effect of the spraying is not always 
satisfactory, and the consumers are concerned that chemical residues may be present in 
the potatoes. Thus, the development should be towards l imitation of chemical inputs and 
their future replacement by other methods. 

2 JTI's project 

The methods being studied by JTI are mechanical, mechanical-chemical and mechanical-
thermal. The studies started in 1986 and continued in an increasing scale to 1990. The 
methods have been tested on 12 different potato varieties grown under various condi
tions f rom the south to the north of Sweden. 

A break-through for the f laming technique was made in 1988 fol lowing the development 
of a burner w i th high capacity, efficiency and safety. The flamer was developed in co
operation wi th a commercial f i rm, Svenska Primus AB. 

In the fol lowing only the thermal technique wil l be discussed. 

3 Pulverization + flaming 

3.1 Technique 

Before f laming the haulm is pulverized to a height of about 10-15 cm wi th a f lail or chain 
pulverizer. By using this method the heat energy can be reduced, the killing effect in
creased and the risk of infection on the potatoes due to diseased haulm is avoided. In 
addition, the harvesting is facilitated at the same t ime as the losses and the mechanical 
damages to the potatoes are reduced. The pulverization can be done simultaneously w i th 
the f laming or separately. 

The flamer can be a 2-row or a 4-row machine, attached to the 3-point hitch on the 
tractor (Fig. 1). 
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Fig. 1 JTI-flamer with frontmounted pulverizer. 

LPG is vaporized in a vaporizer wi th a capacity of 100 kg LPG/h. The vapourization heat is 
taken f rom the tractor's cooling system (Fig. 2). Two gas-phase burners per row, each 
wi th a capacity of 8 kg/h at 2 bar, are placed under an entire shield or adjustable shields 
for separate rows. The working pressure is adjustable within 1-4 bar. The temperature 
around the haulm stumps is about 800 °C at normal driving speed. An electronic system 
monitors and controls the function of main gas valve, auto ignition, burners, vaporizer, 
gas and electrical power supplies. If a hazardous situation arises the gas supply is auto
matically shut down. The system is monitored f rom a remote-control box in the tractor 
cab. The gas is supplied from 16 kg LPG cylinders or f rom a tank, 200-400 kg LPG. 

Fig. 2 Vaporization heat is taken from the tractor's cooling system. 

3.2 Treating results 

Thermal treatment effectively kills the haulm, relatively independent of weather and 
f ield conditions. However, an exception is certain organic soils which may easily become 
ignited. A normal dose of LPG is for common table potato varieties 60 kg/ha but the dose 
can be reduced to 40-50 kg/ha during favourable conditions. Haulm killing in an early 

33 



stage of development wil l require high dose and/or repeated treatment, e.g. seed 
production and potatoes grown further north in Sweden. Some late potato varieties for 
processing wil l need repeated treatments. 

The t ime required for haulm desiccation and for the skin of the potato to mature 
amounts to about 14 days. The desiccation goes faster than when Reglone is sprayed on 
whole haulm (Fig. 3 and 4). After 14 days the pulverized haulm in the furrow has more or 
less wi l ted away. Harvesting is facilitated to a large extent and simple harvesters can be 
used. 
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Fig. 3 Haulm desiccation rate by f laming and spraying. 
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Fig. 4 Skin damage to the tubers. JTI-tester. 
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The pulverizing/flaming technique implies an increased driving in the f ield, which may 
cause soil compaction problems and damages to the potatoes from the tractor wheels. By 
using 4-row machines, row-cropping wheels and wide row spacing the problems are 
reduced. Another negative consequence of burning LPG is emissions of nitrous oxides 
and carbon dioxide. However, in relation to the emission from burning fossil fuels in 
total , the addition f rom flaming potatoes is marginal. 

3.3 Capacity, costs 

The driving speed for pulverizing, pulling and f laming is normally 5-7 km/h, i.e. a capacity 
of 0.5-0.7 ha/h for a 2-row machine and 1.0-1.3 ha/h for a 4-row machine. 

The costs for alternative haulm-killing methodes are showed in Fig. 5. Pulverizing 
combined wi th f laming is more expensive than pulverizing combined wi th pulling or 
spraying. The difference, compared to pulling, is about 200 SEK/ha or 0.005 SEK/kg pota
toes (40 ton/ha). 

SEK/kg' SEK/ha 

0,07 2800 x Spraying, Reglone 2+2 l/ha ( 720 SEK/ha ) 
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Fig. 5 Costs for different haulm killing methods. 

Pulverizing + spraying is about 400 SEK/ha (0.01 SEK/kg potatoes) cheaper than pulver
izing + f laming. Noticeable is that on large areas the cost for pulverizing + spraying is 
about the same as for spraying whole haulm with Reglone according to lower chemical 
costs. Even if the costs for the new methods are 50%-80% higher compared to the tradi
tional methods, the benefits concerning environment, efficiency and potato quality are 
well worth the price. 
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Summary 

Green-crop l ifting was developed especially as an alternative to haulm killing, which also 
could reduce the development of Rhizoctonia solani on the tubers. Green-crop l ifting 
offers prospects to treat tubers against diseases before they are again covered with soil. 
IMAG-DLO investigated four haulm killing techniques in regard to the development of R. 
solani and compared them mutually. Also the effect of a natural antagonist and a fungi
cide on the development of R. solani has been studied. 

Both the techniques in which the haulm was pulverized to short stalks caused no differ
ence in the development of R. solani. Haulm pulverizing to short stalks fol lowed by 
green-crop l ift ing wi thout the use of a fungicide or antagonist was not effective. When 
selecting this treatment and using a fungicide or antagonist, the results could be accept
able. 

The technique of haulm pulling (whether or not using a fungicide or antagonist) offers a 
very good prospect for decreasing the infection wi th R. solani. 
Both Monceren and Verticillium biguttatum reduced the incidence of of black scurf con
siderably. Haulm pulverizing combined wi th row spraying is used as a reference. 

Introduction 

In the Netherlands haulm killing of seed potatoes is necessary to avoid virus infections of 
the tubers (transmitted by aphids). Another reason for haulm killing is to avoid excessive 
tuber grades. 
Problems wi th the fungus Rhizoctonia solani (causing black scurf) after spraying the 
haulm, and the prohibition of the herbicide Dinoseb have led to the development of 
alternatives. Green-crop l ift ing (GCL) is such an alternative, next to haulm pulling (HP), 
haulm f laming and spraying the haulm wi th permitted herbicides. Green-crop l ift ing was 
developed especially as an alternative to haulm killing (Bouman, 1990), which also could 
reduce the development of R. solani on the tubers. 

Green-crop l ift ing is based on results of research to the development of R. solani after 
different methods of haulm killing. From this research it appeared that black scurf devel
opment wil l be countered by: 
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- bringing air into the ridge; 
- severing grow contacts between tubers and soil, uptake contacts between roots and 

soil and transport contacts between tubers and plant; 
- minimizing the quantity of green parts of plants into the ridges (Dijst, 1989). 

The situation meant can be reached by removing the haulms (foliage) fol lowed by sepa
rating potatoes, roots and stolons from the soil by windrowing. Removing the haulm can 
be done wi th a haulm pulverizer or wi th a pulverizer fol lowed by a haulm puller. After 
windrowing the potatoes are covered wi th soil; a new ridge is built. Peeling of tubers is 
reduced by preventing them from rolling back on the sieving webs and by minimizing 
the height of fall on to the soil (into wind-row). 
Another aspect that is in contrast wi th the usual method of harvesting, is that not all the 
soil has to be sieved. 
Green-crop l ift ing offers prospects to treat tubers against diseases before they are 
covered wi th soil. With seed potatoes this is very important because the tubers are very 
sensitive to infections during the period between haulm killing and harvest. When they 
are fall ing f rom the sieving web to the soil, antagonists or fungicides can be applied to 
the tubers. Another advantage is that the covered tubers are held in conditions akin to 
those of a potato store so the tubers can be harvested at the most suitable point in t ime. 
IMAG-DLO has investigated four haulm killing techniques in regard to the development 
of R. solani and compared them mutually. Also the effect of a natural antagonist and a 
fungicide on the development of R. solani has been studied. 

Materials and methods 

The experiments were carried out at the IMAG-DLO experimental farm 'Oostwaardhoeve' 
at Slootdorp in 1991 and 1992. In both years seed potatoes of the cultivar Bintje (35-45 
mm) were used. In 1991 the seed potatoes had a natural infection w i th R. solani. Before 
planting the tubers were treated wi th Solacol. In 1992 a natural infection and an artificial 
infection of R. solani were present. For the artificial infection seed potatoes wi th a slight 
infection of R. solani were used. 

The experiments were planned as a completely randomized block design wi th three and 
four replicates in the years 1991 and 1992 respectively. In both years the crops were 
grown on sandy clay soils. The planting distances in the ridge were 30 cm. The potatoes 
were planted in April, and the different treatments were carried out in July. 
In principle four main techniques were compared: 

- haulm pulverizing combined wi th row spraying (HPRS); 
- haulm pulverizing to short stalks on the ridge wi thout removing the haulms fol lowed 

by green-crop l ift ing (HP-GCL); 
- haulm pulverizing to short stalks on the ridge removing the haulms fol lowed by 

green-crop l i ft ing (HPR-GCL); 
- haulm pulling removing the haulms fol lowed by green-crop l ift ing (PULR-GCL). 

Haulm pulverizing combined wi th row spraying is used as a reference. The response of 
the other three objects to the use of a fungicide and a natural antagonist during the 
process of green-crop l ift ing was also investigated. The fungicide Monceren (10 l/ha in 
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400 I water/ha) and the natural antagonist Verticillium biguttatum (2.000.000 spores/ml 
in 400 I water/ha)(Jager and Velvis, 1985) were used. 
From the t ime of GCL and HPRS every ten days (in total four times) samples of tubers 
were taken to fol low the development of R. solani on the tubers in the ridge exactly. The 
susceptibility to peeling of the tubers was fol lowed every three days after treatment (in 
total five times) also by sampling. The susceptibility to peeling wil l not be discussed in 
detail in this paper. 
The sample size for assessing the infection with R. solani numbered in both years 100 
tubers (>30 mm) per experimental unit (plot). In 1991, 100 tubers were taken from one 
sampling point. However, in 1992 a divided sampling method was chosen. Per experi
mental unit four samples of 25 tubers were taken spread over the plot. 
After washing the tubers they were assessed individually as to the rate of black scurf 
infection and classified as slightly, moderately and heavily infected by R.solani. The 
degree of infection is finally expressed as an index number (black scurf index) which is 
calculated as follows: 

% light x 1 + % moderate x 2 + % heavy x 3 
Black scurf index = 

(Bouman e ta l . , 1983) 

The black scurf index can vary between 0 and 100. The norm of the General Netherlands 
Inspection Service for agricultural seeds and seed potatoews (NAK) for black scurf inci
dence in seed potatoes is 'slight' when the index number amounts to 20 or less. 
The soil-temperature as well as the soil moisture surrounding the tubers were measured 
during the experiments. 
After transformation of the indices the results were analysed statistically by means of a 
variation analysis. Both soil temperature and the soil humidity were taken in the analysis 
as a co-variable. 

Results and conclusions 

Successively the results of 1991 and 1992 wil l be discussed. From the experimental year 
1992 only the experiment where an artificial infection was assumed, wil l be discussed. 
The development of R. solani was fol lowed in both years. As sampling dates were held 0, 
10, 20, and 30 days after HPRS and GCL. Only the situation after 10 and 20 days wil l be 
discussed in detail because in general this appears the most important period. 
The four main techniques (methods) in 1991 are compared in Table 1. At the t ime of 
treatment the mean black scurf index of all the experimental units was two. Ten days 
after treatment (Table 1) there was no significant difference yet. After 20 days, haulm 
pulling fol lowed by green-crop l ift ing showed in relation to the R.solani assessment a 
clearly better result in comparison wi th haulm pulverizing fol lowed by row spraying. 
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Table 1 Mean black scurf indices of four methods at two times in 1991. 

Method Black-scurf index 

after 10 days after 20 days 

HPRS 7 40 

HPGCL 7 30 

HPR-GCL 22 45 

PULR-GCL 12 15 

Subsequently the additional effect of the fungicide Monceren (pencycuron) and the 
natural antagonist V.biguttatum were studied after 10 (Table 2) and 20 days (Table 3). 

Table 2 

Method 

The effect of Monceren and V. 

Black 

X1 

biguttatum on the development of R. solani after 10 days. 

: scurf index (after 10 days) 

Monceren V. biguttatum 

HPRS 7 - -

HP-GCL 7 4 3 

HPR-GCL 22 2 7 

PULR-GCL 12 2 5 

1 Without additive 

Table 3 

Method 

The effect of Monceren and V. 

Black 

X1 

biguttatum on the development of R. 

: scurf index (after 20 days) 

Monceren 

solani ; after 20 days 

V. biguttatum 

HPRS 40 -

HP-GCL 30 6 17 

HPR-GCL 45 13 8 

PULR-GCL 15 3 13 

1 Without additive 

From Tables 2 and 3 it appears that haulm pulverizing to short stalks fol lowed by green-
crop l ift ing does not cause an improvement over the results in relation to haulm pulver
izing combined wi th row spraying. However, application of Monceren or V. biguttatum 
shows a much better result. Green-crop l i ft ing combined wi th haulm pulling always gives 
a satisfactory result. In this experimental year the tubers were hardened sufficiently after 
10 days. 

In 1992 the same four main methods were compared mutually. The results are shown in 
Table 4. 
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