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{lect of Straw Muleh Rates on Soil Water Storage During Summer Fallow in the G;'eat Plains'

B. W. Gres, D. E. Smixa, anp A. L. Brack?

ABSTRACT

Net gains in soil water storage during fallow due (o increased
quantities of wheal (Triticum.aestivum L.) straw mulch varied
from 1.0 to 4.3 em at Sidney, Mont,, from 2.1 t0 4.1 em 8t Akron,
Colo., and from 1.3 0 3.3 cm at North Platte, Nebr. These gains
were made primarily during the spring months of the 14-month
fullow senson.  More than 709, of the net gains in soil water
under heavier amounts of ipulch was found below the surface
61 cm of the soil profile at all experimental locations, thereby
minimizing polentisl evaporation losses.  Storage of water teaded
to increase with the deluyed date of straw burisd in Nebraska.
Addirional soil water was conserved at Akron, Colo. during the
Girs( fall by subtillage of wheat stubble at harvest when compared
with spring subtilluge ; however, by the end of the fallow there was
no sigoificant difference between treatments. Fallow efficiencies
averaged 22, 30, and 32, for all treatments at the Montana,
Colorado, and Nebraska locations respectively.

Additionsl Key Words for lndexmg evaporatlion, subsurface
tillage.

Hi anvisasilrey of uhilizing simer fallow for erop pro-
T duction i rhe Great Plains has been questioned for two
reasons: (1) low Bdlow etlicencies of 15 w 229%, and (i) the
coutinuots threat of wind erosion (8, 10, 15). However, these
historical hunitabions pertaining, o sunmer {allow may no
longer apply. Fiesl, reeent dutn from Sidney, Mont. 2) show
Gallos 1o be more ethaent instoving soil water than previous

studies have shown. Fallow cfliciencies averaged 269, for
a 2l-month summer fullow for spring wheat over a 6-year
peniod. Reducing the fullow peviod o 14 months, as in the
cuse of winter wheat, would show somewhat higher fullow
cfficiency lor the sume expariments (2). Secondly, maintain-
ing straw on the soif surlage by subsurface tillage offers a
practical solution o the wind erosion hazard (11, 17), And
lustly, there is some evidence thal preservation of surface
mulches way resalt in inerensed soil water swm;,(, OVer con-
ventionul elenn fnllow (G, 9, 12).

Previoas research has suggested that signiﬁc;ult inerenses
v stored soil water are obained primarily at straw ulch
application rates exceeding 12,000 kg/ha (11, 12). Other studies
have shown that mulches conserve water during frequent
rainy periods but decrense by waler conservation value during
prolpnged dry periods @, 12). Gurdoer 3) indiealed that
surfiiee mulches may have litte long-range benefit over o
bare soil unless low evaporption rates permit a time lag for
decper percolution of water. Mulches tend to decrease evapora-
tion from the immediate surface as long as the soil swiface
reains wet (1, 14). Hanks and Woodruff (5) showed that
after the soil surface dres under muleh, the vapor tansfer
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Tuble 1 -Ficeld plot procedures used for soil waler storage in summer fallow as affected by application rales of wheal siraw
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Greut Plains locations

Sidney Moat.

Arv  jCulo,

North Platte obr.

Vength of expesunent
RTINS

SNope of plot ures ‘v
Fiavp. vurniubles

Yours 2
Sprole saudy loam
Jwd

rates of siraw
Hautn ol stinw

kg/ha 0, 1,680, 3,300, 6,720
Rephications no. d4
Plot water control yus
lot mse meers 7.6 X25.4
Fallow tilluye no./yr 4
Ly pes:
pPranary ., sweep® em ‘blade 40 wo J22
srcomdury . vaabie SWesp

Suil water sunupling
per pdot

§ < oyenn
depth

o,
nu.
c

- N

52

wravimelric, oven-dry basis

luldredge silt loam
2w

rulos of straw X dates straw
burial

4,300, 6,720, 10,080

3

3
Weld silt louwm
0.5

rotes of slraw X dates sub-
tillage

L4
1,680, 3,360, 6,720
3

yea yed
0.0 X254 4.0 X 26.4

408 [ XY
152 82 to 122
willer rodt - willer rod?

%ruvimelriu, oven-iry baais noutron scatier
9

b b
183 193

Sweeps Vonhaged Bldes ased s lenst twiee if no burial of steaw. 8lecus one-way disk for straw burial ut North PViatle.

Aot Yen with tongs whach Jifus steaw and clods vver the bar.

to the atmosphere nay be ihibited maore by dry soil than
by cover of vegetative mleh,

One ditheulty, however, in interpretivg mueh of the licera-
e regarding innlehes s the luek of quantilative measure
wients of the amount of straw used o fullow field experiments,
Cousequently, it was fele that greater elarification of the
cficet ol defined rates of straw muleh on soil water storage
Lulow was needed.,

With these fuctors momind, soil water storage dats (vom
Huee expermients which arve being condueted within the Great
Plaiies wrea utilizing various known quantities of imitial rates
uf straw are hierchy presented. These experiments do not
have wdenneal vredment imeractions with the rates ol straw
used. Nevertheless, the methods of seenring soil water storage
data are stk enongh Tor reporting as a unit. The location
of these experinents include Sidney, Mont,, Akron, Colo.,
and Novth Platwe, Nebr, where the 1957-1965 average ficld
production of wheat straw available for mulehing was about
2000, 3,300, and 6,000 kpsha, respeetively

EXPERIMENTAL PROCEDUREX

Procedires used dor the three fallow experiments are given in
Table 1o Fach experiment il similar objectives und design, and
mcluded analternate erop and fallow block of plots utiliziug
winter wheat (Trticum aestivum 1) ns asouree of steaw. The
length of summer Gdlow averaged B wmonths, which extended
trom haryest newr wid-July to seeding Gime, the second mid-
St‘ph‘lu\wr. :

The viekl of wheat steaw was determined ab haevest (16), ad
the designated apphication rate of straw maleh was obtained by
cither vahing and, or mowing ol iy exeess straw or adding needed
straw by hand spreading.

Although somewhat different tillage implements were used for
Fallow at caeh location (see Table 1), the depth of subtilluge, weed
control, rate of sttaw loss, and nudnteanee of soil clods were
quite sl Fxtea tillgges were used at the Colorado and
Nebraska loeatious [or certain treatments involving date of suly-
tillage or date of straw burial. A single sweep tillage was used at
Alkron, Colo. duping the first week of August as the Tl tilluge
trestient. Sinnbody, o single oneway-disk tillage was used lor
fall stesow bunal treatiment plots at Novth Platte, Nebee Norald
overniuber lusses ol steaw weght (13), plus tillage, generally re-
duecd e quabtiey ol straw by mid-May Lo about oY, ol Lhe
onginad application at sl experiment locations.

Parallel dikes were maintained between plots at all loeations to
prevent ngrition of runoll water from plot o plot.  hudividual

years of Inllow experimentation included 1964 nud 19656 for Sid-
ney, Mont., 1964, 1964, und 1965 at Akron, Colo., and 1062
through 1965 wt North Plutts, Nebr.  Available soil water re-
ported for the individunl locations and yonrs was that amount of
wider held at ess than 15 bars. Boil water sumpling was restricted
to 1 depth of 152 e at Sidney, Mont. because of coarse gravel.
Soil water was determined to a depth of 183 em at the Colorado
and Nebraska locations (Table 1).  The woils in all these experi-
wents would hold u maximum of about 30 to 34 cin of water in
the 183-cin depth of soil. Suel quantities were seldom achieved

during sununer fallow in any of these locations because ol limit-
ing natural vawfall.

RESULTS AND DISCUSSION

The results of soil water storage during fallow as modified
by straw mulches for Lhe three locations are summarized
in Tables 2 to 5. In ull cases, initiul available soil water was
relatively low at wheat harvest (beginning of fallow). Some
soil water differences imposed by straw treatments were evident
at all locations by carly spring. However, the lurgest net
gains in suil water storage as effected by various application
vates of straw were made from the mid-April to mid-June
period. From mid-June to the end of fallow in September
there were only slight changes in the relative soil water levels
alrendy ostablished, Summer drought at Sidney, Mont. and
North Platie, Nebr. caused some decline in soil waler slorage
for nll treatments Trom lale spring until the end of fullow.
AL Akron, Colo. there wad o slight average inerease in suil
wuler storuge from late spring to the end of fullow due W
tbove-normal summer ranfall in 1963 und 1965.

Net guing of soil water al the end of fullow us credited to
imereasfng quaniities of straw mulches varied from 10 to
4.3 cm at Sidney, Mont., 2.1 (o 4.1 e at Akron, Colo., and
1.3 10 3.3 cm at North Platte, Nebr. These soil water gaing
in fallow as influcnced by initial struw quantitics showed
linear charucteristics at Siducy, Mont and Lo a lesser extent
al the other two locutions. The above field results are not
unlike those recently reported in a Lest ol soil water evapora-
tion suppression by stuw mulches ander solar distillation
). Soil water cvaporation losses were reduced in o newy
lincur Tushion as the rate of surface staw inereased from 0
L 909% soil cover (3,360 kg/ha) during 20 days of testing
).
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Fable 2- -Soil waler storage by summer fallow periods’as affected by application rates of wheat sfraw at three Great Plains locations

fovatun sud yenrs  Apphed swraw -

Soil w;l.cr storago al various periods during Iullow

- ——— Net gain Fullow® 1ullow
Harvest Luu. fail Karly spr. Late spr. ud fullow Boil water pptn eflicieneyt

b b - auil wator, cin - e Yo
. 1] 3. 4.3 11.4 1.6 9.4 2.0 35.5 16
Sideey, Muont. 1,080 4.5 3.8 12,0 12,2 0.1 6.6 $6.6 111
231 auenn 3, do0 4.4 4.4 1.4 12,0 11.9 7.0 36.5 22
6,720 4.0 4.4 12.2 15.0 13.9 4.9 35.5 28
1,680 1 5.8 7.6 14.5 16.0 14.2 M.4 20

Akron, Cola, 3,0 1.5 ENH 8.1 16.0 17.8 16,21 4.0 $ .
A8 wean 6,70 2 6.4 Y. 18.4 20.8 18.3 M.y fR}
North Plte, A, 060 2. 12.0 15,46 2.5 218 1.0 4.8 20
Nebro 3y ancun 6,720 4.3 13.6 19.3 244 2.4 2011 64.8 kY
10, 080 3.: 12.3 17.7 2.3 25.6 2.3 .8 34

* Fallow |nl|0d ol 14 months; July W sceond Sept. each lucation.
Nut gain poil water, cin

1 Pullow cilici

Y Yo =

X 100.
Fallow pplu, can

Table 3 Soil water storage at end of fallow a8 a function of application rates of initial straw muld; for individual years at three Great

Plaing locations

[ i
Suil waler stursgo ot struw ratoes (kg/ha)
Locanon and yoeuls Fallow ppin e e LSD .u6
0 1,080 3, 360 6,72 10,080
_— soil water cin
Muont
.7 5.0 6.5 6.4 10.4 — .8
. g8 3.4 6.7 V.1l V.4 -_ .0
Mewns 3505 3.0 6.0 7.9 v.0
Mhaon Colo,
144 47.7 — 0.9 12.8 14.4 - 1.7
1961 . 4.4 - 16.0 17.0 18.4 —_ N&S.*
[N 38.8 15.8 19.0 22.0 — 4.0
Means 51.9 14.2 16.4 18.3
Nanth Plutte Nebas. " -
[HI 62,38 —_— : - 18.3 20.) 2.7 1.8
[ 5.8 -— - 16.7 17.8 9.2 NS
1400 716 — : 22 4 218 27.8 y 3.5
140,05 LU _ -— I18.56 1.4 20.3 N.5.*
Mewns [N ] 1.0 20.3 22.3

' Nt stensheant wt 495 0 devel of probabilicy.

Tuble 4 Effect of time of straw burial on soil water storage in
sunmnier fallow at 6,720 kg ha suriace applied straw at
North Platte, Nebr. (4-yr means)

Soil water as alfected by e

uf straw buvial L)
1 ublow pernd s : td .06
fudl carly check®
BPUINE
-~ sl walen, e o= e
Viars ent ) 1N 2y St
[N T [ ] (KW NSt
Faody spage 1.4 7.5 5.5
Ly spuing 216 244 1.6
Lo dalluw 0.8 239 NSt
Soll waler gian w0 21.1

¢ Not sgrienat at 930, levet of probabidiny.
1 No bunal.

Clinges insoil water storage inposed by different quantities
of straw mudeh cnnsed corresponding variations in fallow
efliciency (Table 2). Fallow efficiencics ranged from 16 o 28
2 o 33, aud 29 10 349 for the Montana, Colorado, und
Nebrasha locations, respectively. Means for sl treatments
were 22030, and 3245 tallow eflicieney for the smne ovder
of locations. The 2ovear results at Siduey, Mont. under drought
conditions were not unlike fallow  cfliciencies reportd else
where (0, 15) bul were less than had heen obtained n o

previous study ut that locgtion with more favorable rainfall
(2). However, the Akron, Colo. and North Platte, Nebr. lo-
cotions showed considerably higher fallow efficiencies than

had been obtained in former years with less effective fallow

cquipment (8, 10).

Variations in soil water storage at the (.nd of fullow by
individual yewrs per location are shown in Table 5. Witli only
vne exception, the data for al) years at all locations showed
a progressive inerense in soil waler storage with ucreasing
application rates of straw muleh regudless of the quantity
of precipitation occurring during the fallow year. Net soil
walel” storage gains credited o higher applications ol mulch
were significant at the 959 level of probability in 6 of the 9
experimental years tested.

Fhe distribution of soil water within the soil profile ut the
end of fullow for the expgrimental locatious showed that
the extra soil waler gained Dy struw mulches ended w improve
the soil waler content throughout the soil profile (Fig. 1).
Of particulur value, more thipn 70% of this net gaiu was below
the Gl-cin depth at each of the locations tested. This deep
penetration may explain wly water storage gains established
by wid-June showed little chunge during the remaining warm-
est 2 months of fallow.
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Fig. 1 Soil profile distribution and quantity of soil water at end
of fallow at three Great Plains locations. Low mulch is
colored black and high mulch is black plus white.

5

The effeets of time of steaw burisl at Novth Platte, Neby.
and tnae of sabsurface tllage at Akvon, Colo. on soil water
storage during viwious fallow periods are given in ‘Fubles
4 wnd 3, vespectively. The vesults at North Platte, Neby, in-
dicated the net g i soil water stovuge resulting from de-
laved staw bunal was signiticant at the 959, level of prob
abnhity eahier e the fallow seuson but was  nonsighilicant
by the end of fallow.

IPall subtillage at Akrar gave 1 wider storage advantage
of 18 cem carly i the Tullow season probably because of
the eliminution of weeds i the after buvvest stubble (Table 5).
Lowever, the advamage with full subtilluge becaine less
pronounced as the Gedlow season advanced 1o the hext spring.
Field vhaervations revealed that steaw left npright, but lous-
ened by fall subullage, wos less eflicient in vetaining blowing
snow than anchored, undisturbed straw. By the end of fallow
there was no significant differenee in soil waler storage between
the fall and spring subtitlage (rentments for the 3-year mean
(Fable 5). ‘The possibility ol conserving wore of the 12 to 20 em
of vainlull expeeted w oceur between hiarvest and fall dor-
mancy by sabtillyze o chemical treatiments Lo control weeds
and volunteer wheat should be further investigated.

The resnlts of these experiments conducted at three widely
sepurated  Great Pliins locutions showed  that  increasing
quantities of staw muleh gave small bhut consistent increased
storage of soil water durmg the swmmer fallow years tested
The waean net wains of soil water likely o be reulized by
mulches for the average 2,600, 3,800, and 6,000 kg/ha straw
production at Siduey, Mont, Akron, Colo,, and North Platte

Y

Table 5 —Effect of time of subtillage of soil with 3,360 kg/ha
surface applied straw on soil water storage in summer fallow,
Akron, Colo. (3-yr means)

R R Suil water na allected by time
Vallow poriod of mubiillage 150 .00

full Bpring
- soil water, o

Huarvest 2.0 2.0 NB*
Kall 4.9 5.1 1.5
Eurly apring 8.9 7.9 NS*
Late spring 17.5 15.7 N3*
fad fullow 18.5 18.0 NS*

Sail waler gain 16.56 16.0

* Not sigoilicant st 96Y% lovel of prubabilivy.

Nebr., respectively, should approach 2.0, 2.5 and 1.5 ¢m
per fallow season for the above same order of locations. With
this increase in soil water by mulching, a small potentisl
gain of grain vields of about 120 to 140 kg/ha is possible
bused on stored soil water at seeding time us estimated by
Johnson (7), if other fuctors such as soil nitrates and soil
temperstures ave not hmiting,.
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