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ABSTRACT

10Z Scil samples collected from arable soils in the Netherlands

were analysed for zinc by various extraction methdds. Two crops, viz,

oats (fAvena gativa L.) and freesias (Freegia hybr.) were grown on the

Zine in spil extracted with

gamples in pois and alsp anaylsed for zinc.
i N NH4Ac of pH 7 gave the best correlation with the zint content of the
crops. Compared with data Iin litsraturs more zinc was found in soils in

the MNethsriands than in some cthsr countries. The average zinc wvalue for

glasshouse gsoils was higher than for outdcor soils.

INTRODUCTION

— e

In a fiyorine investigation samplss werse cpollscted from arsble spils
all cver the Netherlands. Two crops - cats and freesias :‘uare grown on
the soil samples in pots and the plant materisl was analysad.1 The
samples ware also ussd in the study of other irace elemsnts. In this
pubiication the extractable zint content of the snil and its relation with
the zinc content of the plant is studied. Another publication (in press)

deals with the manganess content. About the zinc content of arable soils
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in the Nethsrlands little is known. The few publications in this field
are mainly studying sxcess of this elamant.2

For the determinaticn of plant available zinc in the soil many

extractants are described in the litsraturs.E’a

In this study two
extractants are compared, viz., solutions of ammonium acetate and of
athylenediamine tetraacetate (EDTA) in uater. The pH of the solution being
very important the latter was tested as solutionms with low or high pH.
Furthermore HCl was used as an extractant in order to obtain fiqures

indicating "total" zinc contents.

MATERIALS AND METHDOS

Df the 102 samples a relatively high percentags (39) conaisted of
glasshouse solls. The lowest percentaens {7) came from gressland. Thers was
2 wide variation in the soil types. The pH ranged from 3.9 tc 8,058, the
calcium carbonate content from 0 to 10.2%, the clay content from 1 to 46%
and the opganic matter content frem 1.4 to 76%.

The gamples of about 50 litrses were collacted with a spada from the

upper soil layer (D tc 20 cm deep) over an area of & few square metres,
After mixing, twe 10-litre plastic buckets with a surface area of 491 cmz
were filled from each sample. Eight freesia corms of the variety Rijn-
vald's Golden Yellow were planted out in one bucket and ocets of ths
variety Leands were sown in the other at a rate of 194 g per bucket., The
bucksts were placed in a glasshouse in which the air was filtered through
charcogl., The crops were grown without fertilisers and demineralised
water was used,

The freesias were cut just before flowsring and the serial and
subterransan parts were wsighed fresh and again after drying. The soil in
the pots was lopsened, reagent-grade chemicals were added at & rate of

4.3 g RH NO, and 6.6 g KH,PO, per pot and a new freesia crop was started

4 2 74
by planting ocut 8 freesia corms of the variety Rijnveld's Golden Yellow.

Tne second fressia crop was treatsd like the first one.
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The first ozt crop was harvested when it was about 20 om high. The
plants were cut off &t soil leyel, The eoil in the pcts was loosensd and
root debris was removed. After this preparation analar chemicals wsre
added ag in the case aof the freesias and cats of the variety Lesnds wsre
scwn again, The second crop was treated in the same way as tha first one.

ANALYTICAL METHODS
2ine

The soil samples were dried at 45°C for one night after which thay
were milled. Four extractants wers used for the determpination af zinc :
EN Ammonium acetate 1N, pH 7, sccording to Shaw & Dean.5 Extraction
ratio secil § extractant = 1 : 1D w/v, shaken at room tempsrature for
15 minutes. No dithizons was added.

b. EDTP.—NE2 0.02 M, pH 4.6, according Lte Jensen & Lamm.6 Extraction
ratio 1 : 2% w/v, shaken at room temperature for €0 minutes.

Ca EDTA-Na2 2.01 M plus (NHd)ZCU3 t M, pH 8.6, according %o
Trierwsiler & Lindsay.7 Extraction ratie 1 : 2 w/fy, shaken at room
temperature for 30 minutes.

d. HC1 0,1 N, pH 1, aceording to Nelson et al.B Extraction ratio

1 : 10 w/v, shaken at room tempaerature for 15 minutes.

For filtering Whatman 540 paper was used.

The crop samples waere drisd at sbout 80°C for 24 or 4B houre after which
they were milled with an ordinary household typs electric coffe grinder.
Tho samples of the first cat crop {Oats I) werse digested with a mixture
of nitric, perchloric and sulphuric acid mixture; a modific;tinn of
Schauml8ffel.” The samples aof the other crops (Oats II, Freesias I and II)
wers sxtracted with trichloroacetic acid (2%) according to Lagget &
Westerman. 'U An extraction petig 1 : 100 w/vy and a shaking time of 16
hours were used. A few of these crop samples were also digested. The

values cbtained by the tuwo methods were very simllar which confirms the

results reported by lLegget & Westarman.1n In the cass af the frassias
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anly the aerizl parts of the plants wsre used for analysis. The zinc
content in all extrects was determined with the Varian Techtron model AAS
atomic abserption spectrophotemeter. The results are exprassed in ppm Zn
(mg per kg) of air dry soil or of the dry matter of the crop samples.
Dther determinations in soil samples

pH = wusing a glass slectrode in & soil-water suspension 1 : & w/fv
and measursd aftsr cne night.
Eacu3 -~ with the Scheibler method.
Orpanic matter = by loss of weight on ignition at GUUDC.
Clay content =~ by the macro pipet method.
P water - opxtraction with water 1 3 5 w/v at room temperature, sxpressed
as mg Pzﬂ5 per 100 mg dry soil.
Pu value - extraction with water 1 : 60 w/v according to Siasingh.11
Expresssd as mg pZDS per de dry soil.
Resin extractable P ~ extraction with water 1 : 50 w/v with the addition
of an anion resin, accerding %o Hislop & Cooks,12 shaken at room
tamperature for 16 hours, Resin parcolated with 7% Nall. Expresssd as ppm
P of dry soil.
Total P - odigestion with Fleischmann acid in 1 : 10 ratio w/v.
Expressed as % P2D5 of the dry aoil.
The P values of the extracte were determined with the method of Murphy

and Rilay.13

RESULTS OF THE ANALYSIS FIGURES

The extreme and the mear values of the four zinc analysis in the
soils are given in Tabla 7. The figures have been tabuylated separatsly
for outdoor and glasshousa soils since thae latter might contain more zinc
ag & result of heavy fertiliser dressings and the fact that part of the
glasshouse structure consists of galvanised iron.
Tabla 2 ~ comprieing all data {n = 102) = shows tha correlation coeffi-

cients between the spil zinc contents determined with the aid of four
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TABLE 1. Extrems and mean valyes of zine 1n glasshouse &nd outdoor
so0ils determined by four analyticel methods (ppm Zn of

dry soil)

NH , Ac EDTA EDTA+(NH,) ,C0, HEC1

4

=Zn ~Zn =Zn =Zn
Glasshouse soils (n = 30)
praat valuse 5 40 32 180
Highest value 98 428 328 1250
Mean 29,1 135.8 24,7 585.0
Dutdoor seile {n = 72) .
Lowest value 0.5 3 2 10
Higheat value 134 340 192 1420
Mean 15.6 51.4 40.7 237.1
Total méan (n = 102) 19.6 76,3 56.6 339.4

analytical methods. The coefficients for the relationships between thn
zine values and othar soil analytical data are alao shawn.

As Tahle 1 shows, the extractable zinc contents of arable soils in
the Netherlands ranged from 10 to 1420 ppm Zn of dry soil if ths strongest
axtractant - HC1l -~ was used, Glasshouse soils on average contaimed more
zinc than outdoor soils. The reason for this is difficult to explain and
will be discussed later. p
Zinc in glasshouss soils was &lso analysed by Laska14 ueing EDTA (1 : 10
w/v). The data reported by thils suthar wers lower with an sverage vaiue
in the upper scil layer of €7.5 ppm Zn and lowest apd highsst
values of 22 and 84 ppm Zn respectively. In a recent papsr this author15
reported about the same valuses.

Jensen % Lammﬁ found considerably lower lavels of zinc extracted with
EDTA in Danish soils, Their highest value was 41 ppm Zn with an averags

of about 4 ppm Zn. Klemm & Bsrgmann16 published results of zinc extracted
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TABLE 2. Correlation coefficients, comprising a1l dets {n = 102),
for the relaticnships betwesn four zinc values in soil

and other soil analytical figures.

NH ,Ac EDOTA EDTA + (NHa)ZCUS HC1
=Zn =Zn ~Zn ~n
Nﬁaﬂc =Zn -
EDTA ~Zn 0.60 ** -

- . *x .95 ¥¥ -
EDTA + (NH4)2E03 Zn  0.7% 0

HCL ~Zn 0.59 %% 0,81 % 0,77 ¥* -

pH ~D.44 ¥ -p,15 -0.22 % 0.6
Caco, =0.26 ** 0,26 ¥* ~0,23 ** =0.29%*
Drganic matter 0.3 ** 0.54 " 0,57 * 0.45
Clay -0.36 **  .p.12 ~0,17 =0.13

P uater 0.23 **  p.45 ** 0,36 ** o.s57**
Pu valua .19 g.48 ** 0,38 ** 0.60"*
Resin extractabls P 0,20 g.59 ** 0.49 ** 0.66%"
Total p 0.12 0.58 ** .48 ** o.62**

* p . 0,08 **p 20,01

with EDTA + (I\H-I‘ﬂ‘}l,zt:u:5 from soils in Germany (DDR). Their lowest and
highest values were 1,6 &nd 25,3 ppm ZIn respectively, with 5.2 ppm Zn as
the average.

Table 2 showe that soils with hioh organic matter content gensrally
contain more zinc. This fact has been recorded in the literature by other
research wm.‘kars.d An interssting point wes the relationship which was
found between the phosphate contents in soil determined by various

methods and the zinc contents extracted with HC1l or with the EDTA

extractants, The correlation betwsen phosphate and zinc extracted with
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NHaﬂc was only slight. Laska15 found using EDTA & correlation betwsen
apil zinec snd lactete scluble phosphats.

In the search for an axplanation for the positive relatiocnship
betusen tha zipec and phosphates contents the length of %fime during whnich
the glasshouse soil hes been in use (the age of the glesshouse) was
takgn into account, It is known for instance that the phosphate contant
of the giasshouse so0il has a strong correlation with the age of the
g}.aaahnuse.17 Table 3 shows the relatianship between tha sge of the
glasshouse (ranging from 0 to 50 years) or the logarithm of ths sge and a
number of soil determinations amaongst which those of phosphete and zinc.

The dats irm Table 3 cenfirm the expsriencse that there are positive
relationships betwsen the age of the glssshouse and the organic mattsr
and phosphate contents of the glasshouse soil. The data also seem to

indicate that the zinc contant of the glasshouse soil increase with the

TABLE 3. Correlation casfficisnts for the relatlonship betwesn the age
of the plasshouse or the logesrithm of the age end some ana-

lytical figures chtained from 30 samples of glaashouse soil.

Age of the glasshouse Logarithm of the ags

Drganic matter p.oo 0.27

P water 0,20 S 0.21

Pu valus 0.24 g.24
Regin oxtractable P 0,17 0,20
Tatal P 0.29 o.39*
NH4AQ =Zn g,12 0,17
EDTA -Zn D.30 (%) D.34{*)
EDTA + (NH,),C0, ~Zn 0.16 0,28
KC1l ~ZIn 0.22 0.22

{* p = 0.10
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age of the glasshouse, In tracing ths resson for the relationship betwesn
the phosphate and zinc contents in the soil and the possible connection
with the age of the glasshousa, at least three factors should be- takaen
into account : a. the organia matter content in the soil, b. the
salubility of the zinc compounds present in the soil and c. the supply
of zinc.

a. The orgenic matter content may affect the relationships betwsen
phosphate and zine in different ways. An increase of the organic matter
content will change tha zinc and phosphate contents as it decreases the
waight per volume but the effect should be similar for both slsments.

It is interesting that a clear relationship was found betwesen the percen=
tage organic matter and ths extractable zinc content of the soil {Table 2}
but with regard to phosphate, the existsnce of a significant relationship
could only be sstablished betwsen the percsntage organic matter and total
P (r = G,54*) as well as resin extractable P (r = 0.35%*), but not
betwsan the percentage organic mattsr and the other two phosphate
determinations (P water and Pu valus}.

In the case of glasshcuse soils in particular, it 1s likely that the
regular application of farwyard manure increases the organic matter
content, the phosphate content and also the zinc content of the sgil.
This will be discuseed in greatar detail under g¢. Another aspect is the
formation of less soluble organic zinme {phosphate) compounds which will
be discusssed under b.

-1 The solubility of zinc phosphate compounds.

The literature is not very clear on this point. Linu‘say4 found

4)2.4 HZU more soluble than soil zine. Dlasn3 stated that phosphate
induced zinc deficiency is not caused by the precipitation of zine

ZHS(PU

phoaph&te. Howsver, it is possible that some zinc phosphate compounds have
euch a low solubility that thers ie little leaching eof zipc which would
lead to high zinc levels in sopils rich in phosphates. The origin of the

zinc is not important in this cass. Lindsay4 suggests that zinc may
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tecoma a campanent af immobile organic soil constituents which act as a
fixation mechanism preventing the ralsese or leaching of zinc.
C. Ths supply of zinc by fertilissers or other materials,
According to Suaine18 megt fertilisers contain only traces of zinc. Small
amounts of zinc are carried sometimes by phosphatee and by superphosphates
and rock phesphates in particular. Dutch superphosphate has been found to
contain between 3 and 1,340 ppm Zrn with 300 ppm as an avarage.1g This
meens that with & normal dreseing of 10 kg superphosphate per 100 m2,
3 g zinc is applied. According to Jensen & Lamm6 farmyard manure contains
50 to 500 ppm Zn on dry weight basis, 180 ppm Zn bsing an average. Thils
means that with every tonm of farmyard manure containing 180 ppm Zn on
dry welight basis applied to 1060 m2 one &aisc applies 45 g Zn if the
manure contains 75% moisturs.

Pesticides are another scurce of zinc. QOne zineb spray appliss
nearly 4 g Zn per 100 mZ. About 1,000 mm water is used svery year for
glagshouse irrigation. Dhaasezn found that surface watar contained an
average eof 0.04 ppm Zn. Irrigation with such water appliss another
4 g Zn per 100 m2, The surface water in the glasshouse arsa around
Naaldwi jk originates for the greater part from the river Rhine. Unfiltered
Ahine water cantains as an eyerags 0,15 pRM Zn.21 In this area 15 g Zn
per 100 m2 is epplied with the irrigation epnuelly. Corrosion of the
galvanised parts of the glasshouse plays a part, particularly if the
gutters are made of galvanised steel and Cﬂ2 encichmant is fpplied by
burning sulphur containing paraffin. Meverthelees, zinc from glesshouse
gutters must be considered of minor importence as some of the older
glaesshouses examined in this investigatieon (40 to 50 ysars old) had no

or only smallsr galvanised parts.

Comparpison of the contents of extractabls zipec in the soils and the
zimc contspts of the crops.

The zinc contents of the merial parts of ths freesia crops ranged

from 28 to 228 ppm. In the young oat plants the zinc contents rangsd from
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44 to 316 ppm Zn on dry weight basis. No symptoms of zine deficisncy or
toxicity were cbserved. According to Lindsay4 a range of 10 to 100 ppm
zinc may be censidered normal. Smilde st al.2 studied zinc excess in a
polluted acid sandy soil. They found 3é to 54 ppm NH4Ac extractable zinc
together with a low pH (pH-KCl 4.3), resulting in zing contents of 1,000
to 2,000 ppm in various crops. In Table 4 the correlation coefficiants are
given for the relationship between tke zinc contents of tuo crops (osts
and freesias) and some eoil analytical figures. Table 5 shows the
relationehip between sxtractabls zinc in the eoil and the zinc eontent
of %the crops.

It may be deduced from Table 4 that the pH and clay content have
some effect on the zinc content of the plarnts, For this reason the
relationship between extractable zinc in the soil and zinc in the crop
was also computed as a multiple lineair regression with the pH and the
clay content as the third or the third pius fourth variabis. Ths equations
used were y = &x + bp and y = ax + bp + cq in which y = zinc in the
crop, extractable x = zinc in the soill, p = pH or clay and g = clay
contant. Apart from these factors the percentage organic metter was used

as the third or the pH plus organic mattar as the third and fourth

TABLE. 4. Correlation coaefficients for the relationship between ths

zinc content of the crop and some important seil analytical

figures.
Zinc in crops ¢ Fressias I Fressiaa II Dats I fDate II
pH -0,51 ** -0.55 ** -0.56** -0,40%*
caco, -D.28 ** ~0.43 ™ -0.26** -0.24%
Drganic mattar 0.03 0.06 0.09 D.02

Clay content ~0.49 ** ~0.50 ** -0,31%* -0,30**
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TABLE 5. S5imple and mulkiple correlation coefficiente for the relation-
ship betwaen tha zinc content of some crope and zinc in the
soil determined by various analytical msthods, with and
witfiout the pH and the clsy content or organic mattsr content
of the soil as concemitant variebles {all valuss highly
significant}

x = MK Ac EDTA  EDOTA « {Nh, )_co HCl  Concomitant variables

y = zinec 4 472773

in crops =Zn =Zn ~Zn =-zZn

Freesias I 0.65 0,39 G.46 0.39
8.70 0.60 G.62 0.6¢ pH
D.68 0.53 G.57 0,53 Clay
.71 C.63 0.64 0,62 pH + clay
0.68 0.45 g.54 0.42 Organic matter
0,73 a.69 a.72 0.66 pH + organic pattar

Freessias II 0,069 0,38 B.44 0.49 ,

0.74 0,63 0.64 0.69 pH

a,74 Q.60 0.62 0.66 Clay

0,78 0.68 0.69 0.73 pH + clay

0,70 0.42 0.50 0.53 Organiec matter

0.77 0.70 0.72 a.75 pH + organic matter

Dats I 0.60  0.32 D.40 0.32
0.68 0.61 0.63 0.60 pH
0,61 0.43 0.47 0.42 Clay
G.508 g.61 0.63 0.61 pH + clay
G.60 D.34 0,43 0,33 Orpanic matter
G.70 D.65 0.68 0.64 pH + orpanic matter

Bats JI 0.58 0,27 0.34 0.26 .

Q.61 Q.45 0.48 0.45 pH

0.59 0.38 D.42 0,35 Clay .
0.61 D.47 0.45 0.46 pH + clay

D.52 0.33 0.43 0.30 DOrganic matter

0.65 C.54 0.59 D.51 pH + organic matter
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verieble. Flgures 1 and 2 illustrate the relstionship betwsen the zinc
content of the crop and zinc in the soil (NH4AD sxtractad) and the pgd
of the soil.

1t is evident from the data in Table 5 that ths zinc determination
in soil wusing NH4Ac as the extractant pives the bast correlation with
the zinc content of the crop. The other extractants yielded distinckly
lower correlation coefficients. The corpsiation may be improved by
including the pH, the orgsnic matter oy the clay content of the soil in
the regreasion eguation as concomitant variables, The gH in particular
proved to be important in this respect. 8y introducing two variables
aimultaneously - the pH and another factor - thse multipls correlation
coefficients were further improved but the degree of impraovement was
rather small in the case of the clay contert and slightly larger if the
organic matter content was used. The sams computeticnas cerried out for

the relationship between zinc in the crop and zinc in the soill extracted
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FIG. 1. The relationship betweean NHAAc extractable zinc in soil and the
zinc content of the asrisl parts of the second freesia crop (ppm Zn on
dry weight basia)
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FIG. 2. The relationship betuween the pH of the soil and thes zinc cantent
of the asrial parts of the first ocat crop (ppm Zn on dry weight basis)

with NH,Ac, aleo produced an improvement compared with the simple corre-

4
lation coefficients, but the improvement wae relatively emall. The
introduction of the parcentage of organic matter as the fourth variable
gave rather bestter results than the introduction of ths clay content. This
is the more noteswcrthy as the organic matter content showsd ne significant
coerrelation with tissus zinc whilst clay did (sas Table 4}. Besides ths
fact that the organic matter content is related %o soil weight and
moisture content and in thisz way bas some effect on the relationship
betwesn the zinc contents of ihs soil end the plant, it is bellaved that
organic matter also has & special effect on zinc uptake_.4 The conelusion
based on the data in this investipgation must be that zinc determination
with the aid of NH4Ac provides the best way of predicting the zinc content
in the crop. The other methods may also be useful provided the figures are
corcectsd for the pH and the organic matter or clay contents. The same

corrections carriesd out in the case of NHQRC extracted zing ephance ths
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correlation coefficients, but the necessity fer these corrections is

gusstionable in this case.

Relationships with other trace elements

Significant correlations were found bstween the zinc and manganess
contents of the crops {r = g.34* to C.52 *ﬁ, between the fluorine content
in the second freesiz crop and the zihc levale in the four crops (r =
0.36%* o 0.41**), Water soluble manganese and water scluble fluoride in
the soil were also correlatad with the zinc content of the crop. This may
ba explained by the negative relationship which exists betwean all thesse
valugs and the pH of the soil.

CONCLUSIONS

S5eils in the Netherlands ars generally rich in zinc comparved with ths
published results fram some other countries. The fact that zinc deficiency
does not occur in the Netherlands confirms this coneclusion. Glasshouase
soils on average contain more axtractable zinc than outdcor soils. Df the
analytical methods tested soil extraction with ammonium acetate produced
the best correlation wiih zinc content of the crop. If the other extrac-
tants are used it is necessary to adjust the values obtained for pH or

pH plue organic matter or clay content.
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