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SORGUUAR RES IDUES 1 A SUMMER TALLOW SYSTEM )/
B, W. Grab end A, L. Blazk 2/

ABSTRALT

Sorghum residus ranks second to whoat as source of vagetative material
for wind and water arosion control In the Central Plalns of Unlted States.
Its importance Is magnified in & wheet-sorghm-fallicw rotation vhars winer-
ah!lity to erosion Is highest during the fallow year. Results showed thet
residua praservation was a function of loss by two primary mechanises;
(1) climatic waathgering end (2) tillage burlal. Climatic weathering included
10ss of rasidues by wind remaval, decomposilion, and possibly leszhing of
carbohydrato matarials. Losses by titlage burial was & function of typa
loplemsat, frequency of use, timing, and soll molsture zonditions, Undis-
turbed stubble tost 359 welght by over-winter waatharing., Combinations of
various itillaye Implomeuts proserved gquantities of originel residuss vranging
from 15-45%, Subsurface tillege with wide blades and hars was tha sost

affactive mathod for residus malatenanca.

1/ Contribution from Sull asd Vater Conservatjon Ressavch Division,
Agricul tural Resaarch Service, ¥. 3. Ospartment of Agriculture,
Colorado Agricyltural Expuriment Station cooparating.

2/ Soil tclentists, Waostern Soil and Moragemant Franch, Soll and YWatsr
Lenservacion Research Divislon, Agricultural Research Servizas, U, &,
Dapartment of Agrlculture, Akron, Colorado.



Stubble-muiching in wastern Kansas, western Sabrasks, end castern
Colarado I3 primarily s supplement with soll cloddiness for wind protaction
dur ing ths summar Tallow pariod and also for tha suctceading winter-whsat
planting. Acreage reductions In wiwat has necessitated the substitucion of
o whaat-sorghum=fal fow rotaticon as a replacemant for alterasts whaat=fallow
in many farming units of tha above reglon. A wheat-sorghem~fallav rotation
tharafore, involves sorghum regidus o3 tha primsry plent cover for ths
eritical erosion sagsons.

The use of crop resliduss, particularly smstl grain studbhle, for
sontrol of soll erosion has been criticsily evaluatad for the dryland ereas
of the wostern statas (2). HMost cesldus measurements involve only tota)
wiight of plant cover In relation to other soll-plant interastlons. Dther
attributes of whoat reslidues such as height, distribution, orlentation, and
cual ity also hava influencs {3). The same should bz true of sorghuw rasidues,

Sorghum residuas as § source of vegatarivo covar has recelved litrla
attantion to date. Tha guantities produced in the semi-arid region Is knomn

to hs ganorally tow, from § - 24 toat per azre (3, 5). Lingg, Woudruff,
and Englehora (8) found @ s!gnificant reduction in wind erodibility of sofl
whyn gtanding sorghuss stubhls was orientad at ripht sngles L0 tha wind,
High wmatharing tossss of standing forajzs sorghum was chtained by Yebater
and Bavias (E). They found that lossas of dry eatier began shortly after
frost and continued untll spripg with losses ranging from one-third to

gaa~half of the orelginal furags by walght.




The purposa of this invastigation was to obtaln partlal avaluation
of sorchum residuss undar various tillage mathods of fellow and moasurae-

msnts of natursi waatharing losses.

EXPER IRENTAL PROCEOURE
Three fleld erxpariments ware conducted, tws experiments (nvolving
mathods of tlllane an Tallow for measurament of sorghum residus praservatfon
and one axparimant on the survivel of residuass by stubblo-mulch titlace as a
fus:tion of rotation and row width of grain sorghums. Tha exparimental

treatmants for the yoars 1958-1960 are sumarized as fol)ows:

1958-195% Tillage Experiment
An 2lightesn aczre filald of graln sorghwes was arawn succeading mitlel
during 1558 as & source of residuss for sudsequant tillage tresiments for
tha 1955 fallow sesson. Tha solls on the exparimantal plots inzludesd equal
areas of Ascalon fine sandy Josm and 51130 Yoam making up G6% of tho arsa
Involved. 3Small patches of Soshon loam, Haxlun firna sandy lcam, Platner
Inam, and Rage sHIt Joam made up the olher JAY of tha fleld. Fisld dimen-

slans were 302 feat by 2500 foat and Included four planting blochks:
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individus! plenting blocks were 61 foat by 1300 (eet orlentad
fangtheriso cast Lo Mest and wers subdivided into slx plots 80 font by 400
fzot for tillage truam'ms. A proposed sweep-spray, swalap plot was
abandoned feam ths origingl deslign whan dry weather allminatad the need

for spraying duriag ths sumwer of 1959,

Titlage Trostwents, Fall versus $pring

initisl |
Swsap, B8 lnch ¥V blade (1)* Ome swesp and two rod weed oparations
Mow, 2 iaches high {1) were used succassively after initist
Grna-wgy disk (1) tillage for the remainder of ths
Tandom disk #5° angle to rows (1) follow senson on al) tillage plaots,

Tandem i3k 85° angle vo rows (2)
( }* refers to mexber of times imploment was used.

Dates of Tillage

Qetobar 2% - Fall treatment
Hay 18 - Ist. spring
Jung 15 . Ind. tpring
July 23 - Hiller eod
Aagust 2 - #iller rod

1953-1959 Serghum Rotation and Row Wldih Experfmant
Rellarce graln serghum was grown on Wald siit loam In row width plant~
Yans of Vi, 28, and k2 tachss in rotations of alwarnate faliow~sorghum (F-5)

gnd fallon-whaat-sorzhum (F-4/-5)., Plots of 58 fret by 150 fast dimension



wars repl lcated three times In randomlzed biccks. The stubble remalning
in the foll of 1458 was usad for maasyrements of winter stalk breakage
and wolght of restdugs remaining from stutble-smich tillage during the
1559 (allow pariod. The order of tiilage uss 83 follows: sweep 48 Inch

¥ blades on May 18 and Juna 16 succooded by Miller rod-wsading July 22 and
August 22,

1360 Tlilagos Experimsnt

A saries of ten tillage treatments with thrae replicatioas la random-
1zad blocks wara Includad for the 1560 seanon. Residues wars provided by
growing ninetesn acras of bulk NS 501 graln sorghum succesding winter wihcat
parallel to the 13581559 tillags exparimnt. The solls Included Ascalon
fins sandy loam occupying the canter half of the flald with the sast 253
composed of Rago siit Toam and the wost 0% primarily Shigo Jeam. A limit-
«d arss of 5% of the flald west of center was Soshen Joam. The flold was
320 feet by 2400 fret and subdivlided Into 30 plots:w fear by LOD fast., ‘o

fall ti1ltazs was fnvolved.

. THilege Treatments

1. Gne-way disk (1) « Sweep (2) . Swesp blades, 48 inch ¥ type wera
2. One-way disk (1) ~ Suzep (1) used for rreatments 1<% and 7-10.
3. Tandem disk (1) - Sweep (2) Al treatmants {actude (3) primsry
6. Tendem disk {2) =~ Swmep (1) illlagn. ‘A rod wesdor was utilized
5. Swaep blade, 16 inch v (3) for tha last fiald cparation on all

‘6, Sweap blada, H8 Inch ¥ (3} plots.



Dates of Iillaye

7. Chisel (1) - Sesep (2) April 25 «~ st spring cpsration
3. chisel (2} - sSwaep (1) © 7 Jume 12 ~ 2nd spring operatlon
$. 12 foot Bar (1) ~Sweep (2) - - July 6 - sweep 43 Inch ¥

10. 12 foot 8ur (2) -~ @wmep (1) August ) = Hiller rod-waed
Renidue Sempling

1. AJ by 7 foor woddan frame was placed asross a mlnizum of two

rows of sarshm sulks.

2. Anchored s:a!ks were cut at base hval with a }inoleum knifs.

3. Three samples por p!ot. X thrco plou gave nine :amples par
treatment for waisht averages. -

4. Reslduos were sheken free of soll particles excapt for fina dust.

3. Semples wore alr driled and walghed.

As Yorge drying ovens facilitles were not avallable, sewples taken
duria; tha foll mad early spring were air dried & minimum of two menths
bafors walzhing. Large varistion in sempling can occur bocause of severs!
faztors: movement of residuss by tlilege, movemint of residuas by wind,

natural produztion variation, end ssall sempling arca within larga plots.

2talk Sroakeas

~ Positions were s:!acud In stubble during tha fall of 1658 to datermine

wintar dmgo to stalks, Tka rows by 16 feat mln araas repoated six times

_per treatmont wera used for calwhtlm of psrcent dm-v su!ks the follioming

spring. n :hls manner , sevsra! hu-\dud stalks wera lm!udcd per traatmant.

Pzreantage of Jodged statks In the fa)) were Tow and subtrscted cut.




RESLTS
Waather Conditions

Tha dbasic weather which provalled during the experimantal puricd Is
showm on table 1. Production of reslduss and totsl pounds presarvad dy
titlage favered tha 1353-1053 season comparcd with 1955-1560. Although
precipitation In 1958 for production of sorghum emcunted to only 14,5
inchas, this rainfal} combined with subesoll molsture reserves from the
favorable lSSfmstm resulted In nearfy 2§ times the residus production
as 13.4 Inches precipitation produced In 1959, Tha pattern of spring and
summar rainfell during 1559 and 1950 did not Includa any long perlods of
molst surface soll comditions. Consequently, the decomposition of larger
stalis appeared alow.

Over winter losses of undisturbed resldues ware larga (tables 2, 3),
sveraging 31% and MY for the two winters favolwed. Wind velocities and
snowfall wera higher In the lattar seeson (tebls 1). A total of 19 inches
sncwrfall wes recaived In four storms the first winter and 39 Inches snow-
falt in cwelve storms were raceived in the second winter. Snow-cover
pravalied in the 1553~1903 winter for &8 consecutive days which reduced
the time clement in rosidue exposure to wind comparad with the pravious
season by 50 days.

There was no evidence of transportation of reasidues by water. Mo
single ralnstorm produced runoff during the exparimantal) perlod. Snow melt
runolf In the spring of 1960 was confined largaly to north slops flalds and
sily 1oam sglls. 3ails on the tillage plots wera censrally ast frozen

and consequantly runoff of snomt melt wes Jow,



Titiave Experimantation

The reductlion of sorghum residues by tillagy ars summarized on tablas

2,3, and 5, Ho difficulty ws‘uperlameﬂ I carrylng mi any of tha pri-
prozd tillage treatments except for spraylng in lﬂés.

Cultivation in the fall of l%ﬁ with dry surface soll produced &
harzardous situation with respsct to wind erﬁlnn. A complate braakdaen of
clods wes crestad by diiklné. Timoly mﬁlplutlon prevented soi} biowing '
but wind 1osses of joose reslidues oaccurced. Actual wind Josses ware difficult
to dxterming bacause of mwlmtailﬁn within disturbed areas. Reslidues
tendad to ba depusitad Into furrcws In som»ol' tha plots.

Howing residuss In the fall resulted in soms deposition of residuss
in areas of low micra-topography and near complate fmﬂ on higher exposuras.

Results for poth years tillage cxparimentation (tables 2, 3) were

similar even though tomml quantities of initial residue wara arcatly diffarane.

Subsurface titlags with wids V blads sweaps, stralght bars, and chisating
(with row) presarvad the meximum quantities of residus. Thasa averssed
35-48% of the Inltial fall harvest residuss. In 20 rase was the quantities
of rmlduga at the and of fallow censldered sufficient for proloaged wind
erosion protactl@ by Hialf.. ‘7

bouble disking tended to téducn the .mrﬁantaga of resldur survival whan
compared with sinjla disking I most cases (tables 2, .;S). Pisking rasidues
whzn the surfaze s0il was dry did not bury as much rosldues o3 when tha sur-
faca soll was molat (table 2). A portion of large stalks tempurarily Ruried
by disking were later brought up o the surface by sutieeding sweep and rod
wasd treatment. Thesa stalks showsd Tittle evidence of serlous decompasition

bacause of relatively dry soil conditions for much of both fallow scasons.




Stalk breakags during faliow appeared to ba a function of time,
weatharing, and titlaza. Stalks becwss Increasinaly britile and discolored
ot the surfate. Resldm partlml&s at the end of fallow iwmugc 2-5 Inthas
In tength under disk treatment comparad with G«12 Inches uiui suhtitliage by
sweaps and bars, and chisellng parallel to the rows,

in the tillags experiment of 1958-1959 thare was no essential difference
batween sorghums residus weservﬂ‘lm % a funstion of variaty, row width
{28 1nch versus &2 inch), or fall wvarsus spring when all plots were averagesd
{table 2). Mowsver, thars ware trands which indicated yrealer praservation
by dolayed usas of sweups In the spring. Faltlura tv bury residues by disking
in tha fall usder dry soll conditions gave an ertifically hich value for
spring tillags comparisans,

Thora was Hittle veriation In weed cantrol by tillege when tha fallow
seas0ny ware consldared a3 & wiwwle. Early spring weeds undercut by subtillage
tanded to ra-root If tillage was conducted shertly bafore additional precipe
Itation was raceived. 02isk tillags tended to plant voluntese sorchum which
was later gontrolled by swasp and rod weed oparations. Wesd species Insludsd
lomds quartsr esrly in Season succeeded by voluntesr sorghem, plgwasd, Russian
thistle, snd late sesson grassy wesds Im that order.

Tha formaticn and prasorvation of soll <lods duriag fallos as o function
of tillage treatmsnt was of particulsr interest. Upon the drilling of wheat
after faliow thers appeared to be & much graster gquantity of optioum size
wing resistany clods on the drill rldge when plots hed recalved subtitiage as
sompared with sinsle or double disking., Sewmples for sleve analysis ware talen

from the 1850 croatmants to determine arcdiblility and mechanica) stabilticy of
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thy clods. The results wiil be presented in a latur papsr.

Ratation and Rowe Wid X r )

The resulis of this expariment are swmmar (zed on table 4. Survival
of nurface reslidues for tha 1959 fallow season was a function of both row
width and rotation. Signlficently higher percantayes of Inltial residuas
wors praservad with wider rows .ndeharu sorghum succeeded fallow. Usa of

the A8 Inch V swoeps wind-rowed residues ragardless of Inftlal width. This

was cousad by pushing rasiduss say from the shank furrow. FResldue particles
wgre loagar in length at the end of fallas where thay ware Jonger originaily !
3 in the case of tha twoe k2 Inch row plantings. Rasidusl stalks avsraged

i~% 1aches !;i tha 14 {nch and 410 Inches In the 52 inch width row plantings.

Stalk freakags, Over-Winter
Stalk brashkage was high for the one sasson In which counts were taken '
{(tadble 5). Botwaen 23-70% of the stalks were brokan during the wintar for the
trosiment plots chuzhed. Although ne definite conciusions can be drawn, It |
appeared that the cause of stalks to cotlapse durlng the dormant fall and
winter season was & function of sany factors: Inclidencs of charcoal rat a2
basae of stalks, halght, position In relation to sxposurg of snow drifting,
p!amr population, row width, maturity of stalk, distribution of stalks within
rows, orientation of rows 1o & particular stovm, and severity of storms.
in 211 casas whare stalk counts were taksn, the down stelhs were still
attached tO the bass of the plant, Indicating very little wind removal of
the primary stalk although leaves snd shredded matarlals wers removed If
the plant population was Yess than 12-10 thousand stalks per acsre as In the
vats of the Vlsted plats (table S).



DISCUSS 0%
Any amalysls of the Importance of sorghus residues in & fallow system

in arsas of Vimived rainfall must Integrate a nushar of major varlahles for

final Interpretation:

i.

3.

Climara; as related to production ¢f raxldues and 1ts role In Yoss
of restdues after production. Normsl weatharing can ba respontidle
for raducing rasltduss by wind removal; watar transportation, surface
dacomposition, and leaching of soludle compounds. The total boss of
residucs durlng the dormant ssason can Do hish as found In the erpere
Iments reportad In this paper and by the rasults at Oklehowa (£).

Bat of Stulh as related to plant population, maturicy, and

-

halght of cutting., There |s agarly e hundred percent loss of all
materlals cut above tha combime cutter bar If plant pobulatlms ara
low. Thers appoars to ba greatar resistanca of larger and aore ssiure
stalks to resist (ransporiation, burisl, or decomposition than smaller
inmature stalks.

$ail Cloddiness: os related to quantity of residue and surfs s arza

coversd by the residua st the end of suewmer fallow tillage. The
welght-surfa.s arca ratio of sorghum rasiduas s not compuradle to
that of small graln stubble. The results of Chepll and Woadruff (2)
have shown that a4 ouch as 75 poarcent of the variadlility of wind
arosion can be ettributed to soll ¢luddingss, surface roughnass, and
srop residues., Thus, In areas of low sorghum reslduva produstion con-
foundad by & Jow ratio of walghtesurfacs suvarage for sorghus, msjor
cons jderation must then be glven to previding optiovm sized (%3 Inch

dlameter) ma:hanically stable clods.
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The imporiance of ¢oll taxture in retation 1o clod structure

hes bean pointed sut by Chepll (1), The potential wind eradibility

of the sandier textured solls as found in his work was not encouraying.

A moderate portion of sorghum produstion g the West Central Plains

is on sandy soils and constitutes & major wiad arm;rlm hazard.
Woodruff and Chepl) (7) have shown that for emergency wind pro~

tection it may bs nacessary to creste maxioum surface roughoess by

listing, which would bury all residues. A drastlc treatmant of this

type would only be mesded when the production of residues is ganerally

Insufficlent to provida over-winter land protection.

Strip cropping of sorghums in rotation with winter wheet end fallow
would Incraass field protaction as sssistance with surface residuss and sofl
zloddiness., Ressearch is etw underwoy to study the rele of sorghum residun
strips for stretegic depdsition of smow for molsture conservation and re-

du:tion of surface wind valocities.
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Tahle ! « Cllmatic Summary of 1558«1940 period
U.S.0.A. Cantral Great Plalns Fiald Stetion, Akroa, Colorade

Tota! Ralnfall Toratl Snowfall” Wind Vetosities®
Yoar ainfall Mar.-Saptl. f:t.-Apr, Bt . ~Apr,
inches  inchas faches AP = 25 hour
1558 14,38 15.09 28
333 13.77 9.97 g 8.2
1959 g.a" 7.96™ 35 6.8

*  Forlod bagloning fall of pravicus yeer
* Period of Jonuwary | ~ Septesber 30, 1660



Table 2 » Raduction of sorghum residues durlnay fallow sesson as parsent

of Inltia) rosiduss.

19581259 Tillags Experiment

- . April 12 June 13
Yitlegs inltiat Res i duas End tlilage August
4 v yariably End of faliow
A Lbs./A %
Fallt Spring
Swesp  $-% 3370 2000 61 43 1089 32
P 35 520 0 1379 39 3l 1910 25 "
Onewway S5 3350 1 37 36 520 I .
Tondsm 5~5 sggo 1569 52 5ty &0 i
Tandem T-3 3e8n 1910 52 519 LE
Reans . 338 LI SR Ig il ’Ig"
5.8 p12-5 N 2230 1} 52 1350 37
H~s 5229 2320 72 Y 1010 n
0-5 . 350 M40 gz 24 710 20 **
T-% 3560 2280 2 68 15
1=Y __ 2559 2260 %g 1. gfo 15
Means 330 2310 S 33 49 25
Ccomparisons L$h 08 8
for titlage
Yarizties - al) tillaga
Rellence 2950 j €0 25
R5 591 3810 o990 28
Kot ¥ ldith
78 inch 3630 980 27
52 inch 309 170 25

*  Dry sotl
%% Molst sol)




Tabls 3 = Raduction of sorghum rosidues during fallow sesson as percent

Tillage : implement
80d timms used

of injtia) residuas.
1559-1560 Tillage Experimant

inltial

L

April 12

Reslduss
ABL A8 h!t

June 23
£ad ¢t}

b id

Sept

»,

nmbgr

2

Symhol® ibs./A W
& - 3 1520 7% 6o 30 ¢ 22
e - s e e 6% 17 mo 2
% ~ 8 1250 jso  §1 30 330 6
T2 - 5 1320 g0 65 20 230 1y
bwszp ~ 16 W3 LY 530 £5 I 50 30
Sweep - A3V, 1350 970 79 1 s M
£ - § 1230 71 &7 U b0 38
Ce - 5 1380 579 70 50 500 3f
Bor ; - Sy 1289 80 €6 58 520 W)
S8ar 3 -~  § 1336 88 - 67 - 62 600 L5
Means 1510 860 &6 %) 420 iz
LSD g 1
all troatmenty
¥ Symdyo!l

G = Onewway disk
S = Swamp

T - Tandam disk
% « Chisel
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Tahia & « Reduction of sorpiwe residuss by subtiilage during fallow as

functlion of row width and rotatlion In 1954,

Treatmant tnitial 1558 Plant End of fallow  Row $idth
Beow Width Rolption ) . Populat ion Aysrage
Lbs./A 000 Lbs./A

M fnches  Fede$ 1950 2) k20 22

rilled -5 2000 g 520 26 ™

28 inchas il =8 2300 38 L80 21

Brilled F~3 2550 36 790 31 26

42 laches Fellag 2959 35 640 3

orilled F-3 2750 37 859 3% 33

52 inches FMaS 175% 12 30 21

Lisged F5 1759 17 560 26 2%
Rotarion F=-$ 2000 30 430 24

Heans F-5 2250 3 3 ] 39

AT} tresteent LSO og 610 B 150 19

Rotation 150 s H.S. H.5. i% o 5



Tahla § = Parcent brokon stalks, end of 1950-1%59 winter season.

| Bolpht Stalks Down
Irssimant Sweble per Acre Stglts
Inches 20 %
1958-1559 Tillsge Exporimant
Rellance, 28 jach ¥ S6 23 north plors
‘ 23 south plots
85 501, 42 lnch 25 X 70 norih plots
‘ 40 south plots
Row Width and Rotation Exporiment
rijted, 1% inch n 3.5 32
oritled, 28 Inch i5 7.6 Lo
Drilted, 42 Inch 16 36.8 hs
Listed, b2 lnch i& .5 34
LS'II'u;



