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INTERCEPTION OF RAINFALL BY PRAIRIE GRASSES,

WEEDS, AND CERTAIN CROP PLANTS

INTRODUCTION

Much a t t e n t i o n  has been g iv e n  to  l o s s  o f  water through  

r u n o f f ,  e v a p o r a t io n  from the s o i l ,  and by t r a n s p i r a t i o n .

Water l o s s  s u s t a i n e d  through i n t e r c e p t i o n  by herbaceous  v e g e ­

t a t i o n  has r e c e i v e d  very  l i t t l e  c o n s i d e r a t i o n .

S t u d i e s  a t  f o r e s t  m e t e o r o l o g i c a l  s t a t i o n s  in  Europe,  as  

e a r l y  as  1855, in c lu d e d  comparisons o f  r a i n f a l l  in  e v er g re en  

and deciduous f o r e s t s  w i th  p r e c i p i t a t i o n  in  the open (Zon,  

1927; Horton, 1 9 1 9 ) .  Marloth (1 9 0 3 ,  19 0 5 ) ,  i n  South A f r i c a ,  

found th a t  the amount o f  m oisture  d e p o s i t e d  in  a r a in  gauge  

screened  by r e e d - l i k e  p l a n t s  exceeded  the amount caught in  

one un screen ed .  During normal p r e c i p i t a t i o n  the i n t e r c e p ­

t i o n  g a in s  were 300 per c e n t ' o r  more, but during m is ty  

weather they  ranged from 1 ,0 0 0  to  1 ,5 0 0  per c e n t .  Horton  

(1919)  measured i n t e r c e p t i o n  by t r e e s ,  c r o p s ,  and o th e r  her ­

baceous v e g e t a t i o n .  He c a l c u l a t e d  i n t e r c e p t i o n  l o s s e s  on a 

drainage b a s i n  near Seneca F a l l s ,  New York. The p ercentage  

o f  l o s s  v a r ie d  w ith  i n t e n s i t y  o f  r a i n f a l l  from n e a r ly  100 

during l i g h t  showers to  an average o f  25 fo r  most t r e e s  dur­

ing  heavy r a i n s .  I n t e r c e p t i o n  l o s s e s  from n e e d l e - l e a v e d  

t r e e s  were found to be g r e a t e r  than from b r o a d - lea v ed  t r e e s ,  

because  o f  g r e a t e r  s to r a g e  c a p a c i t y  and e v a p o r a t io n .  The t o ­

t a l  i n t e r c e p t i o n  l o s s e s  from cropped area s  were much l e s s  

than from t r e e s  because  o f  the sh o r t  time during which the  

crops were on the ground.
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P h i l l i p s  (1926 ,  1 9 2 8 ) ,  working in  South A f r i c a ,  found  

th a t  r a in  gauges  under v e g e t a t i o n  r e g i s t e r e d  from 0 .0 0 2 5  to

0 .0 1 5  inch  during fo g g y  or m is ty  weather  when no a c t u a l  r a i n ­

f a l l  had occurred in  the open. Gauges screen ed  w ith  branches  

o f  a b r o a d - le a v e d  c o n i f e r  ( Podocarpus t h u n b e r g i i ) r e g i s t e r e d  

from 158 to  181 per  c e n t  g r e a t e r  p r e c i p i t a t i o n  than th o se  in  

the open, e x c e p t  when the p r e c i p i t a t i o n  occurred  in  the form 

o f  normal, heavy showers .  In Maryland, de F o r e s t  (1923)  

found, during  a growing se a so n  o f  fo u r  months, th a t  a gauge  

screened by i m i t a t i o n  reed  p i e c e s  o f  t i n  r e g i s t e r e d  an i n t e r ­

c e p t i o n  gain  o f  n e a r l y  30 per c e n t  over  a c o n t r o l  gauge.  

M i t c h e l l  (1930)  rep o r ted  that  a f o r e s t  cover in  Wisconsin  

prevented  about 20 per c e n t  o f  the t o t a l  r a i n f a l l  from reach ­

in g  the ground. I n t e r c e p t i o n  l o s s e s  were g r e a t e r  i n  jaek-  

pine  f o r e s t  than in  hardwood-hemlock f o r e s t .  In the l a t t e r ,  

they  were g r e a t e r  during the sp r in g  when the t r e e s  were in  

l e a f  than in  the f a l l  when the l e a v e s  had been  shed .  Holch  

(1931)  found th a t  an oak f o r e s t  in  e a s t e r n  Nebraska i n t e r ­

cepted  1 6 . 1  per  cen t  o f  the r a i n f a l l .  A l i n d e n  f o r e s t ,  b e ­

cause o f  the  d e n ser  canopy, i n t e r c e p t e d  2 7 .2  per  c e n t .

B e a l l  (1934)  compared p e n e t r a t i o n  o f  r a i n f a l l  through  

the canopy o f  a mixed w h ite  p ine  and red pine  f o r e s t  in  

Canada with  th a t  o f  a mixed hardwood f o r e s t ,  c o n s i s t i n g  main­

l y  o f  beech,  sugar maple,  and y e l lo w  b i r c h .  In s p i t e  o f  

n e a r ly  eq u a l  d e n s i t y  o f  canopy, i n t e r c e p t i o n  (40 per c e n t )  

was g r e a t e r  i n  the p ine  f o r e s t  than in  the hardwood f o r e s t ,  

where i t  was 20 per c e n t .  The softwood s p e c i e s  af£©;rded a
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g r e a t e r  number o f  sharp a n g l e s  and rounded s u r f a c e s  than did  

the hardwoods whose smoother s u r f a c e s  shed d r o p l e t s  r e a d i l y .  

The p resen ce  or absence o f  hardwood f o l i a g e  was not  found to  

have any marked i n f l u e n c e  upon the percentage  o f  r a i n f a l l  

r each ing  the ground. S t u d i e s  by the United  S t a t e s  F o r e s t  

S e r v i c e ,  compiled by Munns and Sims (1 9 3 6 ) ,  have been  r e ­

ported  in  " F ores ts  and F lood  C o n tro l ."  I n t e r c e p t i o n  during  

s i g n i f i c a n t  r a i n s  was found to  be from 1 to  37 per cen t  o f  

the t o t a l  r a i n f a l l ,  depending upon the co m p o s i t io n ,  a g e ,  and 

c o n d i t i o n  o f  stand and sea son  o f  y e a r .  Wood (1937)  found

th a t  the average  c a t c h  o f  gauges in  a mixed f o r e s t  o f  oak,  

p i n e ,  and gum was 87 per c e n t  o f  t h a t  in  the open. The 

amount o f  p r e c i p i t a t i o n  r e a c h in g  the  ground in  a f o r e s t  was 

found to  vary w ith  c h a r a c te r  o f  the  f o r e s t ,  nature  o f  the  

p r e c i p i t a t i o n ,  v e l o c i t y  of  wind, e t c .  The p r o p o r t io n  o f  

p r e c i p i t a t i o n  p e n e t r a t i n g  the crown o f  a c h e s tn u t  oak d id  

not in c r e a s e  a f t e r  the l e a v e s  f e l l .  McMunn (1936)  r ep o rted  

t h a t  the  f o l i a g e  o f  an apple  t r e e  shed a c o n s id e r a b le  amount 

o f  r a i n ,  thus b u i l d i n g  up a la r g e  volume o f  water a t  the pe­

r ip h e r y  o f  the  t r e e .

A stu dy  o f  i n t e r c e p t i o n  by the  v e g e t a t i v e  canopy o f  crop  

p l a n t s  has been r ep o rted  by Haynes ( 1 9 3 7 ) .  I n t e r c e p t i o n  

v a r ie d  from 6 .9  to 3 5 .8  per  c e n t  o f  the t o t a l  p r e c i p i t a t i o n ,  

i n c r e a s i n g  d i r e c t l y  with  i n c r e a s e  o f  v e g e t a t i v e  c o v er .  Part  

o f  the r a i n f a l l  r each ing  the ground under corn ,  a l f a l f a ,  and 

soybeans was conducted down the s tem s.  In o th e r  crops  the  

amount r ea c h in g  the s o i l  in  t h i s  manner was not  s i g n i f i c a n t .
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K it tr e d g e  (1958)  has c a l c u l a t e d  the sum o f  water  l o s s e s  

caused by t r a n s p i r a t i o n  and i n t e r c e p t i o n  by the v e g e t a t i o n ,  

e v a p o r a t io n  from the s o i l ,  and seepage in t o  rock s t r a t a .

The most important o f  th e se  are the l o s s e s  i n f l u e n c e d  by 

v e g e t a t i o n .  Water l o s s e s  in  two ty p e s  o f  g r a s s la n d  were as  

l a r g e  as  those  in  c e r t a i n  f o r e s t  r e g i o n s .

I n t e r c e p t i o n  o f  r a i n f a l l  by v e g e t a t i o n  i s  important in  

the c o n t r o l  o f  s u r f a c e  r u n o f f  and s o i l  e r o s i o n .  There i s  an 

in v e r s e  r e l a t i o n  between i n t e r c e p t i o n  l o s s e s  and the  water  

supply o f  th e  s o i l .  I t  has been shown t h a t ,  under c e r t a i n  

c o n d i t i o n s ,  a b s o r p t io n  o f  water by the a e r i a l  p o r t i o n s  o f  

p l a n t s  i s  p o s s i b l e ,  a l th o u g h  f a v o r a b le  c o n d i t i o n s  f o r  ab­

s o r p t io n  by mesophytes probably  occur  o n ly  r a r e l y  in  nature  

(Maximov, 1929; W il l ia m s ,  1952; Purer ,  1 9 3 6 ) .  I n t e r c e p t i o n  

g a in s  have been recorded  under v e g e t a t i o n  when the p r e c i p i ­

t a t i o n  occurred  in  the form o f  m is t y  r a i n s  (Marloth,  1903,  

1905; P h i l l i p s ,  1926, 1 9 2 8 ) .  I t  i s  a matter  o f  common ob­

s e r v a t i o n  th a t  the ground beneath  a t r e e  may be m ois tened  

by drip from branches and l e a v e s  during a f o g  while  beyond  

the crown the s o i l  i s  dry.

The p r e s e n t  i n v e s t i g a t i o n  was undertaken in  order to  

deve lop  and t e s t  the  s u i t a b i l i t y  o f  v a r io u s  methods fo r  

s tu d y in g  i n t e r c e p t i o n  by n a t i v e  p r a i r i e  v e g e t a t i o n ,  c e r t a i n  

crop p l a n t s ,  and weeds and to  determine the magnitude o f  the  

water l o s s e s  s u s t a i n e d .  P r e l im in a r y  work was done during  

1936.  This  was f o l lo w e d  by e x t e n s i v e  experim ents  throughout  

the growing sea so n s  o f  1937 and 1938.  A l l  the p la n t  m a t e r i -
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a l s  were secured  w i t h in  a r a d iu s  o f  20 m i l e s  o f  L in c o ln ,  

Nebraska. The sea son  o f  1937 was one o f  severe  drought .

This  made n e c e s s a r y  the development o f  a method by which water  

could  be s p r in k le d  upon the p l a n t s  in  a manner resem bl ing  

n a t u r a l  r a i n f a l l  (C lark ,  1 9 3 7 ) .  These exper im en ts  were con­

t in u ed  during 1938 and extended to  in c lu d e  i n t e r c e p t i o n  o f  

n a tu r a l  r a i n f a l l  by e e r t a i n  p r a i r i e  g r a s s e s  and f i e l d  cro p s .

METHODS

Since  r a i n f a l l  i n t e r c e p t i o n  was measured during a long  

p e r io d  o f  drought,  i t  was n e c e s s a r y  to d e v i se  a method o f  

a p p ly in g  water to  the p l a n t s  i n  a manner c l o s e l y  resem bl ing  

n a t u r a l  r a i n f a l l .  A f t e r  a number o f  t r i a l s ,  two methods were 

developed and used in  the c o l l e c t i o n  o f  da ta ,  one in  the  

f i e l d  t r i a l s  and the o th e r  i n  exper im en ts  in  the greenhouse  

and la b o r a t o r y .  While t h e s e  exper im en ts  do not  s im u la te  a l l  

the c o n d i t io n s  e x i s t i n g  during a shower or r a in s to r m ,  y e t  

the r e s u l t s  ob ta in ed  c l o s e l y  f o l l o w e d  those  secured  from  

n a t u r a l  r a i n f a l l .

For exp er im en ts  in  the f i e l d ,  s p e c i a l  pans were con­

s t r u c t e d  to  c a tc h  some o f  the water which was not  i n t e r ­

cepted  by the p l a n t s .  The pans were 100 cm. l o n g ,  4 cm. 

wide,  and 5 cm. deep,  and were made o f  24-gauge g a lv a n iz e d  

i r o n ,  s o ld e r e d  a t  the co rn er s  so a s  to be w a t e r t i g h t .

F iv e  pans thus had a s u r fa c e  area  o f  o n e - f i f t h  o f  a square  

m eter .  Permanent c r o s s  w ir e s  a t  i n t e r v a l s  o f  an inch  near  

the top o f  each pan and a removable s t r i p  o f  wire  mesh in  

the bottom made i t  p o s s i b l e  to  support cut  stems o f  p l a n t s
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in  t h e i r  n a t u r a l  p o s i t i o n .  By means o f  t a l l  s t a k e s ,  a square  

meter quadrat was l o c a t e d  in  the v e g e t a t i o n  to  be s t u d i e d .  

F iv e  o f  the in te r c e p to m e te r  pans were p la c ed  on the su r fa c e  

o f  the s o i l  beneath  the p l a n t s ,  care b e in g  taken to  space  

the pans un i form ly  w ith  minimum dis tu rb a nce  o f  the v e g e t a ­

t i o n .  Where cro p s ,  such as wheat or  o a t s ,  were d r i l l e d  they  

were p la c ed  a c r o s s  the d r i l l  rows. Whenever n e c e s s a r y  to  

permit proper p l a c i n g  o f  the pans ,  p l a n t s  were c u t  o f f  a t  the  

s o i l  su r fa c e  and i n s e r t e d  in  them in  the same p o s i t i o n  th a t  

they  o r i g i n a l l y  o c c u p ie d .  A f t e r  some e x p e r ie n c e  i t  was p o s ­

s i b l e  t o  p la c e  the pans so th a t  the f o l i a g e  cover  c l o s e l y  r e ­

sembled t h a t  o f  a d j a c e n t  un d is tu rb ed  a r e a s .  A quadrat in  

b i g  b lu es tem  p r a i r i e  with  th e se  in t e r c e p t o m e t e r s  i n  p o s i t i o n  

i s  shown i n  F igure  1 .  They are p a r t l y  withdrawn to  show 

something o f  t h e i r  c o n s t r u c t i o n  in  F igure  2 .

Water was a p p l ie d  to  the p l a n t s  from t w o - l i t e r  g l a s s  

b o t t l e s  equipped w ith  f i n e  s p r i n k l e r  top s  and g l a s s  tub ing  

so t h a t  i t  i s s u e d  from the s p r i n k l e r s  in  s t e a d y  stream s but  

s t r u c k  the p l a n t s  in  the form o f  drops .  A t o t a l  volume o f  

water e q u i v a l e n t  to 1 or 2 i n c h e s  o f  r a i n f a l l  upon the area  

or some f r a c t i o n  o f  an inch  per hour or h a l f  hour was c a l c u ­

l a t e d  and kept  on hand. I t  was then s p r in k le d  upon the  

p l a n t s  u n i fo rm ly  during the predeterm ined time i n t e r v a l .

The amount o f  water caught in  the f i v e  pans e q u a l l e d  one-  

f i f t h  o f  the water p e n e t r a t i n g  the f o l i a g e  cover  and r ea c h in g  

the  ground. From the r e s u l t  o b ta in e d  i t  was p o s s i b l e  to  

c a l c u l a t e  the amount o f  water i n t e r c e p t e d  by the  p l a n t s  and 

to  ex p r ess  i t  a s  a p erce n ta g e  o f  the t o t a l  amount a p p l i e d .
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6a

f i g .  1 .  I n t e r c e p t o m e t e r s  in  p o s i t i o n  in  a 

square meter o f  b i g  b lu e s te m  p r a i r i e .
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6b

F i g .  2. In te r c e p to m e te r s  p a r t l y  withdrawn 

to  show something o f  t h e i r  c o n s t r u c t i o n .
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