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EXTENSIVE VEGETABLE 
PRODUCTION 

INTRODUCTION 

It is now po sible to grow 
vegetables free of weeds. This long 
standing aim has become a reality 
in the last ten year . The technique 
is one of the greatest advances to be 
made in vegetable growing, yet this 
knowledge has not been exploited in 
~ew Zealand, probably clue to lack 
of demonstration and extension. 

Traditional methods of growing 
have relied on interrow cultivation 
to control weeds. For this reason 
vegetables are grown in rows con­
siderable distances apart to make 
way for cultivation equipment but 
this also giv s weeds a chance to 
grow without competition. 

Depreciated prices for traditional 
farm products has led mixed 
cropping farmers and horticulturists 
to look for more rewarding alterna­
tives. Vegetable growing by 
traditional methods has high labour 
costs and is not a very attractive 
proposition but with new methods 
it opens up proAtable possibilities. 

If New Zea land is to expand its 
exports of fresh and processed 
vegetables a low cost quality 
product will be needed to break 
into world markets. To clo this 
growers must develop and exploit 
new techniques in order to reduce 
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co ts of production and increase 
yields per acre. In my opinion we 
have the soils and the climate but 
we must use the optimum methods 
available and develop better methods 
till. 

ADVANCES I VEGETABLE 
PROD CTION 

A. Plant Density 

Bleasdale1 at the Nationa l Vege­
table Research Institute in England 
and other workers, notably those in 
the United States, have done exten­
sive work on th e optimum plant 
cl nsities of the principal vegetable 
crops. This density probably lies 
somewhere between 4-12 inches on 
a f;q uare or triangular planting 
pattern. Thus, traditional wide-row 
planting does not make efficient use 
of ava ilable land. However, a drastic 
rea rrangement of plants ha 
implications throughout the hus­
bandry of the crop-fertilizers, weed 
ontrol , water availability and 

irrigation, machinery, planting ancl 
harvesting, pest and disease control 
and crop breeding. 

B. P1·ccisio11 Sowing 

As early as 1949, the ational 
Institute of Agricultural Engineer­
ing2 in the United Kingdom 
developed a way of placing single 
seeds accurately into the soil to 



obtain optimal yields. Because 
specific herbicides were unavailable 
at the time, it was not possible to use 
the seeder to put in the crop at the 
optimum density and hence yields 
remained unchanged. However, the 
seeder eliminated singling and 
between 1953 and 1961 United 
Kingdom growers bought 25,0003 
seeders. 

C. Seed S ize 

Following work in Britain and 
America, Theile4 has shown that 
seed size can influence uniformity of 
plant performance in ew Zealand 
vegetable crops. Although the 
importance of seed size on plant 
vigour and final yield may not be 
important in precision drilling 
where each plant has optimal space 
for development, variation in seed 
size is a limitation to accuracy in 
that it can interfere with the seed 
selection ability of the machine, 
especially when seeds are small and 
irregular in shape. 

D. Pelleted Seed 

Pelleted seed is not an innovation . 
l t was commercially available in the 
United States as early as 1948. 
However, germination problems in 
pellets were widespread and the high 
cost precluded their use for commer· 
cial development. However, with 
precision drilling and the possibility 
of obtaining optimum plant densities, 
pelleting has become important 
because it reduces variability of 
size within and between seed Jines. 
Also the manufacturers can incor­
porate pesticides and fertilizers 
within the pellet. As a result, 
research work aimed at improving 
germination has been stepped up. 

E. Her bicide 

The development of effective 
herbicides will have a profound 
effect upon the vegetable growing 
industry in New Zealand since it 
eliminates inter-row cultivation 
and makes it possible to have 
optimum plant densities. 

In essence optimum plant density 
requires each of these advances-

prec1s10n drilling for accurate seed 
placement, eed grading for uniform­
ity in seed size, pelleting for 
precision drilling of irregular seeds, 
together with pesticide and fertilizer 
incorporation. 

It was with this background in 
mind that the Horticulture Depart­
ment at Lincoln College embarked 
upon preliminary research into the 
application of these techniques to 
large scale vegetable production in 
New Zealand. 

PRELIMI ARY INVESTIGATIONS 
INTO PRECISIO DIRECT 

SEEDING OF VEGETABLES 

('abbages 

The traditional method of growing 
cabbages has been to sow the seed 
in seedbeds and then to lift the 
plants and tran plant into the field. 
Such a method involves considerable 
labour as well as causing a check to 
growth of the cabbage. 

Direct sowing of cabbage removes 
both the labour and check to growth 
with consequent reduction in time 
to produce a cabbage. In addition, 
spacing and associated ize of 
cabbage is control led . 

Work carried out with spring 
cabbage (Flower of Spring) showed 
clearly the advantages obtained with 
precision direct sown cabbage. The 
establishment of seedlings before 
onset of frosts and poor weather in 
winter is very important for pro­
duction of a worthwhile crop. Direct 
sown cabbages came to maturity six 
weeks earlier than transplants and 
produced by far the best quality 
heads. 

In summer varieties such as 
Golden Acre the same advantage 
was found. Plants transplanted out 
in the summer months even with 
applied irrigation took four weeks 
longer to reach maturity. 

In order to obtain satisfactory 
emergence and quality of cabbages 
it is important that seed should be 
of high germination capacity. Flower 
of Spring seed was graded to 
between .0787"-.0625" which allowed 



satisfactory seed ing w ith 67% 
emergence of sown seeds. If this 
grading is not done then the 
accuracy of planting will decrease. 
It was found that pelleting of seeds 
was not necessary for accuracy of 
sowing with the varieties of cabbage 
used. There is no reason why cau li­
fiower, broccoli, brussel sprou ts and 
any other leafy vegetables should 
not also show marked advan tages of 
precision direct sowing. 

However, it is the study of hybrid 
varieties that should provide great­
est advances. Hybrid cabbage with 
its very great un iformity lends 
itself to mechanization and bulk 
harvesting. Unfortunately, hybrid 
seed is irregular in shape and size 
and therefore probably not suitable 
for precision sowing as bare seed. 
ft is almost certain that direct 
sowing of pelleted seed woulrl 
provide a saving of 75% on this 
expensive seed compared Lo 
traditional growing. 

At present most lettuce is direc ~ 
sown and then thinned out by hand, 
a t ime-consuming and therefore very 
expensive operation. The advantages 
of precision drilling are therefore 
very obvious. However, the irregu­
lar flattened nature of the seer! 
prevents the precision planter from 
selecting ind ividual seeds and the 
only method possible w ith unpelleted 
seeds is trickle sowing. Although 
this clid help in minimising 
thinning of the crop, it did not 
give the advantage that precision 
drilling gave with cabbage. 

Pelleted lettuce seed failed to 
germinate in the field on two 
occasions despite very different 
prevailing weather but new pellets 
under development show considerable 
prom ise for the next season. 

Cele t·y 

The size of celery seed makes it 
very difficult to precision drill 
except by means of pelleted seed. 
The amount pelleting material has 
been shown in America to be very 
critical for germination and this 
was borne out at Lincoln when 

direct sown pellets gave inconsistent 
results. Plates 7 and 8 showed that 
precision direct sowing of pelleted 
celery seed will be a possibility after 
more work. 

Onion 

During the 1967-68 season the 
effectiveness of onion pellets and 
herbicides was assessed at Lincoln. 

The herbicide treatments used 
were: 

1. P re-emergence C.I.P.C.- 2lb a.i. 
per acre. Paraquat-~lb a.i. per 
acre 
fo llowed by 
Post-emergence Linuron-~lb a.i. 
per acre 

2. Pre-emergence BiPc/ PCA-1.Slb 
a.i. per acre 
followed by 
Post-emergence Alicep-1.Slb a. i. 
per acre 

3. P re-emergence Propachlor - 4lb 
a.i. per acre 
followed by 
P ost-emergence Propachlor-4lb 
a.i . per acre 
Cypromid-0.5lb a.i. per acre 

4. Hand W eed Contc·ol. 

Pre-emergence herbicides did not 
affect the init ial emergence of onion 
plants whatver the depth of sowing. 

Increasing the depth of sowing of 
pellets from ! inch to 1 inch , 
decreased germination of pellets by 
50% compared to bare seed. 
Similarly extremes of weather or 
soil conditions can reduce germina­
tion . 

Post-emergence applications of 
herbicides did appear to influence 
numbers especially in treatment 3. 
Despite this apparent effect, treat­
ment 3 gave the most efficient and 
reliable weed control for the growing 
techniques envisaged. 

Other significant effects observed 
were the earlier maturity of onions 
sown at ! inch depth . It was con­
s idered that herbicide treatment 3 



may also hav 
maturity. 

induced earlier 

The result of this early maturity 
was to allow greater exposure to 
pathogens with consequent greater 
numbers of diseased onions in the 
samples concerned. This points oul 
the importance of uniformity in 
ripening of onions if minimal 
disease incidenc is to be obtained. 

The effect of precision drilling on 
y ield and the omposition of yield 
is seen by reference to Plates 1 and 
2. Trickle owing gives no control 
of seed placement and gives 
inconsistent p lant spacings along a 
row (Plate ll. It should be noted 
that the technique of trickle sowing 
by a p1·e ision drill is probably more 
precise than sowing by Planet 
Junior although no way of deter­
mining this was tried. Precision 
sowing using p llets gives much 
greater uniformity (Plate 2). 

Although none of the treatments 
influenced total yields to a great 
extent the composition of the yield 
was markedly changed. Preci ion 
sowing led to greater uniformity of 
the crop and it is envisaged that the 
size of onions obtained can be 
manipulated by development of this 
technique. 

Toma toe 

Traditionally tomatoes both for 
fresh market and processing have 
been obtained from transplanted 
crops. Success with other vegetable 
crops from direct seeding led to 
preliminary investigations in to the 
growing of tomato crops direct 
sown. 

Planting were carried out in five 
foot beds using the following 
treatments: 

l. 1 row of pelleted seed spaced 
inch apart. 

2. 2 rows of pelleted seed spaced 2 
inches apart. 

3. 3 rows of pelleted seed spaced 4 
inches apart. 

4. 4 rows of pelleted seed spaced 6 
inches apart. 

5. Pellets sown in drills to side of 
bed and transplanted to give one 
row with plants spaced at 12 
inche in the row. 

He ·ul ting P la nt n ensjties-Rasecl on 

5 foot be<l s on 15 .Ja nua ry, 1!)68 

Actual 
Seeds/ Plants/ Plants/ 

ft. ft. sq. ft. 
T .R. 1 12 4.3 0.86 

2 6 2.7 l.08 
3 3 1.8 l.08 
4 2 0.4 0.32 
5 1.0 0.20 

Although density of plants wa. 
s imilar in treatments 1-3 the actual 
spatial arrangement of the plants 
was very different. 

This resulted in different 
morphology of the plants in the 
different treatments and consequent 
different yield characteristics. The 
overall yield of ripe fruit, however, 
was not very different in any of the 
treatments 1-4 but whereas the yield 
in treatment 1 represented over 60% 
of the potential total (green and red 
fruits) that of treament 4 was only 
44% of the total. The check to trans­
planted tomatoes was such that yield 
up to the same time was on ly 16% 
of the total. Quality of fruit was 
effe ted only slightly by increas d 
plant densities and was not a 
critical factor. 

Disea e which is often a prob! m 
when densities are increased was 
apparent in these trials. 

l)isPase<l and R eject Fruit-lbs 

Total 
% 

Total Yield 

TR. 1 4.82 6.4 
2 13.62 12.2 High Den. ity 
3 12.80 14.0 
4 4.82 5.4 
5 2.87 18.6 Low Density 

The low frequency in treatments 
and 4 was highly significant but in 

no treatment was the problem very 
great considering no fungicide 
. prays were applied in what was a 
wet humid season. 



PLATE 1 
Onions by a St.anhay precis ion drill us ing b:u e seecl tl'i ckl e t echnique 

s howing hTegular s pacing and s iz<'. 

PLATE 2 
Precis ion "'Own pe lle t ed onions showing 1·egular spacing ancl s ize. 



The overa ll picture given by these 
preliminary trials into tomato 
growing is one of optimism. It 
appears that these new techniques 
of growing could give yields of 
tomatoes in excess of 20 tons in 
Canterbury even with existing 
varieties and in a manner suitable 
for mechanical harvesting. 

It is apparent that expensive 
transplat ing techniques $45-505 per 
acre could be replaced by less costly 
direct sowing techniques with very 
li ttle difficulty. Such a move would 
result in higher y ields which would 
raise the profitability of this crop. 
In some areas5 growers actually 
make losses. 

In Canterbury the use of tran -
plants even for an early crop could 
be uneconomic. This conclusion is 
arrived at after a study of meteor­
ological data for the area. This 
shows that in the last 20 year s 
tomatoes above the soil surface by 
mid-November stand to be lost by a 
late November frost one year in 

twenty and perhaps as frequently 
as one year in seven. It follows that 
the growing season for transplants 
commences in mid-November in 
Canterbury while drilling of direct 
sown tomatoes could take place 
everal weeks earlier than this. If 

the transplanting check to tomatoes 
is similar to the 4-6 weeks of other 
transplanted crops, as would appear 
probable, then the transplant loses 
nearly all its initial advantage over 
a direct sown crop. 

The reliability of Canterbury for 
tomato growing has been assessed 
by means of Growing Degree Days. 
This assumes a base temperature 
above 50 degrees F. for tomatoes6• 

All mean temperatures above 50 
degrees F . are thus credited to 
growth of the tomato crop. e.g. If 
the max imum temperature for a 
day is 60 degrees F. and the 
minimum 50 degrees F. the mean for 
the day will be 55 degrees F. giving 
a 5 growing degree day or 5 heat 
units. This method has been usecl 
in the following table:-

H eat U ni t Days - 'r omatoe - Base !l0°F. 

J, in coln Coll ege 

Mid. Oct. ov. Dec. 

1965-66 57.8 177.0 361.9 
1966-67 65.2 163.8 28b.7 
1967-68 69 .3 147.6 302.2 

The variety of tomato-Amateur 
- used in these trials yielded a best 
yield of 21 tons of ripe fruit using 
1604.3 heat units. Other varieties 
more suitable for the work 
developed by H. Giesen of Crop 
Research, D.S.I.R. , Lincoln, appears 
to require only 1586 heat units for 
full maturity. It would appear that 
over the last three years which have 
brought both the best and worst 
types of summers, profitable crops 
of tomatoes in excess of 20 tons per 
acre could have been obtained using 
these new techniques. 

From the work carried out on 
various vegetable crops during the 
1967-68 season it is apparent that 

Jan. Feb. 1arch Total 

369.9 369.9 411 .5 1670.3 
280.7 363.0 348.9 1587.8 
302 .2 343.7 360.2 1611 .5 

prec1s10n direct sowing together 
with effective herbicide application 
can revolutionise the economics of 
vegetable production. Before this can 
occur there must be considerable 
fundamental research to place these 
developments on a sound footing. 

If vegetable production for the 
fresh or process market is to 
d velop then a great deal more 
fundamental research is essenlial. It 
is futue to base economic production 
stud ies on technique already obso-
1 tc by world standards if we hope 
to capture these markets. Only by 
leading the world in production 
techniques can we hope to break in 
on this competitive market. 
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