
f c + z ?  

FOR ADPJIINISTRATIVE USE ONLY 

RES €ARCH REPORT 

No. 363 

A DESCRIPTION OF METHODS USED IN THE CORN BELT BRANCR 

FOR EVALUATING TILLAGE PRACTICES 

Re E. B u m 1  1 ,  Re Re A1 lmaras and he Amemfya 

Corn Be1 f Branch 

Sot1 and Water Conservatton Research Dlvlsion 

Agr FcuI tural  Research Servfce, USDA 

March 25, 1963 



A DESCR IPTlON OF METHODS USED IN M E  CORN BELT BWCW 

FOR EVALUATING TtLLAGE PRACTICE& 

2/ R. E* Burwe I I ,  R. R. A1 lmaras and M. AmemIya 

l NTRODUCT lON 

Some o f  the present concepts concerning the eva l uat Ion o f  t f l l age 

31 practices t n  the Corn B e i t  are presented by Larson,. B r i e f l y ,  the concepts 

are based on an analysis o f  a f t e l d  o f  row-cropped corn. The f l e l d  I s  d iv id-  

ed !nto two zones; (a) the zone between the rows where water management I s  

the chlef  concern, and (b) the zone I n  the corn row where management l s  

d l rec ted  toward providing sol1 condl t lons optimum f o r  germlnatfon and e a r l y  

growth o f  corn. Consequently, the required s o i l  conditions resulting from 

t i l l a g e  would no t  necessarf ly  be the same i n  both zones. 

Thls repor t  deals primarily w l t h  the measurement o f  sol1 physical 

cha rac te r l s t l c s  I n  the area between the rows. Some of  the ob ject ives and 

4/ 
measurements a t  hand have been presented e a r l i e r ,  but  the measurement 

procedure 1s given I n  more de ta l  l I n  t h i s  report.  Other measurements con- 

sTdered herein e l t h e r  by reference o r  d~scuss lon  are wetght o f  surface res- 

idues, percent surface cover o f  resldue, so?!  and a l r  temperature, and 

secondary aggregate stze. 

1/ Contr l  but  Ton from the Corn Bel t Branch, Soi l and Water Conservation 
Research Dlvlslon, Agricultural Research Service, USDA, i n  cooperation 
w i t h  the Iowa Agr i cu l tu ra l  and Home Economics Experiment Sta t lon and 
Minnesota Agr icu l  t u ra l  Experiment S t a t  ion. 

2 Research So! l Sclent lsts,  USDA, Morris, Minnesota and h e s ,  Iowa 

Z/ Larson, W. E. T i1  lage requirements f o r  corn. J o  Sol l & Water Cons. 
1723-7. 1962. 
Larson, W, E, Sol1 parameters f o r  eva luat ing t l l l a g e  needs and operations, 
Sol1 Sci. SOC, Am. Proc. ( I n  press), 

Burwel I ,  R. E., Al lmaras, R o  R, and AmemTya, M. A f !el d measurement o f  
t o t a l  po ros l t y  and surface mlcroLre l ie f  of soi ls .  Sol! Scl. Soc. Am. 
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PLOW LAYER POROS lTY AND SURFACE ROUGHNESS 

Plow layer poroslty and surface roughness are measurements of  

character ls t lcs  of  the s o i l  phystcal condition between the rows. 

When a s o i l  layer of a glven to ta l  porosl ty and thtckness Is 

loosened o r  consolidated by a tillage operation, the to ta l  poroslty and 

thickness may be changed. Any changes i n  the thlckness o f  t h i s  layer w l l l  

change the voIume of water and a l r  that  the layer may hold, Hence, changes 

I n  thlckness and t o t 4  poroslty of  a plowed layer w i l l  b r lng  about d l f f e r -  

ences I n  the amount o f  water I t  can contain, 

The surface roughness measurement may be used t o  descrlbe the depres- 

s fon storage i n  the sol1 surface as well as the reslstance of  the surface t o  

factors tha t  tend to  dfsperse secondary aggregates, In  general, the rough- 

ness o f  the sol1 surface may be dlvlded In to  two types. In the f i r s t  type, 

an or iented roughness l s  produced by t l l l a g e  TmpIements, I l l us t ra t i ons  o f  

t h l s  roughness are rldges and furrows commonly occurring Tn rrdge and l l s t e r  

planting, Other examples are var lat lons I n  surface re1 Tef created by 

variation among plow furrow-sllces, o r  by discing and cu l t l va t tng  operations. 

The or fentat lon w l th  respect t o  slope and the volume o f  the depressions w i l l  

a f f e c t  the amount of water detained. The second type o f  roughness 1s merely 

a random roughness o f  the surface. 

In  general, the essentlai requlremen t s  f o r  est  lmat ing these two 

characteristics o f  the Inter-row area are (1) a description of  the mlcrs- 

re1 ref  o f  the surface I n  question, and (2) an estimate o f  the bulk dens1 t y  

o f  the prow layer. Many modlf Icatlons o f  equipment may be used t o  make these 

estlmates. D i f f e ren t  modTflcatlons are presently betng used I n  Minnesota, 

Iowa and Wlsconsln. The method as descrlbed has glven reasonably accurate 

estlmafes o f  plow-layer poroslty and surface roughness. 



Procedure o f  Measurement 

Measurements o f  plow layer poros i t y  and surface roughness are made 

w f  t h  the f o l  lowtng equtpmentr 

1. Uhland-type core sampler. 

2. Engineers* level. 

3. Phi  lade1 phfa rod. 

4. A polnt-quadrant devtce such as I l l u s t r a t e d  I n  Ftgures 1, 2 and 

3. 

5 Reference bench-mark se t  below depth o f  f r o s t  o r  zone o f  so l1  

swe l l l ng  and shrtnkage. 

The MIcroJ?el Ief  Meter 

The po fn t  quadrant devtce (micro-re1 l e f  meter) shown I n  Figures 1 

and 2 I s  an essent ia l  par t  of the equipment. The construct ion d e t a i l s  are 

shown I n  Flgure 4 f o r  a meter deslgned f o r  ,!$-inch spacing o f  rows. The 

dtmenstons may e a s i l y  be a l t e r e d  p r t o r  t o  construct ion f o r  experlmental use 

where o ther  row spaclngs o r  phys l c a l  I ayout o f  experiments necessl t a t e  

changes. 

The mlcro- re l le f  meter conststs of  three essenttal partso (a)  the 

scale board and measurlng plns, (b) the scale board support frame and (c)  

the support ( s tee l  rods, 5/€Llnch dtameter and 18 Inches long) pins. Dur lng 

the measurement operation, the scale board support frame Is matntatned 1n a 

f txed post t i o n  on the four  support plns. The scale board and measurlng ptns 

constitute a s i ng le  unlt ,  wh1ch moves over the sca le  board support-frame. 

The s t a r t i n g  pos l t l on  I s  I l l u s t r a t e d  I n  FTgure 1. Twenty measurfng pins 

spaced 2 Inches apart are supported by p f n  gutdes attached t o  the scale board. 
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UICR8-RELIEF METER 1 

Figure 2.-Atcro-relfef meter showing s u p p ~ r i  pins and 
support p!n guide. 



Figure 3.-.Support pIn gulde fo r  set t lng support ptns. 



When these measuring pins are res t ing  on the sol1 surface, helghts a t  the 

top o f  the pins are read t o  the nearest 0.1 Inch on the scale board. The 

measurtng plns are rafsed, the scale board and measurtng pfns u n i t  i s  moved 

2 inches hor fzonta l ly  on the scale board support frame, the measuring pins 

are lowered, and height readlngs are observed. Such a procedure i s  contfnued 

u n t i l  20 measurements are made a t  each of the 20 pos1tlons o f  the scale 

board and measuring pins unt t on the scale board support frame. Thus, 400 

height readtngs can be obtatned on a 2- by 2-Inch g r l d  over a 40- by ,!&Inch 

area between rows spaced 40 Inches apart. 

Placing the Support Pins 

The Iocat lon and placement o f  the support ptns depends on the 

physlcal layout o f  the f i e l d  experiment and convenience fo r  t t l l a g e  operations. 

The f o l l o w ~ n g  procedure was su l tab le f o r  a par t i cu la r  physical layout of  

t 1  I lage exper Iments, Reference bench-marks (used f o r  the at ignment and e l  e- 

vat ion se t t i ng  o f  the support pins) are located fn accesslbl e border areas 

and are protected from dfsturbance, They should afso be deep enough t o  pre- 

vent ve r t t ca l  displacement from freezing and thawfng, Allgnment o f  2 o r  more 

reference bench-marks para l le l  t o  the long side o f  the p lo ts  provtdes an axls 

f o r  locat ing the support pfns along a l i n e  perpendicular t o  the long stde o f  

the plot. 

An englneerst fevel 1s plumbed over one o f  the reference bench-marks 

and the telescope 1s al lgned over the other reference bench-marks on the 

same sIde o f  the experfment. The telescope I s  than turned 90' from the l fne 

o f  s fgh t  made up by the reference bench-marks. The mlcro-refref support pin 

guide I s  placed on the p l o t  o f  In terest  i n  a manner such that 2 corners are 



l n  the l l n e  o f  s i g h t  and a spec l f ted distance from the reference bench-marks. 

Th is  distance I s  spec i f l ed  t o  place the support p lns i n  the crop row. The 

four  support p lns are then placed I n t o  the gulde and dr iven f i r m l y  I n  place, 

and the guide 1s removed. Rod readings of the ground eIevat fon a t  each p l n  

are made, and the p l n  having the highest ground e levat lon 1s dr iven i n t o  the 

so l1  unfll the top of the p l n  I s  6 lnches above the surface. The three 

remaining pins are leveled t o  the f l r s t  pin. Thfs eIevat fon i s  determtned 

and recorded f o r  fu tu re  use. 

A f t e r  the l n l t l a l  height readlngs are made w l t h  the mfcro- re l ie f  

meter as descrtbed above, the support ptns can be removed, and t r l l a g e  and 

p lant fng operattons performed. The support p lns  are then replaced t o  the 

same e levat lon plane as the i n f t i a l  s e t t l n g  using the procedure described 

above f o r  t h e i r  t n l t i a l  placement p r l o r  t o  t i l l age ,  and they may remain In 

+h is  pos i t i on  throughout the remainder of the season. The etevat ion of  the 

pJns should be determlned again and recorded before height  measurements are 

made. This procedure permfts adjustment o f  heights (obtained w i t h  the micro- 

r e l l e f  meter) when the support p in  he ight  may d i f f e r  from tha t  I n  the t n t t l a l  

placement. Height readlngs are thus made w i t h  the micro- re i te f  meter, and 

may be made a t  any subsequent time. 

Measurement o f  I n  i t i a1 Poros l t y  

P r i o r  t o  t1 l Iage and concurrent w l t h  the f i r s t  helght  readlngs o f  

the mtcro- re l ie f  meter, bu lk  denst ty determlnatfons are made from undisturbed 

cores taken w l t h  a Uhland-type core  sampler^/. The length of  the core i s  

Uhland, R. E. Physlcal properties o f  s o l l s  asmod i f i ed  by crops and 
management. Sol1 Scl. Soc. Am, Proc. 14~361-366. 1949. 



equal t o  the depth t o  which the t i l l a g e  i s  t o  be performed. In a system 

where the pre-plant tT l lage involves plowing t o  a &Inch depth, the 0- t o  

&Inch surface layer  may be sampled i n  3-inch Increments by use o f  a 3-Inch 

UhI and core sampl er. Under the condi t tons o f  experlments a1 ready performed, 

3 cores were randomi y taken from a p l o t  40 f e e t  long and 20 feet  wide. Where 

there were 24 p l o t s  the coe f f t c fen t  o f  va r i a t f on  o f  the mean bu lk  densi ty 

was I n  the order of 2 percent. For an absolute estimate o f  plow layer  

porosity, these measurements must be made a t  some time durfng the conduct 

of the experiment. Conditfons are general l y  most favorable f o r  sampl fng 

un l f o rm l t y  when the so l1  i s  u n t i l  led. 

OrfentatSon o f  Records o f  HeTght Readings 

The s t a r t l n g  pos l t l on  o f  the mlcro-re1 i e f  meter Tn the f r e l d  I s  

f l lus t ra ted  Tn Figure 1. The measurlng pins are gent1 y towered by a ree l  

arrangement tha t  lowers the upper p i n  guide bar. The height  measurements 

are read and recorded from l e f t  t o  r i g h t  (i.e., 20 readings). The p ins  are 

rafsed, the scale board and measurlng p ins  u n i t  I s  moved forward toward the 

observer 2 Inches ( ~ i g u r e  I ) ,  the pins are lowered, and the heights are 

recorded on a new l i n e  from l e f t  t o  r igh t .  This procedure 1s contlnued u n t l f  

20 rows o f  he! ghts (each having 20 readings) are recorded. Thus, the rows o f  

he lgh t  readings w i l l  each extend I n  a d i r ec t i on  perpendicular t o  the rows 

I n  the f l e ld ,  and the columns o f  helght readings w l 1 1  each extend pa ra l l e l  

t o  the rows I n  the f le ld .  Consistency of o r l en ta t i on  o f  records f s  needed 

f o r  maklng the surface roughness cornputattons. 



Parameters o f  S o i l  Condition 

Plow Layer Porosf ty  

From the undfsturbed cores obtalned before t l l l age ,  the porosity, 

PI, f o r  the layer  t o  be t i 1  led i s  ca lcu la ted as follows: 

2.65 - Db 
*- X W . . . . . . * . . . . . . . . . . . . . ( l )  

2.65 
where Db l s  the average bu lk  densl ty i n  gms. c r n . ~ ~  obtained from 

undisturbed cores, and W i s  the thtckness o f  the sampled layer 

f n  Inches. ( I n  the case where plowlng I s  6 Tnches deep W 1s 

6 Inches.) 

For any arbitrary time, ta, a t  which mlcro-re1 i e f  readtngs are taken, the 

plow layer  poros i t y  I n  "inches per i n l t i a l  thickness o f  layertt can be 

computed. The average helght o f  the measuring prns a t  a s ing le  s e t t i n g  of  

the scale board support frame before t l l l a g e  and a t  the time the undisturbed 

cores are taken i s  computed asr 

where hl i s  the ind iv idua l  helght  reading I n  lnches taken 

before t f I lage, and n Is the number of readlngs,  h here are 

400 readings where the mlcro- re l ie f  meter has the design 

l 1 1 us t r a ted  I n  ~f gures 1 through 4, ) 

The average helght  o f  the measuring p ins  a t  a s lng le  s e t t i n g  o f  the sca le  

board support frame taken a t  a l a t e r  time, ta, 1s: 

1 n  
h a P - -  z h a . . . . . . . . . e . . . . . . , . . . . . . . ( 3 )  

a = ~  
where ha 1s the ind iv idua l  height  reading I n  lnches taken a t  

time, fa. 



The plow layer porosi ty I n  "rnches per l n t t i a l  thickness o f  layer" a t  tfme, 

t,, I s  gtven byt 
I .. 

P a m P t + h , - h i m . - . . ( 4 )  

From measurements performed on rep1 lcations o f  the same treatmeni-, the 

siandard er ro r  of Pa was approximately 0,28 Inch, but dtffemnces between 

t t l  lage treatment averages were I n  the order o f  1.0 inch wtth a standard 

rd er ro r  o f  the df fference approxfmatel y equal t.0 0.a I n c h  . 
Random Roughness 

Although an estfmate of random roughness may be used f o r  many purposes, 

the esttmate 1s presently betng evaluated as an Index o f  short term depressron 

storage I n  fhe so11 surface. i t s  u t i l i t y  applles tn a l l  t t l l a g e  systems, 

but p a r t i c u l a r l y  where there are only minor ortented tool marks. Such 

surfaces are created fn wheel-track and conventional planting operatrons i n  

the Corn Belt, I t s  computation 1s cumbersome, but i s  being made wi th a 

high speed computer. The tndex i s  the standard error among logarithm o f  

hetghts tha t  have been adjusted f o r  t l l l a g e  tool marks extendlng i n  a direc- 

t l o n  para! l e l  t o  the r o d .  From the estlrnates a t  hand, dtfferences among 

treatments are large r e l a t i v e  t o  the differences among repl tcat ions of  the 

ld same treatment- . Work I s  underway t o  re la te  random roughness to  depresston 

storage o f  water. 

Roughness due t o  Ortented T I  l l age Tool Marks 

When a t71lage system such as rldge or  l r s t e r  plantfng I s  ortented 

on t h e  contour, esttmates o f  roughness due to  oriented t t l l a g e  tool  marks 

may be used as an Index o f  potentla1 depresston storage, I f  the data from 



the rnfct-o-rd?e.f m e W  1s ortenfed las dtacw;ssed tn se~Ilan w ~ r T m f a t t o n  of  

Recards af Helght Reedings", the dlegrm o f  FT$ure 5 11 lustra)es the order 

af fhe data relattve t o  the posttfrsn I n  the 91eId +ram whlch fhe data warm 

taken. When the t i l l a g e  tmf marks ere par;allel t o  the ram w f  corn, a 

descrtption o f  the average heights may be obtalned as I n  Figure 6. The 

average f o r  column 1 would be obtalned as follows; 

where the t ndex I = 1, 2, . . . , k Tndexes over rows o f  the 

tabulated array of data, j 1s 7 f o r  column 1, and h i s  the 
j 

recorded helght reading, ( In  Flgure 5, k takes on the value 20. ) 

Three areas may be dSstIngu1shed I n  Flgure 6. They are: At = ABDF, 

A, a AEGF, and Aw - At - As. The of Flgure 6 I s  obtalned by the use o f  

equation 5, and 1s an Index o f  the helght that w i l l  prevent water flow t o  the 

l e f t  or r i g h t  o f f  the cross section i l i u s t r a t e d  by Flgure 6. By the use o f  

the trapezoid r u l e  As may be estlmated as: 

*s a 2(Zl + Z2 + E 3 + ... + Zk) - ( 2  + E k )  . . (6)  

When I t  i s  assumed that  Inter-row areas t o  the r l g h t  and l e f t  o f  the dtagram 

I I 

of Figure 6 have a cmaxf 2 c,,,,,~, a 1 1 of the area, Aw At - As wT 1 1 be a 

depress ton storage area. Moreover, At can be estimated as 2k Emax.. Thus, 

the depth o f  water detention is: 

where 2k I s  equal t o  40 i n  F'lgure 5, because there are 20 

columns o f  readings each spaced 2 inches apart I n  the l e f t  t o  

r i g h t  direction. 
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Flgure 5,--lI IustratTon of  the measured polnts In a f \el d of  
40clnch spaced rows and the1 r relation to the tabulated array 

of height readings, 



Flgure 6.--0utIlne of a dlstribuifon o f  average heights 
due to tillage tool  marks. 



PrelImInary resul ts  have glven depression storage estTmates as great as 

3.0 Inches for  rtdge and l1ster  planting systems on nearly zero slopes. 

Further calIbrat1on o f  t h i s  Index of depresston storage o f  water may reveal 

that  the amax can be est tmated more accurate1 y. 

E f fec t  o f  Slope on Parameters o f  Sol1 Condition 
w -  

The slope o f  the land surface probably does not s ign i f i can t l y  a f fec t  

the estfmatlon and slgnif lcance o f  the plow layer porosity and random rough- 

ness parameters discussed. The slope, however, I s  s lgn l f l can t  I n  the measure- 

ment technique and I n  the Indexes of depresston storage due t o  t l l l a g e  marks 

or iented on the contour. 

Although the performance o f  the mlcro-retlef measurement on sIopIng 

surfaces has no t  been lnvestlgated, Tt Ts suggested that  the m1cro-relfef 

meter be operated on a level  plane over the support pfns. The amount and 

d l rec t lon  o f  slope must be measured and used t o  correct heSght readfngs. 

I f  the columns o f  height readings (~Tgure  5 )  each extend i n  a direction 

perpendicular t o  the land slope and column 1 1s on the upper stde o f  the 

siope, then height readTngs Tn columns 2 to  20 must be decreased approxfmately 

i n  accordance w l th  the equation. 
h 

h = h - (0.02)(j - 1)  ($ slope) . . . . . . . . . . . . . . . ( 8 )  
j j  

h 

where h j  i s  the adjusted helght reading i n  the 

.th 
.I- column, 

h j  1s the observed helght reading i n  the 

.th 
J- CO~UIW'I, 

j 1s the Index number for  the column, and 

the constant 0.02 1s the product o f  the constants 2 

(due t o  2-Inch spaclng between col umns) and 0.01, tha t  

reduce the r l g h t  hand term t o  the same unl t s  as h !. 



For depression storage o f  water due t o  or lented t i l l a g e  too l  marks perpen- 

d icu la r  t o  the stope, an addl t fonai  quant i ty  r a s t  be subtracted from the 

numerator o f  equation (7). Thls fac to r  may be i l l u s t r a t e d  by considering 

t h e  mount  of water i n  FmaxoBBr and Em, H I D  of Figure 7. This 1s the . 
amount of water t ha t  w t l l  be drained due t o  a slope o f  decreastng e levat ion 

t o  the r ight ,  and may be v isua l ized if the model o f  Flgure 6 Ts ro ta ted  5' 

I n  a clockwise d l rec t ton  uslng point F as the axTs f o r  rotat ion.  Lines 

- 
q,axmBt and HgD descrlbe approxfmafe1 y the new wafer leve l  I ine. Thus, 

% w 11 l be decreased by the quantity: 

s = & B * B ) ( E ~ ~ ~ . B )  + &H?H)(HE,,~) + &H~H)(HD) 

A t - A  " S  
D t a  S . . . . . . . . . . . . . . . . . . . . . . ( 9 )  

W 2k 
The surface depressfon storage due t o  t i  I lage marks calculated a t  grades 

other  than +hose measured assumes that  the surface condi t lon produced by the 

t l  l lage f s  Independent o f  s4ope. General i y ,  t h i s  e f f e c t  I s  not t rue and, 

hence, such computat ions a t  sl opes great l y d i f fe ren t  than the measured 

slope can be I n  error. 

OTHER MEASUFEMENTS - 
Welaht o f  Surface Resldues 

A standardized procedure f o r  samplfng, cleaning, drylng and weighlng 

6/ surface residues has been ou t l l ned  by Whf t f le l6 . .  

Whrtf ield, C. J., Chatrrnan. A standardized procedure f o r  residue 
sampl tng. USDA, ARS 41-68. July 1962. 



FTgure 7.HEffect of  land slope on the outline of a distribution 
of average heights due to ti l f age tool marks tn .!&lnch row spacing. 



Percent Surface Cover o f  Residue 

~ a n n e r  T~Z /  has developed a method f o r  measur lng  surface cover, 

whfch employs a 12- by 12-inch p1ece o f  I u c i t e  through whlch 100 n a i l s  are 

driven on 1-Inch centers. The l u c f t e  I s  placed a t  random locat lons and the 

number o f  n a r i s  touching resldue Ts d i r e c t l y  the percent surface cover. The 

number o f  samplings needed per p l o t  has no t  been s t a t l s t l c a l l y  evaluated, 

but  about 4 t o  6 samples per p l o t  are t en ta t f ve l y  judged s u f f  IcIent. 
------------------- 

Where surface residues are or lented w l th  respect t o  rows, perhaps 

a la rger  area should be sampled wf th  a greater dfstance between the pofnts 

o r  naf Is. I n  i h l s  respect, the micro-re1 l e f  meter may be used by merely 

not1ng the number o f  measuring plns Implnglng on r e s l  due fragments. Th1s 

a l t e rna t i ve  f o r  not lng percent surface resldue cover has not  been Investtgated. 

S o l l  and A l r  Temperature 

The growth response of young corn plants t o  average s o i l  temperature 

I n  the f l e l  d has been discussed/. Br ie f ly ,  the response t o  so l  l temper- 

ature was re1 ated t o  the reference average so! 1 temperature ( temperature 

on a bare p l o t  w i t h  smooth rnlcro-rel lef)  and the change I n  average so l1  

temperature. ThIs change i n  s o i l  temperature may resu l t  from a so l1  manage- 

ment a l  t e r a ~ ~ . T h e a ~ u ~ ~ s u r t a c e r e s ~ ~ k & ~ H k e & - -  

surface over the row w i l l  exer t  an Inf luence on s o l  1 temperature and, 

therefore, on ea r l y  growth o f  crops, 

I/ Mannerlng, J. V. and Meyer, L. D. The e f f ec t s  o f  varfous ra tes o f  
surface mulch on l n f l l t r a t i o n  and erosfon. So11 ScT. Soc. Am. Proc. 
27:8,!1.-86, 1963. 



In f l  I lage experlrnents, da1 l y  maxfmum and mTnfmum so1 I temperature a t  

a 1Lcm. depth shoul d be measured on the bare sof I wl t h  smooth mfcro-re1 lef, 

and on the t1l lage I n  questfan that  does not  have a bare sol1 or smooth 

mlcro-rel lef. The average s o i l  temperatures are then taken as the mean o f  

the maximum and mlntmum readings averaged over a period extendlng from 

plant ing t o  the date on which 'Inferences are made about plant growth. The 

max!mum and mrnimum readings can be made wi th an ordlnary maximum-mlnrmum 

bimetal thermometer. From a ser1es o f  readlngs o f  maxlmum and mlnlmum 

readlngs of &-Inch so l1  temperaturesthe standard error  o f  a maxlmum o r  

mlnlmum readfng was about 2' F, Wlth 40 days o f  readings from a sIngIe 

thermometer, the 5 percent conf I dence interva I f o r  the average temperature 

woui d be f 0.45' F, Two thermometers would reduce t h l s  In terva l  t o  2 0.32'~. 

There are Instances where da l l y  maximum and minimum a i r  temperatures 

a t  20 cm. and 40 cm, above the ground surface may be he1 pfu l  I n  t T  l I age 

experlrnents. These measurements may a i d  t o  estimate mfsslng s o i l  temperature 

measurements, or  they may be necessary f o r  Instance, i f  an tnterpretat lon 1s 

based on amp1 i tude o f  temperature var fat  Ion. 

Secondary Aggregate STze 

Secondary aggregate slze I s  one o f  the parameters that describes 

the physical condit ion o f  the s o i l  I n  the row zone. As pointed out by 

31 L a r s o ~ ,  two consequences o f  aggregate slze can be expected t o  control the 

molsture supply t o  the seedl lngs. J f  secondary aggregate sf  ze 1s large, 

the volumetrfc f ract fon o f  water I s  Cow and a poor contact among aggregates 

and between aggregates and the seedling root  may I I m l t  the transmission o f  

water t o  the seedl lng, Moreover, the vof ds between the aggregates may be 



suff1clent ly large t o  permit excessive evaporatTon. Preltmlnary measurements 

reveal tha t  the average aggregate stze can be affected by t l l  lage systems and 

th t s  ef fect  of t l I lage can at t e r  ear l  y corn growth, 

The sampl Tng devtce of FIgure 8 1s used t o  obtatn secondary aggregate 

samples from row areas of d f f fe ren t  t i l l a g e  systems. A cyflnder a t  least 

4 Inches I n  dtameter and 6 Inches long t s  sharpened on one end, A s l o t  I s  

cut I n  the cy! Inder t o  accommodate a cuttTng knTfe. After the cy l  Tnder I s  

forced In to  the soll ,  I t I s  11fted wtth a shovel, excess soft  I s  trimmed o f f  

the lower end, and the cu t t i ng  kn i fe  i s  Inserted. Thus, the 0- t o  %inch 

layer 1s separated from the 3- t o  &Inch layer, The samples are a i r  dried, 

and the amounts o f  oven dry aggregates i n  7 sTeve sizes are obtained by 

8/ stev1ng w f  t h  a ro ta ry  s f  eve, mod?f ied t o  use the f o l  Iowing screen sTzes 

I n  mm.: 12, 9, 5, 3, 2, 1 and 0.5. The geometric mean dlameter of  the 

aggregatesh the seedbed area can then be described. 

Perhaps the best tlme (accuracy of the method) t o  obtain the samples 

I s  j us t  a f t e r  the plant ing operatton, For observtng a re la t lon  between 

aggregate slze and plant growth, the best tlme o f  sampitng may not be j us t  

a f t e r  the p lant ing operatton. The number o f  samples o f  a gTven treatment 

requtred f o r  a gfven Ievel o f  preciston has not  been Tnvestigated, but 

prelIm1nary considerations suggest that  a t  least 6 samples be taken per 

geometric-mean-dfameter expresston. 

Cheptl, W. S. lmproved ro ta ry  steve f o r  measuring state and s t a b i l l f y  
of dry sol1 structure. Soi l  Scl. Soc, Am, Proc. 16~113-117. 1952. 

ChepT I, W. S. A compact ro ta ry  sieve and the importance o f  dry sTevtng 
I n  physical s o i l  analysis, So! 1 Scl. Soc. Am. Proc. 26~4.-6. 1962. 



Beveled cutt fng edge 

Figure 8.-diagram of  cyl inder f a r  sampl ing secondary aggregates 
I n  the f feld. 



CONSTRUCTION DETAILS FOR MICRO-RELIEF METER 

Figure 4 shows construcl!on d e b l i s  for mlcrolrel lef meter. 








