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IRRIGATION BY MEANS OF UNDER-
GROUND POROUS PIPE 

By E. B. HOUSE 

M a n v inquir ies come to the C o l o r a d o E x p e r i m e n t S t a t i o n fromi 
f a r m rs of the S ta te , c o n c c r n i n g the insta l la t ion of u n d e r g r o u n d p ipes 
f o r the p u r p o s e of s u b - i r r i g a t i o n . T h i s a g i t a t i o n on the p a r t of the 
f a r m e r s is l a r g e l y due to art ic les and a d v e r t i s e m e n t s publ i shed hv o i r 
f a r m j o u r n a l s , da i ly p a p e r s , a n d w e e k l y press , c o n c e r n i n g this m e t h o d 
of i r r i g a t i o n a n d the poss ibi l i t ies of t r e m e n d o u s c rops w h e n e v e r this 
sys tem is instal led. In o r d e r that these inquir ies m a y be f u l y a n s w e r e d 
as f a r as cer ta in sect ions and certa in soi ls of the S t a t e a r e c o n c e r n e d , 
this bulletin is wr i t ten . 

In IQI3 a bus iness firm in the S t a t e of C o l o r a d o r e q u e s t e d the 
S t a t e A g r i c u l t u r a l C o l l e g e to a l low them to instal l , on land to l e 
chosen bv the co l lege , a s u b i r r i g a t i o n sys tem. T h e S t a t i o n in return 
w a s to f u r n i s h them w i t h the data col lected, a n d a l so wi th the con-
c lus ions to be d r a w n f r o m these data. I t w a s a lso a g r e e d by both 
part ies that a bulletin w a s to be publ i shed a f t e r the e x p e r i m e n t had b :en 
r u n n i n g a s u f f i c i e n t t ime to g i v e f a i r l y re l iable results . 

A piece of land s a t i s f a c t o r y to all par t ies w a s se lected on the W e s t 
C o l l e g e F a r m . T h e a rea o f this piece of g r o u n d w a s a p p r o x i m a t e l y 2 I/2 
acrcs . T h e r e w a s g r o w i n g on the l and selected f o r the e x p e r i m e n t ( 1 ) 
an apple o r c h a r d , c o v e r i n g about one-th i rd of an acre , (2) an a l f a l f a 
field of .7 acres , one y e a r old at the t ime the s u b i r r i g a t i o n s y s t e m w a s 
instal led, ( 3 ) ac ross the r o a d to the nor th a t ract of g r o u n d h a v i n g an 
area of 1 . 6 acres . T h i s land had j u s t been p l o w e d a n d upon this t ract , 
it w a s p lanned to t ry out d i f f e r e n t cereal c rops . 

WATER SUPPLY 
T h e w a t e r f o r the s u b i r r i g a t i o n s y s t e m w a s suppl ied by a dra in , 

the outlet of w h i c h entered an i r r i g a t i o n ditch on the C o l l e g e f a r m , 
some 2 5 0 f e e t w e s t of the t ract chosen f o r s u b i r r i g a t i o n w o r k . T h i s 
dra in f u r n i s h e s an a m p l e supply of w a t e r t h r o u g h o u t the y e a r f o r the 
p u r p o s e of s u b i r r i g a t i o n . but the quant i ty v a r i e d s o m e w h a t at d i f f e r e n t 
seasons . A t no t ime, h o w e v e r , did the supp ly drop to so sma l l a quant i -
ty as to m a k e it imposs ib le to keep the s u b i r r i g a t i o n pipes f u l l . 

INSTALLATION 
T h e c o m p a n y sent their e x p e r t to p lan a n d s u p e r v i s e the cons t ruc-

tion of the sys tem. F i g u r e I s h o w s the p lan of the s u b i r r i g a t i o n sys-
tem as la id out b y this e x p e r t . 

U n d e r his direct ion a c a r e f u l s u r v e y w a s m a d e and the pipe 
l ines s taked. T h e s e pipe l ines coinc ided a p p r o x i m a t e l y w i t h the con-
tour of the g r o u n d . I t should be stated that the o r c h a r d is prac t i ca l l y 
level north and south, w i t h a s l ight f a l l as one p a s s e s to the east . T h e 
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a l f a l f a f ie ld is on a s ide hi l l , s l o p i n g d o w n to the A r t h u r D i t c h , the 
m a x i m u m s lope b e i n g s o u t h e a s t . T h e g r a i n f i e l d to the n o r t h of the 
r o a d , h o w e v e r , h a s n o t a s g r e a t a s lope b u t it is s i m i l a r in c h a r a c t e r t o 
the o r c h a r d a n d a l f a l f a field m e n t i o n e d a b o v e . 

Fie . 1 

DESCRIPTION OF SYSTEM 
I t w i l l be n o t e d f r o m F i g . i that the s u b i r r i g a t i o n s y s t e m as in-

s t a l l e d c o n s i s t e d o f a m a i n s u p p l y l ine of 6 - i n c h p o r o u s ti le, r u n n i n g 
f r o m the out let of the d r a i n c o n n e c t e d w i t h a n d s u p p l y i n g w a t e r to the 
f o u r c o n c r e t e w e l l s , o r b o x e s , m a r k e d A , I\ . U , V , W a n d X . D e t a i l s 
of t h e s e b o x e s a r e s h o w n in F i g . 2. 
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T h e s e b o x e s w e r e c o n s t r u c t e d of c o n c r e t e . T h e y w e r e 2 f e e t 
s q u a r e a t the t o p a n d 23/2 f e e t deep . T h e s i d e w a l l s a n d b o t t o m w e r e 3 
i n c h e s th ick . G a t e s w e r e p l a c e d in e a c h b o x that the w a t e r s u p p l y in 
al l l ines l e a d i n g f r o m the b o x m i g h t be c o n t r o l l e d . T h e s e g a t e s w e r e 
o f o r d i n a r y g a l v a n i z e d i ron , f i t t e d in s l i d e s a n d p l a c e d so a s to c o v e r 
t h ; e n t r a n c e to the p ipe l ine r u n n i n g f r o m the b o x . 

F r o m F i g . 1 it w i l l be noted t h a t the s u b i r r i g a t i o n s y s t e m w a s 
la id out in sec t ions . S e c t i o n N o . 1 is m a d e u p o f the l ines A - B ; B - C ; 
C - D ; D - E ; E - F ; F - G a n d G - H , the s e c t i o n e n d i n g a t po int H . S e c -
tion N o . 2 t a k e s its w a t e r f r o m the b o x K , a n d is' m a d e u p of the l ines 
K - L ; L - M ; M - N ; N - O ; O - P ; P - R ; R - S ; a n d S - T , the sec t ion e n d i n g 
at po int T . T h e r e m a i n i n g sec t ions a r e s i m i l a r a n d m a y be e a s i l y f o l -
l o w e d on F i g . 1 . 

SLOPE OF LINES 

T h e l o n g l ines , s u c h a s A - B ; C - D ; E - F ; etc. , w e r e c a r e f u l l y 
l a id on a g r a d e of 1 / 1 0 o f a f o o t p e r 1 0 0 f e e t . T h e s e l ines w e r e so 
la id out on the field that this g r a d e c o u l d be o b t a i n e d a n d the l ines k e p t 
a p p r o x i m a t e l y 2 f e e t b e l o w the s u r f a c e a t al l po int s , e x c e p t the e x t r e m e 
end o f e a c h l ine. T h e s h o r t c o n n e c t i n g l ines s u c h a s B - C ; D - E ; F - G ;, 
etc. , w e r e g i v e n the g r a d e o f the c o u n t r y a t that p lacc . T h e s e c o n n e c t -
i n g l ines v a r y f r o m 7 to 3 0 f e e t in l e n g t h a n d t h e r e m a y b e a f a l l a s 
g r e a t a s I f o o t in this d i s t a n c e . I n o t h e r w o r d s these s h o r t c o n n e c t i n g 
l ines w e r e l a i d " o n g r a d e " b u t the g r a d e v a r i e s w i t h e a c h l ine , the 
idea b e i n g s i m p l y to g e t d o w n to the b e g i n n i n g of the n e x t l o n g l ine 
in o r d e r t o fill t h a t l ine w i t h w a t e r a n d k e e p the s a m e u n d e r a p r e s s u r e 
h e a d of a p p r o x i m a t e l y 1 f o o t . 
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F i g . 3 r e p r e s e n t s a s e c t i o n a l v i e w o f g r o u n d a n d ti le l ine. I t w i l l 
be n o t i c e d that a t t h e e n d of th i s t i le l ine is a n u p r i g h t sec t ion o f t i le 
ca l l ed " e n d r i s e r " . T h i s e n d r i s e r w a s c o n s t r u c t e d b y d r e s s i n g o f f a 
sec t ion of t i le a n d f i t t i n g it a s s h o w n in F i g . 3 t o the h o r i z o n t a l l ine . 
T h i s r a i s e s the end o f e a c h h o r i z o n t a l t i le l i n e a b o u t 1 f o o t in h e i g h t . 
I t is then c a r r i e d a t th i s e l e v a t i o n f o r o n e s e c t i o n of t i le , ( 1 f o o t ) a n d 
then g i v e n t h e g r a d e of the c o n n e c t i n g l ine , w h i c h is s u f f i c i e n t to 
b r i n g the l o w e r e n d of the c o n n e c t i n g l ine 2 f e e t b e l o w the s u r f a c e of 
the g r o u n d a t the po int w h e r e the s h o r t c o n n e c t i n g l ine j o i n s the n e x t 
l o n g d i s t r i b u t i n g l ine. I n S e c t i o n N o . 1 , t h e r e f o r e , e n d r i s e r s w o u l d be 
f o u n d at po int s B , D , F a n d H . I n S e c t i o n N o . 2 t h e v w i l l be f o u n d at 
M . O , R , a n d T . 

THE TILE 
T h e . p u r p o s e of this e n d r i s e r is t o p r o d u c e a p r e s s u r e h e a d o f a p -

p r o x i m a t e l y 1 f o o t in e a c h ti le l ine b e f o r e the w a t e r p a s s e s f r o m t h e 
s a m e , t h r o u g h the s h o r t c o n n e c t i n g l ine , to the n e x t l o n g l ine. 

T h e p o r o u s ti le u s e d f o r this s y s t e m of s u b i r r i g a t i o n w a s a t i le 
m a n u f a c t u r e d f o r th i s p u r p o s e b y the c o m p a n y . I t is i m p o s s i b l e to 
s ta te e x a c t l y h o w this t i le w a s m a d e a n d w h a t m a t e r i a l w a s p u t in to 
the s a m e . I t w a s a s e c r e t p r o c e s s a n d the c o m p a n y w a s n o t a t l i b e r t y 
to s ta te the m a n n e r of m a n u f a c t u r e . I t m a y be s t a t e d , h o w e v e r , t h a t 
t h e s e ti le h a d the a p p e a r a n c e of t i le m a n u f a c t u r e d f r o m c i n d e r s , s a n d 
a n d c e m e n t . T h e y w e r e g u a r a n t e e d b y the c o m p a n y t o be p o r o u s 
e n o u g h to p a s s w a t e r f r e e l y , a n d y e t to p r e v e n t a n y r o o t s f r o m e n t e r -
i n g a n d c l o g g i n g the s a m e . T h a t t h e y w e r e p o r o u s e n o u g h to p a s s 
w a t e r w a s d e m o n s t r a t e d , a n d a l so t h a t r o o t s f r o m t r e e s a n d a l f a l f a 
d id n o t e n t e r a n d c log the ti le w a s a l s o d e m o n s t r a t e d a s the e x p e r i -
m e n t p r o g r e s s e d . 

T h e ti le, h o w e v e r , w e r e v e r y s o f t . S o s o f t t h a t a g r e a t d e a l of 
d i f f i cu l ty w a s e n c o u n t e r e d in t r a n s p o r t a t i o n . I n the f i r s t s h i p m e n t 
m a d e f u l l y o n e - h a l f of the tile w e r e f o u n d to be b r o k e n w h e n t h e c a r 
w a s o p e n e d . A n o t h e r s h i p m e n t w a s o r d e r e d a n d that a r r i v e d in 
a b o u t the s a m e condi t ion , so that a t h i r d s h i p m e n t w a s n e c e s s a r y in 
o r d e r to s e c u r e su f f i c ient t i le to c o m p l e t e the l ines p l a n n e d f o r the 
s u b i r r i g a t i o n s y s t e m . 

T h e t i le w e r e l a i d in t h e t r e n c h a p p r o x i m a t e l y 2 f e e t d e e p a s 
o r d i n a r y d r a i n t i le a r e l a i d , w i t h th i s e x c e p t i o n , t h a t e a c h j o i n t w a s 
c a r e f u l l y s e a l e d w i t h c e m e n t m o r t a r . T h e s e m o r t a r j o i n t s a r e s h o w n 
o n F i g . 3 . 

SIZE OF TILE 
T h e t i le can of c o u r s e be m a d e in a n y s ize d e s i r e d , b u t t h e s i ze 

r e c o m m e n d e d f o r the o r d i n a r y l a t e r a l l ine in a s y s t e m o f th i s k i n d 
w a s 2 i n c h e s , ins ide d i a m e t e r . T h i s m a k e s t h e t i le a p p r o x i m a t e l y 4 
inches , o u t s i d e d i a m e t e r . 
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COST OF SYSTEM 

T h e cos t d a t a f o r i n s t a l l a t i o n o f th i s s y s t e m is a s f o l l o w s : 
3 0 0 f e e t 6 - i n c h t i le a t 6 c p e r f o o t $ 1 8 . 0 0 

7 , 3 8 2 f e e t 2 % - i n c h t i le a t 4 c p e r f o o t 2 9 5 . 2 8 
7 , 6 8 2 f e e t o f t r e n c h i n g , l a y i n g ti le a n d b a c k - f i l l i n g 

a t 2 . 8 c p e r f o o t 2 1 5 . 1 0 
H a u l i n g a n d d i s t r i b u t i n g t i le 3 . 4 8 

G a l v a n i z e d i r o n h e a d g a t e s 8 . 0 0 
C o n s t r u c t i o n o f c o n c r e t e b o x e s 1 8 . 6 5 
S u r v e y i n g 1 7 . 5 0 

T o t a l $ 5 7 6 . 0 1 
T h e a m o u n t o f l a n d i r r i g a t e d b y th i s s y s t e m is 2 . 6 4 a c r e s , m a k i n g 

t h e cos t p e r a c r e f o r i n s t a l l i n g a s u b i r r i g a t i o n s y s t e m of t h i s k i n d 
$ 2 1 8 . 1 8 . 

SOIL 
T h e soi l o n the p iece o f g r o u n d c o v e r e d b y the s u b i r r i g a t i o n s y s -

t e m is f a i r l y u n i f o r m a n d is a d e e p si l t l o a m . J u s t h o w d e e p th i s s u r -
f a c e soil is c a n n o t be s t a t e d , b u t i n v e s t i g a t i o n s w e r e m a d e to a d e p t h of 
1 2 f e e t w i t h a soil a u g e r a n d t h e y s h o w e d the s a m e u n i f o r m s i l t - loam 
soi l a l l the w a y d o w n . I t i s a soi l t h a t c o u l d b e c a l l e d r e t e n t i v e , a s f a r 
a s m o i s t u r e c o n d i t i o n s a r e c o n c e r n e d , but it is a soi l that w o u l d t a k e 
w a t e r r a t h e r s l o w l y a n d o n e w o u l d e x p e c t l a t e r a l p e r c o l a t i o n of the 
w a t e r to be f a i r l y g o o d . 

SPREAD OF THE WATER FROM THE PIPES 
I n v e s t i g a t i o n s w e r e c a r r i e d o n f r o m t i m e to t i m e to a s c e r t a i n the 

s p r e a d o f w a t e r f r o m the p ipe l ine. T h e s e i n v e s t i g a t i o n s w e r e m a d e 
w i t h a soil a n g e r . B o r i n g s w e r e m a d e in l ines a t r i g h t a n g l e to a 
tile l ine. T h e h o l e s w e r e s p a c e d 6 i n c h e s a p a r t . D u r i n g the f i r s t p a r t 
of the e x p e r i m e n t soi l s a m p l e s w e r e t a k e n a n d the m o i s t u r e content 
d e t e r m i n e d . I n the l a t te r p a r t o f the w o r k this s y s t e m w a s a b a n d -
o n e d , a n d the l a t e r a l p e r c o l a t i o n of the w a t e r w a s d e t e r m i n e d b y m e a n s 
of the soil a n g e r a l o n e . T h e r e s u l t s o b t a i n e d in this p a r t of the w o r k 
w e r e n o t v e r y s a t i s f a c t o r y . T h e d a t a s h o w a g r e a t v a r i a t i o n in the 
l a t e r a l p e r c o l a t i o n of w a t e r f r o m d i f f e r e n t l ines , a n d a l s o a l a r g e 
v a r i a t i o n in t h i s p e r c o l a t i o n of w a t e r o n the s a m e l ine a t d i f f e r e n t 
p laces . A p p r o x i m a t e l y a n a v e r a g e c o n d i t i o n is s h o w n in F i g . 4. 
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F i g . 4 . — P e r c o l a t i o n f r o m s u b i r r i g a t i o n p i p e l i ne 
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F i g . 4 s h o w s t h r e e ti le l ines. T h e f i r s t t w o a r e 2 0 f e e t a p a r t , the 
s e c o n d a n d t h i r d , 1 6 f e e t a p a r t . I t s h o w s the p r o g r e s s o f the p e r c o -
l a t i n g w a t e r f r o m 2 4 h o u r s to 1 4 d a y s . T h e h o r i z o n t a l a n d v e r t i c a l 
d i v i s i o n s r e p r e s e n t 1 f o o t . F r o m this d r a w i n g the l a t e r a l d o w n w a r d 
a n d u p w a r d p e r c o l a t i o n of the w a t e r m a y be e a s i l y a s c e r t a i n e d . W e 
f i n d that , in this so i l , m o i s t u r e h a s a t e n d e n c y to p e r c o l a t e d o w n w a r d 
m u c h f a s t e r t h a n to the s ide , a n d the d e p t h of the m o i s t soi l b e t w e e n 
l ines is s u c h a s t o be b e y o n d the r e a c h of root s o f m a n y p lants . T h i s 
c o n d i t i o n is f u r t h e r d e v e l o p e d in s t u d y i n g the c r o p s g r o w n u p o n the 
g r o u n d a n d w i l l be s p o k e n of a g a i n . 

AMOUNT OF WATER REQUIRED TO SUPPLY TILE LINES 
T h e a m o u n t o f w a t e r n e c e s s a r y to k e e p the tile l ines f u l l , v a r i e d 

w i t h t h e a m o u n t of m o i s t u r e in the soil a n d the l e n g t h of t i m e i r r i g a -
t ion h a d been in p r o g r e s s . W h e n i r r i g a t i o n w a s f i r s t s t a r t e d , .2 of 
1 s e c o n d - f o o t of w a t e r w a s s u f f i c i e n t to k e e p al l t i le l ines f u l l . A s 
the i r r i g a t i o n p r o c e e d e d it w a s n e c e s s a r y to cut d o w n the a m o u n t of 
w a t e r s u p p l i e d , or th? w a t e r w o u l d r i s e in the c e m e n t b o x e s a n d o v e r -
f l o w . D u r i n g the la t ter p a r t of an i r r i g a t i o n a p p r o x i m a t e l y . 1 o f 1 
s e c o n d - f o o t w a s s u f f i c i e n t to s u p p l y al l p i p e l ines. 

CROPS GROWN 
D u r i n g the f o u r y e a r s that the e x p e r i m e n t w a s in p r o g r e s s , the 

a p o l e o r c h a r d m e n t i o n e d a b o v e a n d s h o w n in F i g . 1 , t h r i v e d . A l l the 
i r r i g a t i o n w a t e r that it r e c e i v e d w a s f r o m the s u b i r r i g a t i o n s y s t e m . 
T h e tile l ines in this o r c h a r d w e r e r u n a b o u t 4 f e e t to one s ide of a 
r o w of t r e e s and w i t h i n e a s y r e a c h of the roots . T h e f o l i a g e of the 
t rees w o u l d ahvr .y s r e s p o n d to the a p p l i c a t i o n of w a t e r and a f e w 
d a y s a f t e r the w a t e r w a s t u r n e d into the p ipe l ines , this f o l i a g e c h a n g e d 
c o l o r s l i g h t l y a n d l o o k e d f r e s h e r t h a n it did p r e c e d i n g the i r r i g a t i o n 
p e r i o d . N o r e c o r d s w e r e k e p t of the c r o p p r o d u c e d f r o m this o r c h e r d 
as it w a s an old o r c h a r d a n d h a d been n e g l e c t e d f o r a n u m b : r of 
y e a r s . 

ALFALFA 
T h e ins ta l l a t ion of the s u b i r r i g a t i o n s y s t e m i n j u r e d the a l f a l f a 

s o m e w h a t f o r the f i r s t y e a r a f t e r ins ta l l a t ion of the s y s t e m . T h e 
t r e n c h i n g cut o u t m a n y p l a n t s , a n d the dirt at the s ide o f the t r e n c h 
i n j u r e d the f i r s t c u t t i n g of a l f a l f a m a t e r i a l l y f o r 1 9 1 3 . I n 1 9 1 4 , ' 1 5 
a n d ' 1 6 , h o w e v e r , th i s a l f a l f a d id w e l l . T h e s t a n d w a s e v e n at the 
s t a r t a n d c o n t i n u e d so. T h e r o o t s o f the a l f a l f a s e e m e d to be a b l e 
to r r a c h p l e n t y o f m o i s t soi l , e v e n at the m i d w a y po int s b e t w e e n t i le 
l ines . F i g . 5 s h o w s a t y p i c a l v i e w of th i s , a l f a l f a f i e l d . T h e a l f a l f a 
a l w a y s r e s p o n d e d i m m e d i a t e l y t o the i r r i g a t i o n f r o m the u n d e r g r o u n d 
p i p e s , a n d w i t h i n t w o d a y s a f t e r the w a t e r w a s t u r n e d o n at a n y t i m e , 
the f o l i a g e o f the p l a n t s w o u l d s h o w the e f f e c t o f the w a t e r . 



IRRIGATION BY- M E A N S OF UNDERGROUND POROUS P I P E I I 

W a t e r w a s a p p l i e d at i n t e r v a l s d u r i n g o n e w i n t e r on th i s a l f a l f a 
f i e l d to s h o w the e f f e c t o f w i n t e r i r r i g a t i o n a p p l i e d in th i s w a y . I n 
the s p r i n g the p lants s t a r t e d a v e r y t h r i f t y g r o w t h , a n d n o i n j u r i o u s 
e f f e c t s w h a t e v e r w e r e n o t i c e a b l e f r o m the w i n t e r i r r i g a t i o n of t h i s 
f i e l d . 

T h e r e c o r d of the y i e l d f r o m th is f i e l d is a s f o l l o w s : 
1 9 1 3 — A l f a l f a w a s not cut . 
1 9 1 4 — W i t h s u b i r r i g a t i o n 3 . 0 2 tons. 
1 9 1 5 — 3 . 0 2 tons . 
1 9 1 6 — 1 . 5 tons . 

T w o i r r i g a t i o n s w e r e a p p l i e d to this f i e l d in 1 9 1 3 , t h r e e in 1 9 1 4 ; 
w i n t e r i r r i g a t i o n d u r i n g the w i n t e r o f 1 9 1 4 a n d 1 9 1 5 , t o g e t h e r w i t h 
t w o i r r i g a t i o n s d u r i n g the s u m m e r of 1 9 1 5 . O n l y o n e l i g h t i r r i g a t i o n 
w a s g i v e n to the f i e l d in 1 9 1 6 . 

F i g . 5 . — S u b i r r i g a t e d a l f a l f a 

CROPS GROWN ON GRAIN FIELD 
F o r the s e a s o n of 1 9 1 3 , i m m e d i a t e l y a f t e r the s u b i r r i g a t i o n s y s -

tem w a s ins ta l led , the g r a i n f i e l d w a s p l a n t e d to b a r l e y a n d p o t a t o e s . 

T h e i r r i g a t i o n w a t e r w a s i m m e d i a t e l y turnedi on , a b o u t .1 o f a s e c o n d -

f o o t , w a s kept r u n n i n g in the l ines f o r 1 5 d a y s , then s h u t o f f . T h e 

c r o p c a m e l ip but w a s v e r y s p o t t e d , a n d as it d e v e l o p e d it s h o w e d a 

l u x u r i a n t g r o w t h i n n n e d i a t e i y o v e r the tile l ines , b e c o m i n g g r a d u a l l y 
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p o o r e r a s the d i s t a n c e f r o m the tile b e c a m e g r e a t e r unt i l the m i d d l e 
p o i n t b e t w e e n t w o l ines w a s r e a c h e d . E s p e c i a l l y w a s th i s t r u e on the 
l i n e s t h a t w e r e f u r t h e s t a p a r t a n d t h e r e p r a c t i c a l l y n o c r o p at al l w a s 
g r o w n . 

T h i s w a s t r u e o f both the p o t a t o e s a n d the b a r i c y . F i g . 6 is a 
p h o t o g r a p h o f th i s f i e l d , a n d i l l u s t r a t e s the c o n d i t i o n m e n t i o n e d 
a b o v e . T h e c r o p of b a r l e y d id not m a t u r e a n d w a s cut f o r f e e d . T h e 
p o t a t o e s w e r e not w o r t h d i g g i n g . T h e s e t w o c r o p s s h o w e d w i t h o u t 
q u e s t i o n that the p l a n t s a t d i s * a n c e s g r e a t e r t h a n 5 f e e t f r o m the t i le 
l i n e s d i d n o t r e c e i v e s u f f i c i e n t w a t e r , a n d the s u b i r r i g a t i o n s y s t e m 
w a s not a b l e t o s u p p l y it. 

GRAIN FIELD FOR 1914 
T h i s f i e l d w a s s e e d e d to w h e a t f o r the s e a s o n of 1 9 1 4 , a n d a l -

t h o u g h the s e a s o n w a s f a i r l y w e t a n d a g r e a t dea l of g r a i n m a t u r e d 
in th i s sec t ion o f the c o u n t r y w i t h o u t a n y i r r i g a t i o n w h a t e v e r , y e t th i s 
f i e l d s h o w e d the s a m e c h a r a c t e r i s t i c a s m e n t i o n e d f o r the b a r l e y f i e l d , 
b u t to a l e s s d e g r e e . 

F i g . 7 s h o w s the s p o t t e d c o n d i t i o n of the f i e l d d u e to a l a c k of 
w a t e r b e t w e e n t i le l ines . T h i s w h e a t y i e l d e d a b o u t a hal f a c r o p f o r 
t h i s s e a s o n . 

F i g . 7 . — S u b i r r i g a t e d g r a i n 

GRAIN FIELD FOR 1915 
T h e c r o p o n th i s f i e l d f o r 1 9 1 5 w a s c o r n , a n d the f i e l d p r o d u c e d 

a s w e l l a s a n y f i e l d on the f a r m . T h i s w a s d u e t o the f a c t that the 
s u m m e r o f 1 9 1 5 w a s m u c h w e t t e r t h a n u s u a l . A l t h o u g h not a g r e a t 
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e x c e s s of r a i n f a l l c a m e , y e t it w a s s o d i s t r i b u t e d that the s u m m e r w a s 
w i t h o u t a n y d r o u g h t a n d c r o p s n o t i r r i g a t e d d i d a b o u t a s w e l l a s c r o p s 
u n d e r i r r i g a t i o n . F o r this r e a s o n it w a s not c o n s i d e r e d a f a i r test f o r 
the s u b i r r i g a t i o n s y s t e m a n d n o r e c o r d s w e r e k e p t f o r the s e a s o n o f 
I N -

GRAIN FIELD FOR 1916 
C o r n w a s a g a i n p l a n t e d o n this f i e l d f o r the s e a s o n o f 1 9 1 6 . I t 

c a m e u p w e l l a n d f o r a t i m e g a v e p r o m i s e o f a g a i n g i v i n g a g o o d 
y i e l d . T h e s e a s o n o f 1 9 1 6 w a s n o r m a l in t h i s s e c t i o n of the S t a t e , 
a n d g a v e a sp lendid test o f the e f f e c t of the i r r i g a t i o n w a t e r u p o n the 
c o r n c r o p o n this f i e l d . T w o i r r i g a t i o n s w e r e g i v e n d u r i n g the s e a -
son , a n d at the e n d of the s a m e 1 2 , 4 1 1 p o u n d s of c o r n w e r e h a r v e s t e d 
f o r e n s i l a g e . T h e c o r n on th i s f i e l d d u r i n g th i s s e a s o n s h o w e d a g a i n 
the i n j u r y d u e to i n s u f f i c i e n t w a t e r b e t w e e n the ti le l ines , a n d ta l l 
t h r i f t y c o r n g r e w d i r e c t l y o v e r o r in the v i c i n i t y o f the t i le l ines , w i t h 
a shor t s t u n t e d g r o w t h m i d w a y b e t w e e n the s a m e . T h i s is w e l l s h o w n 
in the a c c o m p a n y i n g p h o t o g r a p h s F i g s . 8 a n d 9 . F i g u r e 8 s h o w s the 
c o r n g r o w i n g u p o n the s u b i r r i g a t i o n t r a c t , a n d it is to be n o t e d that 
the s t a l k s m i d w a y b e t w e e n the t w o l ines a r e a s h i g h a s the w a i s t o f 
the m a n s t a n d i n g in the f i e l d . W h e r e a s , the c o r n at the r i g h t a n d l e f t 
of h i m i m m e d i a t e l y o v e r the ti le l ine is m o r e t h a n 6 f e e t h i g h . T h i s 
is g o o d f o r C o l o r a d o c o r n . 

F i g . 9 s h o w s an a d j o i n i n g c o r n f i e l d p l a n t e d at the s a m e t i m e , 
a n d g i v e n the s a m e at tent ion a s that s h o w n in F i g . 8 , w i t h the e x c e p -
tion that this c o r n f i e l d w a s s u r f a c e i r r i g a t e d in the o r d i n a r y w a y . 
T h e h e i g h t o f this c o r n is u n i f o r m a n d is a p p r o x i m a t e l y t h e s a m e a s 
the he ight of the corn d i r e c t l y o v e r the t i le l ines s h o w n in F i g . 8. 

F i g . 8 . — S u b i r r i g a t e d C o r n 
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F i g . 9 . — S u r f a c e - I r r i g a t e d Corn 

CONCLUSION' 

T h e c o n c l u s i o n s d r a w n f r o m this e x p e r i m e n t a r e a s f o l l o w s : 
1 . S u b i r r i g a t i o n b y m e a n s of u n d e r g r o u n d p ipe is not to be 

r e c o m m e n d e d f o r a n y o f the o r d i n a r y f a r m c r o p s on a c c o u n t of the 
e x c e s s i v e cost f o r ins ta l l a t ion . I t can be r e c o m m e n d e d o n l y f o r the 
m o s t i n t e n s i v e f a r m i n g w h e r e w a t e r is v e r y s c a r c e a n d v a l u a b l e , a n d 
o n l y a s m a l l s t r e a m is a v a i l a b l e . 

2 . T h e l a te ra l p e r c o l a t i o n of the w a t e r f r o m the tile l ines in d e e p 
s i l t - loa in soil is not s u f f i c i e n t to w a r r a n t t h e s e l ines b e i n g p laced 
f r o m 1 6 to 2 5 f e e t a p a r t . M o r e w a t e r p e r c o l a t e s d o w n w a r d than u p -
w a r d o r to the s ide , a n d it w o u l d be n e c e s s a r y to p l a c e t h e s e t i le l ines 
not m o r e t h a n 8 f e e t a p a r t in o r d e r to b r i n g the m o i s t u r e to the root s 
o f the g r o w i n g c rop . T h i s a p p l i e s to soil s i m i l a r to that on the sub-
i r r i g a t e d f i e l d a t the C o l l e g e f a r m o n l y . I t m a y be, a n d p r o b a b l y is, 
a f a c t that w i t h a h a r d - p a n o r a n i m p e r v i o u s s t r a t u m of s o m e k i n d 
s l i g h t l y b e l o w the t i le , a n d e s p e c i a l l y in e a r l y o r p o r o u s so i l s , the lat-
e r a l p e r c o l a t i o n of the w a t e r w o u l d be i n c r e a s e d v e r y m u c h a n d the 
s u c c e s s o f a s y s t e m , w i t h t i l e l ines a s f a r a p a r t a s 1 6 or 2 5 f e e t , c o u l d 
be g u a r a n t e e d , but in d e e p s i l t - l o a m soil the l a te ra l p e r c o l a t i o n of the 
w a t e r is d i s a p p o i n t i n g . 
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3 . W i t h d e e p - r o o t e d c r o p s , s u c h a s a l f a l f a , o r w i t h o r c h a r d s , 
this f o r m o f i r r i g a t i o n m a y be p r a c t i c e d w i t h s u c c e s s a s f a r a s l a t e r a l 
p e r c o l a t i o n is c o n c e r n e d , b u t the cos t o f i n s t a l l a t i o n is so g r e a t t h a t 
it c a n n o t be r e c o m m e n d e d . 

4. T h e r e h a s been no c l o g g i n g o f the l ines d u e to the e n t r a n c e 
of roots f o r the f o u r y e a r s that the s y s t e m h a s b e e n in s e r v i c e . 

5. T h e w a t e r u s e d f o r this s y s t e m w a s d r a i n w a t e r w h i c h c o n -
ta ined s o m e a lka l i , 'but it w a s e v i d e n t l y not s u f f i c i e n t to c a u s e d i s i n -
t e g r a t i o n of the t i le l ines a s no t r o u b l e o n this s c o r e w a s e n c o u n t e r e d . 

6. A v e r y s m a l l s t r e a m of w a t e r can be s u c c e s s f u l l y u s e d w i t h 
a s u b i r r i g a t i o n s y s t e m o f this k i n d . A s t r e a m that w o u l d not a n s w e r 
at al l f o r s u r f a c e i r r i g a t i o n m i g h t be m o r e than a m p l e to s u p p l y a p i p e 
s y s t e m f o r s u b i r r i g a t i o n on a m u c h l a r g e r a r a. 




