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that reaches the ground is returned to the oceans as runoff.
remainder is returned to the atmosphere by evaporation, either
directly from the earth's surface or through plant transpiration.
The soil acts as a reservoir; water is always in transitory storage
in the soil. Considerable time may elapse before this stored water
flows underground to the streams or is returned to the atmosphere
hy evaporation. Eventually, however, all water temporarily stored
in the soil must enter the transitory part of the hydrologic cycle

Water Conservatior. Through
Improved Practices

607 CL> " ANsoN R. BERTRAND
Soil and Water ‘Conservation

Research Division, USDA

I. INTRODUCTION

The D!anet Earth is unique among the planets in our solar
;:;;;tc_atm. It is neither too close to the sun nor too far from the sun
= it rotatgs SO as to produce day and night in close succession.

11€ 1S possible on the surface of the earth because it is protected

f'rom the extreme cold of outer space and from the ionizing radia-
1.1o-ns of the sun by a blanket of atmosphere. Life is sustained by a
unique combination of chemical and physical checks and balances
that permit cycling of life's essential ingredients. Water, one of
these essentials, can be considered the life blooa of the earth, Its
mobility, energy transformations and chemical and physical be-
havior impinge on every facet of organic life. Our lives are in-
fluenced by the unending flux of water known as the hydrologic
cycle. This complex series of phase changes and interconnected
flows are shown in the schematic diagram in Fig, 1.

{ & Agricultural enterprises have initial access to much of the
world's fresh water supplies. This situation places a tremendous
burden on agriculture to be a wise custodian of the water inits por-
tion of the hydrologic cycle. A logical qhiestion follows: Can water
he used more efficiently by agriculture? This discussion is limited
to that portion of the hydrologic cycle involving the soil, the plant
and the thin layer of the atmospherc in which plants and animals’
live. 4

In the hydrologic cycle, a portion of the total precipitation
The

207

3 !
3 ; /
Scanned with CamScanner



™
e

SOLAR ENERGY

')
p gy
-y f R
02207 LETs
s RAING :
-““N‘_“‘«‘, ;' i' i “ ’ " 4 ?,
%r“"“'*~-;«~5--~:_r"ﬁ‘”‘m[ﬂkno” s
TRANSPIRATION , 'y ) Yo /
{ \ EVAPonATlou
“ 1 ) 1 ;
. TRANSPIRATION (754
EVAPORATION ' X €S
P14 144 : -
'WHMMMMM‘
iy /
~ OCEAN / “"ﬂq‘,,ﬁz‘
— — [',‘.";.}v’."':{fry
JAM R 5]
e % 5"377“?“5‘.’5’("'@9{}

Fig. 1, a Bchematic of the hydrologic cycle, |

cussions by Russel]]

derground streams or |}

)y evaporating.

Dis-

(1957) show th

at there g

to influence the cyel

The hydrologi
Cipitation to the ear

€-and effect water o
C cycleis not

th's surface,

and dr

onservation in a
always punctual in

re many opportunities
griculture,
delive ring pre-

deterrents to adequate

foodproduct

ion and

growing pop ulation,

ought is one of the major

a full life for the world's

An evalua'tion of the
0 the conclusion that
esent, Tor example,

of the country leads t
efficiently than at pr
tion in theé Great P]

wiler budget of any areau
water can be used more
the average precipita-

ains is approximately 20 inches. Of this 20
inches about 60%, or 12 inches, is lost directly from the soil by
€vaporation; about 20%, or 4 inches, is

used by the crop;

about 14%,

or 2.8 inches,

is used by weeds; abou

Streamflow; and about 1%, or

t 5% or 1 inch,
0.2 inch,

appears as

percolates down into the

absorbed by the plants, 1

soil. Of the 20% ess than 5%, or aho

ut 0.2

used in plant metabolis
ough the plant into the air and ser
According to Hedricksoxg et al.
precipitation in the humid Souther
inches. Of this 50 inches, appr
off into streams and lakes,
d h deep per
%SStHggcililget a‘l.p' 1(1959), Peters (1960),

m

oximately

. The remainder passes

ves only to cool the plant,

(1963) the average annual
n Piedmont area is about 50

11 inches, or 22%, runs

The remaining 39 inches, or 78%, is
colation and evapotrans

piration. According
Koslowski! (1964), and

f .
' 51 f water are required to

- only about 6 to 8.5 inches o te e re ,
T?nél e;e (;9061(.)2,13 Suséh as corn unlde,r usual condltlons';gﬁtherefo?%, i
pl;'oi portion of the water remaining after 1*1}noff is lost withou
' {n Jd icing economic benefit on the land where it falls.:. A
Lo uAngeXamination of the water budget for 'othel;:- arfc;asteod o

. - ( rvation is to be effected,
. 1 how that if water conserva i e\
Couﬁtlfg’nglvlvlafrs to control evaporation, transpiration, and runo ~
mus )

7
!

)

< *

“Scannéd with CamScan

ner



4

contour cultivation in conserving moisture, reducing.runoff, and

f - S ——
B@C'Iu
SUSe wateyr ig . .
fronservation is gj 1S a4 dynamie ¢
& 1s i , o1
r‘_' (1 1~}’ d—l—f[l CL’. lt
law

. Ty nponent of the ecosystem, its
widely in time and.s a i th_roug'h the system at rates that
which is Simply Statelcjiv r_lcse.m response to the gener_al transport

Flux = " . . )

transmission coefficient x driving force

BHere \S:tféﬁnse;ihto desc.ribe the flow of water in a soil—plzmt--zltm‘os—1
in a given fim. e flux is expressed in quantity of water transpox tef_
tion. The dlll‘r}e' through a unit area perpendicular tothe flow‘diI‘.GC "
of tl;e wat 1ving f_Ol'Ce is expressed as the negative of the gladlel}
3 . er potential. The transmissioncoefficient is the propor-
tlona.hty between the flux and the driving force. Solar radiation
prOV1des the energy to create the dominant driving force for mov-
ing water in soil-plant-atmosphere systems. Under conditions
approaching ideal, about 75 to 85% of the net radiation absorbed

during daytime is used to evaporate water, 5 to 10% goes into
sensible heat storage in the soil, 5 to 10% goes into sensible heatl
exchange with the atmosphere by convective processes, and about
5% goes into photosynthesis. The transmission coefficient is not
a constant, but rather a function of the transmitting medium and
the material being transmitted--in this case, water.

Big changes in water-use efficiency are not likely because
this world requires a feedback system where the overall climate-
scoil-plant relationships change. Agricultural endeavors are not
large enough to affect the overall hydrologic cycle of o-region, but
land managers can alter the speedwith whichhyd:ologic phenomena
occur on specific small land areas and thereby, through manage-
ment, alter the fate of water delivered to the land.

II., SURFACE WATER MANAGEMENT

Ai.. Runoff control

It
!4 |
3

I /Present research has shown that the best possibilities of -

moisture conservationarein controlling thatportion of the precipi--

tation that normally runs off the land,| In the continental United
States runoff is estimated to be abolt 9 inches per year. All of
this water does not appear in streams and lakes; some disappears
in transit to the streams. o :

Control of surface water to prolong detention of water on the
surlace and increase the amount entering the soil has Been a goal
of agriculturists for centuries. Contour cuwltivation—-onc ol the
oldest conservation methods--ellectively conserves moisture. by

c Eq,:g_ti_ng_i;iﬂggé's_".énd trenches which temporarily retain water, thus

allowing-more time for infiltration. The degrec of elfectiveness of

increasing crop yields depends Bn) soil type, rainfall intensity,

by
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3 distribution and amount and land Slope,c‘ length,_and steepness,

(ISR RS

'sheds into the levele

‘Contour cultivation is especially valuable in semiarid areas where
gélé)l‘eCipit.ation is needed where it falls; however, ‘contouring can
excecé‘:llly tlnzportant ir} humid regions where it aids in convey{'n;:
periods \;’? ef off Cu}twutccl fields in an orderly manner during
o oXcess rainfall, and retains surface water on the land
1Ng Periods with less rainfall.
crops%Tﬁgfﬁiéggg%mig‘“-‘yll~ith alternate strips of close-growing
the direction 0? 2 Ied Crops are grown with rows at right angle. to
practice. Strip-—i ope is glso awell-established water conservation
tends to s1oﬁﬁa‘a\;%o{}%—qg‘lf—iﬁfﬁ_@i‘fQ.because_!;he.close:gntowng_01~ola
time foF infilfration, — — Lo out the silt, and permit greater
laid Oligifg‘;x?le'soirtehridges of soil, usually with shallow channels,
the slope dep e}:‘uds E;tlciontop.r of sloping land. The interval along
vailing Climaté Ignh e soil type,Zthe degree of slope,? and pre-
e T .re umid areas, terraces are usually graded to
e te};‘.ramoval of Surplus water from the land. In semi-
; ces are frequently level and sometimes have the

ends turned up

hill to develop catchment basins., ./Although terraces"

‘have conserve water—and resulted in yield increases, the water

§torage cgpagi’c_y of the narrow channel area_of level, closed~-end
terraces is limited. Runoff water is not distributed over a large

‘enough area to be of much consequence. Sometimes water perco-

lates below-the root zone and other times it remains impoundedlong:
enough to cause crop damage in the terrace channel.

To overcome the disadvantages of level terraces, A. W. Zingg
(1959) developed the conservation bench terrace. Phillips (1965)
and Buchta et al.! modified Zingg's ideas slightly to fit special
situations. This is one of the most promising water conservation
systems available today. This system (Tig. 2) employs level con-
tour benches and terrace ridges tocontrol erosion and spreadrun-
off water over a leveled bench where it may be stored in the soil
for crop use. The effectiveness of Llu’.s. water conservation measurc
is shown by the data in Table 1. In th1§ study at Bush%and, Texas,
the leveled benches had continuous grain sorghum while the other
tem and the watersheds for the leveled benches had a wheat-

hum-fallow rotation. The average yields on the conservation
ggﬁgh system were almost 1.5 times those obtained on the level

ed terrace systems.
o -1960) average annual runoff from water-

g-vear (1958 :
THe S Y d benchesiat Bushland, Texas, was 0.89 inch
hes from|sorghum, and 3.27 inchesfrom fal-

sys

from wheat, 2.84 inc
low.. The average annual

i

1 ta— Hc G‘ > D‘ | i | .
D s for erosion control and water; conservation.

rrace ‘

glaétsgiierléleavlt t‘Aemera SOC‘ AgT: Eng' meeting, Athens’ Ga‘ Jllne

r |
1965. Paper No: 65-231.

runoff of 2.3 inches was 9.4% of :annual

)

E. Blroberg, and I'. . Idgg‘ett.- 1965.
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ZINGG CONSERVATION BENCH TERRACE

Fig. 2. Cross section of conventional level terrace and Zingg conservation
bench terrace showing available soil moisture stored in the summer of

e 4

1957, Bushland, Texas.(from Hauser and Cax, 1962).

Table 1. Average grain production from 1957-1960 with each of three terrace
systems at Bushland, Texas*

: : Average production, cwt/100 acres
: ‘ 1. [ | "Wheat Grain sorghum Total

Zingg conservation benches 204 l 1284 1488-
Level terraces 309 ! 709 ! 1018

L o8
Tl Graded terraces KD 5 AR 664 975
| * Data by Houser, V. L., and M, B, Cox (1‘962)

pf‘ecipitation. ' Since this system interrupted the runoff and spreac
it to nnother part of the watershed for;crop use, runoff was ef-
fectively prevented and water was conserved. :

In a field study at Hays, Kansas, Houser and Cox (1962) found
(hat level-benched land yielded L7 % more grain sorghum than
adjacent sloping land. *The benched landreceived 1.7 inches of run-
off water. This was a saving of 5% of average annualprecipitation.

Mickelson2 lound that at Akron, Colorado, the average annual
yields on benches with sorghum watersheds averaged 2.7 times
greater than the contributing slopes. Benches with fallow contribut-
ing watersheds yielded 1.7 times those of the cropped watersheds.
Runoff during the growing season averaged 14. 7% for fallow 'and
about 19.8% for sorghum watersheds. During the same period,

2Mickelso;a, R. H. 1962 Annual report of the US Dep. Agr.
Central Great Plains Field Station, Akron, Colo.
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212 BERTRAND
Crop yields and molsture use by several crops grown on the ley, el

Table 2
pan system at Akron, Colorado, 1962
Yields, m <

” ’ Watershed Runoff water ;
e acreage received, in, Ib/A eit:!cxenc:‘,' c
/pan acreage 5-16 to 8-13 %\ ;
r 356/6. 27" 2,12 Grain 2,454 163
Grain sorghum ) ' Forage 6. 274 bl
Check 0 - Grain 0 6
Foragoe 2,600 259
Forage sorghum -62/2. 5 1.47 12,756 ¢25
Checlk 0 5,162 486
* Data by Mickelson, R.II., M.B. Cox, and Jack Muulck (1965)
% of theprecipitation. Hanks?®

runoff from buffalograss was only 2
reported that level benches with contributing areas were used at

Mandan, North Dakota, in 1960-62, Wheatyields averaged 8 bushels
The con-

higher on leveled benches than on contributing slopes
tributing slopes, also planted to wheat, yielded 0.7 inch of water
to leveled areas below,

Water spreading, another method for conserving water nor-
mally lost in runoff, has evolved from research _conducted during
the past 30 years. Water spreading involves the collection and
diversion of runoff water from higher land for spreading and stor-
age on leveled cropland in another field or area.

Water spreading has been studied extensively by the Agri-
cultural Research Service at Spur, Texas, Akron, Colorado, and
Mandan, North Dakota. Results by Mlckelson et al. (1965) from
Akron, Colorado show striking increases in moisture conservation,
Table 2 shows results obtained in 1962. Similar results were alsc
reported for 1963 and 1964. The yields of sorghum on th_e level
areas receiving extra water were more than twice those on the
adjacent check plots. Pounds of grain or forage produced per inch
of water were alsonearly doubled by the extra water. Supplemental
water is especially effective in an area such as the Central Great
Plains where about 10 inches of water are necessary before any
significant yields can be harvested. In general, water-use
efficiency increases as water availability increases above the

essential base amount.

B. Water harvesting

Another area of moisture conservation research involves

the concept of '"water harvesting.' This is based on the assump-
tion that a given area.of land is more valuable for the water that

can be harvestmmny other use.
~ The potential value of water harvesting is demonstrated by
the fact that 1 inch of rainproduces 5.6 gallons of water persquare

Hanks, R. J. 1963. Research inmoisture conservation. Un- /|-
pubhshed report given at SCS-ARS Workshop. i i
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losing 2lc nter somo place. Less than 109 of the precipi-
More ¢ e C,Olov:l.(lu River basin Appears as runoff in the river.
re than 909 jg re

~ota \ tained essentially where it falls. Part of the
e Olf‘gnlidulfﬁc‘{i,c}En:t“Lion {s used by useful vegetation and part perco-
[rom the “\oillz:l “?“‘r‘f] aquifers, l)‘l'll,.l‘l‘losl ol it evaporates dl_roc:tly
196 3b) invc;s{' 01‘ rom lmnbcnchfnnl vegetlation, Myers (196.%11,
the sof] o ;1gnt_ed the use of various materials for waterproofing

=212.88 well as other aspects of the problem.

Showegutﬁf:% t11~esea1:ch with standard anionic asphalt emulsions
cationic eI;nl 1ey did not bond to the soiI: Later research with
invol 1 s1ons.has been more successful. Other studies have
o v’ed such treatments as land smoothing and removal of rocks,
Sp:'raylng the soil surface with water-resistant: repellent and cov-
ering the Soil with sheets of aluminum foil, butyl rubber, and
po.ly e.thylé'ne plastic,  The most promising treatrrents combine
anionic ‘asphalt emulsions with ground covers of aluminum foil,
butyl rubber, or plastic film. One hundred percent recovery of
rainfall is common 2 years after application of the asphalt emul-
Sion with aluminun, butyl, or plastic [ilm _treatments; however,
these sheet materials are easily damaged by livestock and wild
‘animals, In 1964, over 50% runoff was secured from a bare plot

! fsprn.yed with a single application of a commercial water repellent,.t
Another method of water harvesting with resulting water con-
!servation and increased crop production was studied by Kemper
(1964). Two rows of corn or sorghum are planted in a strip 2 feet
: The [10-foot: intervals are ridged

i
|

|
. ‘ {
a

‘wide and spaced 10 feet apart. | i inte e
' 'like miniature watersheds and are compacted or covered with con-
crélg orplastic 1o increase 1*1unOff_»9_“f_'_‘yy_a._t_ﬁer?Eo’llme crop. For small
grains JlaWe"yvgggl of a grain drill'alternate with com-
pacted ridges of equalwidth and 670 ¥ inches high, ~This'cropping
system is potentially more eificient thanfallowing to conserve
moisture. If ridges are placed on the contour, runoff is virtually
eliminated.

ntour ridging to prevent_runoff and by covering the
ridge ngetS{z%?ﬁnéfé* -:ﬂucl% rgws with a blackplastic film, W'illis (19§2)
and Willis et al. (1963) harvesled moisture and used 17; to raise
the average corn yield from.25 to 50 bushels per acre at Mandan,
North Dakota, Theeffectiveness of this system results. ;El o ff)_
fiore effieient use of light rains, (i) better utilization of the i

¢reased soil moistire in cornrows, and (ili) increased soil tempex-
ature, which stimulated germination and seedling growth.

P

o. " " _e -
4 personal communication from L. E. Myers, USDA Water
Conservation Laboratory, Tempe, Arizona.
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WATER CONSERVATION THROUGH IMPROVED PRACTICES

Surface water management

A. Runoff Control

B. Water Harvesting

C. Land Forming

D. Increasing Infiltration

E. Tillage

F. Soil sealants and water repellents
G. Lining for water conveyance

H. Application of irrigation water

C. Land Forming
Land forming rearranges the earth’s surface permitting improved water management. It has been
proved through experiments that through adjustment of microrelief positive surface drainage
may be achieved. By grading to selected slopes, uniform irrigation may be applied with a
minimum of ponding. It is not uncommon for runoff to occur when only the top few centimeters
of soil have been wetted. Runoff water will often collect in shallow surface depression and may
cause crop damage and rest of it will be frequently evaporating without any useful purpose. Land

forming will effectively prevent this condition by spreading water uniformly over fields and

increasing the time for infiltration.
If surface irrigation is to be used or rainfall patterns are such that drainage is necessary, then

fields are graded to permit optimum water management. Although the basic designs and

techniques for land forming are widely recognized, there are still many critical problems that

challenge the soil scientists and engineers.
On more steeply sloping land in humid regions, runoff control has traditionally been affected by

contour tillage and ridge terraces. These practices have been designed to convey surface water
from fields with minimum erosion. These were not designed to retain water on the land to affect
profile recharge.

It can be said that runoff can be effectively controlled and more water recharged into soil profile

by land forming. Another advantage of this system is that the graded rows facilitate efficient

surface irrigation.

Disadvantages are:
1. High cost of earthmoving to precisely graded large fields
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D. Increasing Infiltration

Besearc.h al.med at decreasing runoff by maintaining a surface soil structure which enhances
infiltration is underway at many locations in the world. Infiltration is influenced by host soil
-factors. In general, results show that the most effective method to increase or maintain high
infiltration rates is to provide protection for the soil surface. Mulch also influences infiltration.

1. Infiltration increases and runoff decreases as the amount of mulch increases.

ii. Infiltration is enhanced and runoff reduced by maintenance of high levels of organic

matter in the soil. ;

iii. It has been proved that organic matter content is more important than soil texture in this

regard.

E. Tillage

Tillage practices designed to maintain optimum surface conditions for high infiltration and
minimum runoff have been developed for specifics soil and cropping conditions. Systems of

tillage to create and maintain the desired surface structures are known by various terms such as:
i.  Minimum tillage
ii.  Reduced tillage
iii.  Plough plant tillage
iv.  Wheel track planting
v.  Lister planting
vi.  Strip tillage

Reduced tillage is an effective water conservation measure not only beca
gh surface can store more quantities of water in the

use of less compaction

by farm machinery but also because the rou

micro depression and prolong opportunity for infiltration of water into the soil. This potential
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F. Soil
Sealants apg water repellents

Contro] of €Vaporation ang Seepage losses from s acilitics |
vater comservatonss. — SSES Irom storage and conveyance facilitics is a goal of all
such as sodium hexametq hos lth“ to Us_d“p“m"c"l of Agriculture reports deflocculating agents
Successfully d 4phosphate, sodium carbonate or tetrasodium superphosphate have been

Y used to reduce Seepage in many water reservoirs. Commercially available
compounds containing resinous polymers that react with soil to form lattice which restrict water
movement in the soil are under study and preliminary results are encouraging. Other current
studies involve the use of water repellents including silicones, various combinations of salts and
Sugars and other similar materials which react with soil particles and present a hydrophobic

exterior.

G. Lining for water conveyance

Most of the research on canal lining materials has been conducted in USA. Most of the materials
used cannot be classified as new but the specific way in which these materials were used is new
one. Results indicated that complete water tightness is seldom achieved. Among all the lining
materials, butyl sheeting, plastic films and prefabricated asphaltic liners are most water tight
materials. Site conditions and other factors, including canal and reservoir management practices
and cost, determine the type of lining that should be used. Butyl and plastic materials appear to
have great potential as liners, but extensive research on materials handling and canal
maintenance is prerequisite to extensive use of canal linings.

Tubing or pipes are frequently used to convey water without suffering the losses inherent in open

canals. Application and use of various types of flexible tubing ranging in diameter from 2 to 36

inches proves effective. Results indicate extensive future use of low-pressure flexible tubing to

convey water in irrigation.
H. Application of irrigation water

The three general methods of applying water to croplands are:

a. Surface irrigation
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b.  Sprinkler or
Sprinkler o overhead irrigation
¢. Subsurface irrigation
I'he aim of every method is to:
L. Apply water uniformly

I Without any harm to the crops

1. At least cost
v, With minimum water available
Water application efficiencies of these methods range from 30-90 %, with an average vaue of

less than 50 %. Improvements in this regard can be made by:
a) Better management practices
b) Proper land preparation
c) Proper length of rum

d) Proper scheduling of irrigation according to time and quantity of distribution

e) Use of systems designed to fit individual field needs so as to supply water in the time

required as indicated by infiltration rate.
be conserved by applying the right amount of wate
ount to apply at a given time is governed by the 1

r at the right place in the

iogation water can |
e nfiltration

proper amount of time. The am

tics of the soil and by the needs and rooting characteristics of the crop.

characteris
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