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A rough, cloddy surface has proved best to 
prevent soil from drifting and blowing on wind- 
erosion-susceptible lands lacking an organic 
residue cover. Except for cohesionless sands, 
most soils will form clods when stirred by tillage 
implements. Soil moisture, soil texture, type of 
tillage implement, and soil density largely 
determine the size and percentage of clods 
produced. 

Compaction has been considered detrimental 
from most viewpoints on agricultural soils, and 
considerable research has been concerned with 
means of preventing or alleviating compaction 
(1,4). However, soil compaction may be desirable 
for wind erosion control if the size and distribu- 
tion of clods are increased by timely packing 
before tillage. 

This paper presents the results of a study ini- 
tiated to determine the possibility of increasing 
the cloddiness of soils by increasing soil bulk 
density. 

EXPERIMENTAL EQUIPMENT AND PROCEDURE 

Laboratory equipment included a power 
winch rated for a 700-pound load a t  100 feet 
per minute, a tillage box with a 3- by 5-foot 
test section, a tool carrier with strain link (fig. l ) ,  
a 2- by 10-inch narrow-point chisel, a weighted 
lawn roller, and a strain recorder with amplifier. 

Three field soils with clay percentages of 17 
(sandy loam), 33 (silty clay loam), and 46 (clay) 
were selected and sieved through a 0.25-inch 
sieve. Soil particles less than 0.25 inch in diameter 
were used to conduct the tests. Standard Proctor 
tests were performed on each soil to  determine 
the maximum density and the optimum moisture 
for packing (5). These values were 1.89 g./cc. 
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and 13 per cent for sandy loam; 1.59 g./cc. and 
20.2 per cent for silty clay loam; and 1.44 g./cc. 
and 28.8 per cent for clay. 

Soil was brought to  optimum moisture content 
and packed with the water-weighted lawn 
roller, or combination of roller and hand packer, 
to provide dcnsities ranging from 1.31 to 1.71 
g./cc. on sandy loam, 0.98 to 1.41 g./cc. on 
silty clay loam, and 0.93 to 1.30 g./cc. on clay; 
or, expressed in percentages of maximum density: 
69 to 90, 61 to 88, and 64 to 90, respectively, for 
the three soils. Maximum density in this paper 
refers to the bulk density obtained at  the opti- 
mum moisture content by dropping a standard 
5%-pound Proctor hammer 25 times through 12 
inches onto 3 equal layers of soil placed in a 
cylinder whose volume is 350 cubic foot. Three 
replications each of five densities were used on 
each soil. Bulk density was determined by core 
sampling. 

Compacted soil was tilled with a full-size, 
2- by 10-inch, narrowpoint chisel immediately 
after packing (figure 1). All soil thrown up on the 
surface within the 5-foot test length was placed 
in soil pans. Clods large enough to permit sizing 
to I- by 1-inch cross section were selected and 
used to determine the relative resistance to 
crushing (fig. 2). One-half the clods sampled were 
oven-dried and the size distribution determined 
by rotary sieving (3); the other half were placed 
outside in trays with bottoms of wire gauze for 
weathering. After approximately 6 months the 
samples were brought inside and the sieving 
operations repeated. Force necessary to pull the 
chisel through the soil was measured a t  each 
density. 

RESULTS 

Clod size distribution and stability 

Effect of density and texture on percentage of 
clods greater than 6.4 mm. is shown in figure 3. 
This size was used in lieu of 0.84 mm. (the size 



FI(: 1 V i r ~  of tillage I)o\, tool carrlrl , :~nd strain link; l:~wn ioller in background was  sod for pwk- 
ing. 

FIG. 2. Apparat,us used to  measure relative 
crushing strength o f  clods. Forcc was applied to  
clod through a $i6-inch square, 5-inch long canti- 
lever h a m ,  arid was me:ts~~red hy determining 

usually considcrccl to  br  rclsistant to  mo\cmcnt 
II), \I ind) hecause of soil-sicving p r o ( ~ d u r t ~ s  I I S O ~  

bcforc compactiorl. Clods grratcr th:m G.4 mm. 
must ha\(, hcc.11 formcd by thr  tdlagc :wtion :tnd 
rould not h a w  occurrcd as natural :iggr(yq~t(>s. 
Thc pcrccmtagc of clotls grratc,r th:m 6 4 m ~ n ,  in 
diametw incrensed drcidcdly ui th  in(w:~sing 
bulk drnsity both bcforc and aftvr nt~athc~ring in 
all thrcc soils. C l q  c.ontainet1 tlrc~ Inrgc~st por- 
rcd,ag-c of clotls :inlong th r  tlirw solls. Sdty 
rlay loam contained more clotls than i:lndy 
loam. Ratc of incrcase in pc.rcarntagr of clocls 
grc:ttc.r than 6.4 mm., as tlctcrrninctl 1mmcd1ntc4y 
after tillage,, was morc nipid for tl1c1 iilty rlny 
loam and sandy loam than tor clav For c v m p l ( ~ ,  
~ncwasing the, t l m s ~ t y  from 70 to 80 p(11 c ~ m t  of 
m:tsimum raiscd thc numhcr of rlotli g r ( ~ ~ t ( v  
than 6.4 mm. 25 per c m t  for silty clay lo:un :mtl 
santly loam 111 comparison with : i b o ~ ~ t  Id Iwr 
ccnt for clay. Such diff'crcnccs, Ilon c ~ ,  \\ cw not 
marhcd aftcr cvithcnng. 1)cgrcc of 11rcd;tlon 11 

was lcast for clay and grcatcst for s i n c l ~  lo:m. 
At low ticnsiticls most of tllc clods had disnppcnrtd 
after wrathering 111 tllr silty clay lo:1111 and i:rlitly 
loam. 

Resistance to breakdown dutl to ~ncd i :~n ic~~l  
action of resic~ing is shown in figurr 4 (2) 

strain in beam with strain gages and xppropriatc 
amplifying and recording eql~ipment . 
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FIL. 3.  Soil cloddiness immediately after chis- 
eling : t r~ t l  after 6 months of natuml weathering in 
relation to soil density. 
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Frc:. 4. I<rl:~,tionship het,ween mecha~~icitl std)il-  
i ty :mtl soil delisit,) inimedint~ely after chiseling 
and : ~ f t c ~  (i months of natur:~l weathering. 

Clod strength 

Figuw 5 shows thc influence, of tc.xture and 
moisturc~ o11 tlw rc,l:~ti~c, strcngth of clods forriwtl 

by  chiscling a t  a fairly high clcnsity. Figurv G 
contains the same inforniation for clods protluccd 
a t  st low bulk density. Crushing resistance of 
clods increased rapidly a i t h  drying on all thrcc 
soils after they wcrc packed to  a high bulk 
density. Clod strcngth is relatrtl also to thc 
amount of clay; stronger clods wcrc producwl :m 
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PERCENT OF OPTIMUM MOISTURE FOR C O M P A C T I O N  

FIG. 5 .  Itelationnhip hetneen c n ~ s h i l ~ g  resist- 
RII (~C :md clod moisture for soils packed to high 
hulk densities (87 per cent of mnsi~num). 

PERCENT OF OPTIMUM MOISTURE FOR COMPACTION 

]FIG. 6. Relat,ionship hetneen crushing resist,- 
ance and clod n~oist~ure for soils packed to low 
bull< derisities ((i0 per cent of mnsir~rr~~n) .  
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PERCENT OF MAXIMUM DENSITY 

FIG. 7 .  Draft requirements of a single narrow 
point chisel in relation to soil density and texture. 

the clay content was increased. Clod strength 
increased slowly with drying a t  low-density 
levels. 

Draft 

As expected, the force necessary to pull the 
chisel point through the soil increased rapidly 
with bulk density (fig. 7). As clay content in- 
creased, draft requirements also increased. Draft 
requirements were about the same for silty 
clay loam and sandy loam a t  low density. At 
high density the draft was about 190 pounds 
greater for silty clay loam than sandy loam. 

The relationship between draft and percentage 
of clods greater than 6.4 mm. is shown in figure 
8. All three soils produced about an equal amount 
of clods a t  the same draft requirements. An 
economical point to consider is the increase in 
yield of clods as draft increases. It appears that 
a point of diminishing returns might be reached 
at  about 500 pounds draft for the clay and silty 
clay loam. An additional draft of 300 pounds 
above this amount showed only a 9 per cent 
increase in cloddiness for clay and a 5 per cent 
increase for an additional draft of 240 pounds for 
silty clay loam. Sandy loam responded well 
throughout the range of draft necessary for the 
study. Using 500 pounds pull as a point beyond 
which it is unprofitable to pack soil for increasing 
the cloddiness potential, clay soil would not 
need to be packed beyond 77 per cent of maxi- 
mum density, silty clay loam beyond 86 per cent, 
or sandy loam beyond 91 per cent. 

Interpretation of results 

More investigation is necessary before results 
obtained can be applied directly to field condi- 
tions. Important information is needed on the 
range and limit of bulk densities obtainable with 
commercial field packers, the effect of packing 
a t  moisture conditions other than optimum, and 
the effect of drying on soils packed a t  various 
moisture contents before tillage is accomplished. 

This study clearly indicates that cloddiness of 
disturbed natural soils can be increased by 
packing under optimum moisture conditions for 
compaction. Contingent on future application 
to field conditions, it  appears that packing before 
emergency tillage operations might prove to be a 
practical way to  obtain clods on soils that other- 
wise would produce few, if any, by tillage 
methods. 

SUMMARY 

Possibility of increasing the cloddiness poten- 
tial of soils by compaction was investigated by 
chiseling three soils containing 17, 33, and 46 
per cent clay a t  several bulk density levels. 
Tillage was accomplished with laboratory equip- 
ment. 

Percentage of clods produced by the chisel was 
increased on all three soils by increasing soil 
bulk density. Total cloddiness after tillage was 
greatest on clay, but rate of increase was more 
rapid for silty clay loam and sandy loam. 

Breakdown by weathering was evident on all 
soils, but to a greater degree on silty clay loam 
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FIG. 8. Relationship between amount of clods 
producing by chiseling and draft. 
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and sandy loam. More high-density than low- 
density clods were still present after weathering. 

Mechanical stability, as determined by re- 
sieving, was also increased on all soils by packing. 
Clay was highly stable throughout the range of 
densities studied. Silty clay loam and sandy 
loam clods remaining after weathering were less 
stable than clay. 

Crushing resistance of clods increased rapidly 
with drying if the soil had been packed to high 
bulk densities, but rather slowly if it had been 
packed to lower levels. Clay produced the strong- 
est clods and sandy loam the weakest. 

Both increases in bulk density and clay content 
caused the draft requirements to go up rapidly. 
A point of diminishing returns on clod yield was 
reached a t  about 77 and 86 per cent maximum 
density, respectively, for clay and silty clay loam, 

i.e., draft requirements become so large com- 
pared to the increase in percentage of clods that 
further packing probably would be unprofitable. 
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