intake {iph}

i a result of severe breakdown of soil structure dus in part to an assorting action

Figure 4. Effect of Protective Cover on
Infiltration
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of splash sctien and of the water flowing over the surface. This action §ts the fine
particles around and between the karger ones to form a relatively impervious seal giving

the surface of the soi a slick appearance.

This surface-senling effect can largely be ehiminated when the 50§l surface is
protected by mulch or by some other pormesble physicat protection. The effectivensss of
such protection is Hustrated by figure 4, which shows the constant infilbmtion rate of soil

covered by straw, After 40 minutes of infiliration at 2 constant rafe, the straw was

rerpeved and the infiliration rite dropped to about one-sixth of its origina) value (12}



fitteation in surface fnches over the area

Borat and Woodbuen (13), showed thet a 4,000 lbsfacre straw mulch, applied to a
loose, porous surface, increased infiltration 75 percent s compared with infiltration from
an unprotected, loose, porous soil surface. The some amount of straw applied 10 a crusted
soi surface increased infiltmtion only 13 percent as compared with infiltration on an

unprotected, crusted soif surface.

The importance of vegetative surface cover for increased infiltration cannot be
over emphasized. Figure 5 Hiustrates the effectiveness of several different surface cover

conditions in South Carcline (14).

Figure 5. Typical Mass Infiltration Curves

1.8

1.6 v Retrnanant pastore
moderately grazed

1.4 ] £ 190

1.2 s FRrIARNENE PRSILIE
heavily grazed

1 we Sirip-oropped of mbed

cover

0.8 wme—teads or grain

0.6 m——Glean Hlled

0.4 s Bare ground crusted

0.2




Cultivation has the effect of temporarily looyening surface soil and increasing
nfilteation. However, if the surface is not protected by vegetation or muiches, rain and
wind will soon copsolidate the surface and reduce the infiltration rate. Special methods
of ¢ulfivation may be used under cortain conditions to increase infilstion and prevent
sirface sealing. So called “subsurface plowing” stirs the soil beneath the surface. Tlus
usuatly results in a higher infilration rafe. One nust remember, however, that intensive
tillage, which breaks up the aggregated sofl particles and exhavsls organic malter, is one
of the most cominon hesetting hazards 1o favorsble soil structure, Cultivation on the

contour and terraces can delay runoff and give more tne for the infiltration process,

Simulated rainfall studics in Indiana and Minois determined the relative
effectiveness of several tillage methods or systems. In lable 4, chisel and no-tillage
sysiermns ere shown to reduce munoff and increase infiltration 51 and 33 percent,
respectively, compared with conventional tillage after a high mlsnsily storm. Row
ditection was perpendicular fo a @ percent slope. Usnder these extreme conditions, chisel
plowing was most sffective in increasing infiitration {15). Hm;.revtr, thit increcase was

oot sEstained,
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TABLE 4

Infilzation on a ¥ Percent Bedford Silt Loam From One-Mour Antificial Rainstorms, 1977

()
Tillage System nfiltration Infiliratioh
1% Hour 2" Hour
" Sprmg plow, Gisk, prat 62 0,31
Spring chsel, plant 205 §.99
Mo-Till 146 .96

{a} Storms of 2.5 Inches per ROUT WeIt appliod Within 4 weeks afier pIming. 1941 i
averages of fwo replications

The moisture content of the soil at the beginning of the rain also affects the
infilizalion rate. Coliodial material in the 5ol tends to swell when wetted, thereby
reducipg both the size of pore space and rate of water movement. Soil with a high
content of colloidal material tends to crack when dry, resulting in 2 high infileation mte
unti! the cracks are filled. The effects of soil moisture on infiltration is greatest on those
s0ils wilh & Jarge percentage of colloidal material. Soil moistare is usually higher in the
spring than in the summer,

The effect of slope on rate of infilirstion has generally been shown to be small,
and to be more important on sfopes dess than 2 percent than on steeper pradients (16).
Seome investigators fee that the effects of slopes steeper than 2 percent on infiltzation are

not significant.
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C. PERCOLATION AND DRAINAGE

The nitimate goal in water management is majntenance of optimom available
moisture for plant use, What happens when rainfalt and imigation water is ehsorbed by
the surface soil is of upmost imporiance when examining available soil water and the
cxtent to which waler deflections and losses may occur, Landusers and conservationists
ave soncerned with twb general Lypes of water Josses; namely,

{1} pereolation 1o ground water and drainage, and {2) evaporalion and {ranspiration.

Water entering the soil wels successively deeper layers to field capacity, which is
the moisture content gach layer must reach before wator naturally drains through the soil
profile. When fickd ¢apacity is reached fhiroughou! the $oil mass, addittonal water
enteting the 50il drains into the underground, later emerging In springs, and seeping into
stzeams, or adding to the pround water (abie.

Water held within the soi after drainage has ceased can be franspired by plants or
lost by evaporation. Plants cannot wilize att water slored in the soil; they can dry the soil
only to the willing point, 3 rnoismre content at which the force holding water to the soil
particles equals the maxinum water-absorbing force of plant roots. Just as clay soils can
hold more water at ficld capacity than sands, so also is the wilting point of 2 olay higher
than that of a sand. Both the upper and lower limits of the available moisture range,
between wilting point and feld capacily, are defermined primarily by poresity and soil
texdure. Conservation and ména\gement practices have Jimited infleence on this range
{17).

Clays and otiter fine-textured soils tend to rave higher porosily than coarse soils,

hence, when al of the small pores are filled with water, a fine soil wilj copiain more
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water than a coarse soil. Clay soils, which conlain many fine particles, tend mainky to
have small pores. During and following the entry of rain and irvigation water, sandy soils
with a preponderance of large pores usually conduct water more rapidly than fine-
texhited soils. For that reason, and because they contain less water 10 begin with, sandy
soils retain less water for plant use, Some sands four feet deep can retain only two inches
of water, while some olays of the same depth can hold twelve inches (18),

Storage capacity of soils and consequently available water for plant utilization can
be increased by additions of organic matter in the soil profile. This will influence
purosity. Increasing soil depth can alto extend the cffective rooting depth to utitize

avaitable soil water at lower depths.

D, EYAPORATION AND TRANSPIRATION

While the relationship between evaporation and transpiration is very complex and
frequently open to question, the removal of water at the surface by evaporation and fom
the sol ihrough the tissues of living plants or fmnspiration is very large and of griar
concers. Bvaporation normally predominates eatly in the growing season while
transpiration predominates when plant cover hecomes more complete,

In spite of the fact that evaporation is subject to seversf variable influences, and
that only the upper or surface layer of sofl is seriously subject to large losses, the amount
ol moisture removed i3 surprisingly Jarge. According to Wendt (19), from 40 1o 75
percent of the annval rainfal] in humid regions is lost by evaporation, The deduction is

clear—evaporation from the surface of the soil is a vilally important factor in crop
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predutiion and any substantial reduction in these remendons losses would greatly
enhance crop yields.

several faclors account for this large loss of water by evaporation. Principal
factors arer {1} The relative unidity of the attosphere , (2) The temperature
difference ot the surface and the atmosphere, (3] Wind action, and (4) The amount of
water &l the soi} surface and its rate of replacement by capillarity. Let's take a brief lock
al each of thege,

Temperature differences, cspecially as influenced by sunlight, play 2 particnialy
important part in establishing vapor pressure gradient at the surface of soils. In direct
sunlight, the soif and its water often have femperatures severd deprecs above thar of the
atmospheric air. This inercases he vapor pressure and so markedly steepens the gradient
that evaporation is greatly encouraged.

Any changes in the vapor-pressure gradien! and hencd in the rate of evaporation
il be: determined by fluctualions in the relative mamidity of the semosphere immedistely
above, The lower the relative bhumidity, the more pronounced will be the evaporation
tendency, Somelimes the relative humidity of the stmosphere approaches 100 percent.
Under this condiiion, evaporation might not only ceage, but condensation conld be
induced. Since relative homidity fuctvates rather widely from time 10 time, it cannot but
exert & variable yet important influcnce upon the doss of water from zoi} by evaporation,

Ajr movement or wind disperses the meist laver found ditestly over the
cvaponsting water surface and increases evaporation as compared 12 stagnant conditions,
The drying effect of 2 gentle wind is nolicealle gven though the air in mohion may be at a

high relative humidity.
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Generalizing on the amount of evaporstion from soil surfaces is difficult due 1o
soil texture and the expected capillary sction.  However, # is jmown that most
evaporalion of water from soils fakes place almost entizely at the inumnedizte soi} surface,
Therefore, unless the soil is kept molst 2t its surface, & vapor pressure gradient edequate
for mpid cvaporation canmo! b maintained any fength of time. Were It not for
capilianily, or the upward pumping aclion of water movement, the Ioss of water by
vaporization wonld be of little oractical significance.

Lennon, as quoted by Unger and Phillips (20), divided evaporation into three
stages. In the first slage, the loss is relatively fast and deponds on the evaporative
demands of the above-ground environment. The first phase continues 25 long as the
water fiow rate to the surface equals the loss rale by evaporation. For any given soil, this
stage may last from a few hours to several days, depending on the evaporalive potential at
the surface.

The second stage is characterized by a rapid dechine of water loss and is
controlled more by caplilarily than by the cvaporative potential al the sofl surface.
During this stage, mos! of the water oss is in vapor form and results in appreciable
surface drying. In the (ird stage, the rate of water loss is refatively low. Bvaporation in
fhis stage must diffuse as vapor trough & dry soif layer which increases in thickness as
evaporation conlinues. Evaporation potential at the surface has Hittle influence during this

stafre,



In the third stage, fhe rate of water Jogs is relatively low. Evaporation in this stage
rust diffuse as vapor Srough 2 dry sofl Jayer which increases in (hicloess a5 evaporation
coptinues, Bvaporation potontial at the surface bas Bttle influence during this stage.

The potential for decreasing evaporation fies in a decreasing of mrbulent transfor
of weater vapor to the atmosphere by allowing vlant stubble o stand, adding or
meintaining mulch, and increasing seil surface roughness. Conservation tillage reduces
evaporation primarily by reducing the tuvbulent tnsfer of water vipor (o the atmosphere
and by shiclding Ihe surface against the effects of solar radiation. By reducing
evaporation rates snd lenglbening the frst stage drying, planis can utilize some of the
waler in the surfece layers, Alse, the titernal drainage of water can be enhanced, thus
permmiting stomg.;e al greater depths where the water is less susceptible to evaporation,

Although surface mulches reduce initial ovaporation as compaved with
evaporation from bare soil, cumulative evaporation over extended periots may be sipnler
{21}, but will have hitle influence on cummiative evaporation. This is schematically
shown in Fignre 6. This figure also shows how no-till is slower to allow drying out of the
soil, but cventelly also dries oul  Tn application, substantial increases in potentially
available soil water can be obtained when a muziched soil surface receives small additions
of water from rainfalf or {rrigation at frequent intervals,  The same additions of water to 4
bare soil may cause no Increase in soil water. By the same evaluation, if additions of
- waler are net made at frequent intervals, then muleh on the soil surface would have little
effest in increasing soil water. Here the advemtage would be greatest if the plants wore
able to utilize some of the soil surface water before evaporation. Figure 7 shows step-

wise incroases in soil water for rvuiched and bare-soil conditions.
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Sail waler contont

Cumulative evaporation

Figure 6, Schematic diagram showing cunrsative evaporation from a
bare and mulehed soif as influenced by time

Figure 7. Schematic diagram showing scil wafer contents of 2 bare and
nisiched solf as influenced by time

Time
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Transpiratton also accounts for a substantial pontion of Ihe tfotal moisture avaitable |
during the growing season. Transpiration amounts vary depending largely upon the
rmotsture available, the kind of plawt, densily of plant growth, the amonnt of sunshine, and
the soil fertility. Less than i percent of the water sbsorbed by plants is actually retained
By piants {32

As a rule, the less the rainfall, the lower is the hwnadity, and the greater is the
relative transpiration, The more intense the sunshine, the higher the temperature, the
iower is the homudity, and the greater is Jikely to be the wind velocity, All of this would
tend to raise the trapspiration rate. n general, an increase in e moisture content of 2
soil ghove optimam levels resulis in increased ranspiration, provided the water supply is
held at optimuwm levels, However, whes raising the productivity of the soil, the potential
Jor greater amounts of plant praduction for each unit of water uiilized is enhanced and the
iofal quantity of water taken from the soil will probably be larger.

In spite of the magnitude of water toss through crop transpiration, i must be more
of Jess satisfied if adequate harvests are to b sttained. Therefore, when moisture Is
eritical, competing losses should be curtailed as much as possible. For example, the
conmol of weeds is considersd 2 measurc which reduces waler loszes through
transpivation.

A monthly summary of water depletion during 1944-45 at the Coshocton, Ohio
Soil Conservation Service experiment slation appears in Table § {23). Although loam
soil, 2 study of the distribution snd losses can further define the expocted available water

for plant use and the necd for water contrad and manzgement to ingure most cfficient use

A



of rainfall for crop production. As can be seen in this data, the factors discussed earlier

sorely influence runoff and infiltration,

TABLE S

A Monthly Summiry of Poocipittion mnd Disposs! of Water,

{Inckes) by Evape-Tratspivition ind Percolzlion

Frecipitation  Evepo-Transpiration  Peroolation Dramape  Totals

1344 1945 1544 1043 14 1945 94 1943
Jarnary 23y 306 152 150 g, 0.26 .52 1.%4
Febyuary A6 441 128 150 L} i 137 374
March TETO883 2 2RO 345 LT 34 wum
Aol 462  4EBE  23% 348 3z 1B 551 535
Dfay 240 598 | 451 458 S0 | 1.83 303 bHEB
June gz 491 452 397 A0 o 4.67 540
Taly A8% 0 385 4258 433 2 A3 433 494
August 491 142 438 496 H 4 4.54 438
Seplember 25 1193 Lis 340 H M 320 738
Qetober 266 365 2326 3320 F 28 227 384
Movembor 228 484 188 232 4 it 169 305
December 499 38 140 0D B AR 108 2353
TOTALS: 4364 6157 LL 3691 T35 M35 40464 5450
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M. ERFECTIVE WATER MANAGEMENT

Water nimagement begins on the land. Conservation and managenent measures
such as the reinforcement of vegetation, strip cropping, terraces, contour rows, and tilage
ean aud will influence waterfplant relationships. Conservationist desigiing water
tanagement systems on cropland should imcorporate as many practices as is feasible to

reduce ranoff, increase infiltration, reduce evaperation, and increase soil water storage,

Crapiand water management involves the entire soil mass. This is the volume of
garth material whdch is ocoupied by the roots. Ttis in this zone that changes 1 water
behavior can be best indueed. A brief review of conservation prmctices which
collectively and in various combinations form resource menagement systams, should
enable one to evalvate (e priveary offects on the availability and use of precipitation and
imigation water. Table 6 sumnnarizes water management benefits expected from use of

several current conservation practices.

(Refer 10 page 24 for Table 6)
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TABLE &

Effects of Conservation Practices on Water Management

[ Copservation

Tncrease So1

Reduce Increase Heducr
Praclices Runoff Infilirmion Evaporation Storage
Contour + + ;
Cuitivation
Tetraces ¥ T .
Strap Cropping + T T r
Tillage - T ¥ - :
Crop Residue + + i ¥
Mzt
Crop Rotations + ¥ " T
Sed-Cover + + + s
Crops
No-Tili t+ + + +
T Contervation F 7 T T
Tiilage
Eand Leveling + . - -
Long Lo s ey iy T
No-Till
Carver Graps T ¥ T =
+ Beneht

= Little to no benefit
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A detailed discussion of there practices follows, It must be rememberad that
ireguiar landscapes Hroughout Morth Carolina do not fend themselves to maximum

effectiveness of contour cultivation, terreces, and striporopping.

A CONTOUR CULTIVATION

Contonring effeclively conserves water when nsed with other good management
practices. Ridges and frenches resulling from planting and cuitivation of crops form a
series of smal) basing that will reduce nmoff velovities below those coming from up and
down hill cullivation on the same slope. The temporary retention of the water allows the
soil to absorb additional water thal otherwise wonld be lost as mnoff. Contouring
provides the greatest benefits in storms of moderate to low intensity. It offers little
benefit in the occesionally severe storm that caunses exfensive row of ridge breakovers.
Beeause of breakovers and the redustion in effeciiveness, contouring appears to be maost
effective on slopos of tess than 12 percent (24,

The overal] effectiveness of comtour celtivation in the conservation of water is
influenced by such factors as sotl type, rainfall infensity, rainfall distribution and amount,
jand stope, and length of slope. Resesrch at several locations supports a reduction in
mnoffof 15 to 60 percent, For example, 8t Urbana, Hiinois, on a Flanagan silt loam with
2 percent slope and 180 foot slope length, com cultivated on the contour resulted in 2 44
rercent reduction in runoff when compared to up and down hill cultivation. Soybeans

cultivated on the conlour bad G.67 inches average annual runoff compared to up and .
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dovm bill planted soybeans having 1,95 average annual runoff (25). This study was the

result of averaging 13 years of data.

Comparisons of a 2 year rotation with wnd without contour cultivation made on

Ida silt loam at Castana, Towa, on 14 percent slope and plots Y24 feet long, gave some

use{ul information on the valie of contour fillage. A study of Table 7 shows that

comtowring reduced ranofl losses in the com crop 31 percent and that the additional 1.1

inch of water resulted in 7.8 bushel yield increase (26).

TABLE?

Average Annual Runoff and Yields Comparing Row Directions

CROP PRACTICE . RUNOQFE (Inches) | YIELDRER ACRE
Corn Up-Lown Hili 342 65,7 bushels
Cats-Sweet clover | UpDown Hill 1.92
AVERAGE 267

GROZ FRACTICE RUNOFF {Inches) | YIELD/PER ACRE
Comn Contoured 2.36 73.0 bushels
Ouats-Sweel Clover | Conlowured 1.99
AVERAGE 213
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