
I .  IMTRODUOTIOr» 

Soi l  Aerat ion in  Agricul tural  pract ice.  

The ar t  of  cul t ivat ion,  so important  in  arable  farming,  

has  two main objects :  to  impart  to  the soi l  a  good t i l th  ana to  

control  the growth of  weeds.  Good,  t i l th  is  associated with loose

ness  and a  high proport ion of  space between the par t ic les ,  ana 

presumably i t  faci l i ta tes  the movement  of  a i r  and -  by reducing 

the mechanical  res is tance of  the soi l  -  the penetrat ion of  roots .  

1 ost  so i ls  can be brought  into a  temporary s tate  of  gooci  t i l th  by 

ski l ful  use of  implements  when the mois ture  content  is  a t  an 

opt imum, fhe major i ty  of  natural  soi ls ,  whether  under  fores t  or  

grassland,  also possess  a  crumbly s t ructure  in  the surface layer;  

the reasons for  this  have been discussed very elegant ly  by 

Bradfield^1  ^ .  

The permanence of  a  crumbly s t ructure  depends mainly on 

the organic-mat ter  content  and the calc ium status  of  the so i l .  

in  general ,  the degree of  saturat ion with calcium varies  inversely 

with Ihe extent  of  leaching an!  the intensi ty  of  ra infal l .  The 

organic-mat ter  content  i s  mainly a  funct ion of  the temperature ,  

because the intensi ty  of  microbiological  act ivi ty  depends on 

temperature;  thus jenny has  found that  accumulat ion cm large 
(77°F)  

amounts  of  organic  mat ter  cannot  occur  above 25 c/ i ( 1or  two reasons 

therefore ,  soi ls  of  the humid t ropics  may be expected to  show poor  

development  of  s t ructure  and,  when the cycle  of  nature  is  interrupt  

ed,  rapid deter iorat ion and-loss  of  a l l  s t ructure.  

in  the product ion of  annual  crops the a i r  supply can be 

improved by t i l lage,  which increases  the to ta l  pore space of  the 

soi l ,  and .by drainage,  which reduces the proport ion of  the pore 

space occupied by water  and may a lso retard the loss  of  soi l  

s t ructure .  (The extent  to  which such improvement  in  the a i r  

supply i t sel f  benef i ts  crops is  a  matter  about  which l i t t le  certa in  

information exis ts ) .  The amount  of  cul t ivat ion that  can be 

carr ied out  in  perennial  crops i s  l imited to  occasional  loosening 
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of  the soi l  (e .g .  with a  fork) ,  and even th is  may do more ham 

than good,  "because of  damage to  roots .  The digging of  drains  is  

then the chief  roe an s  of  improving aerat ion,  and i s  important  i f  

the cl imate  is  wet .  

Surface drains  my be advantageous on a l l  types of  so il s ,  

because i t  i s  seldom that  heavy ra ins  can be absorbed by and 

percola te  through the soi l  suff ic ient ly  rapidly not  to  impair  

aera t ion.  Deeper  drains  can presumably only be of  addi t ional  

value i f  the physica l  propert ies  of  the soi l  are  such that  .ni ter  

can run through under  the inf luence of  gravity .  Thus,  apar t  f rom 

removing surface-water  that  never  enters  the soi l ,  open drains  in  

clayey soi ls  can 'probably only affect  the layers  that  possess  

natural  or  ar t i f ic ial  granular  s t ructure.  j ' roe water- tables  may 

occur  in  permeable  soi ls ,  and in  such cases  the construct ion of  

deep dra ins  may oe benef icial ,  because of  lower ing the water- table  .  

yugeler  has  ment ioned the desi rabi l i ty  of  real ly  deep 

cul t ivat ion for  crops of  perennial  growth,  which is  narrowly 

l imited,  however ,  a f ter  the crop has  been es tabl ished on the f ie ld .  

i ;e .  recommends the preparat ion of  deep broad p i ts  for  the s ingle  

p lants ,  the growing of  various green-manure crops that  have a  

benef ic ial  inf luence on the physical  s tabe of  the soi l ,  and the 

digging of  aerat ion pi ts  in  d if ferent  spots  from year  to  year ,  to  

be f i l led with organic  waste .  

The probable  importance of  so i l  aera t ion as  a  factor  

inf luencing cacao product ivi ty  has  recent ly  been s t ressed by 

lardy^ ,  because clay soil s  that  do not  possess  good natura l  

s t ructure  are  very common in  Trinidad and i t  is  doubtful  whether  

they are  capable  of  producing high yie lds  of  cacao for  a  sa t is

factory length of  t ine ,  even when nutr ient  def ic iencies  are  

remedied by manuring.  The so i ls  of  j r in idad are  a t  present  jo i ig .  

(5)  
c lass if ied pr imar i ly  according to  their  natural  dra inage this  

i s  because of  the role  of  drainage both as  a  pedogenic  and as  an 

ecological  factor .  

Several observations can be made with regard to the effects 
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of  cul tural  pract ices  on the aerat ion of  cacuo soi ls : -  (1)  in  

Triniaacl  and Tobago Cacao is  always grown under  immortel le  shade -

t rees ,  the funct ions of  which are  undoubtedly complex but ,  according 

to  Dr.  T.  0 .  '  ason,  probably include a  beneficia l  inf luence on soi l  

aerat ion.  (2)  The exis t ing cac ,o  t rees  were general ly  not  provided 

with good s i tes ,  by the d i  ;g ing of  deep broad p i ts  in  which to  

plant  them. (3)  mt  one place -  River  Estate ,  under  the manage ea t  

of  the Department  of  Agricul ture  -  a  pract ice  known as  " t rench-

nulching" is  in  use.  in  th is  system, t renches about  a  foot  deep 

are  dug between the rows of  t rees  every few years  ana f i l led with 

organic  matter  and pen .  a nure,  covered over  with soi l ;  a  resul t  i s  

to  produce long narrow s t r ips  of  so i l  having very good s t ructure.  

(4)  Drains  are  mainta ined in  most  cac^o f ie lds  on f la t  land;  their  

eff icacy in  removing surface water  i s  sometimes l imited for  reasons 

of  topography,-  but  in  some areas  the beds between the dra ins  are  

then given a  s teep camber,  thus  achieving rapid run-off  -  which 

may be a  cause of  ser ious soi l  erosion .  

The practical considerations, which have been briefly 

stated, indicate that there is great scope for quantitative investi

gations of soil aeration in relation to perennial c>rops such as 

cacao. The majority of quantitative methods used in the investi

gation of soils aim at assessing thfeir composition generally or 

with special reference to the constituents important in oh© 

nutrition of plants. Extensive measurement of various physical 

properties, such as the wilting coefficient and the proportions of 

total and capillary pore space, is also possible and is important (6); 

such properties greatly affect the distribution of roots and the 

water and air supply of the soil.  However, the ecological factors 

that affect crop growth directly are dynamic; they are more 

difficult to study, one reason for this being that the process of 

measurement is very liable to disturb those factors, and another, 

that they vary so greatly in small intervals of time and of space 

that large numbers of measurements are required, so that the 

technique 



technique must  be very s imple .  

In  quant i ta t ive invest igat ions of  so i l  aerat ion direct  

methocis  should receive at tent ion f i rs t ;  indirect  methods may be 

s impler ,  but  they are  only of  real  value i f  correla t ions with the 

resul ts  of  d irect  methods are  avai lable .  

Rela t ions Between Roots  and Air  supply.  

Soils  that  are  badly drained and those that  are  impervious 

and incapable  of  drainage may possess  several  propert ies  that  affect  

plant  growth adversely ;  these may be summarised diagrammatic  a l ly  

thu s : -

factors  affect ing plants .  

Imperviousness  of  soi l .  

Defect ive aerat ion 
/N I 

Unfavourable  
atmosphere around roots  

Water logging of  pervious soi l  

Resistance to  root  penetrat ion 

Limita t ion of  avai lable  water .  

Toxi  c  re  uu cing .gub s tance s.  

0-x.ygen uef iciency.  

Excess  of  carbon dioxide .  

The l imita t ion of  avai lable  water  in  impervious soi ls  may be of  

great  importance,  but  i t  can be s tudied apar t  f rom the other  

fac tors  shown in  the diagram, rhese o ther  factors  are  so closely 

interconnected that  i t  i s  very dif f icul t  to  dis t inguish between,  

them in  pract ice.  

.a  comprehensive account  of  l i terature  concerning the 

aerat ion of  so i ls  and the dependence of  p lants  on their  a i r  supply 

was publ ished by e lements  in  1921.  I t  is  evident  from his  

account  that  aerobic  respirat ion of  roots  was known many years  

a  a  go 


