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SUMMARY 

Zinc adsorp t ion  isotherms were cons t ruc ted  for three  calcereous soils which 
var ied  in carbona te  contents,  texture ,  and pas t  h is tory  of phospha te  ferti l iza- 
tion. The  equi l ibr ium condit ions were 25°C, 0.01 M CaC12 and 6 days. 

Higher  phospha te  fer t i l iza t ion of the  soils reduced Zn adsorption.  The  effect 
of P was more in the  soil wi th  lower carbonate  con ten t  which suggested t h a t  
soil carbonates  p layed  a dominan t  role in the  Zn adsorpt ion  character is t ics  
of the  soils. 

The  adsorpt ion  da t a  conformed to the  Langmui r  equat ion.  Constants  
(k and b) calculated f rom the  Langmui r  i so therm showed t h a t  bonding energies 
(k) were inversely  re la ted to ex t rac tab le  P ;  i .e. higher  Zn adsorpt ion  was 
associated wi th  lower bonding  energy.  The  Zn adsorpt ion  m a x i m a  (b) were 
higher  for the  soils wi th  higher  calc ium carbona te  equivalent .  

Adsorbed Zn was ex t rac ted  wi th  a single ex t rac t ion  of 0.005 M DTPA.  The 
recovery  was 91 percent  for the  T a n d o j a m  soil, 82 percent  for the  Tarnab  soil, 
and 63 percen t  for the  Kala  shah Kaku  soil, indica t ing  t h a t  mos t  of the  
adsorbed Zn is no t  i r revers ib ly  f ixed by  the  soils and can be uti l ized by  p lan t  
dur ing growth.  

The  results  suggest  t h a t  P- induced Zn deficiency could no t  be ascribed to  
prec ip i ta t ion  of Zn as insoluble Zn-P  compounds  in soils. The  increased Zn 
solubi l i ty  wi th  P fer t i l iza t ion is the  evidence t h a t  P-Zn in te rac t ion  does no t  
reside in the  growing med ium externa l  to  plant .  

INTRODUCTION 

Most Zn deficiency disorders occur in calcareous soils with pH of 
7.4 or higher since the solubility of Zn decreases with increasing pH. 
The Zn content of calcareous soils is often no less and may be higher 
than that of non-calcareous soils. Adsorption of Zn by carbonates 
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m a y  be ano ther  reason why  Zn avai lab i l i ty  is low in cer ta in  calca- 
reous soils 9 10 11 12 

I t  has also been observed  t h a t  Zn deficiency occurs on soils t ha t  

have  received h e a v y  or f requent  P applicat ions.  Evidence  of this 
has  been repor ted  b y  m a n y  workers  2 3 13 16, a l though  some workers  

have  repor ted  evidence to the  con t r a ry  4 5. 

The  mechan i sm and  condit ions invo lved  in the  deve lopment  of P 
induced Zn deficiency are not  ful ly agreed upon.  P a u l i  et al. 15 

found t h a t  CaCO3 influenced the  P-Zn  re la t ionship wi thin  the  p lan t  

and  also affected P-Zn  compounds  in the  growing medium.  Reduc-  

t ion in Zn u p t a k e  b y  plants ,  as appl ied P and  CaCO8 increased has  
also been repor ted  13 19. Most inves t igators  7 s 22 hold the  view tha t  

the  P -Zn  in terac t ion  occurs ei ther  at  the  root  surface or wi thin  the  

root.  
Zinc adsorp t ion  isotherms for soils have  been s tudied  b y  some 

researchers  9 20 21, and  some of the  inves t iga tors  have  also expressed 

Zn adsorp t ion  da t a  according to the  L a n g m u i r  model  17 is, bu t  

few a t t e m p t s  have  been m a d e  to s t udy  the effect of prolonged P 

appl icat ions  on Zn adsorp t ion  b y  soils. The  present  inves t iga t ion  
was unde r t aken  to eva lua te  Zn adsorp t ion  character is t ics  of three  
calcareous soils f rom Pak i s t an  which were being used to eva lua te  
long t e r m  effects of phosphorus  ferti l ization. 

MATERIALS AND METHODS 

Surface soil samples were collected from three calcareous soils having a 
wide range of carbonate content. The soils were being used for long term 
phosphate fertilization. The samples were air-dried, screened through a 2-ram 
screen sieve and sealed ill plastic bags to prevent Zn contamination. The 
samples were brought to Hawaii by air. Some general characteristics of the 
soils are given in Table 1. 

Zinc adsorption isotherms 

Three gram triplicate samples of the soils were equilibrated in 50 ml 
centrifuge tubes containing varied amounts of Zn dissolved in a 0.01 M CaClz 
solution. Two drops of toluene were added to retard microbial growth, and 
the tubes were shaken for 30 minutes twice each day. Tile equilibration was 
continued for six days at 25°C. After the equilibration period, the samples 
were centrifuged, and Zn remaining in solution was determined by an atomic 
absorption spectrophotometer. The amount of Zn adsorbed was calculated as 
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Some general characteristics of the soils used 
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Soil type Parent pH CaCOs 
material (1 : 1 H20) equivalent  

(%) 

O.M DTPA- 
(%) Extractable 

Zn (ppm) 

Tando jam Alluvium 8.0 10 0.7 1.3 
Kalasha- Kaku Alluvium 8.1 4 1.7 2.1 
Tarnab Alluviuln 8.0 14 1.1 0.8 

g iven  be low : 

Z n  a d s o r b e d  = A -  R × S 

g 

where  A = a m o u n t  of  Z n  a d d e d  ~ g / g  soil,  R = Z n  remain ing  in so lut ion  
~ g / m l ,  S = t o t a l  equi l ibrat ing  solut ion,  and g = g r a m s  of  so i l  taken  

Zinc remain ing  in so lut ion  was  p l o t t e d  aga ins t  Zn adsorbed on a s e m i - l o g  

scale.  
Zinc adsorbed b y  soils was  e x t r a c t e d  b y  the  procedure  descr ibed b y  L i n d -  

s a y  and N o r v e l l  (Agron .  A b s t r .  1969, P .  84). The e x t r a c t i n g  so lut ion  con-  
s i s ted  of  0 .005 M D T P A  ( D i e t h y l e n e t r i a m i n e  P e n t a  acet ic  acid) ,  0.01 M CaC12, 

and 0.1 2//I T E A  ( T r i e t h a n o l a m i n e )  a d j u s t e d  t o  p H  7.3, w i t h  a 2 hour  shak ing  
period.  Correct ions were m a d e  for Zn in so lut ions  carried over  as entra ined  
so lut ion  from centr i fugat ion.  

RESULTS AND DISCUSSION 

Zinc adsorption isotherms 
Zinc adsorption isotherms for three calcareous soils each with two 

levels of P are given in Fig. 1, where the amount of Zn adsorbed is 
plotted against the amount remaining in solution on a semi-log 
scale. Zinc adsorption progressively increased with increasing solu- 
tion concentration of Zn. The ability of soils to adsorb Zn was re- 
duced with higher extractable P. At a given Zn concentration in 
solution (1 ppm), the reduction was 5 per cent for the Tandojam, 
12 per cent for the Kala Shah Kaku, and 7 per cent for the Tarnab 
soil, respectively. The highest reduction in adsorption was for the 
soil with the lowest carbonate content, indicating that carbonates 
played a dominant role in Zn adsorption characteristics of the soils. 
The relative Zn adsorption was in the order of: Tarnab > Tando- 
jam > Kala Shah Kaku. Total carbonate content of the soils also 
increased in the same order. 
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Tile reduction in Zn adsorption with P was apparently due to the 
formation of readily soluble Zn-P compounds in the soils. Recently, 
L i n d s a y  n has shown that  Zna(PO4)2.H20 is relatively more so- 
luble than soil Zn, and this compound could be an excellent source 
of Zn as well as P. Increased solubility of Zn with P applications has 
also been reported by several other investigators 1 5 6 

The results do not agree with tile findings by S p e n c e r  19, who 
concluded that  Zn is immobilized in the soil external to the roots by 
the phosphate and lime, but substantiate the conclusions by most 
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of the workers that  the P-Zn interaction problem is not in the soil 
external to plant 15. 

Application o/ Langmuir Equation 
The L a n g m u i r  adsorption equation can be written in the form: 

C = 1 + C  1 , 

x/m kb b 

where C = the equilibrium concentration of Zn in soil solution 

Fig .  2. 
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extractable P levels. 
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T A B L E  2 

Adsorption max ima  (b) and bonding energy cons tants  (k) as affected by P levels and total 
carbonates 

Soil type c a t 0 3  (%) Olsen's P Adsorption Bonding 
(ppm) max ima  (b) energy (k) 

(v-g/g) (ml/~xg) 

Tandoj  am 10 11.0 927 1.1 
16.6 877 0.8 

Kalashah Kaku 4 17.0 392 3.5 
35.5 382 1.8 

Tarnab  14 11.8 862 4.5 
17.0 847 2.4 

(ppm), x/m = the quanti ty of Zn adsorbed (~g/g soil), b ---= the zinc 
adsorption maximum, and k = constant related to the bonding 
energy 

When the adsorption data were plotted according to the Langmuir 
equation, a frequently reported linear relationship was obtained 
irrespective of the P levels (Fig. 2). All data fit very well since the 
Langmuir isotherm holds good for low concentrations of absorbent 
(for Zn concentration < 0.3 ppm, the Tandojam soil did not conform 
to this equation). The good tit of the data according to the Langmuir 
equation would suggest that Zn adsorption was taking place on one 
type of adsorption site. 

The results also indicate that at any given solution concentration 
of Zn the slopes of tile lines are unrelated to extractable P, showing 
that  the adsorption maximum (Zn adsorption capacity) of the soil 
is not affected by P fertilization. However, the higher P level has 
displaced the line, indicating a change in the value of bonding energy 
(k). This was further confirmed when the Langmuir coefficients (b 
and k) were calculated for the data in Fig. 2. These calculations are 
given in Table 2. Within experimental error, the adsorption maxima 
are nearly the same for the two P levels within each soil. The rela- 
tive bonding energy indicated by the k values was higher for the 
samples with low extractable P, showing that high Zn adsorption 
was associated with low bonding energy. This finding is similar 
to that  of S h u m a n  17 18 

The data in Table 2 further indicate that, irrespective of P, Zn 
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Fig. 3. 
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Recovery of adsorbed Zn from Tandojam and Kala Shah Eaku 
soils by a single extraction with 0.005 M DTPA. 

adsorption maxima were much higher for the soils with a high con- 
tent of total carbonate. U d o  et al. 2o also reported a significant 
correlation between Zn adsorption maxima and the carbonate con- 
tent of I0 Arizona soils. 

Recovery o/adsorbed Zn 

A single extraction of DTPA in 0.01 M CaCI2 was used to extract 
adsorbed Zn. The results are presented in Figs. 3 and 4. A linear 
relationship was observed between amounts of Zn adsorbed and 
amounts extracted. In all soils the effect of P on per cent Zn extrac- 
tion did not show a definite trend. 
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Fig .  4. 
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The average recovery was 91 per cent for the Tandojam soil, 82 
per cent for the Tarnab soil, and 63 per cent for the Kala Shah Kaku 
soil. The high recovery of added Zn from the Tandojam soil was due 
to the low Zn fixation capacity of  the soil because of its sandy tex- 
ture. The low recovery from the Kala Shah Kaku soil could be at- 
tributed to a high content of illite clay. Thus most of the adsorbed 
Zn must have been irreversibly fixed by illite in forms or on sites 
which were not DTPA extractable. N e w t o n  and M e l s t e d  14 in 
their comparative study on Zn adsorption ,by different clays con- 
cluded that  illite had a higher Zn adsorption capacity than bentonite 
and kaolinite clays. 

Received 5 J a n u a r y  1977 
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