Studies on the Runoff and Seil Loss from
Small Agricultural Watersheds with different
treatments near Lincoln, Nebraska
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[ . Introduction

We normally think that the main problem
associated with erosion is the runoff, Erosion
is the Icosening or dissolving and removal of
soil and rock material from their environment
by wind, water or Ice,

Rainfall and runoff possess detachment and

trasportation capabilities, The factors that
affect raindrop erosion are the drop velocity,
drep diameter, rainfall intensity and soil char-
acteristics,

Erosion and sedimentation by water include
the wnrocesses of detachment, transportation
and deposition of soil particles, The required
energy to develop those processes are provided
by falling raindrops and water moving on the
soil surface,

The cests of erosion and sedimentation to
society by runoff is very high, Piemental, et
al” cites estimates that the loss in crop
productivity resulting from wind and water
erosion costs annually $ 800 million and that
the annual cost of sediment damages to water
resources in the United States are estimated
at § 500 million, The loss of the top soil in
severely eroded lands reduces soil fertility
causing a decrease in productivity or an incre-
ase in costs of production,

For the erosion control, we mainly rely on
four means: vegetation, plant residue, impro-
ved tillage methcds and residual effect of crops
in rotation, Especially, The till-planting system
was deveioped as a system to reduce wind
and water erosion by leaving crop residue on
the soil surface, Other advantages of the
system include improved environmental cond-
itions for seed germination and plant develo-
pment, And terraces are conservation struct-
ures which can control soil and water move-
ment on the field by reducing the slope length
to smaller segments, thus reducing sheet and
rill erosion, preventing the formation of
gullies and retaining runoff, Therefore, This
study was established to determine the effect
of different conservation systems and tillage
practices on water and soil loss from four
agricuitural watersheds, The four watedsersh
treatments include Bro-megrass watershed,
Non-conservation, Grassed waterway and Tile

outlet watershed,

. Experimental procedure

1) watersheds description

We had experiment with four different
treatments at two dif erent locations in Eas-
tern Nebraska, Three of the watersheds were
located in the Rogers farm, an experimental
farm of the University of Nebraska for soil
and water conservation studies located &
miles east of Lincoln, The fourth watershed
was located in a private farm located 6 miles
north of Lincoln, The soil of the watersheds
classified as sharpsburg silty clay loam. This
soil has a dark-colored, friable surface layer
20 to 30 cm deep. Both surface and internal
drainage are good, All the essential plant
nutrients are present in this soil, Range of
area for the watersheds is 4,6 ha to 15 1lha
and the average for all watersheds is 6%,

The four watersheds have some different
treatments as follows:

(1) Tile outlet watershed

Steep backslope terraces with underground
waterway using till-planting on the con-
tour,

(2) Grassed waterway watershed

Steep backslope terraces with grassed
waterways and row cropped using till-
planting on the contour

(3) Bromegrass watershed

Bromegrass pastures without terraces

(4) Non-conservation watershed

Row cropped using conventional tunr plow
tillage with rows running parallel to field
borders and non-terraced,

2) Management Practices

The watersheds in the Rogers Memorial
Farm were planted to row crops during the
period of study (1972-1976). One of the
watersheds, non conservation watershed was
a 4,9 ha field planted using conventional
tillage -methods, This conventional tijllage
system consisted basically of cutting stalks
and moldboard plowing in the fall, and disking
twice before surface planting in the spring.
The rows were oriented parallel to the field
boarders and no terraces or other conser-
vation practices were installed, The cropping
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rotation used during the period of study was
corn, corn, soyheans, milo and soybeans, The
two other watersheds, tile outlet and grassed
waterway were continuously planted to corn
using the till-plant system,

In this system, the crop residue was left
standing on the ground after the corn was
harvested in the fall, In the spring the stalks
were cut and the field disked or sweep plowed
once and planted with a Buffalo till-planter,

Tile outlet watershed in this study was a
15.1 ha field with paralle! steep backslope,
impondment type terraces with underground
tile cutlet, spaced 58 and 43 meters apart,

Grassed waterway watershed consisted of a
6.5 ha field protected with parallel steep
backslope terraces spaced 58 and 43 meters
apart with variable channe] grade which
disposed the runoff into a grassed waterway,

Bromegrass watershed,a 4. 6 ha field which
was belong to the private farm was kept
ungrazed in 1972, and the grass was very
tall during the growing season, In 1973 and
1974 cattle had access to this watershed and

he bromegrass was heavily grazed, At the

end of the fall 1974, the studies at this
watershed were discontinued,

The row crop watersheds were fertilized
with annhydrous ammonia at the rate of 224
kg/ha/year of N, All the fertilizer was applied
at once in the spring, No fertilizer was.
applied on the Bromegrass watershed,

3) Hydrologic measurements

(1) Measurements of rainfall and runoff

A raingage and three foot H flumes were
installed at the outlet of each watershad,
water stage recorders of stevens type &
with rainfall accessory continuosly recorded
the runoff and rainfall on the the same
chart,

The runoff stage recorder was operated
by means of a float located inside a stilling
well connected to the flume, The rise and
fall of the float moved a marking stylus
laterally across a chart, The raingage recorder
was driven by a float located inside a chamber
which received the rain collected by the rain
gage funnel, The chart advance was controlled
by a weight driven clock,

Table-1. Watersheds description

Area | Slope crop Rotation : :
Watershed (ha) (%) (vear) (crop) Conservation Practice
] 1972 Corn Parallel Terraces with Tile outlet
] 1973 | Corn Till-Planting on contour
Tile Outlet 15.1 4-8 1974 | Corn
1975 | Corn
1976 | Corn
1972 | Corn Parallel Terraces with Grassed waterway
G 4 1973 Corn 1Pl
rasse Till-Planting on contour
Waterway 6.5 4-8 1974 Corn
’ 1975 | Corn
1976 | Corn
1972 Corn Conventional Tillage
N 1973 | Corn
on- . No Mechanical Protection
conservation| 49 4-8 1974 | Soybean l
1975 Milo |
| 1976 Soybean ’
’ 1972 | Bromegrass|
Bromegrass 4.6 4-8 | 1973 Bromegrass] No Mechanical Protection
1974 | Bromegrass
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Rogers Memorial Farm

Tile outlet watershed

o----0 :Tile outlet
sm——== :Grassed Waterway

yrwror~ :Terraces
O  :Gaging station

- Non-conservation
watershed

gressed waterway
watershed

ScaLe

500tt 1000

Fig. 1. Tile outlet, Grassed waterway and Non-conservation watersheds, located near Lincoln,

Nebraska

(2) Runoff samplers

An automated runoff sampler located dow-
nstream from the flume collected samples for
sediment determination, The runoff sampler
‘was an automated device, which consists of
a rotating arm moved by an electric motor
powered by a 12 V battery, This electric
‘motor was turned on and off by a mercury
switch connected to a float placed inside the
stilling well, When runoff started and the
water level rose, the system turned on and
‘when runoff ceased it turned off,

During a runoff event, aliquots were taken
at every 15 minutes interval and placed into
a 20 gallon plastic containers, At the end of
each storm, the water sample was used for
sediment yield determination,

Picture I shows a general view of one of
the gaging stations, and Picture 2 shows the
Stevens type A recorder,

4) Volume of Runoff and Sediment
determination

The runoff stage graph from the runoff
recorder was used to obtain the corresponding
rates of discharge, The conversion of water
depth in the H flume into rates of discharge
was done using a calibration table for the 3
foot H flume shown in Table-2,

N4 a \

Scale, Ft.

0 500 1000

Fig. 2. Bromegrass watershed located near
Lincoln, Nebraska.

The volume of discharge for individual
storm events was calculated using the trape-
zoidal rule of integration, For improved
accuracy, time increments were usually 15
minutes or less, :

The discharge, in c¢cm for each time incre-
ment, was calculated as follows:
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Table-2. Flow discharge through 3.0 foot H- 0.50 216 218 220 222 224
flume in M?*/Sx10-* (from Interna- 0.51 226 228 230 232 234
tional Institute for Land Reclama- 0.52 236 238 240 2472 244
tions and Improvement) 0.53 246 248 251 253 255
ha 0.54 257 259 261 263 266
(m) 0 2 4 6 8 0.55 268 270 272 274 277
0.00 0.56 279 281 283 286 288
0.01 0.57 290 293 295 297 300
0.02 0.763  0.858 0.58 302 304 307 309 312
0.03 0.959 1.06 1.18 1.29 1. 41 050 314 317 319 327 374
0.04 1.54 1.67 1.81 1.95 2.09 0.60 326 329 331 34 236
0.05 2.25 2,40 2.57 2.74 2.91 .61 330 341 a4 147 249
0.06 3.09 3.27 3.46 3.66 3.86 062 352 354 357 360 se2
0.07 4.06 A28 449 A72 4.95 063 365 23 370 273 376
0.08 518 542 5.66 592 6.17 06t 378 381 284 287 289
0.09 6.43  6.70 6.98 7.26 7.54 0.65 392 395 398 200 203
0,10 7.83 8.13 8.44 8.75 9.06 065 406 409 412 415 P
0.11 9.3  9.71 10.0 10.4 10,7 067 420 423 2 420 132
0.12 L1 4 s 1.2 12.5 063 435 438 44 44 i
0.13 129 133 13.7 141 4.5 06r 450 453 458 450 162
0.14 149 154 158 16.2 16,7 070 465  4e8 471 475 475
0.15 17.1  17.6 18.0 18.5 19.0 071 481 484 487 490 P
0.16 19.4  19.9 20,4 20.9 21.4 072 407 500 503 06 S10
0.17 21.9 22,4 23.0 23.5 24.0 073 513 516 519 23 26
0.18 246 251 25.7 26.3 26.8 074 s29  s1 53 30 P
C.19 27.4  28.0 28.6 29.2 2.98 073 546 S0 553 s %o
0.20 30.4 311 3.7 323 33,0 076 43 =57 570 74 i
0.21 33.6 343 350 356 36.3 077 1 s34 =38 50 w0
g'ii jg‘g z; jg'g 33‘]8 iz'g 0.78 599 602 656 610 613
0.24 44.3 451 458 46.6 47.4 g: Zz 2;; Z;g Zzg Zii 2§§
0.25 48.2  45.0 49.8 50.7 51.5 o8l st e oo ois roo
0.26 52.3  53.2 540 549 55.8 082 63 ey es s s0
0.27 56.6 57.5 58.4 59.3 0.2 o83 con  cor 7o s oo
0.28 61.2 62,1 3.0 64.0 64.9 ot 1 o bl 4
o 40 ?g'; ;?'2 ?;2 ?iz ;Zg o: 85 733 737 741 745 749
83 750 778 7.0 791 £0. 2 0.86 753 757 762 766 770
0.22 81.2 828 82.4 845 857 0.87 774 778 783 787 791
0. 33 86.8 &329 83.1 50. 2 ;1.4 8' gg ;?? :;;‘ 222 ggg Z;i
0.34  92.5 L7 9M9 961 7.3 .
0.35 98.5 99.7 101 102 103 0.90 837 843 843 832 857
0.36 105 106 107 109 110 R,.R.,
0.37 11 M2 114 115 116 D““-“(cm):‘%ﬂ“
0.38 118 19 120 122 123 tiél_“(min)xso(sec.x mln.)xloo(cln/m)
0.39 125 126 127 129 120 x A(ha) X 10°(m?/ha)
0.40 132 133 135 136 138 where
0. 411 139 141 142 144 145 D.+1-u=Depth of runoff discharge at a
S time increment ..., in m |
R,+; and R, =Rates of discharge at times
0.44 163 164 166 167 109 o
0.45 171 173 174 176 178 tiyg and ti, in m®/sec
0.46 179 181 183 185 186 t; and t,,,=Two consecutive times measured
0.47 188 190 192 194 195 from the beginning Of the runoff
0.48 197 199 201 203 205 event, in minutes
0.49 207 208 210 212 214 A=Watershed Area in ha,
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Picture 1. General view of a gaging stztion
at Rogers Memorial Farm.

Picture 2. The stevens Type A recorder.

The total discharge for a runoff event was
the summation of the discharge of all time
increments as follows:

n
D:_._.Y‘.;Dnﬂ—u

where D="Total runoff discharge in cm,

Finally, the volume of runoff in ha-cm was
obtained by multiplying the depth of runoff
by the watershed area:

V(ha -m)=DxA

where V=volume of runoff in ha +cm

D=depth of runoff in cmn
A =watershed area in ha
For the sediment. determination, sediment
content of the samples were determined by
the soil laboratory of the Agricultural Engi-
mneering Department, The following procedure
was used:

1) the 20 gallon container with the sampled
material (runoff water and sediment) was
weighed on standard platform type scale
(Wt)

2) A weighed amount of powdered alum
(Wa) was added to the suspension to
accelerate the settling of the sediment,

3) After all the sediment was settled, the
water was siphoned off,

The remaineder was transferred to a bea-
ker of known tare weight, and the tare
weight of the 20 gallon container (Wc)
obtained,

4) The sediment was oven dried at 105°C

and weighed (Ws)

5) The sediment concentration in percentage
was obtained as follows:

(Ws—Wa) X100
(Wt—We)—(Ws—Wa)

9% sediment=

where
% sediment=concentriaton of sediment
in runoff water in percentage,
Ws=Weight ¢f oven dried sediment plus
alum in grams
Wa=weight of alum in grams
Wt=weight of sediment plus water plus
sample container in grams
We=Weight of 20 gallon container in
grams
The amount of sediment yield for each
runoff event was obtained as follows:
sediment yield(kg/ha)
_ V(ha-cm) x pw(gm/cm®) X % sediment

A(ha) x 107tha/em? X 100
_x1073(kg/gm)

where
V =volume of runoff in ha.-cm
pw=density of water in gm/cm3
A =watershed Area in ha

5) Statistical Analysis

Convariance analysis was used to test diff-
erence of means of the runoff and sediment
yield among the four watersheds, The cova-
riance type of analysis was used because the
precipitation that generated runoff was not
equal at all watersheds, With this analysis
procedure, the parameters being tested are
first adjusted to a common precipition value
and then the adjusted means are tested using
the F test procedure for unequal number of

observations
The four watersheds were considered as

experimental units, Since no . replication of
the experimental units were available, the

4 —
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treatment effect could not be jsolated from the
effect of the natural differences among water
sheds, However, since the watersheds characi-
eristics are almost the same, a careful interp-
retation of the results of the statistical analysis
may make possible some inferences about the
differences and similarities of the effect of
the treatments tested cn tihe variables of inter-
est. For the statistical analysis, the 5 year
data, for the row cropped watersheds, and 3
year data, for the Bromegrass watershed, were
lumped in four sets of data, thus no differences
among years were tested,

The statistical analysis were performed
using the SAS(Staristical Analysis System)
at the Biometric Center of the University of
Nebraska, When the covariance analysis
indicated significant differences among treat-
ment means, the least significant difference
method was used to distinguish the watersheds
with significant difference means 12

- Results and Discussion

1) Precipitation

preciptation is one c¢f the many factors
affecting runoff, soil loss, Precipitation was
recorded at each research site during each
growing season period, During the winter
(approximately November 15 to March 1), no
records of rainfall or runoff were taken, For
the periods not monitored, precipitation data
were taken from the WSO station for Lincoln
Nebraska, which is located 8 miles or less
from the watersheds, The period of record
of each year, amounts of rainfall recorded
and annunal precipitation at each of the wat-
ersheds are presented in Table-3,

More than 92,5,81.2,83.2,60,9, and 83,7
percent of the annual precipitatioon were
recorded at the sites from 1972 through 1976
respectively, Annual precipitation during the

course of the experiment, was quite variable,

ranging from about 380mm in 1974 to as
much as 1010 mm in 1973,

The five year mean precipitation over the
four watersheds was 662, 3mm, which is 66,0
mm below the 76 year average, 728 3mm
annual rajnfall for Lincoln, Nebraska, For the
period 1972-1974 annual precipitaticn at the
bromegrass watershed varied from 382mm to

943mm for an average of 715mm (Table-4)

To compare the annual precipitation exper-
rienced during the period of record with that
experienced over a long period of record with
that experienced over a long period of years,
a class frequency analysis of the 76 years
rainfall data for Lincoln was determined, using
the Weibull formuits,

Twelve precipitation classes of 63, Smm
of range were considered, The probability
of exceedence of those precipitation classes
were claculated and on a normal probability
paper (Fig. 3)

The probability of occcurrence of annual
precipitation equal or greater to those observed
in 1972 through 1976 was respectively 53.5,
10,5,97.7,95,5 and 47, 5 percent, These values
suggest that 1974 and 1975 were very dry
years, 1973 very wet, and 1972 and 1976
were about average vears according to the
precipitation patterns for Lincoln, (Table-4)

In fact,1973 average precipitation over the
four watersheds exceeded the 76 year average
by 240mm, while 1974 and 1975 precipitation
was respectively 333mm and 284 mm below
the average., In 1972 and 1976, precipitation
exceeded the average by only 9.7 mm and
35,4 mm, respectively. The distribution of
precipitation within the year is also important
for runoff and erosion studies. Rainfall, in
periods when the soils have good vegetation
cover, is expected to have less impact on
runcff and soil erosion than when the soil is
loose and smooth due to tillage operations,
and unprotected by the crop canopy. The
average monthly distribution of precipitation
for Lincoln follows approximately a gaussian
curve, being small at the beginning of the
year, increasing to a maximum of 10.59 cm
n June and decreasing agaia to 2.2 cm im
December during the periods of study. This
distribution pattern indicates that the erosion
potential for the Lincoln area is high since
the period of greatest amount of precipitation
coincide with the time more favorable for the
erosion hazards,

%) Runoff

During the period 1972-1976, 36,49, and
24 runoff events occurred in the Tile outlet,
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Table-3. Annual recorded and total precipitation for four watersheds near Lincoln, Nebraska

for "1972-1976

Year Period of Record Watershed fer:ocrlgétdatwn ér(:atjilpita—
(mm)| tion(mm)
Tile Outlet 671.6 723.6
1972 March 15-Ncvetber 20 Grassed Waterway 647.6 7C0. 1
Non-conservation 654.0 706.5
Bromegrass 771.2 821.2
Tile Outlet 757.4 918.5
1673 March 9-October 12 Grassed Waterway 844.0 1005. 1
Non-Conservation £69.5 1010. 6
Bromegrass 765.6 ‘ 942.8
Tile Cutlet 326.7 338.0
1974 March 4-November 1 Grassed Waterway 341.5 470.2
Non-Conservation 339.4 400.7
Bromegrass 321.1 382. 4
Tile Outlet 256.6 421.6
1975 March 25-November 14 Grassed waterway 292.5 457.5
Non-Conszrvation 290. 1 4551
Bromegrass* — -
Tile Outlet 621. 4 742.4
1976 | April 14-November 1 Grassed Waterway bos.7 7ea.7
Non-Conservation 641.9 762.9
Bromegrass* — —

*Plots discontinued

Table-4. Annuzl rainfall and ruoff for four watersheds near Lincoln, Nebraska

Year 1972 1973 1974 | 1975 1976 | Average

\ Rainfall&Runotf Wain-Run- |Rain-Run- |Rain- Run- |Rain- Run- |Rain- |[Run- (Rain-{Run-
T fall offy falll off, fall  offi fall off fallt offy fall] off
Watershed B o (mm)| (cm) ] (r:m)! (cm) I (mm)' (cm) | (mm)l (em) | (mm)| (cm) | (mm)| (cm)
Tile Cutlet 53,40 0.384] 920.3| 6.79| 388.Cf 0.02} 421.¢1 0.65 74?.4| 0.0Z] 645.7] 1.57
Grasserl waterway 758.0/ 1.03/1005.1] 9.18] 410.2| 0.0 457.5, 0.46 785.7| 0.02 683.% 2.42
Non-conservation 706.5 0.68/10(0. 6| 10.36] 400.7| 0.01] 455.1} 1.07 762.9 0.13] 667.2] 2.44
Bromegrass 821.2| 0.07, 942.8] 8. 925 382.4| 0.30 — —- —— —|715. 5% 3.02%

*Average of 3 years for Bromegrass watershed (1972-1974)

Grassed waterway and Non-conservation wat-
ersheds respectively, In the Bromegrass wate-
rshed, 15 runoff event occurred from 1972 to
1974, Average annual runoff for the period
1972-1976 was respectively 1.57,2.42, and
2.44 cm/year for the Tile outlet, Grassed wate-
rway and non-conservation watersheds, For the
Bromegrass watershed, average annual runoff
for the pericd 1972-1974 was 3.02 cm/year,

Annual runoff was quite variable among
the years ranging from 0.02 cm to 6.79 c¢m
for the tile outlet. watershed, 0,03 cm to

9, 18 cm for the Grassed waterway watershed
from 0.0lcm to 10. 36cm for the Non-conserv-
ation watershed and from 0.07 to 8. 92cm for
the Bromegrass watershed. (Table-4)

Runoff recorded at the three row cropped
watersheds totaled from 7.84 to 12.25cm
during the five year pericd of study, The
total runoff from the Bromegrass watershed
for the period 1972-1974 was 9. 29cm,

The relatively abundant and well-distributed
precipitation of 1973 kept the soil moisture
at high levels for long periods of the year,

— 56 —



BES 23 RS MM ke S W

1975

97.7

9% equal or greatar than

'
|

'

s

»

)

[ 1
.

'

'

1

'

' 1
‘ ’
'

93,9 )

i i
: i
i ]
: i

99, 99 At |
0 300 395 445

s L —_—
| 600, 738.764 900 969 1200
Precipitation (am)

Fig. 3. Frequency analysis of the rainfall
data for four watersheds near Lincoln,
Nebraska (1972-1976)

Table-5. Analysis of covariance for runoff

Source [D,F.{ S.S. ]M.s. ; F
Regression | 4 23.3275 5.8315] 11.8257%+
Watershed 31 1.97920 0.6557) 1.3377
Precipitation 1§ 21.3484] 20, 2385 41.0381%*
Error 119 {58.6876‘ 0. 4932
Corrected 123 ;82.0151t ’

Total ] [

**Highly significant

Consequently, the infiltration capacity of
the soil was reduced, that resulted in a gr-
eater number of runoff events and high
volume of runoff as compared with the other
four years, Between 46 and 58 vpercent of
the total numaer of runoff events from the
three row corp watersheds and 87 percent of
the runoff events from the Bromegrass wat-
ershed occured in 1973, The runoff for 1973
contributed to more than 85 percent of the
total runoff volume measured during the
entire experimental perjod.

For the other four years of the experiment
the runoff discharges from all the watersheds
were relatively low, and nevar exceeded 1.1
cm in any of the years (Table-4), For the five
years the Grassed waterway watershed and the

Non-conservation watershed averaged about
equal amounts of runoff(2. 42 and 2.44cm
respectively) and Tile outlet about 35 percent
less than both (1.57cm), These results show
that for conditions that prevailed in 1972-19
76, the graded channel terraces and the till-
plant system of the Grassed waterway wate-
rshed failed in reducing runoff as compared
with the turnplow tillage system in the Non-
conservation watershed, However, total ru-
noff losses were low, no heavy runoff prod-
ucing storms occurred, especially in the
spring months and most rainstorms ceased
before runoff appeared at the gaging stations
Sharp, et al® and Richardson® reported
that drainage type terraces alone may not
reduce surface runoff water, and Bulter®
showed that the effectiveness of the till-plant
system depended strongly on the antecedent
soil moisture conditions,

The results of this study agree with the
conclusions of the authors referred to above,
In 1973, when the soil remained wet almost
all year, the differences in runoff volumes
between the Non-conservation watershed and
the Grassed watershed were very small,

In 1975, as a result of low precipitation in
1974 and 1975, the soil remained dry for
long periods of time, Under these conditions,
the effectiveness of the till-plant system in
reducing runoff as compared with the turn
plow system was very evident, Runoff from the
Grassed waterway and Non-conservation wat-
ersheds were respectively 0.4 cm and 1.07
cm for 1975.

Laflen, et al®®’ explains that the till-plant
system increases infiltration because of an
unconsolidated mixture of soil and sediment
residue which is deposited upon the original
untilled soil surface, and also increase surface
storage availability,

Runoff from the tile outlet watershed was.
the lowest of the three row cropped waters-
heds, averaging for the period 1972-1976,
1. 57cm/year (Table-4) which is about 35
percent less than the runoff from the Grassed
water way and Non-conservation watersheds,
Since both, Tile outlet and Grassed waterway
watersheds had the same tillage treatment,
tke differences in runoff between them may
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be associated to the impondment in the te-
rraces, In the Tile outlet terraces, runoff
water from the area between two consecutive
terraces is ponded temporarily in low-lying
areas around the risers which dispose the
water to underground conduits, During the
time the water is ponded, part of it infiltra-
ted and percolated, which caused the volume
of surface runoff to he reduced,

Runoff from the Bromegrass watershed
presented two different trends during the
three years of menitoring, In 1972, the vol-
ume of runoff from the Bromegrass watershed
was the lowest, totaling only 0.07 cm as
compared with 0.36, 1.03cm and 0. 68cm,
respectively from the tile outlet, Grassed wate-
rway and Non-conservation watersheds(Table-
4),

In 1973 and 1974, the number and volumes
of runoff were comparable to those from the
Non-conservation watershed, Those differences
in both periods may ae explained by the
intensity of grazing that prevailed in those
years,

In 1972, the bromegrass was kept ungrazed
all year, consequently a dense vegetation
developed, providing a good cover to the soil,
This dense canopy intercepted the rain drops,
and som of the rain was evaporated before
reaching the ground, smith, et al!® reported
interception percentages that ranged from 7 to
43 percent, Close growing vegetation, as is
the case of the Bromegrass, has a very
high consumptive use of water, which dries
out the soil, resulting in a greater infiltra.
tion capacity,

During 1973 and 1974, however, the Bro-
megrass was heavily grazed during the entire
growing season, The vegetative cover was
severely reduced, and areas with bare soil
exposed, Under those conditions, the effecli-
veness of Bromegrass in reducing runoff
was very limited, In 1973 and 1974, runoff
from the Bromegrass watershed totaled 8. 92
cm and 0.30 cm respectively, compared with
10. 36 cma and 0. 0lcm for the Nonconservation
watershed for the same two-year period
(Table-4)

An analysis of covariance for the runoff
showed that no significant differences were
found among the four different watersheds

(Table-5),

®.The peak rates of runoff were also affected
by the conservation treatments, Table-6 and
Fig. 4 show the distribution of the total
number of runoff events in peak rate classes,
In both watersheds with the tillplant system,
there was a great concentration of runoff
events with very low peak rates, For the
Bromegrass and Non-conservation watershed,
a greater concentration of peak rates was
observed in the higher peak classes, Also,
the total number of runoff events from the
Grassed waterway and Tile outlet watersheds
were much greater (36 and 49, respectively)
than from the Non-conservation watershed,
may be attributed to the rougher conditions
of the soil surface left by the moldboard plow
during the spring, as compared with till-
planting tillage, Those rougher conditions of
the soil surface during the spring were enough
to eliminate ruuoff from a number of rains-
torms that caused low-volume, low-peak rates
of runoff in the Tile outlet and Grassed wat-
erway watershed,

The maximum peak rates of runoff for the
Tile outlet, Grassed waterway, Non-conserva-
tion and Bromegrass watersheds were respect-
ively 0.14cm/hr, 1.0cm/hr, 1.58cm/hr and
0.92cm/hr, These results and those presented
at Table-6, show that all the conservation trea-
tments were effective in reducing peak rates
of runoff, as compared with the turn plow
tillage, Non-terraced treatment, Even when
the total volume of runoff was approximately
equal for all the watersheds, the peak rates
of runoff from the Tile outlet, Grassed waterw
ay, and Bromegrass watersheds were less than
that from the Non-conservation watershed,

The hydrographs of the October 11,1973
storm are used to illustrate this fact(Fig, 5)

The rain that originated this runoff were
32. 8mm, 20.5 mm, 23.0mm and 31. 8mm at
the Tile outlet, Grassed waterway, Non-conse-
rvation and Bromegrass watersheds, respec-
tively. Runoff in the amouts of 1.35cm, 1.97
cm, 1.82cm, and 1.695cm and peak rates of
0. l4cm/hr, 1. Ocm/kr, 1.58cm/hr and 0.92
cm/hr . occurred at the Tile outlet, Grassed
waterway, Non-conservation and Bromegrass
watersheds, respectively, These results show
that peak rate from the watershed with
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graded channel terraces and till-plant system
were about 73 percent of the peak rate from
the Non-conservation watershed even though
the volume of runoff from the former was
slightly higher than from the latter,

The amounts and peak rates of runoff from.
the Bromegrass watershed were less than
those from the Grassed waterway watershed,
but the shape of the hydrographs were very
similar, A possibie reason for these differences
may bz the antecedent moisture cenditions of
the soils in both watersheds, The rainfall
on Octcber 9 and October 10 totaled, respe-

ctively, 108, 6mm and 69. Omm at the grassed
waterway and bromegrass watersheds,

The peak rate and volume of runoff for
the storm of October 11,1973, as indicated
above, was significantly less from the Tile
outiet watzrshed than from the others, The
pealk rates of runoff from The Tile outlet terr-
aces are limited by an orifice plate placed
inside the riser, The depth of the water
stored in the pondad area and the size of the
orifice determined the rates of discharge
presented in the hydrograph.

Table-6. Distribution of the runoff events in peak rate classes

Reik rate classes Tile outlet

Grassed waterway| Nomn-ouservation

Bromegrass

No. of 'Cumu-|No. of ‘Cumu-|No. of Cumu»}No. of, Ccumu-
{¢m/hr) runoffl % [lative|runcff, % Hative|runcffl 2 lative lrunoff‘ % |lative
evenis % |events| ‘ % levents C % levents | %
0. 000-0. 003 190 53 sal 12 24 24 1] 4 a3 2 20
0.005-0.010 2§ s LC I R g o o
0.010-0. 050 of 17l 73 s 3 7 o 25 2 iy 3
| i i ' .
0. 050-0. 160 4 N 8 3 o 77 2 8] 41‘ o, o 3
9. 100-0. 500 5‘ 14 100 8 14 93 4 v smn e 3
0. 500-1. 002 i 3 o 99 g e 70% 17 oo
1.000-2. 500 \ 71 25 o9l !
% = ez T
| | | . i

60,

% of peak rates less than
o
—
Y

A—————a Tile outlet watershed
O--—0 Grassed waterway watershed
o——0 Non-conservation watershed
pg—————-=: Bromegrass watershed

0001 0005 0.01 EAE

L 4

0.1 0.5 10 PR

Peak rztes {an/hr)

Fig.4. Distribution of peak rates of runoff by classes
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3) Soil loss

The average soil loss for the period 1972-
1976 was respectively 0, 152 ton/ha/year, 0,
191 ton/ha/year and 2.566 ton/ha/year for
the Tile outlet, Grassed waterway and Non-
conservation watersheds (Table-7), A great
variability of sediment yields was observed
among the years,

For the Tile outlet soil ioss ranged from 0.
003 ton/ha/year to 0.335 ton/ha/year, for
the Grassed waterway from 0. 002 ton/ha/year
to 0. 501 ton/ha/year for the Non-conservation
watershed from 0,013 to 7.409 ton/ha/year.

For the Bromegrass watershed, the average
soil loss for the period 1972-1974 was 0. 290
ton/ha/year and ranged from 0.001 ton/ha/
year to 0.615 ton/ha/year, The mean soil
loss of all events, adjusted for precipitation
ranged from 19.60 kg/ha/event to 602.46
kg/ha/event(Table-8)

The average annual soil loss from all water-
sheds was below the permissible level of 10
ton/ha/year established by the Soil Conser-
vation Service!? for the Sharpsburg silty
clay loam scil,

This limit corresponds to the maximum
rate of scil erosion that will permit a high
level of crop productivity to be sustained
economically and indefinitely, Even the wat-
ershed with no conservation measures had
losses of soil less than the 10 ton/ha limit,
averaging for the period 1972-1976 only
2. 566 ton/ha/year, and vary ing from 0. 013.
ton/ha to 7 41 ton/ha during the period 1972-
1976. The relatively low rates of sediment
yield are probably due to very low precipita-
tion in two years (1974 and 1975) and below
normal rainfall during the period in which the
soil was tilled,

toring at the Bromegrass watershed, and, 5
years at the Grassed waterway and Tile outlet
watersheds showed that Grass represents good
vegetative means of soil protection and that
till-planted corn in fields protected with
graded channel terraces with Grassed wat-
erway or Tile outlet terraces are good combi-
nations of agronomic and mechanical mana-
gement practices to reduce soil erosion,

LSD test among watersheds showed that
the mean sediment yield adjusted for preci-
pitation was higher on the Nen-conservation
watershed, No significant differetnces were
found among the three conservation watershed
(Table-8), ‘

The average annual soil loss for the Tile
outlet, Grassed waterway and Bromegrass
watersheds were respectively 0. 152 ton/ha
/year, 0.191 ton/ha/year and 0.290 ton/ha/
vear, which correspond to less than 10 percent
of the soil loss from the Non-conservation
watershed, (Table-7) The low sediment yield
from both watersheds with till-plant system
and terraces, demonstrate the effect of these
conservation practices in controlling erosion
and sedimentation, Tiil-planting, by leaving,
crop residue on the soil surface, provides
protection against the erosive action of raind-
rops, dissipating their energy and reducing
their detachment capacity,

Terracing affects sediment yield in two
ways: First,because terraces reduces the slope
length, the overland flow does not reach high
velocities, and consequently, has a limited
power to detach particles from the soil loss,
Secondaly, in the terrace channels and pondage
areas of the terraces deposition of sediment
occurs because the runcff moves at relatively
low velocity, which reduces the transport

~

The results of 3 years of sediment moni- capacity of the runoff, Very similar results
Table-7. Annual sediment yield for four watersheds
N— Sediment yield] Sediment yield (Ton/ha)

\___Year ~— ]

e 1972 1973 1974 1975 1976 | Average
watershed ~——_| |
Tile Cutlet 0.131 0.335 0.C08 0.285 0.003 0.152
Grassed Waterway 0.284 0. 501 0.0z1 0. 146 0.€02 0.191
Non-conservation 2.339 7. 409 0.013 4,280 0. 649 2,566
Bromegrass 0.002 0.615 0.C01 — — 0. 29C*

|

*Average for 3 years for Bromegrass watershed
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Fig. 5. Hydrographs for the Tile outlet, Grassed waterway, Nor-corservation ard Bromegrass

watersheds (October 11,1973)

Table-8. Covariance Analysis for sediment yield and LSD test for sediment yield means

adjusted for precipitation.

Analysis of covariance for sediment yield

Source D.F. S.S. M.S. F
Regression 4 7029758, 7529 1739933. 1423 10, 10%*
Watershed 3 6513867. 2874 2171239. 0960 12, 48%*
precipitation 1 515891, 4655 515891, 4655 2.97
Error 119 20703843. 539 174317. 6781
Corrected total 123 27733602. 2920

LSD test for the sediment yield means
adjusted for precipitation (kg/ha/event)

Watershed

Sediment yield means

Tile outlet 21.43
Grassed Waterway 19. 60
Non-conservation 602, 46+
Bromegrass 40,98

**Highly significant

‘were found for sediment yield in both water-
sheds with till-planting, which suggest that
.graded parallel steep-back slope terraces and
Tile outlet parallel steep back-slope terraces
‘were equally effective in controlling soil loss
when the till-planting system of crop produc-
tion was used,

The low rates of erosion that occured in
the Bromegrass watershed may be associated
with the high efficiency of the canopy prot-
ection of the soil surface and the ability of
the root system of the grasses in holding
the soil together against the eroding action
of the rain and runoff water, Even though
the Bromegrass was heavily grazed in 1973
and 1974, the soil loss from that watershed
was similar to that of the row cropped wat-
ersheds with terraces and till-plant system,
In 1972, when the Bromegrass was kept
ungrazed and an abundant vegetation devel-
oped during all growing season, the sediment
yield from the Bromegrass watershed was
negligible (0. 002 ton/ha) and much less than
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the soil loss from the Tile outlet, Grassed
waterway and Non-conservation watersheds
where soil loss averaged, respectively, 0.131
ton/ha, 0. 284 ton/ha and 2. 339 ton/ha, (Table
-7

V. Conclusions

Runoff and scil losses were monitored from
1972 to 1976 from three watersheds with
different conservation treatments and from
1972 to 1974 from a Bromegrass watershed
with Bromegrass pasture without terraces, The
three conservation treatments invelved in the
row-cropped watersheds were Non-conserva-
tion with row cropped using conventional
turn plow tillage with non-terraced, Grassed
waterway with steep backslope terraces and
row cropped using till-planting on the contour
and Tile outlet with steep back slope terraces
for underground waterways and row cropped
using till-planting on the contour, Specific
findings of this study were summarized as
follows,

1. Average precipitation for the period of
study was 662mm which is 66 mm below
the 76 year average for Lincoln, Nebraska,
Two of the years, 1974 and 1975 were
extremely dry with precipitation 300 mm
below the average, two of the years, 1972
and 1976 had about average precipitation
and one year, 1973 was very wet with
about 240mm above the average,

2. Average annual depth of runoff for the
watershed with conventional moldboard
plow tillage practices (2.44cm) was nearly
identical with those from the watershed
graded channel terraces, grassed waterway
and till-plant practices (2. 42cm)

3. Runoff from the Tile outlet watershed was
the lowest of the three row cropped wat-
ersheds, averaging for the period 1972-19
76, 1.57 cm/year which is about 35 percent
less than the runoff from the Grassed
waterway and Non-conservation watershed,

4. The runoff from the Bromegrass water-
shed were clearly affected by the grazing
intensity. When ungrazed, 1972, the runoff
from the Bromegrass watershed was just
0.07 cm, which was between 7 and 19
percent of the runoff from the row cropped

watersheds, When heavily grazed, 1973
and 1974, runoff averaged 4.61 c¢m, which
was comparable to that from the row
cropped watersheds (3.4 to 5,18 cm)

. The average annual soil loss from all wat-

ersheds was below the permissible level of
10 ton/ha/year, SCS allowable limit for the
Sharpsburg cilty clay loam soil, For the
Non-conservation watershed, soil loss aver-
aged 2.55 ton/ha/year and for the Tile
outlet, Grassed waterway, and Bromegtrass.
watershed, 0.152, 0.191 and 0.299 ton/ha
/year, respectively,

. Least significant test among watersheds

showed that mean sediment yield adjusted
for precipitation was highly significant on
the Non-conservation watershed, No signif-
icant differences were found among the
three other conservation watersheds,

7. Tile outlet and Grassed waterway wate-
rshed with conservation treatments were
effective in reduciug peak rates of runoff
and soil loss as compared with the noncons-
ervation treatment,
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