
AN AGRICUL TURAL EXPERIMENT IN THE UNPROTECTED 
SALT MARSH 

W. van Zeist, T. C.  van Hoorn, S.  Bottema and H. Woldring 

CONTENTS 

r .  INTRODUCTION 

2 .  LOCATION OF THE EXPERIMENTAL FIELDS 

3. WEATHER CONDITIONS AND SOIL

4. CROPS GROWN AND M ETHODS USED

5 .  PROGRESS O F  THE RESEARCH 
5 .  I . r969 season 
5 .2 .  I 970 season 
5 .  3 .  r97 I season 
5 + r972 season
5 .  5 .  I 9 7  J season 
5 .6 .  I 97 4 season 
5 I r97 5 season

6. GROWTH AND YIELD OF THE CROPS
6. 1 .  lntrod11ctio11
6 .2 .  Camelina sativa 
6 . 3 .  Linum usitatissimum 
6+ Vicia faba var. minor 
6 .  5 .  Hordeum 
6.6. Avena sativa 
6.7 .  Other crops 
6 . 8 .  Growth rnrves 

7. THE NATURAL VEGETATION AND THE WEED FLORA
7. r .  The vegetation of the high salt marsh
7 . 2 .  The weeds in the experimental field 

8. COMPARISON WITH CAPPELERSIEL

9 .  SUMMAR Y AND CONCLUSIONS 

1 0. ACKNOWLEDGEM ENTS 

I I .  REFERENCES 

I I I



I I 2 

W. VAN ZEIST, T. C. VAN HOORN, S. BOTTEMA & H .  WOLDRING 

r .  INTRODUCTION 

People first began to settle in the coastal regions 
of Friesland and Groningen about 600 B.C. The 
earliest settlements, the so-called Flachsiedhmgen, 
still Jay at ground level . It was probably as a resu!t 
of the increased activity of the sea that the in­
habitants of this region were urgently compelled, ca. 
5 00 B.C., to raise the level of their dwelling-places, 
and thus the well-known terpen or dwelling mounds 
arose. Those dwelling-places which were not raised 
in this wa y became flooded over and covered by a 
clay deposit. The rise in level of the terpen was not 
simply the resu!t of the accumulation of refuse : 
there are clear indications of a deliberate elevation 
of the dwelling-level. Initially only a few regiom 
were inhabited, such as Westergo, Oostergo, along 
the Hunze, near Middelstum, on the Fivelboezem 
and along the Ems (Waterbolk 1 972) .  Later the 
entire coastal region of the Northern Netherlands 
became gradually colonised . 

The inhabitants of the undiked coastal region 
were thus obviously exposed to the influence of the 
sea. Resul ts of botanical research on terpen and 
Flachsiedlungen have shown that the natura! en­
vironment of the inhabitants of the coastal region 
of the Northern Netherlands was formed by halo­
phytic vegetations (Beijerinck r 929,  van Zeist 
1 974) .  This could only have been possible if  the 
region became flooded by the sea occasionally. I f  
this had  not been the case, then the soil would 
within a short time have become sweetened as a re­
su!t of which the halophytes would have disap­
peared. Until the coastal region was diked, which 
began about r ooo A.D., the environment of the 
terp dwellers must have been brackish. 

The extensive salt marshes would have been al­
most ideal pasture-land for the cattle of the terp 
dwellers. The drinking-water supply for both peo­
ple and l ivestock, for which rainfall was relied 
upon, could  have been a problem in dry summers. 
One would expect brackish salt marshes to be Jess 
suitable for agriculture. Cu!tivated species are how­
ever regularly encountered in ancient settlement 
sites in the Northern-Netherlands coastal region. 
These include : Horde11m v1.tlgare (six-rowed bar­
ley), Avena sativa (oats), Vicia faba var. minor 
(Celtic bean), Camelina sativa (gold-of-pleasure) 
and Lin11m 11sitatissim11m (flax). It  is not yet clear 

whether Drassica campestris (rapeseed) was culti­
vated or whether the seeds of this plant were col­
lected in the wild (van Zeist 1 974) .  

The mere presence of seeds of cul tivated plants 
in the terpen is not in itself indicative of agri­
culture. Agricultural produce from the farmers of 
the neighbouring areas of sandy soil could have 
been obtained in exchange for l ivestock produets. 
It  is however improbable that the farmers on the 
higher areas of sandy soil could ever have grown 
enough grain and other crops to supply the needs of 
the fairly large population of the coastal region. 
Moreover the plant remains are themselves indica­
tive of agriculture in the coastal region. In the case 
of flax, gold-of-pleasure and barley not only have 
the seeds been found but also the remains of thresh­
ing, such as capsules and fragments of spike axes. 
This indicates that these plants were threshed on 
the spot. I f  the crops had been imported then only 
the threshed produets, which take up far Jess space 
than the unthreshed capsules and ears, would have 
been transported. 

The guestion arises as to what extent the brackish 
salt marshes, which became flooded by storm sur­
ges, were suitable for agriculture. Small fields of 
limited extent could have been laid out on the 
terpen, between the dwel lings. Agriculture on a 
somewhat larger scale can only have been practised 
however on the salt marsh outside the settlements. 
Bennema ( 1 9 5 4, p. 42) reports that a salt marsh 
becomes generally silted to about 40 cm above mean 
high water. It is impossible to grow crop plants 
at this level because of too great a risk of flooding 
during the growing season. There are however also 
salt-marsh deposits which are sil ted up to more 
than 40 cm above mean high water. Thus, the sur­
face of a marsh bar (Dutch : kwelderwal) ,  the ele­
vated outer margin of a salt marsh, can reach a 
height of 1 . 20  m above mean high water (Benne­
ma 1 9 5 4, p. 46) .  On these marsh bars, and perhaps 
also on natura! levees along creeks, which are Jess 
often flooded, agriculture would be sooner pos­
sible. 

It  had been known for some time previously, that 
crops can be raised on brackish soils. In the Andij­
ker experimental polder (West-Friesland) both win­
ter and summer crops were raised on a fairly large 
scale during the season 1 9 2 8 - 1 929,  one year after 
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the land had been drained. In the period from mid­
October 1 9 2 8  until mid-April 1 929 the NaCl con­
centration in the uppermost 20 cm of the soil fell 
from 1 4 .0 to 3 . 3  per 1 of soil-water. During the 
summer of 1 929 in the cultivated part of the polder 
the NaCl concentration in the layer 5 -20 cm deep, 
which most of the roots occupy, rose to r o  g per 
1 soil-water. In general, good results were obtained 
with grain crops (wheat and barley), beetroot and 
potatoes. Pulses on the other hand did rather badly. 
The winter coleseed, sown in late August/early 
September, germinated poorly, because the salt con­
centration in September and early October was too 
high (Rapporten 1 9 3 2 ,  pp. 5 5 - 5 9, 2 2 5 -226) .  

In the years 1 94 5 - 1 94 8  van den Berg ( 1 9 5 0) 
compiled crop yield data in areas in the southwest 
of the Netherlands which in consequence of acts 
of war had been flooded by the sea in 1 944 .  The 
inundation with salt water lasted here from a few 
months to about r Y2 years. Van den Berg's study in­
cluded soils which had been flooded for at least 6 
months. Various crop plants turned out to give still 
reasonable results on sal t-containing soils. Summer 
barley proved to be the most salt-tolerant, followed 
by fodder-beet, sugar-beet and oats ; with regard to 
salt-resistance, summer wheat, flax and pota toes 
were in an intermediate position. Pulses appeared 
to be very sensitive to salt. 

lwersen ( 1 9 5  3 )  has carried out extensive experi­
ments on growing crops in newly-diked sal t-marsh 
land still containing salt in the Finkhauskoog near 
Husum (Schleswig-Holstein). The aim of that re­
search was not so much to ascertain which crops 
would still give a reasonable yield on a brackish 
soil, but rather to discover by which means, includ­
ing the raising of certain crops, the process of soil­
ripening is promoted. According to lwersen Bras­
sica napus, Brassica rapa, Beta vulgaris and Tri­
folium pratense should be good pioneer species. 
Although the raising of grain (oats, summer barley 
and winter wheat) and pulses (peas and broad 
beans) was dissuaded in the first few years after the 
enclosure by dikes, these crops a lready gave reason­
able yields under otherwise favourable conditions. 

Wohlenberg ( 1 964) mentions that in 1 962  the 
Olvesbi.iller Koog, ca. r o  km southwest of Husum, 
became flooded following a breach in the dike. The 
winter coleseed, that had stood under salt water 
for about 5 days, died as a result. Summer coleseed, 

that was subsequendy sown, gave an almost nor­
mal yield, al though germination stagnated seriously 
due to a dry period after sowing, which caused 
high salt concentrations in the uppermost 20 cm of 
the soil. 

It  was first shown by Korber-Grohne ( 1 967,  pp. 
209-2 3 r ) that crops can be raised not only in the 
newly-diked still brackish polders but also in areas 
still exposed to flooding by salt water. During two 
successive years on land outside the dikes near 
Cappelersiel, ca. 2 5 km north of Bremerhaven, 
Korber-Grohne raised crops which had been en­
countered in the Feddersen Wierde, a terp dating 
from the first until the fifth century A.D. Some 
of the results of this research will be later discussed. 

In r 968 barley, flax and horse-bean were grown 
by T.C. van Hoorn on the undiked salt marsh bor­
dering on the Westpolder, ca. 4 . 5  km north of Ul­
rum. The experimental plot, 4 x 6 m2 in extent, was 
set up in an area (cadastral Municipality of Kloos­
terburen, section D no. 1 0 2 8 )  used by Mansholt's 
Veredelingsbedrijf (Plant-breeding firm), Westpol­
der 8, Ulrum. Insufficient protection against catde 
led to an untimely end of this experiment which 
until then had given satisfying results. 

With regard to the possibility of continuing these 
agricultural experiments, T. C. van Hoorn con­
tacted the Biologisch-Archeologisch Instituut. It so 
happened that W. van Zeist had already contemp­
lated for several years setting up a small agricul­
tural experiment with crops which had been raised 
in former times by the terp dwellers, but that it 
had not been possible to realise this plan. It  was 
clear therefore that the experiment begun in r 968 
should be continued, this time as a joint project. 

During a discussion on March r 9th 1 969 Ir. U.  
Mansholt affirmed his  will ingness to  give h is  com­
plete cooperation. He gave permission to use a new 
area of salt marsh next to the plot cultivated in 
1 96 8 .  Later this experimental field was somewhat 
extended, while in addition another small area on 
the same was included in the experiment. 

This research should provide more data on the 
degree of suitability of various crops for cultiva­
tion in the brackish environment of the terp dwel­
lers. More information should  also be forthcoming 
in answer to the question as to which part of the 
unprotected salt marsh was suitable for agriculture I I 3 
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Fig. r .  Location of the experimencal fields (indicated by an 
a rrow) in  che undiked salt marsh near the Westpolder. 

in former times. By extending the experiment over 
a number of years, an impression could  be gained 
of the fluctuations in crop yield as a resul t  of 
weather conditions. These data would at the same 
time provide information concerning the risk run 
by the terp dwellers of a total or partial crop 
failure. 

As will be further discussed in detail in section 9, 
the narrow strip of salt marsh near the Westpolder 
is not completely comparable with the salt-marsh 
region several kilometres wide along the coast of 
the Northern Netherlands before this region was 
enclosed by dikes. A situation such as that near the 
Westpolder is at the present time however the only 
possibility for an agricultural experiment on un­
protected salt marsh. 

In the fol iowing report the results over the 
period 1 969- 1 97 5  will be dealt with. The experi­
ments will be continued for several more years. 

2. LOCATION OF THE EXPERIMENTAL
FIELDS 

As already mentioned above the agricultural ex­
periment was set up in the unprotected salt marsh 
lying to the north of the Westpolder (fig. l ) . At 
the level of  the experimental fields I and I I  (see 
below) the width of the salt marsh is ca. 22 5 m. 
On the seaward side the high salt  marsh is bordered 
by a steep erosion cliff ca. l m in height. Although 
not strict!y correct, the unprotected salt marsh will 
be referred to in this report as Westpolder. 

Experimental field I was set up immediately 
east of the smal! area cultivated in l 968 ,  ca. 1 0  m 
from the erosion cliff (fig. 2 ) .  This field was orig­
inally 1 2 . 2 5  x 1 0 . 5 0  m2 in area (fig. 3 ) ;  later, in 
l 973 ,  it  was extended on the eastern side by 6 m, 
so that it  now measures 1 8 . 2 5  x r o . 5 0  m2• 

In  September 1 969 a leveil ing survey was made. 
Levels were taken not only of experimental field 
I and its immediate surroundings but also of a series 
of points along a l ine between the field and the 
dike. The resul ts of this leveiling survey are shown 

Fig. 2. Heights abovc NAP (New Amsterdam Ordnance 
Datum) in che salt marsh near expcrimental ficlds I and I I .  
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in figs. 2 and 3. The highest measured point on the 
salt marsh, near the erosion cliff, is NAP + 2 . I 6  
m .  Field I l ies between NAP + 2 .0 5 5  - 2 . 1 45 m.  
Mean high water at the level of the Westpolder i s  
at NAP + 0.96 m.  Field I thus l ies ca .  r . I 4 m 
above mean high water. 

Experimental field II, half-way between the 
dike and the erosion cliff was used during I 970-
I 972 .  This small area, measuring I 2 . 5 0  x 4 m2 (fig. 
9), was situated at NAP + r . 5  5 - r .60 m, thus ca. 
o .6 I m above mean high water.

The salt marsh is grazed, mostly by sheep though
in some years also by young cattle. 

3. WEATHER CONDITIONS AND SOIL

Precipitation as well as maximum and m1111mum 
temperatures are measured daily at Mansholt's Ver­
edelingsbedrijf. These data for the period March 
I St-August 3 I st in I 969 and subsequent years (in 
I 972 : April 3 rd-August 3 I st) are given in figs. 4,

I O- I 2  and I 9-2 I .  
Figures for high-water levels were provided by 

the Rijkswaterstaat, directies Groningen and Fries­
land (State Water Boards of Groningen and Fries­
land), first for Veerhaven-Oort and later for Lau­
wersoog. Those tides which are higher than NAP 
+ r . 5  5 and 2 .0 5  m are shown in table r .  During 
high tides above NAP + r .  5 5 m the lower-lying 
field II was completely or partly flooded. Experi­
mental field I ,  situated at an average height of 
NAP + 2 . I o  m, was threatened by tides exceeding 
NAP + 2 .0 5  m in height. 

The so i l  of field I consists of a ve ry sand y cla y, 
while that of field II consists of clay. 

During the first year ( I  96 9) samples were taken 
from experimental field I in the course of the 
season (fig. 3 ) .  The moisture and salt content of 
these samples were determined by Drs .  ]. N. Lan­
ting. The results of these determinations are shown 
in table 2. The moisture content was determined by 
weighing the sample befare and after d rying. As a 
measure of salt content the cloride ion (Cl-) concen­
tration was determined using a potentiometric me­
thod. 

4. CROPS GROWN AND METHODS USED

The foliowing crops were grown in the period 
I 969- I 97 5 : 
Beta vulgaris (only in I 969) .  Sowing seed from 

Mansholt's Veredelingsbedrijf (Plant-breeding 
firm).  

Hordeum distichum. Sowing seed from Mansholt's 
Veredelingsbedrijf. 

Hordeitm vulgare. Bigo and Oderbrucker varieties 
(summer barley) . Sowing seed from the Insti­
tuut voor Plantenveredeling ( Institute of 
Plant Breeding) at Wageningen and own har­
vest. 

Avena sativa. Sowing seed from Mansholt's Ver­
edelingsbedrijf and own harvest. 

Panicum miliaceum. Sowing seed from commercial 
seedsman. 

Triticum aestivum. Sowing seed from Mansholt's 
Veredelingsbedrijf. 

Camelina sativa. Sowing seed from the Instituut 
voor Plantenveredeling at Wageningen and 
own harvest. 

Linum usitatissimum. Sowing seed from commer­
cial seedsman and own harvest. 

Vicia faba var. minor. Sowing seed from com­
mercial seedsman and own harvest. 

As a general rule seeds were sown m rows. Dis­
tances between rows were as follow : 

Hordeum 20 cm 
Avena 20 cm 
Vicia 2 5  cm 
Camelina I O  cm 
Linum I O  cm 
Panicum 20 cm 
Triticum 20 cm 

Initially Camelina was sown broadcast on occa­
sion. The subdivision of the experimental fields I 
and I I  is shown in figs. 3 ,  8 ,  9 and I 8 .  

During the period between sowing and har­
vesting the fields were visited regularly and ob­
servations made of the state of the crop with regard 
to such things as percentage germination, height 
of plants, time of flowering, etc. 

Flax and gold-of-pleasure were harvested by 
pulling up the plants. In the case of Celtic bean the 
ripe pods were plucked. Barley and oats were 
reaped with a sickle ;  these crops were only pulled 
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EXPERIMENTAL FIELD I (1969) 

I .""," B e t a  vulgaris 

2°145 2 12  

X 
9110 

Hordeum Unum Vicia faba Camelina Avena 
distichum usitatissimum var. minor sativa sat iva 

2 oa5 207:!! 2.075 x6 
X 

" A·I A-Z A·l A-1 A-1 

x ,  x ,  

X Linum Avena Camelina Hordeum Vicia faba 
718 usilatissimum sativa sativa distichum var.mi nor 

2 ås5 2 Q75 2.065 

1-1 B-1 8-l H 8-1 

x.,, 
unaltered grossland 

Fig. J· Expcrimcntal field I in 1 969 with hcights abovc NAP. 
The placcs where samples were taken for salt and humidit)' 
determinations (table 2) arc indicated with a cross. 

up if there were just a few plants or if the plants 
had remained too short. Af ter drying the crops 
were threshed at the Biologisch-Archeologisch In­
stituut, except for the barley and oats, in which 
case threshing was done at Mansholt's Veredelings­
bedrijf. 

5 .  PROGRESS OF THE RESEARCH 

5. T.  r.  GENERAL CHARACTERISTICS 

In the second half of March a strip of land was 
ploughed up and subsequently an area measuring 
1 2 . 2 5  x 1 0. 5 0  m2 fenced in. The fence, ca. 1 m 
high, consisted of boards with narrow spaces be­
tween. After sowing barbed-wire was a!so put up 
above the boards. The fence was necessary prima­
rily to prevent sheep and young cattle from dis-

L____J m 

turbing the experiment. In addition the fence of­
fered some protection against the wind. 

The fenced area also included a strip of un­
ploughed land, so that the natura! vegetation on 
this part of the salt marsh could be studied (see 
7· 1 . ) .  

The cultivation plots were set out  in two strips 
of 1 o x 2 m2 (series A and B). Each series consisted 
of 5 plots each 2 x 2 m2 (fig. 3 ) .  Series B was sown 
on March 2 8 th and series A on April 2 8th. In early 
April, 4 rows of sugar-beet were sown to the 
north of series A. Series A and B were not fertili­
zed. Only the sugar-beets, which will not be fur­
ther discussed here, were treated moderately with 
ni trogenous fertilizer. 

After sowing nets were spread out over the plots 
to prevent birds from eating the seeds. In the case 
of both series the nets were removed about 3 weeks 
after sowing. Experience has shown that nets with 
a mesh width of 2 cm were of l ittle effect. Nets of 
mesh wid th o.  5 cm were better, though certainl y 
not l 00°/o effective. 

It appears from the temperature data (fig. 4) 
that during the month of March temperatures were 1 1 7 
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lower than normal. Soon after sowing series B (on 
March 3 r st), maximum temperatures rose consider­
ably, to fluctuate about the mean during the rest of 
April and also throughout May. In both April and 
May total precipitation was higher than normal .  
In  June maximum temperatures were in general 
above average, while during that month precipita­
tion was less than average. The second half of July 
and most of August ( until the 2oth) were relatively 
dry and warm. The last IO days of August were 
very wet however with normal maximum tempera­
tures. There was a violent storm on July 7th. 

The pattern of temperature and precipitation 
outlined above is reflected to some extent in the 
moisture content of the uppermost 1 0  cm of the 
ground (table 2, see also fig. 3 ) .  The sample taken 
on July 1 6th thus had the lowest percentage of 
moisture. The salt concentration, expressed in 
grams c1- per l itre of water, is partly dependent 
on the moisture content of the soil .  As a general 
rule a low moisture content goes together with a 
higher salt concentration. In addition the quantity 

Fig. 4. Precipitation and minimum and maximum tempera­
tures recorded at Mansholt's Veredel ingsbedrijf (Plant-bree­
ding firm) in the Westpolder from March 1 st to August 3 1 st 
1 969. The d ashed l ines indicate the mean maximum tempera­
tures for the months concerned. For the region in  which the 
Westpolder is situatcd the foliowing mean monthly precipita­
tions are reported : March ca. 3 5  mm, April ca. 40 mm, May 
ca. 45 mm, June ca. 5 0  mm, July ca. 80 mm, August ca. 8 5  
mm. The mean temperatures and prccipitations, for the pe­
riod 1 9 3  1 - 1 960, arc after Kaart van Nederland, Plates V-3 
and V- r .  
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B •· ----------- - -- -- - - -- - ---- -

10 11 10 li 
". 
. ,. MARCH APRIL MIV 

·Il"

JO 

of c1- per gram of dry soil (the "absolute salt 
concentration") varied considerably. Instances 
where this absolute salt concentration was higher 
at a depth of 20 cm than near the surface can be 
explained as a result of out-washing. The sample 
taken on July 1 6th (no. I 1 )  had a far higher abso­
lute salt concentration than the other samples from 
near the surface. This indicates differences in salt 
concentration probably due to the non-homogenous 
state of the ground. All samples were taken from 
outside the areas sown. It should be borne in mind 
when considering the figures shown in table 2 that 
the NaCl concentration of the Waddenzee is I 5 -20 
g per l i  tre of wa ter, i . e .  9- I 2 g Cl- per  l i  tre. 

During the period from September r st 1 96 8  
until September r st 1 969 there was only one high 
tide exceeding NAP + 2 .05  m (tabl'e 1 ) . On Fe­
bruary 2nd 1 969 a highest level of NAP + 2 . 4 5  
m was recorded o n  the tide-gauge at Veerhaven­
Oort (the height of the experimental field being 
NAP + 2 .0 5 5-2 . 1 45 m) .  

In order to become acquainted with the weed 
flora of newly cultivated salt marsh it  was decided 
not to remove weeds. This had no damaging effects 
on the crops, because weeds only began to develop 
towards the end of the growing season. These weeds 
sometimes reached a size of I m in diameter (fig. 5 ). 
Germination and development of the crops pro­
gressed considerably faster with the late-sown se­
ries than with that sown earlier. In spite of this the 
yields of the earlier-sown crops ( except for gold­
of-pleasure) were considerably greater. 

JUllC Ja mm JUlV 51 mm AUGUSI \gg_s mm 

I 10 11 10 li JO 10 li 10 li JO 10 15 10 li JO 
JUllE JUlY AUGUST 

1969 



An agrirnltural experiment in the 1.mprotected salt marsh 

Fig. 5 .  Vigorously devcloped spccimen of Atriplex hastata 

in field I (August 9th r 969). 

The development of crops grown 111 series A 
and B will be dea ! t  with sepa rately for each species. 
The crop yields for r 969 and subsequent years a re 
given in table 3 .  

5 . 1 . 2 .  LINUM USITATISSIMUM 

On plot I-B- r ,  ca.  70°/o of seeds had germinated 
within 4 weeks a fter sowing (April 2 8 th). Develop­
ment was good, though growth pattern was rather 
variable. On June 1 3  th the tallest plants were 40 
cm high and the shonest r o  cm. The flax was in 
flower on June 2 3 rd when its maximum height was 
60 cm. In the storm of July 7th a number of plants 
were blown over. The flax was pulled up on July 
24th (fig. 7c) . 

On plot r -A-2, ca.  700/o of seeds had germinated 
within 2!/i weeks a fter sowing (May 1 4th). Growth 
was a l so irregular here. This crop was flowering in 

abundance on July 2nd and was harvested on 
July 3 ! St. 

5 . 1 . 3 .  CAMELINA SATIVA 

On plot I-B-3 ,  2 5 °/o of seeds had germinated by 
April 2 r st, 3 weeks a fter sowing. The seedlings 
were only 5 cm high up until 8 weeks a fter sowing, 
a fter which time growth was more rapid. On June 
2 3 rd the plants had reached a maximum height of 
50 cm and were branched, with some already in 
seed and some still in flower on top (fig. 6a) .  
Flowering was mostly over by July 2nd and on 
July 24th the plants were harvested. 

In I-A-4, ca 80°/o of seeds germinated within 2 !/i 
weeks a fter sowing. After 4 weeks the seedlings 
were up to 3 cm high. The plants were very 
crowded together which resulted in slow develop­
ment of some plants. This plot was flowering in 
abundance 8 weeks af ter sowing. The storm of 
July 7th had no damaging effect. This crop was 
harvested r 3 � weeks a f  ter sowing. 1 1 9 
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On plot I-B- 5 ,  the seedlings came up 3 weeks after 
sowing. By May r 4th each seedling had 2 small 
leaves. By June 1 3 th one plant, r1 cm high, was in 
flower. One week la  ter the crop was in flower over 
the whole plot (fig. 6c). Many plants were blown 
over during the storm of July 7th. Most of the 
pods were gathered on August 9th, the rest on 
August r 8th.  Each pod contained 2-4 beans. From 
the beginning of July onwards damage was in­
flicted by aphids. 

In I-A-3 ,  ca. 900/o of seeds had germinated by 
May 27th, 4 weeks after sowing. On a subsequent 
inspection all seedlings appeared to have been 
pulled up by birds. 

5 - 1 . 5 .  HORDEUM D ISTI CHUM 

On plot I-B-4, ca. 400/o of seeds had germinated by 
April 2 r st. During the growing period the leaves or 
their tips turned yellow. By May 27th only ca. 5 0/o 
seemed to be growing reasonably wel l .  Harvesting 
was on August 9th. 

In I-A- r ,  ca. 700/o of seeds had germinated by 
May r 5 th.  On July 2nd the few surviving plants 
were beginning to come into ear, al though these 
often remained in the uppermost leaf. Harvesting 
was here also on August 9th. 

5 . 1 .6 .  A VENA SATIVA 

On plot I-B-2 only a few seedl ings were visible at 
3 weeks after sowing. There were many empty 
husks (caused by skylarks? ) .  Germination was not 
more than 5 °/o. On June 2 3 fd the remaining plants 
were up to 40 cm high. These plants were blown 
awry during the storm of July 7th. Harvesting was 
on August 9th. Few grains per ear. 

On plot I-A- 5 ,  3 00/o of seeds had germinated 
within 2 Y2 weeks after sowing. Y ellow Jea ves soon 
appeared. Damage due to birds still continued. The 
crop looked rather mediocre. Harvesting on August 
9th. 

5 .2 .  r 970 SEASON 

p . r .  GENERAL CHARACTERISTICS 

On account of the faet that no more sugar-beet was 
grown, the subdivision of experimental field I was 
otherwise than in r 969 .  This time there were two 
series of plots measuring 2 x 3 . 70 m2 (fig. 8). In 
order to investigate the effect of manuring, plots 
in series A were spread with dried cow-dung before 
sowing from r 970 onwards. Both series , of field I 
were sown on March 26th .  To prevent damage by 
wind, corrugated plastic sheets 30  cm high were 
placed between the plots. 

Meanwhile experimental field II, measuring 
r 2 . 5 0  x 4 .00 m2, was set up, This area was sown on 
April r 5 th .  Here also both manured and unmanur­
ed series were set up; each plot measured r .  5 x 
2 .0 m2 (fig. 9) .  This field was surrounded by a 
fence of barbed wire and rush-matting. 

In March and April the temperature remained 
well below average : low maximum values and at 
night up to r o°C of frost (fig. r o) .  On April 29th 
the salt marsh became flooded during a violent 
storm. The wooden fencing around field I was 
swept away and the wind-breaks, wrenched out of 
the ground, caused severe damage to the crops. 
Part of the young crop was washed away by the 
water. The lower-lying field II was protected 
from severe damage by the rush-matting which 
moved to and fro together with the water. 

According to the data provided by the State 
Water Board for Friesland a maximum high-water 
level of NAP + 2 . 3 0  m was recorded at Lauwers­
oog on April 29th (table r ) . However the upper 
limit of the tidal drift deposited against the West­
polder dike indicates that the water on the un­
diked salt marsh must have reached a level of at 
least 4 m above NAP. 

In the course of the season many seedl ings died or 
turned yellow. Re-sowing had l ittle effect. The 
halophytes, on the other hand, developed vigor­
ously. The increased salinity caused by the flood 
was reinforced by the faet that in May and June 
temperatures were on the high side, while in ad­
dition both months were exceptionally dry (fig.  
r o) :  r 4 · 5 mm rain in May (normally 45 mm) and 
r 1. 5  mm in June (normally 50 mm). 

Various weeds increased so abundantly that it 
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was decided in mid-September to start weeding. 
The extent of weed cover was 80-90°/o in ex­
perimental field I and 5 00/o in field II. During 
weeding a great many pupae of Agrotis exclama­
tionis (an owlet-moth) were found. 

p . 2 .  LINUM USITATISSIMUM 

Flax had germinated in field I (A-2 and B- r )  by 
April 2 5 th, about 4 weeks after sowing, and on 
I I - 1  by April 3 oth. Several days after the flood of 
April 29 th the seedlings on l-A-2 still looked rea­
sonably healthy, while those on plot I-B- r were al­
ready dead. On May 8 th the seedlings in field II 
were also dead;  on I-A-2 only those plants which 
stood on the north side were al ive. On May 1 9th 
sowing was repeated with sowing-seed from 1 969. 
This had some positive result and by mid-July the 
new plants were r n- 1  5 cm high. No harvest. 

p . 3 .  CAMELINA SAT!VA 

Seedlings on plots I-A-4 and I-B-3 had come up 
by April r 5 th, almost 3 weeks after sowing, and 
on II-3  by April 2 5 th.  On April 29th part of the 
crop was washed away with soil and all. At the 
beginning of May there were only a few plants left. 
Sowing was repeated on May r 9th. By June 4th 
only in I-A-4 were there about r o  plants left stand­
ing. These flowered in mid-J une and were ripe at 
the end of June. Almost nothing came up from the 
second sowing. The few plants which did manage 
to develop were not harvested until September 
3 oth. 

P +  VICIA FABA VAR. M INOR 

The beans in I-A-3 and I-B- 5 began to come up 
on April 2 5 th .  On May 5 th it  appeared that the 
beans which had germinated early had been killed 
by the flood, while those which had germinated 
afterwards were doing reasonably wel l .  On plot 
I I - 5  a few plants had germinated by May 5 th, of 
which only one remained by the beginning of June. 
By mid-July there were still several dozen bean 
plants, each with r -6 pods, growing in field I. A 
few plants sprouted again at the base. 

p . 5 .  HORDEUM VULGARE

Summer barley (Oderbrucker and Bigo) was sown 

in 1 970. It concerns here lax-eared forms of six­
rowed barley, which are also indicated as four­
rowed barley. On plots I-A- r and I-B-4 the barley 
had germinated by April 2 5 th, about 4 weeks after 
sowing, and was in some places already up to 5 cm 
high. Some damage was caused by birds. In II-4 
some barley (Bigo) germinated at the beginning of 
May. The plants in field I had yellow leaves at the 
beginning of May ; the crop in I-A- 1 looked 
healthier than in I-B-4. By the end of May the 
barley seemed to have hardly grown any further. In 
the course of July the crop deteriorated further 
(fig. 7d). In II-4 all plants were dead by the end of 
May. 

p.6.  A VENA SATIVA 

The oats in I-A- 5 and I-B-2 came up by April 2 5 th ;  
on the latter plot there was some damage due to 
birds. On May s th, after the flood, the plants were 
yellow and in I-B-2 many had disappeared. At the 
beginning of June one-third of I-A- 5 was stil l ve­
getated, but a much smaller fraction of I-B-2 .  On 
June 2oth ears appeared in I-A- 5 ,  the crop then 
being 40- 5 0  cm high. In mid-July the oats in I-A-5  
began to  ripen; in I-B-2 there were hardly any 
plants left. 

The oats in I I-2 germinated to a very l imited 
extent and by the beginning of June this plot was 
completely bare. 

5 - 3 ·  1 97 1  SEASON 

5 . 3 . 1 .  GENERAL CHARACTERISTICS 

During the winter months the wooden fence was 
completely swept away : as can be seen from table r 

high-tide levels exceeded NAP + 2 .0 5  m eight 
times during the period from the beginning of Oc­
tober 1 970 until mid-March 1 9 7 1 .  After the fence 
had been repaired, both experimental fields were 
sown on April 1 5 th .  Thc nets werc removed on 
June 1 4th. Weeds were removed from field I ;  no 
weeds were present in field I I .  In mid-July field I 
was completely destroyed by young catt!e that 
broke through the fence. A week later the same 
fa te befell field I I .  1 2 1
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5 .3 . 2 .  L I NUM USITATISSIMUlvl 

By June 8 th, about 8 weeks after sowing, about 
70°/o of seeds in I-A-5 and about 600/o of seeds in 
I-B-4 had germinated. Germination was very l imit­
ed on plot I I - 3 .  In I-A- 5 and I-B-4 buds began to 
appear at a height of ca. I O  cm. By the beginning 
of July the flax appeared to have grown very
guickly, up to ca. 5 0  cm high, at which stage many 
plants flowered. In II-3 development was poor. No 
harvest due to destruction by cattle. 

5 . 3 . 3 .  CAMELINA SATIVA 

In I-A-2 and I-B- I the first seedlings of gold-of­
pleasure appeared on May l 4th, 4/'2 weeks after 
sowing. By mid-June about 30°/o of seeds had 
germinated in both plots. Some plants had shot up 
and bore flower-buds. On June 24th plant height 
varied from 6 to 3 8 cm. The plants developed well 
until mid-July, especially in I-A-2. 

In I I - 5  the seedlings were up to 3 cm high by 
June 24th. On July 5 th there were IO plants 5 cm 
high. 

H+ V ICIA FABA VAR. M INOR 

By one rnonth after so,ving a few beans had 
germinated in I-A- I and I-B- 3 .  By mid-June 
germination in both plots was 70-8o0/o and young 
plants were up to I O  cm high. At the beginning of 
July the biggest plants (ca. 30 cm high) began to 
flower. In II-2 a few beans germinated in early 
June, of which 3 were left over by mid-J une. By 
the beginning of July the number had agam 111-

creased to about 2 5 .  

5 - 3 · 5 ·  HORDEUM VULGARE 

The variety Bigo was sown 111 both experimental 

Fig. 6.  
a. Flowering Camelina sativa, plot I-B-3 (June 2 Jl'd 1 969) . 
b. Fruiring Camelina sativa, plot I-B-5  (July 24th r 972) .
c .  Flowering Vicia faba v a r .  minor, plot I-B-5  (June 2 )1 'd 

r 969) .  
d . Vicia faba v a r .  minor wi th  pods, plot I-13-2 (Juiy 24t'.1
1 972 .) 

fields. The barley began to germinate in I-A-4 and 
I-B-2 one month after sowing. Germination was 
70-80°/o successful ,  after which the crop grew rea­
sonably well despite yellowing of tips. The barley 
in I-A-4 was generally taller than in I-B-2 .  On the 
latter plot the plants had much yellow foliage. At 
the beginning of July the plants began to come into 
ear. 

In I I - 1  the first seedlings were visible on May 
2 3 rd.  By June 1 4th r oU/o of seeds had germinated 
and the plants were up to 5 cm high. By mid-July 
the barley on this plot was up to 30 cm high and 
had many yellow leaves. 

5 . 3 .6 .  A \TENA SATIVA 

Some oats had gerrninated in I-B- 5 by May 1 4th, 
one month after sowing. At the end of May the oats 
began to die and by the beginning of June there 
was none left. 

5 + 1 972 SEASON 

5 + r .  GENERAL CHARACTE R ISTICS 

During the period from the beginning of October 
I 97 l  until the end of March I 972 experimental 
field I was flooded three times, and the lower­
lying field II far more often (rable l) . On March
29th the fields were sown, after plots 1-A and the 
eastern half of field II had been treated with dried 
cow-dung. Both April and May were wetter than 
usual (fig. 1 2 ) :  70. 5 mm rainfall in April and 1 4 4 · 5  
m m  i n  May, a s  compared to normal values o f  4 0  
m m  and 4 5  m m  respectively. Despite the exceed­
ingly heavy rainfall on May 1 4th there was no 
evidence of damage infl icted by water. On IVIay 
2 8 th experirnental field II was flooded by a high 
tide. After harvesting the weeds were mown using 

1 2 3  
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a scythe to prevent seed formation. 

5 .p .  LINUM USITATISSIMUM 

On plots I-A-4 and I-B-3 the flax germinated 2 
weeks after sowing and developed well throughout 
April. At the end of May the flax in I-A-4 made a 

better impression than that in I-B- 3 .  On June 27th 
the flax in I-A-4 appeared to be suffering from a 
late attack of thrips (blighted buds). By the first 
week of July flowering of flax was almost over. 
Some of the plants recovered from the thrips. The 
flax in I-A-4 remained sl ightly ahead of that in 
I-B-3 . On August 1 4th the flax on plots I-A-4 and 
I-B-3 was harvested . 

The flax on plot II-4 had germinated well by 
April 1 9th, but died in the course of May. 

5 .4 . 3 .  CAMELINA SATIVA 

During the sowing in field I many gold-of-pleasure 
seeds blew outside the rows. Within two weeks 
after sowing (April 1 r th) the first seedlings came 
up. Only a moderate number of seedlings came up 
however in I-A-1  and I-B- 5 .  On April 26th these 
plots were re-sown. This second crop came up 
very well at the beginning of May. On May 3oth 
the first crop was 20 cm high, and the second crop 
5 cm. The first crop was in flower on June r 2th. By 
the end of June the plants from the first sowing 
were up to 70 cm high, and those from the second 
sowing up to 5 0  cm. Fruit-setting was good (fig. 
6b) and the crop was harvested on August 7th. 

In II-r germination was rather good, but by the 
middle of May only 5 °/o remained. By mid-June 
there were only three plants of 2 5 cm on this plot, 
the rest being shorter. 

H+ VICIA FABA VAR. M I NOR 

On April r 9 th, 3 weeks after sowing, the beans be­
gan to germinate. By mid-June the beans in expe­
rimental field I were up to 40 cm high ; the state 
of the crop in I-A- 5 seemed somewhat better than 
that in I-B-2 .  At the beginning of July, at an aver­
age height of 80 cm, the plants were in flower, 
while at the bottom fruit-setting had already begun 
(fig. 6d) .  After flowering the beans were 60- 1 20 
cm high. The beans were harvested after mid-

August. No nodules (associated with nitrogen fix­
ation) could be found on the roots. 

On plot II-3 ca. 3 00/o germination occurred. By 
mid-June there were 1 8  plants still remaining (up 
to 1 4  cm high) . The beans on this plot eventually 
reached a height of up to 30 cm, but gave no yield 
(fig. 1 4) .  

H· 5 · HORDEUM VULGARE 

On March 29th the variety Bigo was sown. By 
April 1 1 th some of the barley in fields I and II 
had germinated . On account of damage due to birds 
the variety Oderbrucker was sown in addition. In 
I-A- 3 and I-B- 1 ,  50-8o0/o was eaten up by birds, 
despite the nets. At the end of May the barley in 
I-B- r showed several yellow tips. In July the 
plants were over r metre high (fig. 7a). In the 
long barley some of the plants were eaten up by 
young goats which had crawled under the fence. 
The crop was harvested on August r 4th (fig. 1 5 ) .  

In II-2,  800/o germination occurred (fig. 1 6) .  At 
the end of May the barley here began to turn yel­
low. On July 6th the plants, at a height of 30- 5 0  
cm, were i n  ear (fig. 1 7) .  Harvesting was o n  August 
7th. 

5 +6.  AVENA SATIVA 

Three weeks after sowing the oats germinated in 
I-A-2 and I-B-4 . By mid-May ca. 900/o had come 
up. On both plots the oats were 30 cm high at the 
end of May and 70 cm high at the end of June. In 
J uly the crop grew up to a height of r 20 cm and 
at the end of July it  began to ripen ( fig. 7b). The 
oats were harvested on August 1 4th. 

In II-r the oats germinated 2 weeks after sowing. 
By mid-May ca. 800/o had germinated . The plants 
quickly turned yel low ; this was reinforced by the 
flood of May 2 8 th.  The plants attained a height of 
30- 5 0  cm. The ears were poorly developed. 

5 . 5 .  1973 SEASON 

5 . 5 . r .  GENERAL CHARACTERISTICS 

From 1 973 onwards experimental field II was 
abandoned due to poor harvest results. Field I was 
extended eastwards with two lots of 3 plots each 
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measuring 2 x 3 .70 m2• The new plots were to 
demonstrate any effects of newly-reclaimed salt 
marsh with respect to the old plots. In addition the 
assortment of crop plants was extended to include 
Triticum aestivum (bread wheat) and Panicum mi­
liaceum (broomcorn millet) . For the subdivision of 
the enlarged experimental field I see fig. l 8 .  

On March l 3 th the crop was sown. Storms and 
flooding on April 2nd and 3 rd ruined the cul tivated 
plots. Most of the seeds were washed away with the 
soil. Re-sowing on April 24th had not resulted in 
any germination by May 8th.  After that catt!e 
broke through the fence and devastated the plots. 
The experiment for l 973 had to be given up. 

5 .6 .  1974 SEASON 

5 . 6 . 1 .  GENERAL CHARACTERISTICS 

In November and December 1 97 3  field I was flood­
ed many times, thereafter no more. Before sowing 
a sturdy fence of concrete posts and wire-netting 
was constructed. The soil structure of those plots in 
cultivation since 1 973  was clearly different to that 
of the older plots. The lumps of sod were persistent 
and difficult to break up. Sowing took place on 
April l oth. 

Temperatures in April were clearly higher than 
normal,  while it was also very dry throughout that 
month. During the other months precipitation was 
normal . May was on average too cold (fig. 20) .  

5 .6 .2 .  LINUM USITATISSIMUM 

The first seedlings could be seen on plot I-B-3 on 
April 22nd, 12 days after sowing. At the beginning 
of June the flax had evidently developed reason­
ably well ; furthermore there were many smal! 
plants as wel l .  On June 2 l St the flax began to 
flower (at a height of 40 cm) . In the first week of 
July all  plants came into seed. In the north-eastern 
corner of I-A-3 damage was sustained (due to 
thrips ? ) .  The flax was pulled up on August 7th. 

5 .6 .3 .  CAMELINA SATIVA 

On April 22 11d the gold-of-pleasure had germinated 
well in I-B- 5 ,  though moderately to poorly in 
I-A- 5 . At the beginning of June the young plants 

had yellow and red leaves. The crop in I-B- 5 
remained in better condition than that in I-A- 5 .  
Fruit-setting began by June 2 r st and a week l a  ter 
all plants were in seed (at a height of 40- 5 0  cm) . On 
August r st the crops on both plots were harvested . 

5 .6+ VICIA FABA VAR. M I NOR 

Celtic beans were grown on three plots, namely 
I-A-4, I-A-8 and I-B-4. On April 2 2nd it  appeared 
that many beans in I-B-4 had rotted in the ground. 
At the beginning of June in all plots there were 
some bean plants among orache (Atriplex). At the 
beginning of July these beans had grown to a height 
of ca. 30 cm and in mid-July they were in flower. 
The pods appeared at the beginning of July and 
were later attacked by aphids. The pods were har­
vested on September l r th .  As a result of a mis­
understanding the weight of the threshed beans was 
not determined ; the yield was in any case low 
("less than the input"). 

5 .6 . 5 .  HORDEUM VULGARE 

Barley was sown in I-A-2, I-A-7 and I-B-2 . By 
two weeks after sowing plants had already come 
up. Damage was caused by birds despite the nets. 
At the beginning of June the barley was yellow 
here and there. In mid-June the barley in I-A-2 
looked better than that in I-B-2 , though later this 
difference became levelled out. At the end of June 
the barley came into ear at a height of 40-70 cm 
(shorter than in 1 972) .  On August l St it  was clear 
that the almost ripe barley had been fed upon by 
animals (birds?) ,  and two weeks later no harvesting 
was possible any more. 

5 .6.6. AVENA SATIVA 

This crop too was sown in three plots : I-A- 1 ,  I-B- 1 
and I-B-8 . On May 3 fd ,  3 !f2 weeks after sowing, i t  
was evident that a great deal of  the oats had  been 
grubbed out the ground (by !arks ?) .  Development 
was poor, and in July there were only 20 plants 
present in I-A- 1 ,  5 in I-B- 1 and 20 in I-B-8 .  In the 
first week of August the few ears of oats were eaten 
bare (by birds ?) .  

1 2 5  
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5 .6 -7 - TRITICUM AESTIVUM 

One plot ( I-B-6) was sown with this crop . Ger­
mination and growth of the young plants were 
poor. In 1 974 there were a few scattered plants 
among many weeds. No harvest. 

5 .6 . 8 .  PANICUM M IL IACEUM 

One plot too ( I-B-7) was sown with millet. It be­
came evident that the sowing-seed had contained 
different species, including Panicum miliaceum, 
Setaria italica and Echinochloa crus-galli. The crop 
became overgrown by weeds. No harvest. 

5 .7. 1 97 5 SEASON 

5 I 1 .  GENERAL CHA RACTERISTICS 

In  the winter of 1 974- 1 97 5  the experimental area 
became flooded several times (table l ) . After sow­
ing on April l 8 th there was heavy rain for l 2 
hours. The summer was warm and dry; tempera­
tures in June, July and August were considerably 
above average. Precipitation in June was half the 
average amount, and that in August only one-third 
(fig. 2 1 ) . 

5 -7 - 2 .  LINUM USITATISSIMUM 

In  addition to the white-flowered flax grown up 
until this time (in I -A-4 and I-B-4), blue-flowered 
flax was now sown, on one plot (I-A-6). Since the 

Fig. 7. 
a. Hordeum vulgare (Bigo variety), plot I -B - 1  (July 24:h

197 2).
b. Avena sativa, plot I-B-4 (July 24th 1 972) .
c . Li1111m 11sitatissimum with capsules, plot I-B- 1 (July 1 6th

1 969) . . 
d. Olle specimell of Horde�tm vulgare amidst halophytes Oll 

plot I-A- 1 (September 1 2 th 1 970). The field was flooded 
by the sea Oll April 29th 1 970. 

seeds of the blue-flowered flax were more than one 
year old, 5 0°/o more was sown than the other 
(white-flowering) variety. Throughout the whole 
season the blue-flowered flax remained behind the 
other flax with respect to stem height. This year 
the thrips stayed away. The flax was pulled up on 
August 4th. 

5 -7 - 3 ·  CAMELINA SATIVA 

As usual the gold-of-pleasure (in I-A- 1 and I-B- 1 )  
developed rather slowly a t  first and then suddenly 
grew rapidly. The gold-of-pleasure was frequented 
by humble bees and by a species of Anthophora. 
A kind of mildew appeared, but the crop harvested 
on J uly 2 3 rd was very homogeneous and gave a
very good yield .  

51+ VICIA F A B A  V A R .  MINO R  

Beans were dibbled i n  three plots. The beans 
developed well and began to flower on June 2oth. 
In  the first vveek of July flowers and fruits were 
present. Aphids appeared in mid-July in I-B- 5 ,  and 
later in I-A- 5 and especially in I-A-7, where part 
of the crop was completely ruined. When the 
plants were pulled up at the end of August, root 
nodules were now present. Despite the aphid attack 
the crop was the best so far (table 3 ) . The plants
were shorter than in 1 972 (also a good harvest) : 
90 cm as compared to r 20 cm in height. In l 97 5 
the number of pods per plant was very high. 
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5 -1 - 5 ·  HORDEUM D ISTICHUM 

In 1 97 5 two-rowed barley was sown on three plots. 
The crop remained very short, in addition to which 
the ears often stayed in the uppermost leaf. When 
the crop began to ripen, it became eaten up by 
animals, as had aften happened befare, to an extent 
varying from ro to 5 0°/o. The barley was harvested 
on August 5 th. 

51.6. AVENA SATIVA 

The three plots of oats yielded a homogeneous 
crop, that developed evenly and was harvested 
on August 8 th .  

5 1-7- TRITICUM AESTI VUM 

The number of wheat plants (I-B-7) was smal! in 
1 97 5 too. These tillered vigorously however, so that 
a small harvest was obtained after al l .  

51.8.  PANICUM M I LIACEUM 

The broomcorn millet ( I-B-8 )  developed poorly in 
1 97 5  too. In contrast to 1 974 the crop now gave 
a small yield. 

6 .  GROWTH AND YIELD OF THE CROPS 

6 . r .  INTRODUCTION 

For the comparison of the yields of a crop in suc­
cessive years, on the manured and unmanured plots, 
two quantities can be used, namely the ratio be­
tween harvested crop and amount of seed sown, 
and the yield per unit surface area. The yields from 
the experimental plots are calculated per hectare. 
We could also have chosen a square metre or some 
other unit of surface area, but the yield per hectare 
is  the most usual in agriculture. The data on amount 
of seed sown and crop harvested, the yields per 
hectare and the yield/input ratios are given in 
table 3 .  Since this table is rather d ifficult to survey 
at a glance on account of the large amount of data, 
same of the figures are brought together in table 4. 

I t  is necessary to exercise caution in  the inter­
pretation of both the yield/input ratios as well as 
the yields per hectare. For example in 1 969 plot 

I-A-4 y'.clccd an estimated 840 kg gold-of-plea­
sure seeds per ha and plot I-B-3 only 3 90 kg. Yet 
in both cases the yield/input ratio was approxi­
mately the same. Clearly too l ittle was sown on 
plot I-B-3 .  On the other hand, a hyper-optimal 
seed input does not increase the total yield (rather 
the opposite would be expected on account of 
competition), but the yield/input ratio is decreased . 

6 . 2 .  CAM ELINA SATIVA 

This crop gave comparatively the best result, i .e .  a 
yield 2 5 . 5 - 5 7.7 times as great as the seed input. 
With regard to the yields per hectare, the highest 
and lowest yields differ approximately by a factor 
of 2. Here the yield from plot I-B-3 in 1 969 has 
not been taken into consideration (see 6 . r .) .  The 
relatively uniform harvests in the rather extreme 
environment indicate that this crop is not very sen­
sitive to weather conditions. The capacity of gold­
of-pleasure to branch considerably in an open stand 
of this crop contributes to a levell ing-off of the 
harvest results : in this case the reduction in the 
number of plants is compensated for by the greater 
number of seeds per plant. 

Manuring had l ittle or no effect on the yield, as 
is clearly evident from table 4 .  In 1 972 and 1 974 
the crop developed better on the unmanured plots, 
while in 1 97 5  i t  was the manured plot which gave 
a somewhat better yield. The average yield per ha 
calculated for the years 1 969, 1 972,  1 974 and 1 97 5  
amounts to ca. l ooo kg, which i s  sl ightly less than 
the figure of l 200 kg given for the inland crop. 
One can conclude that gold-of-pleasure must have 
been a rel iable crop for the terp dwellers. 

6 . 3 .  LINUlvl USIT ATISS/lv/UM 

For Linum the highest yield calculated per ha 
( 1 29 5  kg) was about 3 times greater than the lowest 
( 390 kg). The ratio between harvest and seed input 
is far less favourable than with gold-of-pleasure. 
The flax was several times attacked by thrips 
(Thrips linarius). The flax cultivated is the so-cal­
led fibre flax, that has a lower seed-yield than the 
so-called oil flax. For inland crops a seed harvest 
of ca. l OOo kg per ha is given for fibre flax and 
double this quantity for oil flax. 

A good seed harvest was obtained in l 97 5. In 
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that year, in addition to the white-flowered variety 
cultivated up until then, an "old-fashioned" blue­
flowered land variety was sown (I-A-6) .  There is 
no significant difference in yield apparent between 
the white- and blue-flowered flax. For flax too the 
average yield per ha calculated for the years 1 969, 
1 972,  1 974 and 1 9 7 5  ( 8 4 5  kg) is  somewhat Jess 
than the figure given for inland crops ( r noo kg). 
The effect of manuring is not very noticeable in the 
case of flax either. In the years 1 972,  1 974 and 1 97 5 
the yields on the manured plots were slightly h igh­
er than on those left unmanured. Several days after 
the flood in l 970, the seedlings on the manured 
plot appeared to be in  reasonable condition, while 
those on the unmanured plot were already dead. 
Furthermore in  l 972 the crop on the manured plot 
made a better impression than that on the un­
manured plot, though this did not lead to a 
significant d ifference in yield. 

Finds from the terpen indicate that the flax 
fibres were certainly also important. We do not 

Fig. 8. Subdi vision of experimental field I during the years 
1 970- 1 972 .  
Fig .  9 .  Subdivision of experimental field II  during the years 
I 970-1 972.  

EXPERIMENTAL FIELD I (1970-1972) 

A-1 A-2 A-3 A-4 

B-1 B-2 B-3 B-4 

una ltered grosslond 

know whether the flax was grown by the terp dwel­
lers mainly for the fibres or for the seed. The qua­
l ity of the fibres from the flax grown in brackish 
soil has not been investigated. In good years the 
plants attained a height of 90 cm, which at least 
guarantees fibres of sufficient length. 

6+ V/CIA FABA VAR. MINOR 

The experiment in the Westpolder has (again) 
clearly shown that Celtic beans can be grown with 
a reasonable chance of success on slightly brackish 
soil. Under favourable conditions even good har­
vests can be obtained. The yield of ca. 3 8 00 kg per 
ha calculated for 1 97 5 is considerably higher than 
the figure of 2 5 00 kg per ha given for the inland 
crop. The crop failure in 1 974 was caused in  the 
first place by poor germination (many beans rotted 
in the soil), after which the aphid attack was the 
finishing stroke. In l 969 all  seedlings on plot I-A-3 
were pulled up by birds. Germination and the seed-
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Jing stage are evidently critical phases for Celtic 
bean.  

The excellent harvest of l 97 5 is somewhat sur­
prising insofar as part of the crop was severely af­
fected by aphids. The plants remained shorter in 
1 9 7 5  than in 1 972 (when the yield was also good), 
but the number of pods per plant was very high. 
Also in l 97 5 the first root nodules were found 
to be present. It had therefore taken 6 years for 
the nitrogen-fixing bacterium Azotobacter to be­
come established in the experimental field .  

There i s  l ittle to  be  said concerning any positive 
effect of manuring. In 1 972 the state of the crop 
was somewhat better on the manured plot than on 
the unmanured one. The harvest too was slightly 
better. In 1 97 5  however the harvest was no greater 
on the manured plot. N either was there in l 97 5 
any difference discernible between the . two ma­
nured plots I-A- 5 and I-A-7, of which the latter 
had first been effectively in use only since l 97 4 (in 
1 97 3  the crop had not come up) . 

6 . 5 .  HORDEUM 

In the experimental period both Hordeum disti­
chum and Hordeum vulgare were grown. The data 
are insufficient for a discussfon of each species 
separately. Only in 1 972 and 1 9 7 5  were satisfying 
results obtained, although the yields were lower 
than those obtained at present for inland crops 
(4000 kg per ha). The exceptionally poor yield of 
1 969 was the result of plants dying (leaves turning 
yellow) after a reasonably good to good germina­
tion. In l 970 rather many young barley plants 
(Oderbrucker and Bigo varieties) had survived the 
sal t-water flood . Despite the yellow leaves these 
plants continued to grow to some extent, but be­
fore long the crop steadily declined, so that no har­
vest was obtained. Some plants did actually come 
into ear, though at rather a late point in time (fig. 
7d) .  In 1 974, the plants which had escaped from 
being eaten by birds developed rather well, but 
feeding of animals on the ripe barley resulted in a 
totally failed harvest. 

With barley some effect of manuring is usually 
discernible. Accordingly, in l 970 some time after 
the flood, the crop on the manured plot looked in 
better condition than that on the unmanured plot. 
In l 97 l ,  just before the crop was destroyed by 

cattle, the barley in I-A-4 was generally taller than 
in I-B-2 . In 1 972 the manured plot gave a consider­
ably better yield than the unmanured one. In 1 974 
in mid-July the crop in I-A-2 (manured) looked in 
better condition than that in I-B-2 ,  a l though the 
difference later became levelied out. Only in 1 9 7 5  
did the manuring have no effect, a t  l east o n  the 
yield .  

Somewhat contrary to  expectation the  results 
with barley were rather variable. In a brackish 
environment barley is clearly very sensitive to un­
favourable factors. The results from the Westpol­
der would indicate that for the terp dwel lers, bar­
ley was a less reliable crop than either gold-of­
pleasure or flax. 

6.6. AVENA SATIVA 

The situation with oats in the Westpolder almost 
completely corresponds to that with barley. Both 
crops gave very l it tie yield or none at all in l 96 9 
and l 97 + The peak year for oats and barley was 
1 972 ,  while 1 9 7 5  the yields for both were reason­
able to good. The harvest in the good years was not 
different to the a verage yield for inland crops 
(4000 kg per ha). From the results of the Westpol­
der experiments one could possibly conclude that 
oats are certainly no less suitable for growing in a 
brackish environment than barley. In one year the 
oats clearly did worse than barley : in 1 97 1  the 
oats had died off long before the crop was des­
troyed by young cattle, while the barley developed 
reasonably wel l .  

A possible effect of manuring is less clear with 
oats than with barley. In l 970, af ter the flood, 
the oats on the manured plot appeared to be in 
better condition than those on the unmanured plot. 
In 1 972 the manured plot gave a markedly higher 
yield than the unmanured. 

I t  is remarkable that of the two unmanured 
plots I-B-2 and I-B-6, both sown with oats in 1 97 5 , 
the latter, which had only recently been 111 use 
for the first time, gave a higher yield. 

Fig. r o. Precipirarion and remperarures from M arch I st to 
August 3 r sr r 970. See caprion of fig. 4. 
Fig. I 1 .  Precipirarion and remperarures from M arch 1 sr ro 
August 3 I St 1 97 1 .  See caprion of fig. 4. 
Fig. 1 2.  Precipirarion and remperatures from April J rd ro 
August J 1 st 1 972 .  See caprion of fig. 4 .  
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6 .7 .  OTHER CROPS 

From l 973 onwards, after field I had been en­
larged, Panicum miliaceum (broomcorn millet) and 
Triticum aestivum (bread wheat) were included 
in the experiments. In 1 973  there was no yield 
obtained whatsoever for any crop ( 5 . 5 . 1 .) .  In 1 974 
only a few Triticum aestiv1,tm plants developed. In 
1 97 5  the resu!ts were somewhat better, although 
the estimated yield of 760 kg per ha is very low. 

In 1 97 4 the mi Ilet again did poorly, and no har­
vest was obtained. In 1 9 7 5  this crop gave a modest 
yield despite poor development. It is clear that 
the experiments with mil let and bread wheat should 
be continued for several more years, in order to 
ascertain how suitable these crops are for growing 
in  brackish soil. The poor result for wheat and mil­
let in 1 97 5 ,  when the other crops gave good yields, 

Fig.  1 J · Ficld I 011 July 24th 1 972 .  The crop planes a rc 
well devclopcd. 
Fig. 1 4 . A few plants of \!icia faba var. minor amidst halo­
phytic vegetation on ficld II (July 24th 1 972).  
F ig .  1 5 .  Shcavcd barlcy (ro the right) and oats (August r 4th 
1 972) .  

offers little hope however for better yields in the 
future. 

6 . 8 .  GRO\VTH CURVES 

During the - usually weekly - inspection of the ex­
perimental fields, measurements of crop height were 
in cl ud ed. I t  is obvious tha t the growth curve of a 
crop reflects the state of hea!th of the species, in­
dicating whether or not it  is flourishing. Further­
more there appears to be a striking agreement be­
tween the degree of variation in the pa ttern of 
growth curves in different years and the fluctua­
tions in yields. The growth curves for 4 crops are 
given in figs. 22-2  5 .  

I t  is mentioned above (6 .2 . )  that gold-of-pleasure 
usually gives a reasonably good harvest and that 
the !argest and smallest yields diff er by a factor of 
about 2 .  As can be seen from fig. 22,  the shape of 
the growth curves for Camelina in the different 
years is alrnost identical .  For Linum too the growth 
curves for the different years are similar in shape 
(fig. 2 3 ) , while the best harvest was about three
times as great as the poorest yie ld .  In contrast, 
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Avena gives a completely different picture : the 
growth curves for r 969 and 1 974 run practically 
horizontal from the beginning of July onwards, 
while those for r 972  and r 97 5  are still rising 
steeply in July (fig. 24) .  A wide variation in yields 
(table 4)  goes together here with important dif­
ferences in the shape of the growth curves. A 
similar situation occurs with Hordeum (fig. 2 5 ) :  
significant differences are apparent from both 
yields and growth curves. In this respect Vicia faba 
var. minor resembles barley and oats. 

Summarizing, it  can be seen that crops with a re­
latively even yield show little variation in the 
shape of the growth curves. For crops which gave 
yields varying from good to very poor, the shape of 
the growth curves can also vary considerably from 
year to year. For these species the development of 
the crop is clearly more dependent on external 
factors than is the case with flax and gold-of­
pleasure. 

7 .  THE NATURAL VEGETATION AND THE 
WEED FLORA 

7 . r .  THE VEGETATION OF THE HIGH SALT 
MARSH 

Within the fenced area of experimental field I, 
a strip of land r . 80  m wide was left uncultivated, 
in order to facilitate study of the natura! vegeta­
tion on the highest part of the salt marsh. As a 
general rule the vegetation on the unprotected salt 
marsh is kept short by grazing, for which reason it 
is difficult to study. In r 97 5  the Westpolder salt 
marsh was no longer grazed after May, as a result 
of which the vegetation had developed well by 
July. This provided the opportunity to study the 
vegetation of the elevated outer margin of the salt 
marsh ( the marsh bar) over a far greater area than 
inside the fence. Moreover, the salt marsh vege­
tation inside the fence was evidently influenced to 
a significant extent by activities on the experi­
mental field .  

As can be seen from table 5 ,  the dominant species 
are Festuca rubra (red fescue) and Agrostis stolo-

Fig. 1 6 . Young plants of Hordeum vulgare in field I I  (June 
r 9th 1 972) .  
Fig. 1 7 . Fairly well developed barley in field II  (July 24th 
1 972) .  

nifera (creeping bent) . More or Jess typical halo­
phytes occur in smaller numbers : Aster tripolium 
(sea aster), Plantago maritima (sea plantain), 
Glaux maritima (sea milkwort) , Puccinellia distans 
(reflexed salt-marsh grass), Spergularia marina (!es­
ser sea spurrey), Spergularia media (greater sea 
spurrey), Trifolium fragiferum (strawberry clover) 
and Ameria maritima (thrift). Despite the total ab­
sence of Juncus gerardii (mud rush), this vege­
tation belongs to the Juncetum gerardii. The very 
frequent occurrence of Festuca and Agrostis would 
indicate a rather dry environment (Beeftink 1 96 5 ) .  
This certainly applies to the h igh outer margin of 
the salt marsh, yet the vegetation on the lower­
lying part of the salt marsh is similarly dominated 
by Festuca and Agrostis. 

The rather abundant occurrence of Trifolium 
repens (white clover), just as the presence of Po­
tentilla anserina (silverweed), would have been the 
result of grazing. Along the edge of the experi­
mental field several "weeds" were present, such as 
Polygonum aviculare (knotgrass), Atriplex (ora­
che) and Cirsium vulgare (spear thistle). Various 
"intruders" became established in the salt-marsh 
vegetation inside the fence, as a direct or indirect 
result of the agricultural experiment. 

7 . 2 .  THE WEEDS IN THE EXPERIMENT AL
FJELD 

In table 6 are l isted those plants which were found 
in different years in experimental field I in ad­
dition to the crops raised ; these constitute the so­
called weed flora . In the first year ( r 969) no wee­
ding was done, in order to ascertain the composi­
tion of the weed flora on newly cultivated salt­
marsh soi l .  In r 969, plants from the immediate sur­
roundings, such as Salicomia (glasswort) , S per­
gitlaria (spurrey) and Glaux maritima (sea milk­
wort) became established first in the cultivated 
plots. A triplex hastata (spear-leaved orache), Po­
lygonum aviculare (knotgrass) and Senecio vulgaris 
(groundsel ) must have come from a somewhat grea­
ter distance from the experimental field. As long 
as the crops were standing in the field, these weeds 
played an unimportant role. Only after the harvest 
did several Atriplex and Polygonum plants deve­
lop in to huge specimens (fig. 5 ) .  

In r 970 more than twice as  many species of 1 3 5
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weed were encountered as in the previous year. 
The marked prolifera tion of halophytes in  r 970 
was probably a result of the flood at the end of 
April which practically ruined the crops, followed 
by the relatively warm and dry months of May 
and June. The weeds increased so rigorously that 
weeding had to be done, in order to keep down the 
weeds and to check excessive production of their 
seeds. 

From 1 9 7 1  onwards the plots were hoed and 
weeded regularly. In r 97 r and r 973 no observati­
ons were made on the weed flora, because cattle 
broke into the experimental field and trampled 
everything, including the weeds. In r 972 no list of 
weeds present was made after the harvest, due to 
an oversight. In 1 974 and 1 97 5  there were a num­
ber of new species as compared with 1 970, but on 
the other hand some species had disappeared . The 
relative proportion of halophytes sharply decreased 
in r 97 4 and r 97 5 ,  though the number of non-halo­
phytic weeds is far from constant. In 1 97 5  there 
was still no question of a more or less stable weed 
vegetation. Elytrigia pr"ngens (sea couch) devel­
oped into a weed which was difficult to eradicate, 
comparable with the inland species Elytrigia re­
pens (couch) .  

8 .  COMPARISON WITH CAPPELERSIEL 

As the only other agricultural experiment on un­
protected salt marsh carried out previously is 
that of Ki:irber-Grohne ( 1 967, pp. 209-2 J I ) , this 
will be briefly d iscussed here. This experiment was 
a sequel to the botanical investigation of the terp 
Feddersen Wierde, ca. r 2 km north of Bremerha­
ven, at a short distance from the coast. The aim 
was 'to ascertain whether the crop plants, of which 
abundant remains had been found in the Feddersen 
Wierde, could in faet be grown on unprotected 
land in soil where conditions are brackish to some 
digree. In r 960, two small areas measuring r o  x 
r o  m2 were dug up and fenced in on land used for 
pasture near Cappelersiel, ca. r 3 km north of the 
Fed

'
dersen Wierde. The lower-lying enclosure I ,  

from NN + 2 . 29 to 2 .37  m (NN, Norma! Null 
= NAP) was situated ca . 30 m away from a steep 
erosion cliff and ca. 300 m from the dike. En­
closure II, at a level of NN + 2 .64 m, lay further 
in, about r 5 0  m from the d ike. Enclosure I I  was 

situated in approximately the same vegetation zone 
as field I near the Westpolder (ca. NAP + 2 . r o  m) .
The higher level of enclosure I I  at Cappelersiel 
with respect to mean sea level is attributable to the 
more extreme high tides in the Elbe-Weser region. 
There the NaC! concentration of the sea water is 
ca. r 6°/oo, and in the Waddenzee r 5 -20 °/oo. 

Three crops were raised in 1 960, namely Avena 
sativa, Hordeum distichHm and Vicia faba (var. 
minor). Half of each enclosure was treated modera­
tely with farmyard-manure. Development was fa­
vourable on the higher-situated enclosure I I .  The 
beneficial influence of manuring was remarkable in  
this respect. About 2 months after sowing, the 
barley on the unmanured area was 30-60 cm high, 
often with only 4 grains per ear ; on the manured 
area the barley plants were 5 0-75 cm high, with an 
a verage of r 8 grains per ear. Differences between 
crops grown on manured and unmanured soil were 
also shown by oats and beans. On the lowest-lying 
part of enclosure I, where barley had been sown,
the young plants died off rapidly. Avena sativa 
and Vicia faba had developed reasonably well, and 
these crops did better on those areas which had been 
manured . Shortly afterwards enclosure I was flood­
ed by three successive high tides, while enclosure 
I I, situated at a higher level, was only once inun­
dated . As a result of the flooding the crops 011 en­
closure I died ; on enclosure II the da mage was less 
extreme. Although barley and oats mostly turned 
yellow, the grains developed well . 

The yields in 1 960 were not weighed, so that the 
difference in yield between manured and unma­
nured areas could not be ascertained. The crops on 
the manured areas had grown more vigorously and 
had formed bigger (and more) frui ts than on the 
unmanured areas . The application of manure thus 
had a beneficial effect on crop growth, which was 
also rnanifested in the harvested produet. 

In the second year, 4 crops were raised : Vicia 
faba (var. minor), Ho1:deum vulgare, Camelina 
sativa and Linum usitatissimum. The enclosures of 
r o  x ro m2 were d ivided into 1 6  subareas of 2 . 5  x 
2 . 5  m2.  On each enclosure four subareas were sown 
with each crop. All experimental plots were treated 
moderately with farrnyard-rnanure. About 2 Y2 
weeks after sowing, at the germination stage, the 
low-lying enclosure I was flooded, and most plants
did not survive. The few plants on enclosure I ,  
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which continued to grow, perished in a second 
storm surge in July, during which the enclosure 
was twice completely inundated. The crops on en­
closure II developed well. During the storm surge 
in July, the enclosure was once or twice flooded 
completely or partly.  As a result of this the leaves 
of the beans turned blaå, but the pods remained in  
good condition. On the barley the tips of the still 
green ears turned yellow ; gold-of-pleasure showed 
no damage at al l .  The flax had suffered most from 
the flooding. 

The influence of the storm surge of July was not 
equal over the whole of enclosure Il ;  some areas 
were sl ightly damaged, others more so. This was 
also expressed in the yield, calculated in kg per 
hectare (rable 7). Korber-Grohne concludes that 
Camelina sativa is the most resistant to salt and 
wind, followed by barley and then, some way be­
hind, by Vica faba; the most sensitive of all is flax. 

I t  is self-evident that a comparison should be made 
between the results from Cappelersiel and those 
from the Westpolder. Both experiments indicate 
that agriculture is only possible on the highest 
parts of the unprotected salt rnarsh. In both expe-

EXPERIMENTAL FIELD I (1973-1975) 

A-1 A-2 A- 3 A-4 

B-1 B-2 B-3 B-4 

riments, a flood during the germination stage re­
sul ted in almost complete destruction of the crops. 
The Westpolder results provide no information on 
the possible effects of flooding at a later stage 
of development. 

In Cappelersiel, manuring clearly had a benefi­
cial influence on the developrnent and yield of 
beans, barley and oats. This was hardly ever the case 
in the Westpolder : sometimes the crop on manured 
plots looked better for a while than that on unma­
nured plots, but this difference often disappeared 
la ter. Only in r 972 was the yield of barley and 
oats on the manured areas significantly higher than 
on the unmanured areas. This was the peak year for 
both crops. It is feasible that manuring has an ef­
fect on the yield only under favourable conditions 
of crop development with abundant fruit-setting. 
Be this as it may, a far more marked effect of 
manuring on crop development is attested by the 
results of the experiment in Cappelersiel than is 
the case in the W estpolder. 

Fig. r 8. Subdivision of experimental field I d ur ing the years 
1 97 3 - 1 97 5 .  

A- 5 A-6 A-7 A- 8 

B-5 B-6 B-7 B-8 

unoltered grassland 
o 1 rn 
'-----'----' 
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An agricultural experiment in the unprotected salt marsh 

Fig. 1 9 . Precipitation and temperatures from March l St to 
A ugust 3 1 st 1 97 3 ·  See caption of fig. 4. 
Fig.  20. Precipitation and temperatures from March l St to 
August 3 1 s t  1 974· See caption of fig. 4 .  
F i g .  2 I .  Precipitation a n d  temperatures from March l S t  to 
A ugust } ! St  1 9 7 5 ·  See caption of fig. 4 .  

Korber-Grohne's conclusion that Camelina sati­
va is the most suitable crop for growing in a brack­
ish environment is fully confirmed in the Westpol­
der. On the other hand, that flax is the most sen­
sitive to salt and wind is contradicted by the results 
in  the Westpolder. The results with barley in the 
Westpolder are far more variable than one would 
expect on the basis of the experiment at Cappeler­
siel .  In evaluating the results from Cappelersiel i t  
must be borne in mind that  barley and beans were 
grown for two seasons and oats, flax and gold-of­
pleasure for only one season. 

The yields of barley and gold-of-pleasure in 
l 96 l ( tab le 7) fall wi thin the range of yields ob­
tained in the Westpolder. The flax yield in Cap­
pelersiel is less than the worst harvest in the W est­
polder .  

9 .  SUMMAR Y AND CONCLUSIONS 

Experimental field II on the unprotected salt marsh 
near the Westpolder, at a level of NAP + r . 5  5 -
r .60 m,  gave very poor results, so that the experi­
ment on this field was discontinued after 3 years. 
The crop failure of 1 970 in field II was the result 
of a flood, which also largely destroyed the newly 
germinated crop in the higher-situated field I. The 
1 9 7 1  experiment was given up, because in both 
fields the crops were destroyed by y�ung cattle in 
mid-July .  In contrast to field I ,  where crop growth 
was reasonably good (except for oats), crop de­
velopment in field II was poor. In l 97 2 field I 
gave a good harvest;  in field I I  however results 
were poor: flax and Celtic bean gave no yield at 
al l ,  with gold-of-pleasure and barley the yield was 
Jess than the input, and only oats gave a small posi­
tive net result. The failed harvest of l 97 2 was 
partly caused by the flood at the end of May, 
though even up until then development had been 
poor. The part of the salt marsh , where experi­
menta! field II was laid out, is evidently unsuit­
able for agriculture. The experiment on unprotec-

ted land near Cappelersiel also led to the conclu­
sion that lower-lying parts of the high salt marsh 
are unsuitable for raising crops. 

The results in experimental field I, on the other 
hand, show that agriculture is certainly possible on 
the unprotected salt marsh, provided that fields are 
laid out on the highest parts of the salt marsh, i . e  
on  marsh bars and  perhaps also on natura! levees,
where of course the chance of flooding during the 
growing season is least. Furthermore, on account of 
the sandy constitution of these higher parts, salts 
are rapidly washed out. More frequent flooding in 
the winter has no deleterious effect on crop growth, 
as is evident from rable 4. Accordingly, in the win­
ter of 1 974/ r97 5  experimenta! field I was certainly 
flooded 9 times, while the harvest of the fol lowing 
season was good to very good. The absence of ex­
ceptionally high tides during the growing season 
for the crops is essential for the success of agricul­
ture on the unprotected salt marsh. The agricultural 
experiment in the Westpolder has shown that, pro­
vided cultivation was restricted to the highest parts 
of the salt marsh, the fol lowing crop plants could 
ha ve been raised with a reasonable chance of suc­
cess in the unprotected coastal region : Camelina 
sativa, Linum usitatissimum, Vicia faba var. minor, 
Hordeum distichum, Hordeum vitlgare and Avena 
sativa. 

In table 8 are summarized the resu l ts of 8 years 
of agriculture on the highest part of the salt marsh, 
i . e . experimental field I (including the experiment 
carried out by T. C. van Hoorn in l 968 ) .  Again it 
is evident from rable 8 that in a period of 8 years 
twice the harvest failed completely as a resu l t  of a 
flood ( l 970, l 973)  and twice a crop promising a 
reasonable to good yield was destroyed by cattle 
( 1 968 ,  1 97 1 ) .  Twice the harvest was good ( 1 972 ,  
l 97 5 )  and twice the harvest was a partial fa  il ure 
( 1 969, 1 974) .  One can assume that the terp dwel­
lers would ha ve tak en grea t pains to see tha t ca ttle 
could not destroy crops standing in the field .  Ac­
cordingly, excavations have revealed fields sur­
rounded by ditches. It is possible that measures 
were also taken to restrict feeding activities of 
birds, so that damage inflicted in this way was less 
severe than in the Westpolder. On the other hand, 
i t  would not have been possible to counteract unfa­
vourable weather conditions (such as a long dry 
period with increasing salt concentration in the 1 3 9 
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soil ) ,  or aphids, thrips and other infections. 
On the basis of two crop failures in 8 years due 

to the vehemence of the sea, it would be unjusti­
fiable to conclude that the crops of the terp dwel­
lers were also destroyed by salt water once every 
four years on average. An observation period of 
8 years is too short for such conclusions to be 
drawn, and furthermore the frequency of storm 
surges in spring and summer could ha ve been dif­
ferent formerly to now. In this connection the situ­
ation at Cappelersiel deserves further comment. 
Here, in both years of the experiment ( r 960 and 
r 96 r ), the high-situated enclosure was flooded once 
in the summer. In the El be-W eser region, extrem­
el y high tides should occur regularly in July. Kor­
ber-Grohne ( r 96 7) specula tes as to w hether this 
was the case in prehistoric times also, for it is 
hardly conceivable that agriculture flourished in 
the surroundings of the Feddersen Wierde i f  the 
fields were flooded almost yearly in the summer. 

It should be emphasized here that in former 
times agriculture in the unprotected coastal region 
was not restricted to the so-called regression phases, 
periods in which a lowering of sea level took place. 
A (relative) rise in sea level will be accompanied 
by the increase in height of the marsh-bar surface 
as a result of accumulation of silt to a level of ca.  
r . 20 m above mean high water. Marsh bars (and 
perhaps also natura! l evees) would therefore al­
w.ays have been suitable for agriculture to a certain 
degree. In periods of d iminished storm-surge ac­
ti vi  ty, the chance of a failed harvest as a result of 
flooding would have been less than during trans­
gression phases, while the potential cultivation area 
was probably greater. 

In assessing the risk run by the terp dwel lers of 
a crop failure as a result of a sal t-water flood, the 
foliowing point should also be taken into consider­
ation. The experimental areas of Cappelersiel and 
the Westpolder were laid out on a narrow strip of 
salt marsh outside the d ike, such as that found in 
optimal extent in the present-day coastal area of 
the Netherlands and Northwest Germany. These 
narrow strips of salt marsh are exposed to the 
most extreme conditions possible with respect to 
high tides, partly as a result of the effect of the 
dikes in forcing the water level to rise. Befare the 
constructions of the d ikes, there extended .along 
the coast an expanse of high salt marsh, usually 

several kilometres wide, with successive series of 
marsh bars. I t  took several hours for high tides to 
reach those parts of the salt marsh lying furthest 
inland. There may often have been insufficient 
time for storm surges which overflowed the outer­
most marsh bar, to inundate the highest parts of 
the salt marsh at 3 - 5 km from the coast. Agri­
culture on marsh bars and natura! levees situated 
at a greater distance from the outer margin of the 
salt marsh would have involved a srnaller risk of 
flooding. The risk of damage due to storms in  the 
spring (f!ooding during the germination stage) 
could have been diminished by sowing rela tively 
la te. 

It should also be borne in mind tha t crops raised 
by the terp dwellers possibly underwent natura! 
selection as a result of which more salt-resistant 
varieties developed . This would  have reduced the 
risk of poor resu!ts due to a temporary increase in 
salt concentration in the soil .  
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Tab l e  1 .  H i gh ti des record ed at Vee rhaven-Oo r t  ( 2  Feb ruary 1 9 6 9 )  and L auwersoog 

1 9 69 1 9 70 1 9 7 1

above 2 .  OS  above 1 .  SS above 2 . 0S above I .  SS  above 2 . 0S 

date water- level date water-leve l  date water- leve l date water- leve l date water- l evel  

2-2  2 . 4S 3-2 I .  63  1 - 2 I .  60 

29-9 2 . 36 2 . 0 1 1 4- 2  I .  80 

1 - 1 0 2 . 09 7- 2 1 .  S 7  1 0- 3  2 . 46 1 0- 3  2 . 46 

9- 1 1 2 . 0 7 9 - 2  I .  6 2  1 6- 7  I . 6 3  

20- 1 1 2 .  1 8 20- 2 2 . 49 20- 2 2 . 49 20- 1 0  1 .  7 S  

2 9- 1 1 2 .  70 2 7 - 3  I .  7 7  1 . 9 S 

28-3 2 . 29 2 8- 3  2 . 29 2 1 - 1 0 I .  60 

I .  74  2 2- 1 0 2 . 0 7 2 2- 1 0  2 . 0 7  

29-4  2 . 30 29-4 2 . 30 6- 1 1 I .  7 8  

2 1 -S I .  S 8  1 6- 1 1 I .  S 8  

22-S 1 . 66 1 7- 1 1 2 . S 3 1 7- 1 1 2 . S 3 

l S- 7  I .  S 8  2 1 - 1 1 2 .  7 2  2 2- 1 1 2 .  7 2  

1 6-9  I .  8 2  2 2- 1 1 I .  9 S  

1 - 1 0 1 .  6S 20- 1 2 I .  60 

2- 1 0  I .  8 1 2 1 - 1 2 I .  7 S  

2 . 49 2- 1 0 2 . 49 

3- 1 0  2 . 36 3- 1 0 2 . 3 6 

1 .  7 3  

1 9- 1 0 2 .  1 0  1 9- 1 0 2 .  1 0

20- 1 0  2 . 32 20- 1 0  2 . 32 

I .  83 

2 1 - 1 0 2 .  1 7 2 1 - 1 0 2 .  1 7 

2 8- 1 0 I .  7 3  

1 - 1 1 I .  7 3  

I .  9 6  

3- 1 1 I .  S 6  

4- 1 1 2 . 88 4- 1 1 2 . 88 

6- 1 1 I .  7 3 

9- 1 1 1 .  9 8  

2 . 64 9- 1 1 2 . 64 

1 0- 1 1 2 . 0S 

1 2- 1 1 1 .  6 2  

1 - 1 2 I .  S 8  

7- 1 2 I .  s 7 

1 8- 1 2 I .  70 

1 44 



in me ters above NAP . 

1 9 7 2  

above 1 . 55  above 2 . 05 

date water- leve l date water- leve l 

20- 1 I .  7 2  

2 7- 3  I .  6 2  

2 8- 3  I .  6 0  

1 6- 4  I .  7 2  

2 8-5  I .  76  

2 1 - 1 0 I .  5 8  

23- 1 0  I .  6 8  

2 4- 1 0  2 . 0 8 24- 1 0 2 . 08 

1 0- 1 1  I .  5 7 

1 1 - 1 1 I .  9 5  

1 3- 1 1 I .  9 5  

2 1 - 1 1 I .  60 

2 2- 1 1 I .  6 2  

29- 1 1 I .  60 

1 9 7 3  1 9 7 4  1 9 7 5  

above 2 . 05 above 2 . 05 above 2 . 05 

date wat er- l evel date wa ter- leve l date water- l evel 

2-4 2 . 32 2 8- 1 0 2 . 45 25- 1 2 . 08 

3-4 2 . 40 2 8- 1 1 2 . 20 26- 1 2 . 30 

6- 1 1 2 .  1 0  2 . 08 

1 3- 1 1 3 .  1 0  4- 1 2 2 . 5 2 

2 .  1 0  5- 1 2 2 .  2 1

1 6- 1 1 3 . 0 3  1 2- 1 2 2 . 45 

1 7- 1 1 2 .  1 8 1 7- 1 2 2 .  7 0  

1 9- 1 1 3 . 30 1 8- 1 2 2 .  1 8

20- 1 1 2 . 48 1 9- 1 2 2 . 2 8 

25- 1 1 2 . 28 

2 . 40 

6- 1 2 3 . 00 

7- 1 2 2 .  70 

1 3- 1 2 2 . 06 

3 . 4 2 

1 4- 1 2 2 .  2 1

1 5- 1 2 2 . 5 3 

1 7- 1 2 2 . 0 7 

2 . 40 

r 4 5  
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T ab l e  2 .  We s tp o l de r  1 9 6 9 . Determinati ons o f  moi s ture and s al t  content o f  
s o i l  s amp les ( analy s i s  Drs . J . N .  Lan t ing) . 
The lo cation of mos t  of the s amp l e s  i s  indi cated 1n f { g .  3 .  

numb e r  date d e s c r ip t i on water per mg C.l I g C l
-

/ 
1 00 g o f  g dry s o i l  1 water 
dry s o i l  

March 3 1 e as t  o f  p lo ts 2 4 . 3 0 . 6 3 2 . 60 
0- 1 0  cm de ep 

2 March 3 1 wes t o f  p lo t s  20 . 0  0 . 89 4 . 4 3 
0- 1 0  cm de ep 

3 March 3 1 from b o t tom o f  5 4 . 2 20 . 56 3 7 . 9 2 
gul ly in l ow s a l t  marsh 

4 Apri l 2 8  unp loughed s o i l  wi thin 2 7 . 4 0 . 79 2 . 90 
fence , b e l ow sod  

5 Apri l 2 8  idem 2 1 .  8 0 . 6 9 3 .  1 7
1 0-20  cm deep 

6 Apri l 2 8  e as t  o f  s e ries A 1 8 . 0 I .  5 1 8 . 38 
0- 1 0  cm de ep 

7 May 2 7  we s t  o f  s eries  B 1 9 . 6 l .  4 1 7 . 20 
1 ..,.5 cm deep 

8 May 2 7  idem 2 1 . 8 2 . 2 1 1 0 .  1 4
c .  20 cm deep 

9 June 2 3  wes t  o f  s e r i e s  A 1 7 . 0 I .  2 3  7 . 2 2 
1 -5 cm deep 

1 0 June 2 3  idem 25 . 6 2 . 6 3 1 0 . 2 8 
c .  20 cm deep 

1 1 July . 1 6 wes t  of  s eries  A 1 1 .  3 2 . 5 5 2 2 . 59 
1 -5 cm deep 

1 2 Sep temb e r  4 near di tch p a r a l l e l  39 . 4 2 . 6 7 6 .  7 6  
t o  dike (NAP + I .  54 m) , 
b e l ow s od 
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T ab le 3 .  Data o n  inp u t  and y i e l d  o n  the experimental f i e lds 

in the undiked s a l t  marsh near the We s tp o l d e r .  

1 9 69 

Ol 
..c:: ----
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bl) bl) ;::l 'Cl � bl) 

p.. QJ 
p p p +.J p p 

•ri •ri • ri  Ol • ri  • ri
---- .--< 

+.J 'Cl 'Cl ;::l 'Cl +.J 
;::l .--< .--< cJ .--< ;::l 

§' QJ QJ .--< QJ p.. 
·ri · ri Ol • ri p 

• ri  :>-, :>-, cJ :>-, • ri

L inum u s i t a t i s s imum 65  1 5 6 2 . 4 390 1 40 

Camel ina sativa 1 0  336 33 . 6 840 25 

V i c i a  fab a  var . mi nor 80 200 

Hordeum d i s t i chum/vulgare 70 32 0 . 45 80 1 70 

Avena s a t iva 65  30 0 . 46 75  1 30 

Came l ina s a t iva 

Hordeum d i s t i chum/vulgare 

Vicia  f aba var.  mi nor 

Li num us i ta t i s s imum ( b lue- f l owered)  

Linum u s i t a t i s s imum 40 444  I I .  I 1 1 00 1 40 

Came l ina s a t iva 5 1 55 3 1 . 0 390 30 

V i c i a  fab a  var . mi nor 60 39 1 6 . 5 9 80 200 

Hordeum d i s t i chum/vulgare 50 6 2  I .  2 1 60 1 70 

Avena s a tiva 50 5 3  I .  I 1 30 1 60 

T r i ticum aes t ivum 

Panicum mi l iaceum 

Avena s a t iva 

Linum u s i ta t i s s imum 90 

Camel ina s a t iva 25 

V i c i a  f ab a  var . mi no r 1 50 

Hordeum vulgare 1 30 

Avena s a t iva 1 20 
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.--< p.. +.J QJ H Ol +.J 'Cl 
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;3 4-< p.. Ol "' p.. QJ 
0 QJ QJ p +.J QJ :>-, p · ri
p 4-< .--< • ri "' 'Cl ..0 · ri :>-, 

1 00 go od 1 00 5 1 0

+ 20 go od 1 9 740 

+ 1 80 med i o cre 1 80 1 790  

+ 1 30 go od 1 30 2640 

+ 1 00 poor 1 20 4000 

1 20 go od 1 00 4 8 5  

2 5  g o  o d  2 2  8 6 8  

+ 1 80 go od 1 80 1 5 60 

1 40 medio cre 1 30 1 5 25 

1 20 poor 1 30 2950 

90 90  

25 20 4 

1 50 1 50 

1 30 1 30 7 9  

1 20 1 35 2 5 9  



1 9 7 2 

.µ ;::l 
p.. 
p •ri

....... '"d 
...... 
Cl) 

• ri :>-. 

5 .  I 

38 . 9

9 . 9  

20 . 3 

3 3 . 3 

4 . 9  

39 . 5

8 .  7 

1 1 .  7 

2 2 .  7 

0 . 2 

0 . 6

I .  9 

cU 
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...... ;::l '"d (.) ...... 
...... Cl) cU • ri (.) :>-. 

690 

1 000 

2 4 20 

3565 

540 5  

655 

1 1 75 

2 1 1 0 

2060 

3985 

1 0  

200 

645 

1 9 74  1 9 7 5  

cU cU 
..c: ..c: 
....... ....... .µ 00 .µ 00 

00 00 00 ;::l '"d ....: 00 00 ;::l '"d ....: 
p.. Cl) p.. Cl) 

p p p p .µ p p p p .µ p 
•ri • ri •ri ·ri cU •ri •ri •ri ·ri cU • ri 

....... ...... ....... ...... 
.µ .µ '"d '"d ::l '"d .µ '"d '"d ::l '"d 
::l ;::l ...... ...... (.) ...... ::l ...... ...... (.) ...... 

§' p.. Cl) Cl) ...... Cl) p.. Cl) Cl) ...... Cl) 
p ·ri • ri cU •ri p . ri •ri cU •ri 

•ri •ri :>-. :>-. (.) :>-. •ri :>-. :>-. (.) :>-. 

1 00 60 435  7 . 2 590  60 890 1 4 . 5 1 200 

20 20 5 1 0 25 . 5 690  20 1 1 5 0  5 7 . 5  1 5 55  

1 80 1 80 l i t t l e  < I  1 80 2 750 1 5 .  3 3 7 1 5

1 30 1 30 4 )  1 30 1 1 50 8 . 8 1 555  

1 30 1 30 5 )  1 30 2500 1 9 .  2 3 3 7 5  

25  

1 30 1 30 4 )  1 30 7 5 0  5 . 8 1 0 1 5

1 80 1 80 l i t t l e  < I  1 80 2 7 6 0  1 5 .  3 3 7 30 

90 9 60 1 0 .  7 1 29 5  

1 00 60 390 6 . 5 5 2 5  60 8 7 0  1 4 . 5 1 1 7 5 

20 20 640 3 2 . 0 8 6 5  2 0  1 1 00 5 5 . 0 1 48 5  

1 80 1 80 l i t t l e  < 1 1 80 3000 1 6 . 6 4055 

1 30 1 30 4 )  1 30 1 300 1 0 . 0 1 755  

1 30 1 30 5 )  1 30 2 850 2 1 .  9 3850 

200 1 30 1 30 6 1 0 4 . 7  8 2 5  

7 8  60 60 3 30 5 . 5  4 4 5  

1 30 1 30 5 )  1 30 3300 25 . 3 4 4 6 0  

I )  Due to f l ooding in  the s e e d l ing s t age the c r o p  fai l ed . 

2 )  C rop des troyed by young ca t t l e . 

3 )  Flooding in the s e e d l ing s t age and devas t a t i on by c a t t l e  

resul ted in a t o t a l  c rop fai lure . 

4 )  Due to damage inf l i c ted by animals the b a rley wh i ch had 

devel oped fai rly we l l  gave no h arve s t .  

5 )  The devel apment o f  oats  was p oo r ;  moreove r the few e ars 

we re e aten b arre n .  
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Cl) •ri:>-. cU 

..c: '"d ....... 
p 00 cU ....: 

...... 
p p

• ri • ri 

1 000 

1 200 

2500 

4000 

4000 

1 49 



T ab l e  4 .  Extract o f  y i e l d  data f rom f i e l d  I .  
Y i elds f rom manured p lo t s  are indi cated b y  an as teris k .  

1 96 9  1 9 7 2  1 9 74 1 9 7 5  

input/  calcu l ated input/  calculated input/  cal culated input/  calculated 

yield y i e l d  i n  y i e l d  y i e l d  i n  y i e l d  y i e l d  i n  y i e l d  y i e l d  i n  

kg/ha kg/ha kg/ha kg/ha 

1 000 * * * 
Came l ina A 33 . 6 840 38 . 9 25 . 5 690 5 7 . 5 1 55 5  

B 3 1 . 0 390 39 . 5 1 1 7 5 32 . 0 865 55 . 0 1 485 

L :lnum 6 90 * 5 9 0 * * 
A 2 . 4 390  5 .  I 7 .  2 1 4 . S 1 200  * 

1 0 .  7 1 29 5  
B 1 1 .  I 1 1 00 4 . 9  655  6 . 5 5 25 1 4 . 5 1 1 75 

V i c i a  2 4 20 * * 
3 7 1 5  * A 9 . 9  < I  l� t t l e

* 
1 5 .  3 

< I  1 1  t t l e  1 5 .  3 3 7 30
* 

B 6 . 5 980 8 .  7 2 1 1 0  < I  l i t t le 1 6 . 6 4055 

Ho rdeum 0 . 45 
* 

1 s s s * A 80 20 . 3 3565 8 . 8 
5 . 8 1 0 1 5  * 

B I .  2 1 60 1 1 .  7 2060 1 0 . 0 1 75 5  

Avena A 0 . 46 5405
* * 75  3 3 . 3 1 9 .  2 3 3 7 5  

B I .  I 1 3 2 2 2 .  7 3985 2 1 .  9 3850 

25 . 3 4 460 

1 5 0 



Tab l e  5 .  Vege t a t i on on the h i gh outer margin o f  the s a l t  marsh 

(marsh bar) on which f i el �  I i s  laid out .  P l ant cover 1 00% . 

Survey on July 2 1 s t 1 9 75 . 

4 very abundan t ;  3 abundan t ;  2 fairly abundant ; I presen t ;  + rare 

Fes tuca rub ra s sp .  rubra 

Agro s t i s  s to loni fera 

As ter  tripol ium 

Tri f o l ium repens 

Odon t i t i s  verna 

Lo l ium pe renne 

Plantago mari t ima 

Ely trigia  pungens 

Glaux mari t ima 

Poten t i l l a  ans erina 

Puc c ine l l i a  dis t ans 

Spergularia marina 

Spergulari a med i a  

Tri fol ium fragi ferum 

Arme r i a  mari t ima 

Along edge of  experimen tal f i e l d :  

Poa annua 

Po lygonum avi culare 

Hordeum s e c a linum 

C i rs ium vulgare 

Atrip lex 

Bromus mo l l i s  

4 
3 

2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

r p



Tab le 6 .  Weeds observed 1n experimental f i e l d  I .  

Year 1 9 6 9  1 9 70 1 9 74 1 9 75 

Atrip lex has tata/patu l a  + + + + 

Polygonum avi culare + + + + 

Glaux mari time + + + + 

Spergularia med i a/marina + + + + 

S a l i cornia europaea + + + 

Ag ro s t i s  s to l on ifera + + + 

Senecio  vul garis + + + + 

Puccine l l i a  d i s tans + 

Suaeda mar i tima + + + 

Ar temi s i a  mari time + + + 

As ter tripol ium + + + 

S t e l l aria med i a  + + 

Taraxacum of fi cinale + 

Fes tuca rubra + 

P l an t age mari time + 

Polygonum pers i c ar i a  + 

E lytrigia  pungens + + 

S a l s o l a  kali  + 

Urtica urens + + 

So lanum nigrum + + 

Coronopus s quamatus + 

Sambucus nigra + 

Amaranthus + 

I 5 2  



Tab le 7 .  Y i e l d  data for enc l o s ure I I  a t  C app e l e r s i e l  in 1 9 6 1  (after 

Korber-Grohne 1 9 6 7 ,  p ,  2 30) .

calculated 
yield in kg/ha 

yield/  
input 

1 0  s l igh t l y  damaged 1 1 75 
Hordeum vulgare more s eriously damaged 980  8 

Came l ina s ativa 
s l i gh tly damaged 1 6 35 20 
more s er ious ly damaged 1 1 00 1 3

L inum us i ta t i s s imum 
s l igh tly damaged 3 1 0 3 . 9  
more s er i ously damaged 60 0 . 7

Tab l e  8 .  Synops i s  o f  res u l t s  on f i e l d  I .

year 

1 96 8  

1 96 9  

1 9 70 

1 9 7 1

1 9 7 2  

1 9 7 3  

1 9 7 4  

1 9 75 

++ good y i el d ;  + med i o cre y i e l d ; - no y i e l d ; 

b e tween b rackets  the y i e l d  exp e c t a t i o n .  

val u a tion 
o f  y i e l d

( ++) 

+ 

( +) 

++  

+ 

++ 

short descrip t i on 

good crop deve lopment ;  des troyed by c a t t l e  

partly reasonabl e  y i e l d  

f l ooding in  s eedl ing s tage 

reasonab l e  deve l opmen t  ( excep t o a ts ) ; 

d e s t royed by c a t t l e  

gbod y i e l d  

f looding in s eedl ing s tage 

partial  crop f a i l ure ; no harve s t  of  barley 

b ecause o f  damage due t o  anima l s  i n  the 

ripe crop 

good y i e l d  ( excep t b roomcorn mi l l e t  and 

bread whe a t )  




