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The quality of water discharged from a 157.5-ha diversified conservation-farmed water- PIEST ..............-....... 
shed in southwestern Iowa was within acceptable limits for potable water except for the levels RAUSCH .I.. ................. 
of ammonia, inorganic phosphorus, and coliform. Total coliform levels exceeded the estab- SAXTON 1 .................. 
Iished criteria on two occasions, and fecal coliform once during the 2-year study. Nutrient con- 
centration was high occasionally, but the nutrient quantities discharged from the watershed **..----.."""*. . . . . .a.0. 
were low, the effectiveness of the level-terrace system in controlling surface runoff and erosion +re** 
thus being shown. Atrazine residue in the runoff and sediment was detected in only one Sam- SPOMER ................... 
pic. Even though several chlorinated hydrocarbon a,nd organophosphate compounds had been 
:ipplied to the watershed, none was detected in runoff or sediment. A comparison of the data BURWELL .................. 
from a 33.6-ha contour-farmed watershed with the data from the 157.5-ha well-planned ,,,,,,.................... -... 
conservation watershed showed the benefits and necessity of using some means of controlling -FUaH T&~~J.?.'.'..'.. 
runoff and erosion to prevent loss of agricultural chemicals that may degrade our surface 
waters. RETAIN?, .....**.*.*...****I 

Agriculture has a tremendous iinpact on the environment materials a t  levels hazardous to health. A research study 
because vast land areas are managed to meet man's need was initiated in 1970 near Macedonla, Iowa, t o  determine 
for food and fiber. Advances in agricultural science and the quality of water leaving a 157.5-ha diversified level- 
technology have made it possible for production increases terraced agricultural watershed. Discharge characteristics 
per unit land area to  keep pace with the growing demand of plant nutrients, insecticides, herbicides, and other chemi- 
for food and fiber. The use of agricultural chemicals to cal and microbiological properties of sediment and water 
supply plant nutrients and to control weeds and insects were measured. T o  evaluate the influence of the level-terrace 
has played a tna.jor role in the product'ion increases. The conservation practice on water, sediment, and plant nu- 
dissillntion of these chemicals is not clearly understood. trients discharged in surface runoff and base flow, data 
All segments of society are challenged to assess their effects obtained from this watershed were compared with data 
on environmental quality. Agriculture has the basic re- obtained from a 33.6-ha contour-planted corn-cropped 
sponsibility of managing extensive land resource areas t o  watershed near Treynor, Iowa. The contour-corn water- 
meet the food and fiber needs of man without imposing shed is 17.7 km west of the level-terraced watershed. The 
hazards ,on his environment. 157.5-ha diversified level-terraced watershed will be referred 

Soil conservationists have striven for the past 40 years to in this report as the 'level-terraced' watershed; the 
to keep the soil in place and out of surface water supplies 33.6-ha contour-planted corn-cropped watershed will be 
by improved cropping and land and soil ma,nagement referred to as the 'contour-corn' watershed. A 2-year sum- 
practices. Bennett [I9391 and TVilliarns [I9671 reported mary of results obtained from these watersheds is presented. 
that 2.7-3.6 billion metric tons of soil was eroded annually 
from cropland areas. In  1971, 2.4 billion metric tons of DEscR'pT1ON OF WATERsHEDs AND MANA'EMEN'r PRAcT1cEs 

sediment per year was estimated to have been produced 
by sheet-rill erosion of cropland (J. N. Holeman, personal 
conlmunication, 1973). Thus the goal of keeping soil in 
place is far from being achieved. During the past 30 years 
the increased use of chemicals to supply plant nutrients 
and t o  control weeds and insects has encouraged intensifi- 
cation of row crop farming. Conservation practices used 
in conjunction with the increased row crop farming have 
heen ~nadequate;  consequently, runoff and erosion problems 
have not abated. 

Until recently, soil erosion was considered to be primarily 
an agricultural problem because soil material was removed 
from crop-producing areas. However, the movement of soil 
and water over land surfaces has become an environmental 
problem because t h e s ~  transport media may carry chemical 

The two watersheds are located in Pottawattamie County 
in southwestern Iowa. The watersheds are within, and 
typically represent, the deep loess hills of the Missouri 
Valley in western Iowa and northwestern Missouri, an area 
characterized by a deep loess cap over glacial till. Loess 
depths on the waterbheds range from 24 m on the ridges 
t o  less than 5 m in the valleys. Most main and upland 
valleys have moderately to deeply incised channels. A 
saturated zone above the till-loess interface causes seepage 
into the channels throughout the year. Soil types on the 
two watersheds are typic hapludolls, typic haplorthents, 
and cumulic hapludolls. All of these soils are fine silty 
mixed mesics and have moderate to moderately rapid 
permeability. Slopes on the two watersheds range from 
2 to 13%. Each watershed 1s entirely tillable, but erosion 
is a serious problem if conservation practices are not used. 

'US.  D~partment  of Apriculture, North Central Watershed 
Research Cenrer. Council Bluffs, Iowa 51504. Level terraces were established on about 85% of the 
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and 41% n.itli 2-4% slopes. This watershed represented 
agricultural practices consisting ,of 95% cropland and two 
livestock feedlots. The feedlots and n pasture adjacent to  
the feedlots were located near the main drainage~i.ay. Two 
hundred feeder cattle and two hundred hogs were kept 
on the feedlot and pasture areas annually. A rotat,ional 
cropping systemof 60% row crops and 40% hay and pasture 
was follo~ved. Corn and soybean acreages each year were 
46.6 and 43.3 ha, respectively. The row crop acreage was 
centrally located on the watershed. Conventional preplant 
tillage, consisting of moldboard pl,o~ving, disking, and har- 
rowing, was performed in the spring for seedbed prepara- 
tion. Cultivation for weed control was performed as needed. 
The corn crop was fertilized a t  the rate ,of 126.6 kg N/ha 
and 26 kg P/ha annually. Fertilizer  as not applied to 
t'he soybean crop. Chlorinated hydrocarbon and organo- 
phosphate insecticide compounds were used as recommended 
for corn production. Herbicides used included ntrazine, 
2,4-D, propachlor, and alachlor. 

TIYO tile drainage systems within the row crop areas 
drained lees than 4 ha of the watershed. The water drained 
from these tile s ~ ~ s t e m s  was discharged into the main 
drainage channel. 

The contour-corn watershed used for comparison with 
the level-terraced watershed has been cropped continuo~~sly 
t'o corn since 1964. Distribution of soils on this wntershed 
was 37% Marshall silty c1a.y loam, 25% Monona silt loam, 
22% Ida silt loam, and 16% Napier silt loam. Slope dis- 
tributions on this watershed were: 46% *of the area with 
9-13% slopes, 22% with 5 4 %  slopes, and 32% with 
2-4.% slopes. The row crop cultural practices used on this 
watershed mere similar to  those used on the level-terraced 
watershed. Annual fertilizer application to the contour-corn 
wat'ershed was 168 kg N/ha and 39.2 kg P/ha in 1969, 
1970, and 1971. 

Precipitation measurements were obtained from recording 
rain gages located on each watershed. The main drainage- 
wa.ys were instrumented with a broad-crested V notch weir 
and a water stage recorder to  det,ermine rates and amounts 
of st,reamflow discharge. 

Water qualit,y sampling for the level-terraced watershed 
began in May 1970 and continued through December 1971. 
N o  significant surface runoff events occurred before May 
1970. During t,he 2-year sampling period, 211 samples were 
collected a t  the waters.hed outlet. The samples were col- 
lected a t  time int,ervals within each event t o  cover the 
rise, peak, and recession for the event. Each sample con- 
sisted of 500 ml of soil water suspension and was stored 
a t  4°C to minimize chemical and microbiological conversion. 
Duplicate samples were collected to determine the sediment 
content of t,he runoff. Thirty-nine samples were collected 
during the 2-year period to determine the chemical char- 
acteristics of base flow. Base flow samples were collected 
monthly during periods of low base flow and weekly during 
periods of high base flow. 

The water and sediment portimons of each surface runoff 
sample were separated by centrifugation and/or filtering 
t,hrough Whatman No. 42 filter paper. The sediment in- 
cluded mineral soil material and organic particles. A Tech- 
nicon AutoAnalyzer, using continnous flow colorimetric 
procedures, was used tn determine solnhle NO,,-N and 

NH,-N contents rBollcter ct nl., l%il ; Ilr)l~Yh.srn ar7d 
Sel~ner-Olsen, 10701. A NnHC03 extract of the sediment 
was made (1:20 ratio of scdimcnt to N:IIICO,) to dc- 
termine P nssocinted with the sediment portion of the 
samplc [Olsen. et al., 19541. The nscorhic arid metliotl was 
used to determine the P concentration of water and scdi- 
ment extract [ A I l ~ ~ p l l ! /  and Riley,  10G'1]. T'ot:~l nitrogen 
:~ssociated ~ i ~ i t h  sedimc~nt was determined I)!. wing micro- 
Kjcltlalil proccd~~rc~r :IS descriheil by Ilrcnznrv 119651. 
Initially, the sediment was nnal!.zcd for NH,-N, hnt it 
\$,as found to be only a slnall pcrccntagc of the total nitro- 
gen ; therefore analyses were discontinuetl. 

Nitrogen and phosl~horus quantities were calc~~latcd by 
integrating concentrations ivith f l o ~  rate and sediment 
load as described by Sch~rw~a,n et 01. r19731. Fitrogcn and 
phosphorus discharges were estimatctl for ~~nsamplet i  and 
partially sampled surface runoff events to determine the 
quantities lost annl~ally. TTnpnblislietl tlatn from this es- 
periment show that quantitin; of sol~tblr and sediment N 
and P from each storm can hc estimated adequatrly by 
using the mean concentration with water or sediment, 
volumes. Thcrefore quantities of N nijtl P discharged by 
water or sediment during ~ ~ n s a m p l r d   portion^ of surface 
runoff events were determined as the prodnct of the 
sampled concentration mean nnrl the l~nsamllled v~ohimc 
of water or sediment. To determine q~tnntities of N a~l t l  I' 
discharged during complctel~. nnsnmpled events, a con- 
centration mean was selected from the ncnrcst sampled 
runoff event. The interval hetween the ~~ncamplcd and 
the sampled events was nsnally on1.v a few (lays. 

Chemical oxygen demand (COT)), alkalinity, chlorine, 
sodium, and total and fecal roliforms were determined 
by methods described by the Amrrican Public Hcalth Asso- 
ciation, Inc.  [19651. Electrical cond~~ct i r i ty  was determined 
by the method described h ~ .  Bower and Wilcoz  [106,5]. 
Suspended solids were determined by gravimctric techniqnes. 

A membrane-covered polarigraphic prohe [American 
Public Health Associa,tion, Inc., 19651 was used to de- 
termine dissolved oxygen content. Eighty-two field mea- 
surements of dissolved oxygen content of surface runoff 
were made during the 2-year period. Dissolved oxygen 
content of base flow was measnred monthly during low 
base and weekly during high base flo~i,. 

Thirty-three 3.8-1 samplrs collected in 1970 and four 
samples collected in 1971 during s ~ ~ r f a c c  runoff evmts  
were analyzed for pesticide content. These samples repre- 
sented rr~noff events occl~rring t,hrongho\~t the cutire 
cropping season as well as those for noncropping seasons. 
Pesticide content of base flow was determined in 1970 from 
only fifteen 3.8-1 samples. These base flow samples were 
collected mont,hly during low base flow and wwklv during 
higher levels 'of base flow. The samples were analyzed 
for chlorinated hydrocarbons (dieldrin, D D T ,  DDE, etc.) 
and organophosphate in~ect~icides (parathion, malnthion, 
etc.) by chromatograph techniques [il'iersma et nl.. 10721 
and were als.0 analyzed for at,rxzinc. Thr  samples were 
analyzed in 1970 a t  the U.S. Department of Agrirul t~~rc,  
Agricl~ltural Research Service, l'lnnt Proterti'on Division 
Laboratory, Gulfport, Mississippi, and in 1971 at the 
Tolra Hygienic T,nhoratory, Iowa City, Town, in cooperation 
wit11 the filrtropolit:~n .Area P1:mninr Agrncy. 0m:lhn. 
Ychraska. 

In  1970 and 1971, 203 surf:~ce runoff snmples nnd 46, 



base flow s~~inl) les  were collected from the contour-corn 
watershed to determine N and P discharge characteristics. 
Field sampling, lal~oratory analyses, and calculation pro- 
cedures for these determinations were the same as those 
described previously for the level-terraced watershed. 

H?jdroloqy and Erosion 

Annual precipit.ations ,on the level-terraced watershed in 
1970 and 1971 were 70.4 and 67.8 cm, respectively, as 
compared \i.ith t,he long-term average of 72.3 cm a t  Omaha, 
Nebraska. Two rainfall events in 1970 and fifteen events 
in 1971 caused runoff of a t  least 0.025 cm and a peak rate 
of a t  least 0.25 cmJh (1.10 m y s ) .  Thirteen smaller events 
were also sampled for water quality. Above-average snow- 
fall during the winter of 1970-1971 result& in above- 
average snowmelt runoff in the spring of 1971. Rainfall 
for May 6-18 was above average and caused 68% of the 
annual surface runoff in 1971. Precipitation data for 19'70 
and 1971 are included in Table 1. 

Total annual water yields (surface runoff plus base 
flow) on this level-terraced watershed in 1970 and 1971 
were 6.94 and 10.74 cm, respectively, compared with the 
a\-emge of 13.28 cm/yr for the 1964-1971 period (Table 1 ) .  
Sevrnty-eight percent ,of the total 1970-1071 water yield 
was base flow. 

The level-terraced watershed consistently received less 
annual precipitation than the contour-corn matershed did, 
as is shown in 'Table 1. Snrface runoff from the level- 
terraced xvntershcd rvl.:~s substantially less than that from 
the contour-corn watrrshed. Saxton et al. [I9711 reported 
that level terraces on the loessial soils reduced overland 
flow but increased base flow, so that total water yield 
was not reduced. Rase florir discharge did not differ greatly 
for the two watersheds in 1970 and 1971. 

Two tilr drainage systems on the Irvel-terraced wat,er- 
.chcd drained approximately 4 ha. These two systems drained 
about 1 5 . h m  of water intao the main drainagewsy between 
April 11 : ~ n d  ,1111y 24, 1071. Tllcre was no tile drainage 
in 1070. 

Sedimcnt yield data in Table 1 show that discharges 
from the level-terraced ~irat,ershed in 1970 and 1971 were 
0.36 and 1.77 metric tons/ha, respectively. In  comparison, 
sediments discharged from the contonr-corn watershed in 
1970 and 1971 were 16.64 and 29.72 metric tons/ha, re- 

spectively. These comparative sediment discharges illustrate 
the effectiveness of the level-terraced system in controlling 
erosion. 

Plant Nutrient Discharges 

Nitrogen and phosphorus were the major plant nutrients 
applied as commercial fertilizers. These chemical elements 
are of environmental concern because they are subject 
to movement with water or soil. Therefore it is important 
t o  determine agriculture's contribution of these materials 
to  water quality deterioration. 

Nitrogen. Table 2 shows that the average annual nitro- 
gen losses in surface runoff from the level-terraced water- 
shed were 0.19, 0.63, and 4.29 kg/ha, respectively, for 
NO,-N, NH,-N, and total Kjeldahl nitrogen. I n  comparison 
the contour-corn watershed losses (Table 2) were 0.74, 
0.90, and 33.24 kg/ha, respectively, for NO,-N, NH,-N, 
and Kjeldahl nitrogen. The importance of the level-terraced 
conservation practice in reducing N discharge is quite 
evident (Table 2 ) .  A similar trend is evident for nitrogen 
transnorted in base flow. 

Nitrogen concentrations in surface runoff and base flow 
from the level-terraced watershed and the contour-corn 
watershed for 1970 and 1971 are shmown in Table 2. The 
NO,-N concentrations in surface runoff and base flow for 
the two watersheds did not exceed the 10-ppm upper limit 
set by the Federal Water Pollution Control Administration 
[1968]. However, NH,-N concentration levels frequently 
exceeded the permissible 0.5-ppm limit for surface runoff 
and base flow on both watersheds. Nitrogen concentrations 
in surface runoff and base flow were generally higher for 
the level-terraced watershed than for the contour-corn 
matershed. Altho~igh the sampling program did not de- 
lineate the cropland and livestock feeding source areas on 
the level-terraced watershed, we believe that the livestock 
feeding areas greatly increased the concentration of NH,-N 
and Kjeldahl nitrogen,of the sediment because the feedlots 
were adjacent to the main &rainage channel. The rela- 
tively high concentrations of NH,-N and sediment nitrogen 
from the level-terraced watershed may have been caused 
by  selective erosion associated with low flow rates; i.e., the 
'organic material contributed from the bare and compacted 
feedlots during low flows yielded disproportionate amounts 
of NH,-N and sediment N as compared to the  remainder 
of the watershed. 

Seven samples collected from tile eflluent from April 11 

TABLE 1. Annual Precipitation, Base Flow, Srtrface R.unoff, and Sediment Loss From s Level-Terraced Watershed and a Contour- 
Corn Watershed in 1970 and 1971 

Runoff 
Sediment Yield,* 

Year Precipitation, cm Base, cm Surface, cm Total, cm metric ton/ha 

1970 70.41 
1971 67.79 

1970-1973 avp. 69.09 
1964-1971 avg. 78.23 

157.5-ha Level-Terraced Watershed 
T i .  77 1.17 
8 .05  2 .69  
6 .91  1 .93 
9 . 6 0  3 .68  

33.6-ha Contolo-Corn Watershed 
5.97 4 .52 
6 .65  9 .75  
6 .30  7 .14 
6 .30  11.15 

* S~diment Ions by sh:et-rill erosion. 



TABLE 2. Discharge Characteristics of Nitrogen in Surface Runoff and Base Flow From a Level-Terraced Watershed and a Cont.our- 
Corn Watershed in 1970 and 1971 

Surface Runoff 
Base Flow, 

Solution Nitrogen Sediment Nitrogen, Solution Nitrogen Total Quantity 
Total Kjeldahl of N 

Year NO 8-N NH ,N Nitrogen* NO a-N NH,-N Discharged 

1970 
1971 

1970-1971 avg. 

1970 
1971 

1970-1971 avg. 

Level-Terraced Watershed, kg/ha 
0.24 1.50 0.3.5 
1.03 7.08 0.97 
0.63 4.29 0.66 

Concentration for Level-Terraced Watershed, p p m  
2.02 4,188 0.60 

0.08-4.67 3,099-5,321 0-1.68 
3.83 4,000 1.21 

0.03-26.11 1,668-12,244 0.40-2.53 

Contour-Corn Watershed, k g / h  
0.35 25.16 1.055 
1.46 41.32 1.62 
0.90 33.24 1.33 

Concentration for Contour-Corn Watershed, p p m  
1970 1.17t 0.77 1,511 1.775 0.385 

0.10-3.181 0-2.30 736-3,029 0.04-3.215 0-1.255 
1971 0.97 1.49 1,390 2.44 0.08 

0.07-3.98 0.02-8.22 924-6,324 0.54-6.56 0-0.50 

* Concentration values are expressed on a dry soil basis. 
t Water-weighted average. 
1 Range of determinations. 
5 Determined from head cut sampling. 

through July 24, 1971, showed that  the NO,-N concentra- 26, 1971, showed NO,-N concentrations of 6.1 and 1.2 ppm, 
tion ranged from 6.1 t o  17.2 ppm with a water-weighted respertively, and those collected on July 12, 1971, showed 
mean concentration of 10.1 ppm. The nitrate nitrogen con- concentrations of 17.2 and 2.53 ppm, respectively. 
centration of tile effluent was consistently greater than that  Phosphorus. The phosphorus discharge data from the 
of base flow. Tile and base flow samples collected on May watershed are shown in Table 3. The average annual dis- 

TABLE 3. Discharge Characteristics of Phosphorus in Surface Runoff and Base Flow From a Level-Terraced Watershed and a 
Contour-Corn Watershed in 1970 and 1971 

Surface Runoff 
Base Flow, Total Quantity of 

Year Solution Phosphorus Sediment Phosphorus* Solution Phosphorus P Discharged 

1970 
1971 

1970-1971 avg. 

1970 
1971 

1970-1971 avg. 

- 

Level-Terraced Watershed, k g / h  
0.112 0.093 0.038 
0.272 0.329 0.047 
0.193 0.211 0.043 

[Concentration for Level-Terraced Watershed, p p m  
0.960t 259 0.066 

0.194-1.816% 125-868 0.004-0.194 
1.012 186 0.058 

0.008-6.946 112-1129 0.008-0.102 

Contour-Corn Watershed, k g / h  
0.058 0.464 0.0815 
0.186 1.123 0.021 
0.122 0.793 0.052 

Concentration for Contour-Corn Watershed, pprn 
0.129t 28 0.1358 

0.034-0.8501 14-131 0.016-0.2846 
0.191 38 0.032 

0.034-0.565 17-468 0.006-0.054 

* Concentrations are expressed on a dry soil basis. 
t Water-weighted average. 
1 Range of determinations. 
5 Determined from gully head cut sampling. 



charges 'of P carried by sediment, surface runoff, and base 
flow were 0,211, 0.193, and 0.043 kg/lla, respective1~-. In  
comparison the nutrient losses from the contour-corn 
watershed for sediment, surface runoff, and base flow 
were 0.793, 0.122, and 0.052 kg/ha/yr, respectively. These 
data  illustrate tha t  sediment is a prime transport medium 
of P and again show the benefit of level terraces. The 
average annual per-hectare discharges 'of water-soluble P 
were low and similar for t,he two watersheds. 

Phosphorus concentrations in Table 3 show that  levels 
on both watersheds frequently exceeded the 0.03-ppm 
lower limit considered t o  be favorable for profuse algal 
growth in impounded water. Phosphorus concentrations 
in water and sediment transport media were generally 
higher for the level-terraced watershed than for the contour- 
corn watershed. The location of the feedlot and pasture 
areas near the main drainageway and the selective erosion 
process associated with low flow rates probably contributed 
to  the high phosphorus concentration in water and sedi- 
ment leaving the level-terraced watershed. Field and lab- 
oratory studies in Minnesota [Timmons et al., 1968; Holt 
et al., 19701 sh'owed that leaching of dead tissues from 
forage crops resulted in considerable P loss and that  more 
than 70% was in the form of inorganic P. A large portion 
of this inorganic P may be adsorbed readily by  sediment. 

Pesticide Discharge 

Chlorinated hydrocarbon and organophosphate insecti- 
cides were not detected in significant amoilnts in any of 
the surface rimoff or base flow samples. Atrazine was 
detected at  a concentration of 2.3 ppb in one surface 
runoff sample collected tillring the runoff rise for a storm 
on May 13, 1970. Atrazine was not detected in a sample 
collected 8 min later at the rnnoff peak of this event or 
in samples collected 4 hoi1r5 before this event. Pesticides 
were not detected in any of the base flow samples coll~cted 
in 1970. 

Other Chemical Characteristics 

Dissolved oxygen. The dissolved oxygen content of sur- 
face nlnoff from the level-terraced watershed was never 
lower than 5.8 ppm in 1970 or 7.7 pprn in 1971, as is 
shown in Table 4. I n  most cases t'he ,oxygen content of 
surface runoff caused by rainfall was a t  least 90% of t'he 
aerated standard. The dissolved oxygen content of base 
flow and snowmelt runoff usually exceeded that of surface 
runoff caused by rainfall, and all runoff was within accept- 
able limits [Federd Water  Pollution Control Administra- 
tion, 19681. 

Microbiological nnd chemical rharacteristics. The micro- 
biological and chemical characteristics of surface runoff 
and base flow indicate that water leaving the watershed 
is of good quality on the basis of the sta,ndards given in 
the report by the Federal Water  Pollz~tion Control Admin- 
istration [1968]. Table 5 shows t,he ranges and aver- 
ages of the data obtained for elect'rical conductivity, 
alkalinity, sodium, chloride, suspended solids, COD, and 
coliforms (t'ot'al and fecal) for 1070. Only COD and coli- 
form analyses were continned in 1971. In  1070 and 1971, 
total coliform counts mere bdow permissible levcls (10,000 
most probnhlc nlmll>cr/100 ml) for all hut two surface 
rnnoff rvrnts (.411g11st 3, 1970, nnd Alny 10, 1071). Fecal 
cnliforms were nl~ove pcnnisaiblc limits for the hlay 10, 

TABLE 4. Dissolved Oxygen Concentration in Surface Runoff 
and Base Flow From a Level-Terraced Watershed in 1970 and 

1971 

Snowmelt Rainfall Base 
Runoff, ppm Runoff, ppm Flow, ppm 

p~ 

Aerated st,andard for 
1970 

Average . . . 
Range ... 

Sample for 1970 
Average ... 
Range ... 

Aerated standard for 
1971 

Average 13.6 
Range 12.8-14.0 

Sample for 1971 
Average 13.6 
Range 12.2-14.6 

1971, storm. These two storms represented major runoff 
events during the sampling period. The feedlot and pasture 
grazing area, adjacent t o  the drainageway, probably caused 
the relatively high coliform levels for t,hese two events. 

A 2-year study on a diversified level-terraced watershed 
and a contour-planted corn-cropped watershed shows the 
benefit and necessity of using a well-planned conservation 
management system t o  reduce surface runoff, erosion, and 
discharge of agricultural chemicals capable of degrading 
surface water. Quantities of water, sediment, nitrogen, and 
phosphorus discharge from the level-terraced watershed 
were low because of the effective control of surface runoff 
and erosion. 

Water-soluble NO,-N concentration in surface runoff and 
base flow from the two watersheds d ~ d  not exceed the 
10-ppm upper limit set by  the Federal Water Pollution 
Control Administration. Concentrations of NH,-N and P 
in surface runoff and base flow from both watersheds fre- 
quently exceeded acceptable limits. Concentrations of NH,- 
N and P in surface nlnoff were higher for the level-terraced 
watershed than for the contour-corn watershed. These 
higher concentrations were attributed t o  the proximity 
of the livestock feeding areas on the level-terraced water- 
shed t'o the main drainageway. 

Even though hydrocarbon and organophosphate insecti- 
cides were used on the level-terraced watershed, these 
materials were not found in runoff water. A low concen- 
tration of atrazine was detected in one surface runoff 
sample, but none was found in other samples collected 
during the same storm event or from other events during 
the 1970-1971 sampling period 

Momtoring of the surface runoff and base flow from 
the level-terraced watershed for dissolved oxygen, elec- 
trical conductivity, alkalinity, sodium, chloride, suspended 
sol~ds, and COD showed that these constituents were within 
the acceptable 11m1ts. Total coliform eo~lnts were below 
perm~b$ible levels for all but two surface runoff events, 
and fec'11 co l~for~n  c o ~ ~ n t s  exceeded the acceptable level 
only on one occ,~sion during the 2-year study. 



TABLE 5. General Runoff Sample Characteristics From a Level-Terraced Agricultural Watershed Near Macedonia, Iowa 

Coliiorm 

Total, most Fecal, most 
probable number/ probable number/ 

100 ml 100 ml 

Electrical 
Conductivity, 

Date crmhos 
Alkalinity, 

mg/l Na+, P P ~  C1-, ppm 

1970 S~irface Rlinofl 
157 11.4 8.3 

149-163 10-13.5 3.6-16.3 
112 8.9 6.9 

9.i-134 8-1 1 3.6-11.3 
156 9.1 5.4 

108-182 8.5-10.5 3.0-11.8 
184 12 11 

148-219 lo..?-13.5 9.6-12.4 
145 10.4 10.5 

134-1E 8-13 4.4-22.1 
99 8 11 

50-208 5.5-13 3.9-23.9 
87 7 . .5 9.2 

82-95 5.5-8. -5 7-1 1 . :3 
151 11.8 11.4 

97-192 9.0-13.5 9.1-13. -5 
16'2 10.3 10.1 

151-167 10-1 1 8.7--11.8 
196 8 5 ..5 

150-267 7-10 4 . .5-9.0 

Suspended 
Solids, mg/l COD, mg/l 

May 13 

June 16 

June 17 

July 27 

July 28 

Aug. 2 

.4ug. 3 

Sept. 14 

Oct,. 8 

NOV. n 

1970 Base Flow 
287 12.7 4 :4 

203-333 9.0-1.5.0 3.0-8.0 

1971 S u r f a c ~  Runoff 
Snowmelt 

Slay 6 

.\lay 10 

June 29-30 

J l l l ~  9 

For each date the top line indicat,es t.he average, arid the bottom line irldicates the range. 
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