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ABSTRACT-\Ye conducted a five-year study on Missouri Valley deep loess 
ruatershetls near Treynor, lou;a, to characterize the movement of nitrogen ( N )  
ancl phosphorus ( P )  as influenced by applied fertilizer and conservation prac- 
tice. Our report presents watershecl budget-accounting information for mea- 
surctl N anrl P movement that inclzltled (a )  corn crop use, (b )  surface runof 
losses, (c )  deep percolation, and (tl) subsurface discharge. Erosion control and 
the application of N and P fertilizer at rates recommended for annual crop use 
minimized losses of  these nutrients from the watersheds. 

N ITROGEN ( N )  and phosphorus 
( P ) ,  the major nutrients applied 

to agricultural land for corn produc- 
tion, exist in various forms in the soil. 
Generally the supply of these elements 
was high when cultivation began in 
this country. Intensified cropping prac- 
tices have since depleted the natural 
supply of these nutricnts, however; 
and it is now necessary to apply com- 
mercial N and P fertilizers early in 
the cropping season to meet crop 
needs. 

Both N and P can move from crop- 
land by crop uptake, surface runoff, 
erosion, and subsurface drainage re- 
sulting from deep percolation. This 
movement of nutrients from agricul- 
tural land may enrich surface water, 
causing aquatic plant growth. Be- 
cause of potential environmental dan- 
gers and economic losses, it is im- 
portant to understand the pathways 
by which these nutrients move from 
cropland. 

Research has attempted to deter- 
mine the effects of various mandge- 
ment practices on N and P losses in 
surface runoff. Barrows and Kilmer 
(1) concluded that significant losses 

of organic matter were accompanied 
by removal of N and P through water 
erosion. More recent research in Geor- 
gia (10) and in west central Minne- 
sota ( 1 1 )  showed that cropping sys- 
tems that reduce soil erosion also re- 
duce N and P losses. 

A 10-year summary of the west cen- 
tral Minnesota study ( 4 )  showed that 
N and P transported annually by sedi- 
ment and surface runoff water from 
continuous corn were equivalent to 
70 and 64 percent, respectively, of 
applied annual N and P fertilizer. 
Most annual losses of sediment and 
associated nutrients occurred in the 
two months following corn planting, 
when the clean-tilled soil surface was 
most susceptible to erosion. The Min- 
nesota study also showed that annual 
losses of soluble nutrients for five soil 
cover treatments were greatest during 
snowmelt runoff, when annual water 
losses were greatest. 

Timmons, Burwell, and Holt (12) 
reported that incorporation of fertil- 
izer into the soil effectively minimized 
N and P losses in surface runoff. 

Considerable data is available on 
the effects of crop, fertilizer, and land 
management practices on overland 
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Nutrient Research at Treynor 

Most nutrient research has been 
done on small plots. We  initiated 
studies at the Treynor, Iowa, research 
watersheds because they offered an 
excellent opportunity to determine 
nutrient losses from fann-size fields. 
Part of this study on Missouri Valley 
loess in southwestern Iowa (6) showed 
that level terraces greatly reduced P 
losses by reducing runoff and erosion. 
Also, level terraces and a grass water- 
shed effectively reduced losses of wa- 
ter, sediment, and N by surface runoff, 
compared with contoured-corn water- 
sheds (7). This 3-year watershed study 
showed that N losses associated with 
sediment in surface runoff accounted 
for 92 percent of annual N losses in 
surface runoff from the contoured-corn 
watersheds. 

During a 2-year study, only small 
amounts of soluble N and P were dis- 
charged in surface runoff and sub- 
surface flow from a contoured-corn 
watershed and a diversified terraced 
watershed (2). This study also showed 
that nitrate-nitrogen (NO:<-N) con- 
centrations in stream flow did not ex- 
ceed 10 parts per million (ppm) dur- 
ing the 2 years. However, concentra- 
tions of ammonium -nitrogen (NH4 
- N )  and inorganic P in surface runoff 
and subsurface flow frequently ex- 
ceeded acceptable limits set by the 
Federal Water Pollution Control Ad- 
ministration (13).  

In another study the NO,-N dis- 
charged in subsurface flow greatly ex- 
ceeded the losses measured in surface 
runoff (3) .  

The Treynor watersheds are located 
on highly productive soils typical of 
the deep loess hills adjacent to the 
Missouri River Valley. The area is in- 
tensively row-cropped. Loess depths 
on the research watersheds range from 
80 feet on the ridges to less than 16 
feet in the valleys. Most main upland 
valleys have moderately to deeply in- 
cised channels. A saturated zone 
above the glacial till-loess interface 
causes seepage (subsurface stream 
flow) into the channels throughout 
the year. C 

Soil types in the watersheds are 
typic hapludalls, typic haplorthents, 
and cumulic hapludalls. These soils 
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are fine, silty, mixed mesics with mod- 
erate to moderately rapid permeabil- 
ity. Watershed slopes range from 2 to 
18 percent. 

Each watershed is entirely cropped, 
but erosion is a serious problem if con- 
servation practices are not used. Table 
1 shows watershed size, crops, conser- 
vation practices, and fertilizer applied 
from 1969 through 1973. 

Crop Use of N and P 

Watershed 1 consistently produced 
greater yields of corn grain and stalks 
than watershed 2 (Table 2 ) .  Water- 

the fate of excessive amounts of N and organic forms, which are not available 
P in the soil during cropping and non- for plant use until bacteria and fungi 
cropping seasons. N fertilizer is usu- release them through mineralization. 
ally applied as ammonia (NH:{), am- Most organic N forms are not readily 
monium (NH4 ), and nitrate (NO:<), soluble in water and, thus, do not 
which can be used by plants. These move with water. They primarily 
N forms can also be immobilized in move with soil and organic material 

Table 1. A description of study watersheds, crops, conservation practices, and fertilizer 
treatments, Treynor, Iowa, 1969-1973. 

Fertilizer 
Water- A p ~ l i e d  

shed Area (lbl ( I )  

No. Year (u)  Crop Conservation Practice N P  

shed 1 received average annual fertil- 1 1969 74 Corn Contour, conventional tillage 
izrr .ipplications of 400 pounds N per 1970 74 Corn Contour, conventional tillage 

1971 74 Corn Contour, conventional tillage 
acre. Watershed 2 received 155 pounds 1972 74 Corn Contour, conventional tillage 
N ~ e r  acre. the recommended rate. 1973 74 Corn - Contour, conventional tillage 
N content Der bushel of grain was Average annual 

L, 

similar for the two watersheds. AS 2 1969 83 Corn Contour, conventional tillage 
expected, N content per ton of corn 1970 83 Corn Contour, conventional tillage 

1971 83 Corn Contour, conventional tillage 
stalks was greater on the more heavily 1972 83 Corn Contour, conventional tillage 
fertilized watershed. 1973 83 Corn Contour, conventional tillage 

Crop use of P for the two fertility Average annual 

treatments showed trends t& 3 1969 106 Bromegrass Pasture 
those for N. 1970 106 Bromegrass Pasture 

1971 106 Bromegrass Pasture 
Average annual N content of the 1972 106 Corn Contour. mulch tillage - 

corn crop (grain and stalks) on water- 1973 106 Corn contour; mulch tillage 143 39 
shed 2 amounted to 104 percent of the Average annual 158 37 

average annual N applied per acre 4 1969 150 Corn Level terraced, conventional tillage 419 93 
(Table 2, summarized in Table 5 ) .  1970 150 Corn Level terraced, conventional tillage 383 91 

1971 150 Corn Level terraced. conventional tillage 398 35 
This suggests that N mineralized from 1972 150 Corn Subsurface pipe outlet terraces, mulch tillage 152 38 
soil organic matter provided some of 1973 150 Corn Subsurface pipe outlet terraces, mulch tillage 177 45 

Average annual 
the crops' annual N needs. We did 

306 60 

not consider N fixation from the at- 
mosphere and N in rainfall as sources 
for crop use. In comparison with wa- 
tershed 2,  average annual N content 
of the corn crop for watershed 1 
amounted to 48 percent of the average 
annual N applied per acre ('ralde 2, 
summarized in Table 5 ) .  The poten- 
tial loss of N to the environment thus 
was low when fertilizer was applied 
at the recommended rate, but con- 
siderably greater when excessive 
amounts were applied. 

Average annual P content in mature 
corn grain and stalks for watershed 2 
was 64 percent of the average annual 
36 pounds per acre applied (Table 2, 
summarized in Table 6 ) .  In compari- 
son, the average annual P content of 
the corn crop for watershed 1 was 
49 percent of the average annual 59 
pounds per acre P applied. These 
data suggest that the potential loss of 
P to the environment would be greater 
when P was applied at 59 pounds per 
acre per year than when P was applied 

Table 2. Annual corn yields and crop use of N and P, Treynor, Iowa, 1969-1973. 
- 

Crop Use (lhla) 
Yield 

Water- Nitrogen Phosphorus 
shed Graina Stalksb 
No. Year (bula) (tla) Grain Stalks Total Grain Stalks Total 

1 1969 150.1 4.2 136 78 214 17 8 25 
1970 122.0 3.8 112 66 178 23 16 39 
1971 136.0 4.9 120 99 219 19 9 28 
1972 134.1 3.3 97 64 161 22 6 28 
1973 135.5 4.1 111 68 179 20 8 28 
Average annual 135.5 4.1 115 75 190 20 9 29 

2 1969 136.0 3.9 114 74 188 13 8 21 
1970 114.1 3.5 100 54 154 19 6 25 
1971 128.1 4.9 109 75 184 19 7 26 
1972 135.1 2.9 96 43 139 20 4 24 
1973 121.1 3.4 98 44 142 16 7 23 
Average annual 126.9 3.7 103 58 161 17 6 23 

3 1969 - - - - - - - - 

1970 - - - - - - - - 
1971 - - - - - - - - 
1972 148.1 3.6 131 70 201 26 10 36 - -  - -. -- 
1973 134.1 3.9 113 67 180 21 8 29 
Average annual 141.1 3.7 122 69 190 24 9 33 

- - 

1973 112.7 3.7 99 54 153 19 7 26 
Averageannual 119.6 3.8 112 68 181 20 8 28 

at the recommended rate. "Based on 15.5 percent moisture. 
These facts raise questions about "Based on oven-dried weight. 
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associated with erosion. 
Although organic N forms are not 

available for plant use, they represent 
a potential N source for plant nutri- 
tion. NO:;-N is available for plant 
use. It also can be lost to the atmo- 
sphere by denitrification or removed 
by leaching and surface runoff. 

Water-soluble P added as commer- 
cial fertilizer readily associates with 
clay or complexes with calcium, iron, 
and aluminum. This does not allow P 
to be moved easily by water. There- 
fore, P is lost primarily by soil erosion. 

Surface Runoff Losses 

Sediment losses from sheet and rill 
erosion on the contoured-corn water- 
sheds 1 and 2 during the 1969-1974 
water quality sampling period were 
less than the average annual losses 
measured during the decade from 
1964 to 1974 (Table 3 ) .  

Sediment N concentrations were 
similar for the two contoured-corn 

watersheds regardless of annual fer- 
tilization rate. The 5-year average 
annual weighted concentrations were 
1,450 parts per million (ppm) and 
1,465 ppm, respectively, for watersheds 
1 and 2. Sediment N concentrations 
were higher for watersheds 3 and 4. 
However, the amounts of sediment N 
discharged from watersheds 3 and 4 
were considerably less than from wa- 
tersheds 1 and 2 because of lower 
sediment losses (Table 3 ) .  The great- 
er sediment N concentrations from 
watersheds 3 and 4 were probably 
caused by a higher percentage of or- 
ganic material in extremely low run- 
off-sediment loads, compared with a 
higher percentage of mineral soil ma- 
terial in the higher runoff-sediment 
loads (watersheds 1 and 3). 

Ninety-four percent of the N and 
82 percent of the average annual P 
discharges in surface runoff from the 
two contoured-corn watersheds were 
transported with sediment (Table 4) .  

Table 3. Annual precipitation and discharges of water and sediment, Treynor, Iowa, 1969- 
1974. - 

Water Discharge (in) 
Water- Precipi- - Sediment 

shed tatioil Subsurface Surface Yield 
N o  Ycur (in) Flow Runoff Total ( t l a )  

- - -. . - . . -. . . . - - - 
Average annual 33.34 3.89 2.41 6.30 
1964-73 average annual 33.97 3.03 4.23 7.26 

1 9 7 3  
60-month total 
Average annual 
1964-73 average annual 

1974" 
60-month total 
Average annual 
1964-73 average annual 

1973 
1974" 

60-month total 
Average annual 
1964-73 average annual 

"hleasurenients include April through December. 
"Measurements include January through March. 
'Includes discharge from subsurface tile flow drainage alluvial plain at base of slopes. 

Obviously, then, the most practical 
first step to prevent surface water pol- 
lution with these fertilizers is to re- 
duce soil erosion on cropland, which 
also conserves N and P for future crop 
production. 

The amount of water-soluble N dis- 
charged in surface runoff was low for 
all watersheds, compared with N ap- 
plied and used annually by the corn 
crop (Table 5). Generally, the N dis- 
charged in surface runoff for given 
years and watershed conservation 
management treatments depended on 
runoff amount. However, concentra- 
tions of NO,;-N and NH4-N were 
consistently greater on the highly fer- 
tilized contoured-corn watershed (No. 
1 )  than on the watershed fertilized at 
the recommended rate (No. 2) .  Aver- 
age annual weighted discharge con- 
centrations of NO,:-N were 2.01 and 
1.03 ppm, respectively, for watersheds 
1 and 2. For NH4-N the concentra- 
tions were 1.02 and 0.79 ppm, respec- 
tively. 

Concentrations of water-soluble N 
in surface runoff usually were highest 
at the beginning of the cropping sea- 
son and declined progressively during 
the remainder of the year (7) .  This 
seasonal effect was attributed to pro- 
gressive N removal by crop use, leach- 
ing losses, and N in the equilibration 
process with organic matter. We must 
consider this seasonal effect in devel- 
oping fertilizer application and runoff 
control management practices to re- 
duce N losses during critical runoff 
and erosion periods. 

A 2-year study on the watersheds 
showed that annual soluble N in sur- 
face runoff amounted to 20 percent of 
that in the annual precipitation (8) .  
Soluble N contributed by rainfall dur- 
ing surface runoff events was equiva- 
lent to 69 percent of the soluble N 
discharged from the contoured-corn 
watershed fertilized at the recom- 
mended N rate. Therefore, N in rain- 
fall was a major source of the soluble 
N measured in surface runoff. 

The corn crop used no more than 
two-thirds of the annual P applied for 
any treatment. The average annual 
stream discharge of P in surface runoff 
was less than 0.9 pound per acre for 
each of the four watersheds (Table 
4 ) ,  which is less than 2 percent of the 
average annual P applications (Table 
6 ) .  Much of the remaining P fertilizer 
applied was adsorbed by soil particles 
and only removed from the field by 
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soil erosion. 

Deep Percolation of N 

Soluble N within the deep loess 
profile is subject to deep percolation 
and subsequent subsurface discharge. 
Most water that moves through the 
loess profile in northwestern Missouri 
and western Iowa returns to the land 
surface via subsurface stream flow. 

To better understand the movement 
of NO:;-N through the loess profile, 
Schuman and associates (9)  conduct- 
ed a 3-year soil-coring study on the 
t\vo contoured-corn watersheds. The 
researchers reported that N fertiliza- 
tion at the recommended rate of 155 
pounds per acre per year did not re- 
sult in appreciable N accumulatio~~s 
within the 20-foot profile, did not in- 
crease NO,;-N below the corn root 
zone, and only increased the NO,;-N 
concentration at the groundwater sur- 
face from 2.0 to 4.5 ppm. However, 

excessive applications (at  the rate of 
400 pounds per acre per year) in- 
creased N 540 pounds per acre in the 
20-foot profile, increased NO:{-N 642 
pounds per acre below the corn root 
zone, and increased the NO,:-N con- 
centration from 3.7 to 12.9 ppm at the 
groundwater surface during the 3 
vears. 

Obviously, a considerable amount 
of N applied in excess of crop use 
leached to the saturated zone above 
the glacial till and significantly in- 
creased the NO:{-N concentration in 
subsurface ,low. Also, the large amount 
of NO,;-N accumulated in the loess 
~rofi le  below the corn root zone will 
continue to be leached and eventuallv 
appear in subsurface flow. 

In contrast, very little NO:?-N was 
leached to the groundwater and dis- 
charred in subsurface flow when N - 
was applied at the recommended rate. 
Also, we expect subsurface discharges 

to be low for the 155-pound-per-acre 
application because little NOs-N ac- 
cumulated in the loess profile below 
the corn root depth. 

Subsurface Stream Discharges 

Subsurface discharge represents a 
large portion of the total annual stream 
flow and is highly influenced by con- 
servation management ( 5 ) .  Water re- 
tention by terraces increases percola- 
tion and subsequent subsurface dis- 
charge compared with contouring. 

NO:{-N discharged in subsurface 
flow accounted for at least 84 percent 
of the average annual soluble N dis- 
charged from the Treynor watersheds 
( 3 ) .  Therefore, the influence of con- 
servation and fertilizer management 
practices on the quantity and quality 
of water discharged as subsurface flow 
is of prime concern. 

Excessive N fertilization on the ter- 
raced watershed for the first 3 years 

Table 4. Annual discharges o f  N and P ,  Treynor, Iowa, 1969-1974. 

Nitrogen ( lb la)  

Wuter- 
shed 
No. Year 

Soluble N Phosphorus (&/a )  

NO3-N N H 4 - N  Soluble P 
Sediment Total Sediment Total 

N Subsurface Surface Subsurface Surface N P Subsurface Surface P 

1974b 0 10.87 0 .07 0 
60-month total 122.44 92.43 5.62 .72 2.84 
Average annual 24.49 18.49 1.12 .14 .57 

1973 3.48 18.54 .53 .25 .19 22.99 .08 .07 .20 .35 
1974b 0 5.28 .07 .28 .03 5.66 0 .02 .O1 .03 

60-month total 88.93 30.48 2.64 1.12 2.01 125.18 2.02 .17 .53 2.72 
Average annual 17.79 6.10 .53 .22 .40 25.04 .40 .03 . l l  .54 

60-month total 9.04 49.66 2.49 1.05 .74 62.98 .35 .14 .72 1.21 
Average annual 1.81 9.93 .50 .21 .15 12.60 .07 .03 .14 .24 

4 1969 0.23 9.82' 0.10 1.12' 0.02 11.29 0.01 0.50' 0.07 0.58 
1970 .46 5.44' .13 .25d .03 6.31 .01 .15d 0 .16 
1971 6.23 23.91d .14 .08* .52 30.88 .20 .12d .05 .37 
1972' 23.41 25.62d 2.91 .Ogd .33 52.36 .52 .03d .ll .66 
1973 4.11 76.23" 2.31 .15' .31 83.11 .16 .05' .20 .41 
1974" 0 15.61d .02 .13' 0 15.76 0 .Old 0 .01 

60-month total 34.44 156.63d 5.61 1.82d 1.21 199.71 .90 .86d .43 2.19 
Average annual 6.89 31.33' 1.12 .36' .24 39.94 .18 . 17d .09 .44 

"Measurements include April through December. 
bMeasurements include January through March. 
'Treatment changed from pasture to tJl-planted corn. 
dIncludes discharge from subsurface tile flow drainage alluvial plain at base o f  slopes. 
eTreatment changed from level terraces to pipe-drain terraces. Annual N application changed from 500 l b / a  to 164 l b / a .  Tillage changed 
from conventional to till-plant. 
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and continued excessive fertilization 
of the contoured-corn watershed great- 
ly increased NO:!-N in subsurface 
flow over 5 years, compared with that 
in subsurface discharges from the wa- 
tersheds fertilized annually at rates 
recommended for crop use (Table 4 ) .  
Excessive precipitation and percola- 
tion in the fall of 1972 and throughout 
1973 drastically increased NO.;-N dis- 
charged in subsurface flow from all 
\vatersheds. NO:{-N discharged in 
subsurface flow in 1973 accounted for 
90, 80, 94, and 91 percent of the total 
annual N discharges (solution N + 
sediment N )  for watersheds 1, 2, 3, 
and 4, respectively (Table 4 ) .  This 
discharge source contrasted with pre- 
vious years when sediment N was the 
major source of N discharged. 

Terraces effectively controlled ero- 

sion, but they also increased deep per- 
colation and subsequent subsurface 
discharge. They have thus caused 
subsurface discharge to be the major 
source of NO,%-N discharge. Subsur- 
face discharge of soluble N from the 
terraced watershed 4 amounted to 10 
percent of the N applied during the 
5-year period (Table 5) .  In compari- 
son, sediment N and soluble N dis- 
charged in surface runoff from the 
terraccd watershed amounted to 2.2. 
and 0.4 percent of the N applied. Al- 
though more N was applied to the 
contoured-corn watershed 1 than to 
the terraced watershed 4 during the 
5-year study, the average annual dis- 
charges of soluble N (surface + sub- 
surface) were less from watershed 1 
than from watershed 4 (Table 5 ) .  We 
attributed this difference of soluble N 

Table 5. Average annual N movement by crop use and stream discharge, corn watersheds, 
Treynor, Iowa, 1969-1974. -- 

Management Practice 

Woters l~ed 2, Watershed 1 ,  Watershed 4, 
Contoured Contoured Terraced 

- 
1 5 5  lb la  N 400 lhla N 306 lb /a  N" 

hfovementPathway ( lb la)  (%)' ( lh la)  (S)" ( lb la)  (S)" 

Crop use: 
Corn grain 
Corn stalks 
Total corn use 

Stream discllnrpe: 
Sediment 
Surface runoff 
Subsurface flow 
Total stream discharge 

Total crop use and 
stream discharge 

"Applied at an average annual rate of 400 Ib/a in 1969, 1970, and 1971. Applied at an aver- 
age annual rate of 164 lb/a in 1972 and 1973. 
"Expressed as a percentage of applied nitrogen. 

Table 6. Average annual P movement by crop use and stream discharge, corn watersheds, 
Treynor, Iowa, 1969-1974. 
I 

Management Practice 

Watershed 2, Watershed 1, Watershed 4, 
Contourerl Contoured Terraced 
36 lb la  P 59 lbla Pa 

-- 

60 lb la  P" 

Afouernent Pathwarl ( lb la)  (%)' ( lb la)  % ( lb la)  (SF 

C r o ~  use: 
Cbrn grain 
Corn stalks 
Total corn use 

Stream discharge: 
Sediment 0.40 1.1 0.68 1.1 0.18 0.3 
Surface runoff . l l  0.3 .13 0.2 .09 0.2 
Subsurface flow .03 0.1 .04 0.1 .17 0.3 
Total stream discharge .54 1.5 .85 1.4 .44 0.7 

Total crop use and 
stream discharge 23.54 65.4 29.85 50.6 28.44 47.4 - 

"Applied at an average annual rate of 95 lb/a in 1969 and 1970. Applied at an average an- 
nual rate of 36 Ib/a in 1971, 1972, and 1973. 
"Applied at an average annual rate of 92 lb/a in 1969 and 1970. Applied at an average an- 
nual rate of 39 lb/a in 1971, 1972, and 1973. 
'Expressed as a percentage of applied P. 

in subsurface discharge for the two 
watersheds to the difference in the 
amounts of water moving through the 
soil. 

Soluble P in subsurface discharge 
amounted to a very small percentage 
of the annual P applied and that used 
by the crop (Table 6) .  This was of 
little significance to stream pollution. 
The P discharge data (T'lbles 4 and 
6 )  illustrate that the soil mineral and 
organic material adsorb this element, 
and it moves from cropland primarily 
as a result of erosion. 
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