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Effects of Tillage on Quality of Runoff Water 

P. L. Baldwin, W. W. Frye, and R. L. Blevins 

Department of Agronomy, University of Kentucky, Lexington, KY 40546 

The i s s u e  of water q u a l i t y  i s  o f  great importance t o  a g r i c u l t u r e  today 
as agricultural  land is impl ica ted  as a leading c o n t r i b u t o r  o f  nonpoint 
source water po l lu t ion .  I n  many cases, overland flow from i r r i g a t i o n  and 
n a t u r a l  r a i n f a l l  e x i t i n g  cropland is r i c h  i n  p l a n t  n u t r i e n t s ,  e s p e c i a l l y  
n i t r a t e  and phosphate, and a g r i c u l t u r a l  pesticides tha t  are th rea t en ing  the 
p u r i t y  of our  waters. The effect on man is both immediate through 
contaminated d r ink ing  water (Baker, 1985) and long term through degradat ion
of aqua t i c  bio-systems (Lee, 1973). These condi t ions  have been repor ted  i n  
a g r i c u l t u r a l  areas ac ross  t h e  United States; Indiana (Romkens e t  a l . ,  1973),
Lake Erie (Baker, 1985), Texas ( T r i c h e l l  e t  al . ,  1968) are a few documented 
areas. 

Success i n  reducing sediment l o a d s  i n  f i e l d  runoff  has been 
accomplished w i t h  conservat ion tillage. Harrold and Edwards (1972) repor ted
about 0.16 Mg/ha sediment l o s t  from no- t i l l age  contour-row corn compared t o  
about 51 Mg/ha wi th  conventional  t i l lage i n  Ohio. Cogo e t  al.  (1984) found 
t h a t  chisel t i l lage w i t h  s p r i n g  sweep increased  r a i n f a l l  i n f i l t r a t i o n  and 
increased  t h e  l eng th  of time t o  runoff ,  r e s u l t i n g  i n  decreased s o i l  l o s s  
over  no- t i l l age  o r  f a l l  moldboard plowing p l u s  spr ing d i sk ;  t h e  r e s u l t s  were 
12, 33, and 21 Mg/ha, r e spec t ive ly ,  f o r  the  three systems. I n  p l o t s  w i t h  
continuous corn on 1.6 t o  2.7% s lopes ,  Van Doran e t  al .  (1984) repor ted  s o i l  
l o s s e s  of 4.2 t o  9.4 Mg/ha under plow-disk t i l lage and 0.5 t o  0.8 Mg/ha 
under no- t i l lage .  

These t i l lage systems are now b e i n g  eva lua ted  a t  t h e  Univers i ty  of 
Kentucky f o r  t h e i r  effect on water q u a l i t y .  The data contained i n  t h i s  
r e p o r t  are from t h e  first year o f  a long-term f i e l d  s tudy a t  Lexington. The 
o b j e c t i v e  of the  study is t o  compare water q u a l i t y  parameters o f  field-edge
runoff under conventional  t illage, chisel-plow tillage and no- t i l lage .  I n  
add i t ion  t o  t o t a l  runoff  volume, t h e  water q u a l i t y  parameters being 
determined inc lude  amounts o f  sediments,  n i t r a t e  s o l u b l e  phosphorous3 
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(P) and a t r a z i n e  (2  chloro-4-ethylamino-6-isopropylamine-5-triazine) i n  t h e  
l i q u i d  phase of  t h e  runoff .  T h i s  s tudy does not  cons ider  a c t u a l  d e l i v e r y  
rates t o  a nearby stream. 

MATERIALS AND METHODS 

The s tudy s i t e  is a Maury sil t  loam s o i l  ( f i n e- s i l t y ,  mixed, mesic, 
Typic Paleudal f ) w i t h 9% slope.  The s i te  was i n  bluegrass sod f o r  a t  least 
20 y e a r s  p r i o r  t o  e s t a b l i s h i n g  t h e  experiment i n  1984. P l o t s  are 9 m wide 
by 30m long. All p l o t s  were sprayed wi th  paraquat t o  k i l l  t h e  sod. 
Til lage t r ea tmen t s  were convent ional  t i l l a g e  (CT) (moldboard plowed and 
d i sked  once) ,  chisel- plow t i l l age  (CP)  (s t raight  shank plowed and d isked  
once) and no- t i l l age  (NT). There were three r e p l i c a t i o n s  of  each t i l l age  
t rea tment ,  and va lues  repor ted  are averages of  t h e  three r e p l i c a t i o n s .  
Following t i l lage and p l an t ing ,  fer t i l izers  were broadcast  on t h e  s o i l  
su r f ace  a t  rates of 170,60,and 135kg/ha, N ,  P, and K ,  r e spec t ive ly ,  as 
ammonium n i t r a t e  (34%N), t r i p l e  superphosphate (20%P), and muriate  of  potash 
(50%K). Atrazine was appl ied  a t  a rate of 2.5 kg/ha a c t i v e  ing red ien t
(a.i.). 

Runoff samples were c o l l e c t e d  i n  s t o r a g e  tanks down-slope o f  the  f lumes  
pos i t ioned  a t  t h e  edge of  each p l o t .  Within 24 hours ,  u s u a l l y  less, after 
each r a i n f a l l  event ,  a s t i r r e d ,  200 m l  runoff  sample was c o l l e c t e d  f o r  
chemical ana lys i s .  The sediment was separa ted  from these samples by 
refrigerated c e n t r i f u g a t i o n  f o r  15 minutes a t  2,000 RPM, and t h e  l i q u i d  
phase was s to red  i n  a r e f r i g e r a t o r  a t  3 C u n t i l  analyzed. The sediment w i l l  
be analyzed a t  a l a te r  date. A 1 l i t e r  sample was also c o l l e c t e d  from each 
s t o r a g e  tank f o r  de te rmina t ion  of  sediment load .  Nitrate was analyzed 
according t o  t h e  procedure of Lowe and Hamilton (1967). Soluble  phosphorous 
was determined by t h e  s tannous c h l o r i d e  procedure (Jackson, 1958) and 
a t r a z i n e  was p a r t i t i o n e d  and analyzed w i t h  high performance l i q u i d  
chromatography (HPLC) as descr ibed  by Lawrence (1982). The samples 
discussed i n  t h i s  r e p o r t  are from r a i n f a l l  even t s  from June 1 1  t o  November 
4, 1984. 

RESULTS AND DISCUSSION 

Although r e s u l t s  are pre l iminary ,  s ta t is t ical  ana lyses  incomplete,  and 
i n t e r p r e t a t i o n s  and conclus ions  t e n t a t i v e ,  there are important  t r e n d s  
suggested by t h e  data. D u r i n g  t h e  first f o u r  r a i n s ,  e i ther  t h e  NT or the  CP 
produced t h e  lowest  runoff volumes. However, from mid-season, runoff 
amounts were about t h e  same for  a l l  three t i l l age  systems during most of  the  
r a i n s .  T h i s  suggests greater i n f i l t r a t i o n  w i t h  t h e  conserva t ion  t i l l age  
methods dur ing  t h e  first ha l f  of t h e  season, bu t  l i t t l e  d i f f e rence  after  
mid-season. Total runoff  volume measured dur ing  t h e  season was two times 
greater w i t h  CT than  w i t h  CP or  NT. 

Except f o r  one r a i n f a l l  event ,  June 22, t h e  CP treatment  appeared to  
produce t h e  greatest amount of  sediment i n  t h e  runoff  and NT t h e  least 
(Table 1). The t o t a l  amount of  sediment measured dur ing  t h e  season was 
s l i g h t l y  more w i t h  CT, mainly because of t h e  much h igher  amount on June 22. 



-- 
-- -- -- -- 

171 


From t h i s ,  i t  appeared t h a t  t h e  sod cover  of  the  NT was more e f f e c t i v e  i n  
p r o t e c t i n g  t h e  s o i l  from eros ion .  We have no explana t ion  f o r  t h e  tendency 
for  more sediments  from CP than  from CT. 

Table 1. Total r a i n f a l l ,  runoff  volume, and sediment load, 1984.-Date of  Ra in fa l l  Runoff volume 

event  NT CT NT 


1.2 560 4,763 512 
6-18 4.5 39,409 21,229 16,903
6-22 2.6 11,622 3 3,335 
7-4 4.8 16,729 12,134 
7-11 0.4 3 227 
7-26 1.6 911 1,005 1,127
8-1 1.3 13,618 1,481 1,625
10-21 5.3 3,160 3,623

2.9 1,861 2,076 
11-1 2.4 1,319 1,855 1,510 
11-4 1.5 741 74 774 

46 7 
31 33 21 
2 2 1 
1 8 4 
2 3 2 
2 5 2 
2 4 1 
1 2 

3 

Season 

t o t a l  28.5 89,933 44,434 43,875 87 74 38 


CT = Conventional t i l lage,  CP = Chisel-plow tillage, NT = No-tillage.
Delay i n  i n s t a l l a t i o n  of equipment delayed s tar t  of sampling. 

The concent ra t ion  of NO- i n  t h e  l i q u i d  phase of  t h e  runoff  tended t o  be 
h ighes t  w i t h  NT and lowest  CP (Table 2). Total NO- p e r  event  ( runoff
volume times NO- concen t r a t ion  i n  runof f )  was n o t  greatly d i f f e r e n t  a m o n g  
t i l lage treatmeits, except  f o r  three even t s  (June 22,J u l y  4, and August  1 )
when runoff  was much greater from CT and one (June 11) when CP r e s u l t e d  i n  
t h e  greatest NO- Overall t o t a l  NO- from CP p l o t s  tended t o  be somewhat 
less than  from Total NO- removal dur ing  t h e  season (average 3concen t r a t ion  i n  Table 2 t o t a l  runoff  i n  Table 1) f o r  CT, CP, and NT 
were 171, 53, and 145 g/ha N ,  r e spec t ive ly .  

Water- soluble P concen t r a t ion  i n  the  runoff  l i q u i d  phase are shown i n  
Table 3. One of  the  no tab le  t r e n d s  i n  t h e  water- soluble  P concent ra t ion  was 
what appeared t o  be a s u b s t a n t i a l  i n c r e a s e  i n  concent ra t ion  a t  t h e  end of  
t h e  season,  s p e c i f i c a l l y  t h e  October 28, November 1, and November 4 sampling 
dates. We have n o t  determined t h e  cause of t h i s ,  bu t  i n t end  t o  s tudy it 
more thoroughly i n  t h e  f u t u r e .  

Total water- soluble  P i n  runoff ,  i.e., t o t a l  runoff  va lues  i n  Table 1 
times average P concen t r a t i on  va lues  i n  Table 3,were 90,67,and 22g/ha P, 
r e spec t ive ly ,  fo r  CT, CP, and NT. 
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Table 2. Nitrate i n  runoff l i q u i d  phase as affected by t i l lage,  1984. 

6-11 0.2 3.1 
6-22 2.2 0.8 
7-4 1.6 0.8 
7-11 3.1 1.8 
7-26 2.1 0.4 
8-1 0.9 0.5 
10-28 2.2 0.9 
11-1 1.3 1.2 
11-4 2.2 

1.9 1.2 

9.8 15 5 
26 9 
27 6 6 

3.0 
2 3 

2.5 12 1 4 
4 2 6 

2.5 2 2 4 
3 2 2 

3.3 

Runoff volume times NO- concent ra t ion  i n  runoff.  

CT = Conventional CP = Chisel-plow tillage; NT = No- tillage. 


Table 3. 	 Concentration of water- soluble P i n  runoff l i q u i d  phase as 
affected by tillage, 1984. 

6-11 0.35 0.04 0.09 
6-22 0.56 0.50 0.24 7 1 
7-4 0.67 0.45 0.68 11 3 8 

1 0.49 0.35 0.14 
7-26 1.03 1.71 0.12 1 2 
8-1 0.42 0.64 0.19 6 1 
10-28 0.89 1.10 1.13 2 3 2 
11-1 
11-4 

2.27 
2.12 

2.13 
6.61 

1.09 3 
2 

4 
5 

2 
1 

1.00 1.50 0.50 

The a t r a z i n e  concent ra t ion  tended t o  b e  h ighes t  from t h e  conservat ion 
t i l lage p l o t s ,  e s p e c i a l l y  CP, during the  earl ier  p a r t  of the  season (Table
4); however, by t h e  J u l y  4 sampling date, t h i s  d i f f e r e n c e  had disappeared. 
T h i s  may be a t t r i b u t e d  t o  less contac t  of t h e  a t r a z i n e  w i t h  s o i l  under 
conservat ion t i l lage because of t h e  k i l l e d  sod mulch. 

A gradual  decrease i n  a t r a z i n e  concent ra t ion  was apparent  as t h e  season 
progressed, although there remained measurable q u a n t i t i e s  even i n  the 
November 4 runoff .  Expressed as a sum f o r  a l l  dates (average concen t r a t i ons  
i n  Table 4 times t o t a l  runoff volumes i n  Table 11, a t r a z i n e  amounts i n  



173 


Table 4. Concentrat ion of a t r a z i n e  i n  runoff  l i q u i d  phase as affected by
ti l lage,  1984. 

Atrazine. 
Til lage 6-11 6-27 7-4 7-1 7-26 11-4 

CT 0.03 0.02 0.03 0.07 0.02 0.01 0.03 
0.11 0.25 0.01 0.01 0.02 0.01 0.07 

NT 0.10 0.02 0.04 0.01 0.01 0.01 0.03 

Only 1 replicate p l o t  analyzed 

r e l a t i o n  t o  t i l lage systems were 2.7, 3.1, and 1.3 g/ha a t r a z i n e  (a.i.) f o r  
CT, CP, and NT, r e spec t ive ly .  Thus, because of t h e  greater runoff from CT, 
the amount of a t r a z i n e  removal appeared t o  be about the  same as from the CP. 
Atrazine removal was apparent ly  lower w i t h  NT than  CP due t o  i ts lower 
concen t ra t ion  i n  t he  runoff  and lower than  CT due t o  less runoff.  

General ly,  the  runoff  from CP p l o t s  had t h e  h ighes t  pH, NT runoff was 
s l i g h t l y  lower, and CT was lowest  (Table 5). There was no apparent
explanat ion  f o r  the  r e l a t i o n s h i p  between pH and tillage system. The pH is 
considered t o  be  a very important  proper ty  of runoff due t o  its poss ib l e  
in f luence  on the rate o f  a t r a z i n e  degradat ion (Best and Weber, 1974). 

Table 5. pH o f  runoff  as affected by t i l lage system, 1984. 

Tillage 6-27 7-4 7-11 7-26 8-1 10-28 11- 1 11-4 Avg 

CT 7.16 5.78 6.17 6.48 6.17 6.16 5.86 6.24 
7.19 6.57 6.42 6.69 6.40 6.18 6.74 6.30 6.56 

NT 7.30 6.19 7.25 6.37 6.23 5.86 6.35 5.45 6.38 

SUMMARY 

General ly,  t h e  first year ’s  data from t h i s  s tudy showed l i t t l e  
s t a t i s t i c a l l y  significant d i f f e r e n c e  i n  water q u a l i t y  parameters due t o  
tillage. A t  least p a r t  of t h i s  can be a t t r i b u t e d  t o  the  homogeneity of 
these p lo ts  i n  t h e i r  first y e a r  o f  t i l lage fol lowing many years  i n  bluegrass 
sod. The data does i n d i c a t e  c e r t a i n  t rends .  Runoff from NT tended t o  be  
highest i n  concent ra t ions  throughout much of t h e  season, but t h e  t o t a l  
amount o f  greatest i n  runoff  from CT. Tota l  runoff  volume and 
sediment f o r  t h e  season were a l s o  greatest from CT. Runoff from CP was 
most o f t e n  h ighes t  i n  concen t ra t ions  o f  both water- soluble P and a t r a z i n e  
and o f t e n  carried higher t o t a l  amounts o f  a t r a z i n e .  Because o f  the  higher  
volume of runoff ,  t he  greatest to ta l  amount of water- soluble P was removed 
from the CT p l o t s .  The pH va lues  gene ra l ly  were highest  f o r  CP and lowest 
for CT runoff .  
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Our NO- and P r e s u l t s  were similar t o  those repor ted  by Romkens e t  al .  
(1973) ahd angle  e t  al. (1984), a l though s i g n i f i c a n t  d i f f e r e n c e s  between 
t i l l age  t r ea tmen t s  were few. With subsequent cropping yea r s ,  these p l o t s  
are expected t o  become much more characteristic of t h e i r  r e s p e c t i v e  t i l l age  
systems i n  regard t o  s u r f a c e  condi t ion ,  s o i l  s t r u c t u r e ,  o rganic  matter and 
su r f ace  pH, a l l  of which have been ind ica t ed  as in f luenc ing  runoff  volume 
and i ts composition and sediment de l ive ry .  
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