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SHORT COMMUNICATION 

Uptake of Zn 6s from dry soil by plants 

Summary 

Absorp t ion  of Zn 6a by p lan t  roots  f rom a layer  of dry  top  soil (suction 
> 15 bar) was measured  using a t echn ique  t h a t  obv ia ted  wa te r  stress in the  
plant .  

Roots  growing th rough  the  d ry  layer  absorbed s ignif icant  amoun t s  of Zn 65 
p rov ided  t h e y  absorbed wa te r  f rom lower depths.  Mucilage accumula ted  
a round  the  roots  in the  d ry  soil and m a y  have  fac i l i ta ted  ion t ransfer  in the  
i m m e d i a t e  v ic in i ty  of the  root .  The  abi l i ty  of roots  to grow in d ry  soil and 
to absorb  Zn 65 var ied  be tween  p lan t  species. 

Introduction 

In  m a n y  soils most  of the  p lan t  nut r ien ts  occur wi th in  the  upper  most  hori- 
zon. Commonly,  this  horizon dries ou t  for ex tended  periods. P lan t s  then  
der ive  thei r  wa te r  supply f rom the  subsoil, where the  supply of nut r ien ts  is 
general ly  scant.  Deficiencies of major  nut r ien ts  have  been found in plants  
under  such condi t ions  a 5. However ,  recent  studies on the  effect of d ry ing  
of the  topsoil  on mic ronu t r i en t  up take  have  shown tha t  roots  can absorb 
Mn, Zn and Cu f rom the  d ry  topsoil  in amoun t s  t h a t  are s ignif icant  in thei r  
nu t r i t ion  and growth  (Nambiar ,  unpublished).  

Ev idence  is presented  to show t h a t  p lan t  roots growing th rough  a layer 
of soil drier t h a n  wil t ing poin t  can absorb signif icant  amoun t s  of Zn 65 
provided  t h e y  have  access to wate r  elsewhere. 

Methods 

The soil used was a l ight  sandy loam wi th  a p H  (1 : 5 H20)  of 6.5 and 
exchangeable  Zn (1M NHaOAc,  p H  7.0) con ten t  of 0.1 ppm.  I t  re ta ined 3.8 
per  cent  (w/w) wate r  a t  15 bar  suction. Air  d ry  soil had 1.5 per  cent  wa te r  
content .  The  soil was equi l ibra ted  wi th  carrier  free Zn 65 (ZnC12) at  a dose 
ra te  of 1.0 ~xCi g-1. 

P lan t s  were grown in perspex conta iners  having  in ternal  measurements  
of 17.8 × 12.7 × 0.6 cm and a wall  thickness  of 1.3 cm. All sides of the  
conta iners  excep t  the  top  were covered wi th  a lumin ium foil. Wi th in  each 
con ta iner  a 1.5 cm deep layer  of rad ioac t ive  soil (Uptake-layer) ,  bounded  by  
2 m m  th ick  wax  membranes ,  was sandwiched be tween  an over ly ing  1 cm 
deep layer  of ini t ia l ly  wet  non- rad ioac t ive  soil (Seed-bed) and an under ly ing 
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13 cm deep  layer  of we t  sand.  T h e  u p t a k e - l a y e r  was  in i t i a l ly  a d j u s t e d  to 
3.5 p e r c e n t  w a t e r  c o n t e n t  (Suc t ion  > 15 bar)  a n d  a b u l k  d e n s i t y  of 1.3 g cm-3.  
P l a n t  n u t r i e n t s  o t h e r  t h a n  Zn  were  mixed  w i t h  t h e  u n d e r l y i n g  sand.  U p t a k e  
of Zn65 was m e a s u r e d  for  four  species. The re  were t h r ee  r ep l i ca te  con ta ine r s  
for  e ach  species;  each  rep l i ca te  c o n t a i n i n g  6 p lan t s .  

G e r m i n a t e d  seeds were  p l a n t e d  in t h e  seed-bed  1 cm a b o v e  t h e  u p t a k e -  
layer .  R o o t s  grew t h r o u g h  t he  u p t a k e - l a y e r  i n to  t h e  w e t  sand.  T h e  s a n d  was  
k e p t  we t  b y  i n j e c t i n g  w a t e r  f r e q u e n t l y  t h r o u g h  a side inlet .  P l a n t s  were 
g rown  in a g r o w t h  c a b i n e t  m a i n t a i n e d  a t  20 4- 0.5°C a n d  5 0 %  R.H.  L i g h t  
i n t e n s i t y  was 2 × 104 lux  w i t h  a 16/8 h l i g h t / d a r k  per iod.  P l a n t s  were  
h a r v e s t e d  a f t e r  12 days.  No c o n d e n s a t i o n  a p p e a r e d  on  t h e  i nne r  walls  of t h e  
con ta ine r .  

Results and discussion 

All species a b s o r b e d  Zn  ~5 f rom t h e  d r y  u p t a k e - l a y e r  ( suc t ion  > 15 bar)  
w i t h  negl ig ible  c o n c o m i t a n t  u p t a k e  of w a t e r  f rom th i s  l aye r  (Table  1). 
A l t h o u g h  m o s t  of t he  roo t  l e n g t h  was in t h e  w e t  sand,  t h e r e  was  no  ev idence  
of r e w e t t i n g  of t h e  b u l k  soil in  t h e  u p t a k e - l a y e r  b y  ou t f low of w a t e r  f rom t h e  
root .  Th i s  agreed  w i t h  a n  ear l ier  o b s e r v a t i o n  2. A l t h o u g h  t h e  roo ts  p r o d u c e d  
in  t h e  d r y  u p t a k e - l a y e r  a c c o u n t e d  for on ly  10 to  16 p e r  cen t  of t h e  t o t a l  l e n g t h  
of r oo t  (Table  2), t h e  a m o u n t  of Zn  a b s o r b e d  f rom th i s  l ayer  was  app rec i ab l e  
- 1.0 to  3.0 p p m  of d r y  m a t t e r  d e p e n d i n g  on  t h e  species. S h o r t  t e r m  u p t a k e  
m e a s u r e m e n t s  showed  t h a t  t h e  r a t e  of Zn  65 a b s o r p t i o n  b y  u n b r a n c h e d  
semina l  roo ts  of oa t s  f rom layers  in i t i a l ly  w e t t e d  a t  0.3 a n d  > 15 b a r  suc t ion  
were  3.1 a n d  1.4 nCi cm -I ,  d ay  - I ,  t h a t  is, Zn65 a b s o r p t i o n  pe r  u n i t  l e n g t h  
of roo t  f rom t h e  d r y  soil was  40 p e r c e n t  of t h a t  f rom t h e  w e t  soil. 

I n  t h e  d r y  u p t a k e - l a y e r  all  species a c c u m u l a t e d  a b a n d  of muc i l age  
a r o u n d  t h e  roo t  (Fig. 1). I n  a s e p a r a t e  e x p e r i m e n t ,  whe re  t h e  seed-bed  was  
k e p t  we t  con t inuous ly ,  t h e r e  was a s h a r p  d e m a r c a t i o n  b e t w e e n  t h e  roo t  zone 

TABLE 1 

Shoot and root growth and Zn B5 uptake 

Species Water content of Dry weight SSZn in plant 
uptake layer (rag/plant) (nC/rng 

Initial Final Shoot Root* Shoot Root* 

Lucerne (Medicago sativa L) 3.50 3.28 5.1 1.5 0.46 1.00 
var. Hunter River 

Clover (Tri]olium subterraneum L) 3.50 3.50 6.3 1.7 0.67 1.56 
var. Geraldton 

Oats (Arena sativa L) 3.50 3.09 27.9 14.4 1.10 0.86 
var. Avon 

Wheat (Triticum aestivum L) 3.50 3.09 31.8 17.5 1.42 1.99 
var. Gabo 

* Root in the sand layer only. 
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TABLE 2 

Root length (cm/plant) in different layers 
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Lucerne Clover Oats Wheat 

Seed bed 4.0 3.7 4.4 13.8- 
Uptake layer 1.7 3.0 12.2 16.9 
Sand layer 11.2 11.2 81.5 111.0 

wi th in  the  seed-bed, which re ta ined  l i t t le  soil a f ter  washing, and the  sub jacen t  
zone in the  up take- laye r  on which an annulus  of soil remained  (Fig. 2). 
Sand adher ing  to  the  under ly ing  roots  was readi ly  washed away. P lan t s  are 
known to  exude  more  mate r ia l  f rom roots  when subjec ted  to  wate r  stress 4. 
In  the  present  expe r imen t  however ,  the  p lants  were well supplied wi th  
water ,  and copious exuda t ion  of muci lage occurred only wi th in  the  dry  layer  
(Fig. 2). The  epidermis  and cor tex  in the  dry  layer  m a y  have  exper ienced 
wa te r  stress leading to the  local exuda t ion  of mucilage,  while tissues lying 
wi th in  the  stele remained  well supplied wi th  water .  

I n  the  uptake- layer ,  cereals exuded  more muci lage around the  root  t han  
did legumes (Fig. 1) and also produced  more roots  (Table 2). Cereals also 
absorbed more Zn 85 per  uni t  weight  of shoot  (Table 1). Zn 65 absorpt ion  values  
per  uni t  l ength  of root  were 2.5, 2.7, 2.7 and 3.9 nCi cm -1 for clover, lucerne, 
whea t  and oats respect ively,  oats  roots  being more efficient  in absorbing 

Fig. 1. Annulus  of soil adher ing to  roots  in the  d ry  up take  layer  af ter  
washing  the  roots  gent ly  in water .  
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Fig. 2. Soil grains (S) adhering to root epiderm (R) of seminal root of oats 
after washing (× 33). Roots grown for 4 days through a continuously wet 
seed bed (A) into a dry layer (B). The apical part  of the root (not photo- 

graphed) grew in wet sand. 

Zn 65 than others. This ranking in absorption differs from tha t  observed for 
the same set of species grown in solution culture 1 

When the soil water suction exceeds 15 bar, water minisci retreat  to pores 
of diameter < 0.2 ~tm. These pores are inaccessible even to root hairs. The 
water  films in the soil become discontinuous, and bulk diffusion of Zn is 
extremely slow ~. I t  is suggested that, when the soil is dry, continuity between 
liquid water in the cell walls of the root and in the soil is maintained by the 
infiltration of mucilage exuded by the roots and tha t  this mucilage facilitates 
the transfer of ions to the roots. The radial distance - 100 to 1000 tzm - to 
which mucilage from the roots infiltrates into the dry soil (Fig. 1) is likely 
to exceed the width of the zone from which an immobile ion such as Zn is 
depleted. The nature and length of the microscopic path in the immediate 
vicinity of the root, particularly within the mucilage, is likely to be important  
in ion transfer in dry soil, and warrants closer study. 
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