
P l a n t  and  Soll X X V I I I ,  no. 1 F e b r u a r y  1968 

T H E  AMOUNTS OF D R A I N A G E  W A T E R  

AND S O L U T E S  F R O M  L Y S I M E T E R S  

P L A N T E D  W I T H  E I T H E R  OAK, 

P I N E  OR N A T U R A L  D U N E  V E G E T A T I O N ,  

OR W I T H O U T  A N Y  V E G E T A T I O N  COVER 

by G. MINDERMAN and K. W. F. LEEFLANG 

Institute for Biologieal Field Researeh, Arnhem, and 
Provincial Waterworks North Holland, Bloemendaal 

I. INTRODUCTION 

In biological research of the soil thorough knowledge of the 
environment is necessary. The nature of the eco-system is largely 
determined by the available watet, and by the reactions of the matter 
dissolved therein. More information is available on the agriculture 
rather than on the forestry aspects of this problem. 

The large lysimeters of the P.W.N. (Provincial Waterworks of 
North Holland) near Bakkum made it possible to study certain 
aspects of the water and salt regime in soil covered with forest. The 
annum reports of the P.W.N. ~ describe the lysimeter station near 
Bakkum, which consists of 4 lysimeters, and the director of the 
P.W.N. put at our disposal the chemical analyses of the drainage 
water during the period of 1946 to 1966. 

From a study of the literature it would seem that this long 
series of observations provides unique information on the water and 
salt regime of forest soils. Because of the planning of the station 
four vegetations can be compared: a bare weeded, sandy plain (I), 
a natural dune vegetation (II), Oak (Quercus robur) with initially 
some Alder (Al~zus inca~~a) (III), and black Pine (Pinus nigra var. 
austriaca) (IV). The discussion of the results should give an insight 
into the water and salt regime of growing trees up to an age at which 
a certain stability in the regime appears. 

- -61  - -  
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II. THE LYSIMETERS 

The  c o n s t r u c t i o n  of ~he lys imeters  has  been  descr ibed  by  V a n  N i e v e l t  7 
and  W i n d  9. The  s i tua t ion  and  t he  v e g e t a t i o n  cover  are shown  in Fig. 1. 

Fig. 1. Genera l  ou t l ine  m a p  of the  lys imete r  area.  

The  lys ime te r  t a n k s  are square,  w i t h  sides 25 m long and  w i th  an  effect ive 
d e p t h  of 2.25 m.  The  beg inn ing  of the  Vege ta t ion  da tes  f rom 1940 and  1941, 
for a t  t h a t  t ime  in and  a r o u n d  t a n k s  no. I I  a n d  I V  y o u n g  trees  were p lan ted ,  
while  t a n k  I I I  and  i ts  su r round ings  were sown w i t h  aeorns.  I n  the  s u r r o u n d i n g  
compar i son  areas p l a n t i n g  and,  later ,  t h i n n i n g  was s imi la r  to  t h a t  in  t he  t anks .  
The  g rowth  of t he  v e g e t a t i o n  was r a t h e r  poor  du r ing  t he  f i rs t  years .  I n  order  
to  enhance  g r o w t h  Prof.  Ir .  J .  H. J age r  Gerl ings  adv i sed  eover ing  t he  surIace 
of all t h e  t a n k s  w i t h  a layer  of b lack  soil of a b o u t  1 cm th ick ,  i.e., a b o u t  12½ 
m a per  t ank .  This  was car r ied  ou t  in  1942 and  aga in  in 1943. W h e n  in 1945 
no  resu l t  was  vis ible  two tons  of com pos t  o r ig ina t ing  f rom a r u b b i s h  d u m p  
were depos i ted  on  lys ime te r  I I ,  I I I  and  IV. This  was  followed in 1946 and  
1949 b y  doses of 6.7; 9.5 a n d  6.9 kg  n i t rogen .  In  1948 g r o w t h  i m p r o v e d  
(Fig. 2), e i ther  because  fe r t i l iza t ion  h a d  sa t i s f ac to ry  results ,  or because  a 
change  in t he  d ra inage  of w a t e r  h a d  inf luenced  the  w a t e r  reg ime of the  t anks .  
Un t i l  Apri l  1947 w a t e r  d ra inage  t ook  place w i t h o u t  a n y  resis tance.  The  
d ra inage  w a t e r  freely d i scharged  t h r o u g h  the  open  dra ins  in to  t he  s torage  
t ank .  In  d ry  periods,  w h e n  the  dra ins  were empty ,  air  could p e n e t r a t e  in to  
the  soil f rom below. In  the  spr ing  of 1947 a va lve  was c o n s t r u c t e d  in t he  
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main drain, so that  the drains could not completely empty. The minimum 
water level in the lysimeters was now as high as the top of the gravel layers 
at the bottom of the lysimeters. The drains in those gravel layers remained 
filled with water, and therefore no air penetrated via the drains into the soil, 
while the pendular water was subiected to a counter pressure of one atmos- 
phere, as is normal in the open field. 

500Bcm height of trees 

1 
5O0B 

300~ 

20G 

100i , 

- - -  L - -  I I i I i i _ _ 1 - -  q I s t I 

1943 1945 1950 1955 ' 

Fig. 2. O row th  in  leng th  of the forest plan~cations. 
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Obse«vations 

The P.W.N. made many metereological observations. Information was 
obtained on daily precipitation, and the quant i ty  of drainage water was re- 
corded daiiy. Samples of the drainage water from March 1946 to December 
1961 were analyzed monthly by the chemical laboratory (director K. W. H. 
L e e f l a n g )  of the P.W.N. at Bloemendaal and the quantities of various ions 
in the drainage watet was calculated. 

III. RESULTS 

a. The  wate t  i~  lhe soil  

V a n  N i e v e l t  s has  s u m m a r i z e d  t he  d a t a  on p r e c i p i t a t i o n  a n d  

q u a n t i t y  of d r a i n a g e  w a t e r  d u r i n g  the  per iod  f rom 1942-  to  1952. 
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Fig. g. P rec ip i t a t ion ,  e v a p o r a t i o n  a n d  d ra inage  water .  

A. P rec ip i t a t i on  for eve ry  yea r  was p u t  a t  100 (line 5) Dra inage  w a t e r  of t h e  
four  lys imete rs  (curves I - I V ) ,  as well as e v a p o r a t i o n  f rom a free w a t e r  
surface e i the r  n e x t  to  I (curve 6), or u n d e r  t h e  pines  n e x t  to  I V  (curve 7) 

are expressed in pe rcen tages  of t h e  p rec ip i t a t ion .  

B. The  a n n u a l  p rec ip i t a t i on  in m m  a n d  in m~ pe r  t a n k  of 625 m 2 surface.  
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TABLE 1 

Precipi tat ion and drainage wate t  from Lysimeters 1942-1961 

Drainage watet  

Year 

Precipi- 
ration 

m s m m  

Lysimeters 

~ i ii i i i i  i i v  
o/o ~~1O/o m ~ l ° / o  m--ä-Io/o m ~  I 

Ground- 
water, 

average 
level, 

cm + N A P  

81111- 

shine, 
hours 

1942 
I943 
1944 

1945 
1946 

1947 
1948 
1949 
1950 
1951 

1952 
1953 
1954 
1955 
1956 

1957 
1958 
1959 
1960 
1961 

602 
446 
579 

503 
531 

2~~ 

408 
391 
487 
671 
609 

27~d 

590 
383 
561 
4 7 1 i  
515 

2520 

624 
530 
397 
635 
636 

2822 

749 
816 

3999 

991 
842 
630 

1009 
1010 

4482 

56 
52 
65 
53 
61 

57 

46 
40 
46 
51 

46 

46 

51 
26 
41 
37 
39 

4O 

50 
39 
39 
57 
50 

48 

63 
64 
71 
59 

361 68 
gg 

188 49 
155 46 
221 52 
345 54 
277 48 

186 50 

300 53 
101 31 
232 44 
173 42 
202 42 

008 44 

313 47 
207 36 
154 34 
364 37 
321 51 

359 42 

361 

200 
178 
253 
364 
291 

286 

314 
117 
249 
197 
219 

096 

291 
188 
135 
237 
328 

179 

62 
68 
72 

59 
65 342 
gg 

43 174 
34 133 
35 170 
42 280 
36 222 

38 979 

34 202 
16 63 
15 84 
17 81 
22 116 

22 546 

28 175 
20 109 
15 59 
22 143 
26 167 

23 653 

162 

138 
186 
182 

129 
76 
13 
52 

115 

121 
64 

9 
18 
16 

8 
77 

100 
92 

159 

m 

1650 

1995 
1723 
1792 
1607 
1601 

8718 

1624 
1523 
1445 
1688 
1505 

7785 

1570 
1492 

I956 
1387 
1544 

7948 

The mutual  differences in drainage between the four lysimeters 
became more pronounced in later years as a result of the differences 
in vegetation on the four lysimeters. As expected, the percentage 
of the precipitation that  left lysimeter I as drainage water did not 
change rauch during the total series of observation (Fig. 3 and 
Table 1). This figure elearly shows the influence of the different 
vegetation covers on lysimeter II, I I I  and IV. I t  also shows that  
for each lysimeter the ratio between precipitation and drainage 
wate t  reaches a constant value after a certain time. This occurs 
around 1948 in lysimeter II  and III ,  but  it took until 1952 in lysi- 
meter IV. 
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The water-storing capacity of the soil layer in which the trees can 
root and not the quanti ty of drainage water is important for the 
growth of vegetation. The trees on the tanks must obtain the 
necessary water from the pendular water present in the soll layer 
of 2.25 m above the gravel layers. Water supply by capillary action 
from the drains need not be considered, In the area around the 
tanks the average annual watet level varies (Fig. 4). From 1943- 
1961 the average level is 88 cm -¢- N.A.P. * But this level of 88 cm 

- about 3 m below the surface - can be attained by the tree roots, 
and according to information from the P.W.N. personnel the roots 
were able to reach this depth. Consequently in dry years the watet 
quanti ty available for growth is more favourable for the trees out- 
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Fig .  4. P r e c i p i t a t i o n ,  l eve l  of  g r o u n d  w a t e r ,  a n d  h o u r s  of  s u n s h i n e  

- -  G r o u n d w a t e r  o u t s i d e  t h e  l y s i m e t e r s  I r o m  1943-1962 .  A v e r a g e  

l eve l  du r i l l g  t h a t  p e r i o d  i.e. + 88 c m  N . A . P .  
- -  A n n u m  p r e c i p i t a t i o n  in  p e r  c e n t s  of  t h e  a v e r a g e  o v e r  1946-1961 ,  

i.e. 840 m m ,  o r  537 m 3 p e r  t a n k .  

. . . . . . . .  H o u r s  of  s u n s h i l l e  in  p e r  c e n t s  of  t h e  a v e r a g e  o v e r  1 9 4 6 - 1 % 1  of  

1620 h r s / y e a r .  
~ B e g i l l n i n g  of  t h e  s u b i r r i g a t i o n  b y  w a t e r  f r o m  t h e  R i v e r  R h i n e  

in  t h e  d u n e  r eg i on .  

* N.A.P.:  - official s tandard level in the Netherlands. 
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side the tanks, than for those on the tanks which can on]y root to 
a maximum depth of 2.25 m. 

I t  is remarkable that  in the very dry years 1947, 1948, and 1953 
the water level was not very low, although it was low one or two 
years later. In the dry year 1959 there was no quest]on of an im- 
mediate or delayed lowering of the water level (Fig. 4). This is 
unusual, since in the eastern Netherlands (Hackfort) the influence 
was noticeable until 1961. The abnormal behaviour of the water 
level around the lysimeters is a result of the sub-irrigation of the 
dunes with watet from the river Rhine since August 1957. 

b. The chlorine-ion in flreciflitation and drainage water 

W i n d  9 drew attention to the interception of great quantities 
of salt by small pine forests in the dunes. For open dune land he 
calculated the annum salt-fall to be 78½ kg CI' or almost 130 kg 
NaC1 per ha. Although he did not calculate or estirnate the amount 
reaching the soil under a pine forest, from bis data it is possible to 
estimate that  this taust be about 1½ to 2 times as rauch as the 
quanti ty deposited on open dune land. 

Fig. 5 shows for each of the lysimeters how rauch C1 has been 
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Fig. 5. Chlorine discharge in kg /ha /annum.  



6 8  G. M I N D E R M A N  AND K, W. F. L E E F L A N G  

discharged annually with the drainage water. In this graph the 
more or less horizontal line for lysimeter I, and the ascending and 
fluctuating lines of the other lysimeters are clear. Although the 
Vegetation cover w a s  very different the quantities of discharged 
ions show only small differences. 

Table 2 summarizes the elution over periods of 5 years. 

T AB L E  2 

Discharged quantit ies  of Cl-ions and salt (in kg/ha)  over periods of 5 years 

C1 Total  salt  

Period Lys. I Lys. I I ILys .  I II[Lys.  IV Lys. I Lys. I I ILys .  I I I ]Lys . IV  

1947-51 
1952-56 
1957-61 

1947-61 

Average 1947-61 
per a n n u m  

Average 1957-61 
per annum 

512 615 
512 701 
566 1023 

100% 147% 

106 156 

113 205 

619 
732 
1008 

2 ~  
148% 

157 

201 

560 
644 
1128 

147% 

175 

225 

844 
844 
932 

~~õ 

257 

186 

1012 
1155 
1685 

259 

337 

1020 922 

1205 1062 
1660 1680 

J 

259 257 

332 372 

Evidently there is a much stronger discharge from the lysimeters 
with a vegetation cover. The most likely explanation for this is that 
the trees and shrubs catch droplets of salty spray carried by winds 
from the sea. The salt that is caught either drops to the soll as small 
crystals after evaporation of the water, or it is washed down by rain. 

At first sight some relationship would be expected between the 
interception of precipitation by the canopy, and the interception of 
salt. However, close examination shows that in the interception of 
rain by the canopy the total surface of wettable leaves and branches, 
and the structure of the surface play an important role, whereas in 
salt interception the surface directly facing the wind determines the 
amount of interception. The salt crystallizes on the margins and 
tips of the leaves when the water evaporates by the action of the 
wind. 

Objects under the lee will catch less salt than those on the 
weatherside. This is borne out by W i n d  9 who found that a series 
of raingauges under the lee caught considerably less salt than the 
more exposed series in the same small forest. Interception of pre- 
cipitation on the other hand was highest in the series under the lee. 
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c. Organic matter 

The quanti ty  of organic matter  in the drainage water has not 
been determined directly, but  it has been calculated from the 
quanti ty  of KMnO4 required to oxidise the dissolved organic 
matter. In order to convert the KMnO4 values to quantities of 
organic matter  it is necessary to know the molecular composition 
of the organic solutes in the drainage water. This analysis proved 
impracticable, and therefore an estimate of the rations between C, 
O, and FI in the mixture of solutes has been made. 

The organic solutes c a n b e  considered a soluble fraction of the 
humus complex, probably as fulvic acids. In an acid environment 
the following reactions take place: 

2KMnO2 + 3H2S04 --> K2SO4 + 2MnSO4 + 3H20 q- 50 
and: 

Fulvic acids (C4H6Oa)x + 80 -+ 4CO2 -~ 3H20 

From these reactions, and from the molecular weights of 158 for 
potassium permanganate, and of (102)x for fulvic acid it can be 
derived that l mg KMnO4 corresponds to 0.202 mg fulvic acid or 
to 0.095 mg C. 

Marked differences exist among the discharges of organic matter  
in different months, but  they are correlated with the quanti ty  of 
drainage water, and not with a difference in content of organic 
matter  of this water. 

Fig. 6 shows the quant i ty  of organic matter  discharged by  the 
four lysimeters. I t  is clear that  lysimeter I always discharged more 
organic matter  than the lysimeters I I I  and IV with a vegetation cover. 
The application in 1945 of a layer of compost on lysimeter II, I I I  
and IV did not affect the discharge figures of the following years. 
Not until 1950 did the discharge increase. But  then it ran parallel 
to that  from I which did not receive compost. 

Despite the vegetation on three lysimeters the discharged 
quanti ty  of organic matter  is very small. I t  is curious that  since 
1950 considerable agreement exists between tanks I and II as to 
the quanti ty  of discharge. The cause of the abnormal behaviour of 
II, in comparison to I n  and IV, might be sought in the soil of tanks 
I and II, which might have been of a different composition in re- 
lation to n I  and IV. Alternatively perhaps the vegetation on tank 
II produced a greater percentage of organic matter  than tanks I I I  
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Fig. 6. Carbon discharge via drainage water in kg/ha/annum. 

and IV, which in the presence of free CaCOa is soluble in water. 
Table 3 shows that the annual discharge oI organic marter dissolved 
in the drainage water is, in practice, small. 

TABLE 3 

Carbon discharge Irom the Iour lysimeters in 
kg/ha/year (average over periods of 5 years) 

Lysimeters 
Period I ] II III  IV 

1947-51 7.8 6.7 
1952-56 5.8 5.2 
1957-61 ~ 5.4 

5.1 
3.1 
4.3 

5.6 
3.2 
5.2 

The quanti ty of organic marter deposited by  precipitation is of 
the order of 5-10 kg/ha ( L e e f l a n g  8). 

The amount of organic marter leached, including root excretions, 
is extremely small under a high and permanent vegetation. In the 
construction of an organic marter chain this discharge may be 
neglected, for a quanti ty of 5 to 10 kg carbon per ha per annum is 
well within the mean error of the measurements of the annum 
production of organic matter  of 12 to 13 tons ( M i n d e r m a n  6). 



L Y S I M E T E R  D R A I N A G E  W A T E R  A N D  ITS S O L U T E S  7 1 

d. Nitrogen in precißitation and drainage water 

In precipitation nitrogen occurs in a variety of compounds. 
Mostly ammonia compounds predominate, hut  sometimes there 
are more nitrates. I t  is not clear which compound taust be con- 
sidered as pollution originating from human society. For instance, 
the inversion of the proportions of ammonia compounds and ni- 
trates during the series of observations at Groningen 4 in the years 
1924 and 1938 (Table 4), is of special interest. 

L e e f l a n g ,  working in the centre of Holland, near the coast and 
in the interior daring the period from I932 to 1937 found predomi- 
nantly NH4-compounds in precipitation, while at the same time at 
Groningen, nitrates predominated. In 1964 L e e f l a n g  at Bakkum 

T A B L E  4 

Ni t rogen  con ten t s  and  quan t i t i e s  in  preeipi ta t ioi1 a t  va r ious  places  and  t imes  

Places  

Middle  p a r t  of the  N e t h e r l a n d s *  
1932-37 

Dis t ance  f rom shore 440 m 
2280 m 
3000 m 
5600 m 

48000 m 
B a k k m n  1964 (Repor t  L e e f l a n g )  

2000 m 
Groningen  ** 

1920-1924 
1924-1938 
1938 

Ru ige l ands t e rpo lde r  * 
U i t h u i z e r m e e d e n  1901-1910"* 
R o t h a m s t e d  1880-1916"* 
F l e v o l a n d  M a r e h - N o v e m b e r  1963 
E m m e l o o r d  N.O.P.  Mareh -November  

1963 t 

Aecord ing  to  V i r t a n e n  (1962) : 
W i t h i n  the a re t ie  circle 
Cent ra l  S c a n d i n a v i a  
S o u t h e n l  Sweden  
D e n m a r k  
Giessert (Germany)  

mg  N per  l i ter  w a t e t  as:  I To ta l  kg  

NO% ~ I N - - H ~ ~ [ ~ o r g I N / h a / a n n u m  

ù068 
.045 
.045 
.023 
.023 

.105 

.24 
1.36 
.70 
.00 
.24 
• 203 

.004 .24 
,002 .29 
.002 ,24 

.002 .39 

.0045 .43 

.03 .75 

2.13 mg  to t  N/1 

.75 mg to t  N/1 

ù09 
ù05 
ù07 

ù06 
ù08 

.12 

2.12 

.50 
1.3 
.6 
.72 

•405 

3.4 
3.3 
3.0 
4.0 
4.5 

10.7 

15.6 
13.0 
14.0 

ca 4.2 

ca 6.7 
4.7 

1.0 
l ä  2 
2 ä  5 
5 ä  7 

28.2 

* L e e f l a n g a  
** M a s c h h a u p t  4 

I' ]Board of the  Wie r inge rmee r  (report)  
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(Lysimeter area) found an increase in nitrates. It  is very difficult 
to decide whether it is the proportion of nitrates, or of ammonium 
compounds of nitrogen that is influenced by the proximity of indus- 
try. The increase in the percentage of nitrogen compounds in the 
samples from drainage water in 1964 cannot be related to transport 
by wind from the industrial areas I Jmond and Zaan. In precipi- 
tation from western or north western direction, i.e., from areas 
without any industry, and from the sea, the N-content also appears 
to be higher than that in the period 1932 to 1937. The high values 
found at Groningen can be ascribed to the very unfavourable 
situation of the lysimeters at the outskirts of the town near the 

TABLE 5 

Nitrogen in kg/ha/5 years discharged with drainage 
watet 

Lysimeter 
Period Ion 

1947-1951 

1952-1956 

1957-1961 

T o t a l  over: 

1947-1961 

O ! N 
NO~ 
NH4+ 
NH4+-org. 

No~ 
No~ 
NH4+ 
NH4+-org. 

NO~ 
N0~ 
NH4 + 
NH4+-org. 

NO~ 
N0~ 
NH4 + 

NH4+-org. 

I II  I I I  IV 

Note :  In the reports of the chemical analyses the quantifies of nitrite are given as units 
of 0.001 mg/1 nntil 1956, but  from 1957 onwards as 'zero', or as units of 0.030 mg/1. 
Because the quantities found were generally Iess than 0.030 mg/l, data over the later 
period cannot be compared with those from the first period. However, omitting the 
quantities of nitrite hardly influences the total nitrogen figures. 
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railway yard and near large factories. The residue was also high, 
mainly because of rauch Si02 and SOa from steam engines. 

The quantities of nitrogen discharged with the drainage water of 
the PWN lysimeters are summarized in Table 5 and Fig. 7. There 
are considerable differences between the lysimeters. Lysimeter I 
discharged the greatest quanti ty of nitrogen and Lysimeter IV the 
smallest. The schematic Fig. 8, which is partly hypothetical, gives 
information on the initial N-discharge by the soil. Nitrogen may 
have been leached from a possible nitrogen reserve in the soil. The 
initial phase would then have been high, just as in the carbon 
curve of lysimeter I (Fig. 7). After the initial period in lysimeter I, 

N kg/ha 

20. 

~o J /" ,~ / !  i 
\ ,Æ,  // 

0 ",~,, , , , ,--~=7 ==-T =-7--,---:--:--;---. 
1950 1955 1960 

Fig. 7. Nitrogen discharge in kg/ha/annum. For comparison the c~rbon 
discharge (C) from I. 

the annually discharged quanti ty of nitrogen appears to be fairly 
constant, which suggests a rather eren process in the soil. It  is 
possible that  nitrogen was fixed from the air by, for example, 
Cyanophycae in the upper layers of the soil. However, the figures 
per month over the period of 1964 to 1961 relating to lysimeter I 
give no indication that  any fixation took place. N-fixation is more 
likely to have place in the warm and wer months of early and late 
summer, and this would have been visible by a double peak of the 
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nitrogen discharge in the drainage water during winter. No such 
information was recorded for the I6 successive years of the experi- 
ment. At present it is recorded as more probable that  the discharge 
curve of lysimeter I reflects the differences in the percentages of 
nitrogen in precipitation as found by  L e e f l a n g  in two series. 
Perhaps some elution took place from earlier available organic 
matter  in the way described by  G a d e t  and S o u b i e s  1. The eurves 
for the discharge of drainage water, nitrogen and chlorine show 
distinct synchronization with a phase-shifting of less than one 
month if compared with the precipitation curve. This synchroni- 
zation is a remarkable phenomenon, because the percolation speed 
of water in the Iour lysimeters varied from a few months to more 
than a year. 

The N-content of the drainage water of lysimeter II showed peaks 
at different times from those in the remaining three. The highest 
concentrations for tank II after 1951 alternate with the highest 
concentrations for the remaining tanks. In tank II these maxima 
in concentration fell in the period February to Ju ly  and those of 
the other tanks in the period September until February. The re- 
tention period before precipitation became drainage watet  is 8 to 11 
months in tank II, which strongly suggests that  the discharged 
nitrogen from the peak periods originated from nitrogen fixed by 
sea buckthorn during the vegetation period, and was partly ex- 
creted from its roots. This shifting of phase shows faintly, and at 
low level in 1952, and it becomes quite distinct and constant from 
1955 onwards. Sea buckthorn has grown better since 1948 and it 
reached maturi ty  in 1952 (Fig. 7). 

On lysimeter I I I  there were several alders during the first year. 
In those years, i.e., before 1950, peaks in nitrogen occurred both 
in summer and winter, but  the level as a whole was so high that 
comparison with I is not possible. In every month throughout the 
year a high nitrogen content was found in the drainage water. 

The lysimetërs showed considerable differences in the amount of 
nitrogen that was annually discharged. The quanti ty discharged 
by  lysimeter IV was small throughout, and it decreased to a very 
low value. A similar phenomenon was apparent in lysimeter I I I  
after the alders had been pruned in 1950, and after 1948 when the 
growtb of the oaks improved. Since the last alders (58 trees) were 
removed in 1961, nitrogen diseharge has been low. The decrease of 
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nitrogen in this tank can probably be explained as follows: 1) The 
oaks in the tank began to grow better  in 1948. This improvement 
was continued and in 1949 growth was very good. The trees had at 
their disposal considerable amounts of nitrogen as a result of ni- 
trogen fixation from the air by  the alders, and consequently de- 
veloped so strongly that  they at tempted to utilise all the nitrogen 
compounds liberated by the alders. 2) In 1950 the alders »vere 
pruned strongly. This restricted their growth and nitrogen fixation, 
while at the same time the oaks grew vigorously and had a high 
requirement for nitrogen. As a result of these two Iactors the ni- 
trogen discharge in the drainage water suddenly diminished. If the 
alders had not been pruned, the reduction of the N-discharge would 
probably have been more gradual, since the oaks would have ex- 
perienced more diIficulty in competing with the alders. 

The dune vegetation, which in addition to sea buckthorn grows 
on tank II, was also able to use very eIficiently the nitrogen pro- 
duced in excess by  the sea buckthorn. The higher nitrogen dis- 
charge in the drainage watet  may be considered as excess-N not 
utilized by  the vegetation, either because the plants could not 
absorb it, because the nitrogen became available out of the growing 
season, or because the discharge by  the sea buckthorn roots took 
place deeper in the soil than the depth reached by the other roots 
requiring nitrogen. It  is not possible to deduce from the available 
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Fig. 8. Schemat ic  d ischarge  curves f rom Figure 7. 



76 G. M I N D E R M A N  AND K. W. F. L E E F L A N G  

data the actual production by alder or sea buckthorn of nitrogen 
compounds available for other plants. To do this it would be 
necessary to know the amount of nitrogen that  is fixed in the whole 
tank, and the amount removed with thinnings. It  appeared to be 
impracticable to sample so intensively that  reasonably reliable 
results could be obtained about the total nitrogen fixation. However, 
it is clear that  more nitrogen is brought into the soil than was 
present in preeipitation only, and also that this surplus of nitrogen 
is associated with the growth of alder or sea buckthorn. 

The nitrogen added with compost and fertilizer was probably 
used completely by the plants, with perhaps the exception of a 
small part that  volatilized from the effeet of the slightly alkaline 
environment on ammonia compounds. No increased discharge of 
nitrogen of the drainage water was observed. 

e. The remaining io~~s 

The mutually different fluctuations of some of the remaining 
ions and their relations to the drainage water in lysimeters I and IV 
have been summarized in Figs. 9a and b, and in Table 6. 

The figures show that on the whole the discharge of the ions is in 
phase with the fluctuations in the discharge of drainage water. The 
pattern strongly suggests a regular leaching of the soil by watet 
from precipitation. 

Table 6 illustrates some abnormalities which occured and which 
cannot be easily explained. Since information on the preceding 
period is not available e.q. a marked discharge of sulphate and 
magnesium from lysimeter I II  in the period from 1947 to 1951. 

The quantities of ealcium discharged are interesting when related 
to the total quanti ty of calcium which is mainly present in the soil 
as CaCO3. If the annum discharge, and the total content in the soll 
are known, it is possible to calculate how long it would take for all 
the CaCOa to be leached out, or in other words how long it takes for 
the depletion of bases to be completed. Table 6 shows that  there is 
little difference between the Ca discharge of the lysimeters, although 
the discharge of IV might be expected to be higher, because of the 
influence of the acid humus of the pines. This is not the cause. 
Apparently the quanti ty of drainage water plays a larger part in 
the discharge of Ca, than that  of the vegatation. 
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the  average  over  the  complete  period of observat ion.  
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T A B L E  6 

D i s c h a r g e  of v a r i o u s  ions  in k g / h a / 5  y e a r s  

Pe r iod  A = 1947-1951 

Per iod  B = 1952-1956  

Pe r iod  C = 1957- I961  

I o n  

Hco~ 

CI' 

Ca++ 

SO<' 

K+ 

Na+  

Mg+ 

PO4""  

N i Oa 

NH4+-org .  

NH4+ 

S i O 2 "  

C a r b o n  in 

H2COa 

Pe r iod  

A 

B 

C 

A 
B 

C 

A 
B 

C 

A 

B 
C 

A 

B 

C 

A 

B 
C 

A 

B 
C 

A 
13 

C 

A 

B 

C 

A 

B 

C 

A 
13 

C 

A 
B 
C 

A 

B 
C 

[162 

}850 

t278 

511 
512 

566 

.467 

4 1 7  
5 7 4  

422 

5 l l  

563 

174 

153 

305 
346 

89 

8O 

92 

1.4 

1.4 

2.3 

234 

303 

288 

1.8 

2.1 

2.4 

1.1 
.9 
.7 

182 
178 

196 

819 
~57 
841 

L y s i m e t e r  

I I  I I I  

4275 W70 

3855 3796 

4918 [496 

615 619 
701 732 

1023 [008 

1478 i773 
1383 .352 

1899 •684 

854 ~038 
475 563 

767 764 

146 179 
151 160 

368 375 

578 563 

85 115 

72 77 

92 71 

1.5 3.9 

.8 3.6 
1.4 2.8 

19 247 

110 14 

229 16 

1.7 2.3 
1.7 2.5 

3 .0  3.4 

.8 .8 

.4 .7 

.5 .5 

166 199 
150 177 
178 198 

841 752 

758 747 
967 884 

IV 

~326 

.~368 

$250 

559 
649 

• 128 

•261 

928 
•364 

871 

564 

033 

122 

152 

326 

673 

76 

58 
83 

2.8 

1.6 

2.1 

21 

6 

3 

1.7 

1.1 

1.6 

1.I 

.3 

.3 

142 
89 

124 

654 
466 
639 
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The  to t a I  a m o u n t  of Ca p r e s en t  in  each  t a n k  appea r s  to  be  378000 kg  a t  

a CaCOa level  of 3 .5%.  
Discharge  d u r i n g  t he  las t  5 years  was a b o u t  300 k g / h a / a n n u m .  If  th i s  is 

cons idered  as a p r o b l e m  in a c o m p o u n d  in t e r e s t  ca lcula t ion ,  t h e n  t he  a n n u a l  
decrease  of p. ~o is g iven  b y :  

378000 -- 300 
1 --  = 0.00078 or p : 0 .078% 

378000 

Dep le t ion  of bases  u p t o  99% would  t a k e  

Ln.  0.01 --  4.6 
- -  --  5900 years  

0.00078 0.00078 

A r e d u c t i o n  to ha l f  t h e  or ig inal  a m o u n t  could  occur  a f te r  a per iod  of 
a p p r o x i m a t e l y :  

L n  0.5 - -  0.6931 
- -  --  890 years  

0.00078 0.00078 

Accord ing  to  t he  a b o v e  d a t a  t h e  t o t a l  d i scharge  du r ing  20 years  can  be  p u r  
a t  a b o u t  6000 kg  Ca pe r  ha,  wh ieh  in  on ly  0 .16% of t h e  t o t a l  q u a n t i t y  
ava i l ab l e  in  t he  soll of the  t anks .  This  is a lower p e r c e n t a g e  t h a n  M a s c h -  
h a u  p t s f ound  for t he  t op  soil of Dol la rd  polders.  He  found  a r educ t i on  of 1 o/o 
CaCOa, or 0 .4% Ca in t he  t op  soff a f t e r  23 to  34 years ,  whi le  no  decrease  
could be  d e m o n s t r a t e d  below t he  t op  soil. 

I n  t he  lys imete r s  of the  P W N  we could n o t  f ind a f te r  20 years  a di f ference 
b e t w e e n  t he  CaCOa c o n t e n t  of t h e  u p p e r  layer  a n d  t h a t  of t h e  res t  of t he  
profile.  A p p a r e n t l y  l each ing  was  equa l ly  s t r o n g  t h r o u g h o u t  t he  d e p t h  of t h e  
sand.  

SUMMARY 

F r o m  1946-1961 t he  a m o u n t s  of d r a inage  water ,  sa l ts  a n d  c a r b o n  were 
d e t e r m i n e d  f rom four  a d j a c e n t  lys imete r s  (1 w i t h  bare  sand,  3 w i t h  a vege-  
t a t i o n  eover  of n a t u r a l  d u n e  vege ta t ion ,  oak  w i t h  some alder  un t i l  1950, a n d  
B lack  p ine  respect ive ly)  s i t u a t e d  a b o u t  2 k m  f rom the  N o r t h  Sea shore,  in  
t he  Ne the r l ands .  

The  q u a n t i t y  of d r a inage  w a t e r  is s t rong ly  d e p e n d e n t  on  t he  n a t u r e  of t he  
v e g e t a t i o n  cover.  F r o m  1952-1961 t he  four  lys imete r s  d ischarged,  77; 44; 
43 a n d  22% of t h e  t o t a l  p r ec ip i t a t i on  for ba r e  sand,  n a t u r a l  d u n e  v e g e t a t i o n  
oak  a n d  B l a c k  p ine  respect ively .  

F r o m  1947-1951 for ba r e  sand,  n a t u r a l  dune  vege ta t ion ,  oak  a n d  B l a c k  
pine  r e spec t ive ly  102, 123, 124 a n d  122 k g / h a  ch lor ine  were d ischarged.  F r o m  
1957-1961 in t he  same  sequence :  113, 205, 201 a n d  225 k g / h a  were d ischarged.  
The  increase  of t h e  d i scha rge  is closely r e l a t ed  to increase  in h e i g h t  of t he  
v e g e t a t i o n  cover,  wh ich  leads  to  inc reas ing  i n t e r c e p t i o n  of s a l t y  s p r a y  f rom 
t h e  sea. T h e  d i f le rence  b e t w e e n  t h e  ba re  lys ime te r  and  those  w i t h  a vege-  
t a t i o n  cover  is cons idered  to  be  t h e  r e su l t  of i n t e r c e p t i o n  of sa l t  b y  t he  vege-  
t a t i on .  
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The q u a n t i t y  of carbon discharged was de te rmined  f rom the  KMnO4 values 
of the  dra inage water .  The discharge was smMt: 3-8 kg C/ha /annum.  

The n i t rogen supply  by  prec ip i ta t ion  var ied  f rom 3-10.7 kg /ha /annum.  
The average N-discharge over  15 years  for bare sand, na tura l  dune  vege- 
ta t ion,  oak originally mixed  wi th  some alder and  black pine respect ive ly  was 
12.7; 5.7; 4.7; and  0.8 kg /ha / annum.  F r o m  1947-1951 the  quant i t i es  were 
11.0; 1.3; 11.6; and  1.4 k g / h a / a n n u m  and f rom 1957-1961 13.5; 10.8; 1.3 
and  0.5 kg /ha / annum.  The difIerence be tween  the  two periods in n i t rogen 
discharge f rom the  lys imeters  wi th  a cover  of na tu ra l  dune  vege ta t ion  and 
t h a t  w i th  oak and  some alder  taus t  be ascribed to  the  N-I ixat ion by  sea 
b a c k t h o r n  and  alder. Sea b u c k t h o r n  did no t  grow well unt i l  1948-1952, 
while alder  d i sappeared  af ter  1950. 

As to the  r ema in ing  ions Ca, Mg, K, Na  en SO4 the  d ischarged quant i t ies  
appeared  to be only  propor t iona l  to the  d ischarged q u a n t i t y  of dra inage 
»vater. There  is no ques t ion  of a s t rong  dep le t ion  of bases by  the  Pines, for 
the  dra inage discharge under  this  vege ta t ion  cover  is much  lower t h a n  t h a t  
of the  o ther  tanks .  The to ta l  discharge dur ing 15 years  was 4458, 4760, 4809 
and 3553 kg/ha  for bare  sand, na tura l  dune  vegeta t ion ,  oak and  black pine 

respect ively.  

ACKNOWLEDGEMENT 

I wish to express  m y  sincere t hanks  to Mr. and Mrs. D. I I i l l e  IRis L a m -  
b e r s  for wr i t ing  the  Engl i sh  t e x t  and Dr. O. W. H e a l  for the  final correction.  

Reeeived October 28, 1966 

LITERATURE 

1 Gadet ,  R. and Soubies,  L., Bilan apparent et bilan de l'azote mineral appliqué 
au sol. Mesure en cases Iysimétriques avec utilisation de l'azote 15. 
Comm. ä la Réunion Teehnique sur l'utilisation de radioéléments dans les études sur 
les matières organiques du sol. F.A.O.-Brunswick, 9-14 Septembre 1963. 

2 Jaarverslag P. W. N. B loemendaa l ,  1940 until 1961. 
3 Leef lang ,  K. W. t-I., De chemische samenstelling ran den ileerslag in Nederland. 

Chemisch weekblad nr. 38, 658-644 (1938). 
4 Masehhaup t ,  J. G., Lysimeter-onderzoekingen aan her Rijkslandbouwproefstation 

te Groningen en elders. II. De seheikundige samenstelling van her drainwater. Ver- 
slagcn ran landbouwkundige onderzoekingen nr. 47, (4) A (1941). 

5 Maschhaup t ,  J. G., tier koolzure kalkgehalte der Dollardgronden. Tijdschr. K. 
Ncd. Aardrijksk. Genoots. 67, 114-121 (1950). 

6 Minderman ,  G., The produetion of organie matter and the utilization of solar 
energy by a forest plantation of Pillus nigra var. austriaca. Pedobiologia 7, 11-22 
(1967). 

7 Nievel t ,  B. F. r an ,  Het lysimeter waarnemingsstation in her Provinciaal duin- 
terrein onder Castricum. Watet, no. 14 (1941). 

8 Nievel t ,  B. F. van, De lysimeters van het P.W.N. Water, no. 16 (1952). 
9 Wind, R., Opvangen van zout uit de lucht doof een dennebosje in de duinen. Water, 

nrs. 4 en 5 (1953). 
10 Wind, R., The Lysimeters in the Netherlands. Proc. and information no. 3 Com- 

mittee on Hydrologieal Research T.N.O. 1958. 


