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to Improve Sandy Land 
By HOR.-\CE J. HARPER and 0. H. BRENSING 

Soils Scientist, and Assistant Soils Scientist, Respectively. 

Deep plowing of sandy land to improve crop yields and reduce 
wind erosion has received widespread attention in Oklahoma since the 
Experiment Station first began testing the idea in Harmon county in 
1947. Although the Station's research on deep plowing is not yet com
plete, the method has attracted so much interest that this bulletin was 
prepared to answer inquiries about it. 

Experiments have progressed far enough to show that on some 
types of loose, sandy soil DEEP PLOWING WILL: 

l. Increase crop yields, and 
2. Reduce wind erosion. 

The research also shows that DEEP PLOWING WILL NOT: 

l. Improve the physical condition of all types of land, nor 
2. Improve crop yields permanently unless followed by proper 

use of rotations, fertilizers, and soil-improving crops. 

On areas where deep plowing is adapted, it is a "once over" proposi
tion. The beneficial effects probably will last 50 to 100 years, provided 
the soil is properly handled after it is deep plowed. 

Deep plowing has been used for some time in California to transfer 
good soil to the surface after it had been covered by sand or gravel 
deposited by floods. It also has been used in the Arkansas River valley 
and a few other locations in Oklahoma where floods had deposited 
sand on good bottomland.* The success of deep plowing in these 
places indicated that it might be useful in areas where a loose, sandy 
surface soil was underlaid by a layer containing a higher proportion of 
clay. This idea is being tested in research started in January, 1947. 
Results up to the spring of J 950 are summarized in this bulletin. Fur
ther research is under way. 

• See Okla. Agri. Exp. Sta. Bul. No. 282 (1944). 
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BENEFITS OF DEEP PLOWING 

Deep plowing of sandy land adapted to this treatment can increase 
crop yields and reduce wind erosion. These benefits can be obtained 
on loose, sandy soils where a subsoil containing from 10 to 25 percent 
of clay lies near enough to the surface to be reached with special plows 
now available. However, the method is not suitable for all sandy
surfaced soils (see page 19). The productivity of a subsurface soil when 
transferred to the surface by deep plowing depends on several factors, 
including its organic matter content, its clay content, its physical struc
ture, and its supply of plant nutrients. 

A cloddy condition resistant to wind erosion can be produced by 
cultivation on a sandy soil having more than 8 percent clay. There
fore deep plowing will reduce the hazards of wind erosion on loose, 
sandy land if there is a subsurface layer containing more than 10 per
cent' of clay. 

Increasing the clay content of a sandy surface soil also provides a 
more favorable condition for the growth of young plants, for two rea
sons. First, plants obtain nutrients from the soil principally by taking 
them from the surface of clay particles through absorption by the root 
hairs. vVhen the clay content is low, there is less surface from which 
the plants can obtain food. Second, the higher the clay content of a 
soil, the more water it will hold. Increasing the clay in the surface 
will provide a more favorable condition for the survival of alfalfa seed
lings; and, where a soil improvement program is used, it will be more 
favorable for the production of wheat and rye. 

The effect of deep plowing is permanent, at least in terms of a 
man's lifetime. Subsequent treatment will not be required more often 
than once in 50 to 100 years, if the soil is properly managed after being 
deep plowed. 

Deep plowing not followed by proper soil management can be 
merely a form of soil mining. Loose, sandy land which has been cul
tivated for a long time without growing legumes or applying manure 
has more organic matter in the su bsurlace than in the surface layer. 
Deep plowing brings this organic matter to the surface and thus causes 
a temporary increase in crop yield. But the benefit will last only a few 
years unless steps are taken to maintain the supply of active organic 
matter in the surface soil. 11 it is not maintained, yields will soon be
come as poor or poorer than they were before the land was deep plowed. 

Many sandy soils are low in organic matter, nitrogen and phos· 
phorus. Some of them are lacking in potassium. Therefore if deep 
plowing is to develop a more permanent and productive type of agricul
ture on such soils, it must be followed by mineral fertilization and the 
growth of soil-building legumes. 
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EXPERIMENTAL RESULTS 

Field tests of deep plowing to improve loose, sandy-surfaced land 
were started in Harmon county in 194 7. ·while these field studies 
were under way, soil data from other parts of the state were examined 
to determine the areas where deep plmNing might be used if the idea 
proved practical in the Harmon county tests. More recently, various 
types of plows have been tried. 

One of the deep-plowing experiments in Harmon county was on 
the H. V. Treadway farm 5 miles north of Hollis. Data were obtained 
for only one year. .\fore extensive tests on the \IV. F. \'\'ilkinson farm 7 
miles north and 6 miles east from Hollis are still under way. In all tests, 
the deep-plm\·etl plots are compared with adjacent plots which are 
double listed, a method of tillage common on such soils in that area. 
Both locations had a loose, sandy surface soil with a subsurface layer 
containing more clay. Table VII (page 17) shows the mechanical com
position of the surface and subsurface soils on the experimental areas. 

Effect On Crop Yields 

TREADWAY FARM, 1947 

On the Treadway fann, one part of a field was plowed lti inches 
deep, another part 10 inches deep, and a third part was double listed. 
Different fertilizer treatments ·were applied. The effect on cotton yields 
in 1947 is shown in Table I. This land produced 807 pounds of seed 

TABLE i.-Cotton Yields on Deep Plowed and Listed Land, With and 
TVithout Fertilization; H. V. Treadway Farm, Harmon County, 1947. 

(Pounds per acre) 

Fertilizer Treatment 

Tillage Treatment Unfertilized Phosphate* Nitrogen & Avg. 

Yield of Seed Cotton 

Double listed 807 938 
Plowed 10 lll. deep 1,199 1,352 
Plowed 16 in. deep 1,395 1,592 

Increase Dne to Treatment 

Double listed 131 
Plowed 10 in. deep 392 545 
Plowed 16 in. deep 588 785 

* 20% superphosphate, 130 pounds per acre. 
"* 16-20-0 fertilizer, 75 pounds per acre. 
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Phosphate** 

959 901 
1,406 1,319 
1,613 1,533 

152 !IJ 
599 512 
806 726 
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cotton per acre without special treatment. Plowing to a depth of 10 
inches, without fertilization, increased the yield almost half; and plow
ing to a depth of 16 inches increased it almost three fourths. Deep 
plowing (16 inches), plus nitrogen and phosphate fertilization, almost 
doubled the yield. Only one year's data were obtained at this location. 

WILKINSON FARM, 1947-1949 

The portion of the Wilkinson farm being used for deep plowing 
experiments has a loose, sandy surface soil varying from 8 to 12 inches 
in depth and containing about 3 percent of clay. The soil layer just 
below this contained from 15 to 20 percent of clay. Part of the ex
perimental area was plowed about 15 inches deep in January, 1947. 
The remainder was not deep plowed, but was double listed each year. 
The plowed and unplowed portions were each divided into three parts. 
On one, a rotation of cotton, milo, and cowpeas was grown. Alfalfa 
was planted on another; and a rotation including vetch and rye was 
started on the third. Various fertilizer treatments were given each plot. 
(Results of the fertilizer applications are discussed on pages 10 to 15.) 

Cotton.- Effect of the various treatments on the yield of cotton 
grown in a rotation with cowpeas and sorghum is shown in Table .I I. 
As an average of the three years, the listed plots produced "132 pounds 
of seed cotton per acre and the deep-plowed plots 730 pounds, without 
fertilization. 

Sorghum. - Table III and Figure 1 show the effects of the various 
treatments on the grain and forage yields of the milo grown in the rota
tion. The increase on the deep plowed area, without fertilization, was 
7.2 bushels of grain (56 percent) and 464 pounds of forage (61 percent), 
as an average of the three years. 

Alfalfa.- Alfalfa was planted on a portion of the deep-plowed 
area and also on an adjacent strip which had not been deep plowed. 
(This was primarily a fertilization experiment, which is discussed on 

page 13.) On the part which was not deep plowed, the stand was very 
thin and practically no yield was obtained, even where fertiliter was 
used. On the deep-plowed portion, without fertilization, 580 pounds 
of hay per acre was obtained in the first 1949 cutting, and 114 pounds 
in the first 1950 cutting. (Table V, page 14.) Fertilization with super
phosphate increased these yields to as high as 2,216 pounds and 885 
pounds, respectively. 

Higher hay yields could be expected on similar soils in central Okla
homa, due to the greater rainfall. 

The failure of alfalfa on the land that had not been deep plowed 
was principally due to the difficulty or obtaining a stand. Young alfalfa 
seedlings do better on a soil with 15 to 25 percent of clay than they 



TABLE Il.-Cotton Yields on Deep Plowed and Listed Land, With and Without Fertilization; W. F. Wilkinson 
Farm, Hannon County, 1947 to 1949, Inclusive. 

(Pounds per acre) 

1947 1948 19,19 Average 
- - - ----- --- ----

Fertilizer Treatment (annually Double Deep Double Deep Double Deep Double Deep 
listed plowed listed plowed listed plowed listed plowed 

-- --------- -----------------

Yield of Seed Cotton 

No fertilizer 251 ()98 556 ~18 4,90 5c15 432 730 
20% superphosphate, 150 lbs. per acre 403 753 643 l, I 0 I 599 708 548 857 
'1-12-4 fertilizer, 250 pounds per acre 687 850 1,046 1,352 926 926 886 1,043 

Increase Due to Treatment 

No fertilizer H7 392 55 --- 298 
20% superphosphate, 150 lbs. per acre 152 512 87 .:545 109 218 ll6 '125 
1-12-4 fertilizer, 250 pounds per acre 436 599 490 796 436 436 454 611 

----
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will on soils low in day content (l to 5 percent) . H owever, alfaHa 
wi ll make a fairl y good growth on loose, sandy soil overly ing a loam or 
day loam subsoil h igh in n atural fertili ty if a stand can be obtained. 

R yc and Verch.- Abruzzi rye and hairy vetch were pla nted in a l
terna te years on adjacent plots of deep-plowed soil and soil given the 
usual tillage. Vetch production was very poor due to heavy grazing 
by jackrabbi Ls on the small plots since there was very li ule o ther g-reen 
food on the surrounding area. :\fore experimental data are needed to 
compare th e relative crop producing capacity of winter crops as com
pared with summer <Tops 011 this type of la nd. 

Use of Fertilizer 
O N ROW CROPS 

L and deep-plowed in 1 !H7 was divided into ploLs to test the effects 
ol diH'erellt m ethods o( fertilization. SiiTi i lar fertilizer treatments were 
appl ied on corre~ponding plots of nonn ally ti lled land. The resu lts of 

Fig. 1.- Dwar£ 1\:lilo Grown in 1948 in Expnimcnt un Wilkinson Farm. 

Pint "A" was neither deep p lowed nor fert ilized. lt yielded 11.4 bu shels of grain 
pCI acn:. Plol " ll" was not docp plowed, lm"l superphosphate had been applied un 
cowpcas in 1917; yield was 12.:'> bushels. l ' lot ' 'C" had no treatm ent cxlept deep 
plowing· in January, .l!H7: yield was 20.7 bushels. On plot ' 'D," deep plowing and 
the residual effect of superphosphate and wwpcas pr-~duced !ll.<i lmshcls per au·e. 
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Fertilization; TV. F. vVilhinson Farm, Hannon County, 19.fi to 1949_. Inclusive. 

1947 1948 1949 Average 

Fertilizer treatment* Double Deep Double Deep Double Deep Double Deep 
listed plowed listed plowed listed plowed listed plowed 

GRAIN (bushels per acre) t;:) 
~ 

Yields ~ 

'"0-

None 3.9 11.2 11.4 20.7 2:1.4, 28.3 12.9 20.1 
'"o: 

~ 20j, superphosphate, 150 1bs. jA. 6.1 13.3 1 ') : 31.6 :2"1.3 24.9 14.3 23.3 __ ;) 
~. 

4-12-4 fertilizer, 250 1bs. jA. 10.0 16.6 16.3 28.0 27.0 26.4 17.8 23.7 
;:j 

'J"'o 

Increase Due to Treatment ;:, 

None 7.3 9.:l 4.9 7.2 
"'-< 
~ 

20% superphosphate, 150 lbs. jA. 2.2 9.4 l.l 20.2 0.9 1.5 1.4 10.4 ~ 
·1-12-4 fertilizer, 250 lbs. jA. 6.1 12.7 -1.9 l fi.6 .~.6 3.0 4.9 10.8 8 

iii 
FORAGE (pounds per acre) :/) 

;:;, 
-~--- ;:j 

Yields :;::,... 
~ 

None 447 980 ! 'j!)~) 2,020 {)(i/ 666 758 1,222 t'-< 
;:, 

20% superphosphate, 150 lbs. jA. 479 1,162 LLtG 3,165 840 712 918 1,G80 ;:! 
:;::,... 

11-12-4 fertilizer, 250 lbs. jA. 778 1,453 l,iOO 2)-lOO t-:52 726 1,010 1,694 
Increase Due to Treatment 

None :J~l :1 1\(j() -I -164 
20% superphosphate, 1.50 lhs. I A. 32 715 ()- ,""' 

-I.) 2,025 173 45 160 922 
1-12-4 fertilizer, 250 lbs. jA. 331 1,006 210 l,G10 185 59 252 93fi 

' ----~'~·~··-· ------- .. ~-~=~" 

'''Fertilizer applied on cotlPn. :\'o fertilizer applied to the cow1)eas 01 miLJ crop e-.;cepl in 1947 _ 
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these comparisons are presented in Tables I and III, and in Figures l and 
2. In 1948, an additional area was deep-plowed for the purpose of setting 
up further fertilizer comparisons. 

Results of the fertilizer trials to date indicate that: 

l) Crop yields can be increased on these soils simply by applying 
commercial fertilizers, without deep plowing (but the erosion hazard 
still remains). 

2) Deep plmving improves the physical condition of the soil, so 
crops caa take advantage of fertility improvement practices. 

3) Deep plowing must be followed by proper soil management 
practices to maintain or improve crop p1·oduction. 

-<:: 
CD 
<.J .... 
CD 

a.. 

CD 
Ill 
0 
CD .... 
0 
<:: 

Deep 
Plowed 

- 20% Superphosphate 

Untreated 

ltf'(fid 4-12-4 

Fig. 2.-Comparative Effect of Fertilization on Deep Plowed and on Untreated Land. 
Deep-plowed soil, because of its better physical condition, gives moroe response to 
fertilizer and general good soil management than does the original sandy surface 
soi1!. This graph shows the percentage that crop yields were increased by fertilization 
on deep-plowed and on untreated land. (Increases shown are an av,erage for cotton, 
sorghum grain, and sorghum forage, for the ~three years 1947, 1948, and 1949, on 
the Wilkinson farm.) 
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The large increase in yields the first year after deep plowing, even 
when no fertilizer was used, suggests that plants are being benefitted 
by organic matter brought up from the subsurface layer. On the Tread
way farm the organic matter content of the subsurface soil was twice 
as high as in the surface layer. (.73 percent and .% percent, respec
tively.) That this condition is characteristic is indicated by soil analyses 
made on eight other farms where deep plowing has been tried. On 
these eight farms, the average organic matter cm1 tent of the surface 
layer from the deep-plowed land was .:18 percent as compared to .28 
percent on adjacent areas. Roth these percentages are rather low. A 
good sandy loam in southwestern Oklahoma will contain 1.5 percent 
or more of organic matter. 

The data in Tables II and III show a rather rapid decline in 
yields on the area deep plowed in January, 1947. This decline is 
probably due in part to the rotation ami method of fertilization used in 
this experiment. Table IV gives a comparison of cotton yields in the 
rotation in 1949 with those obtained where cotton followed cotton on 
the land deep plowed in 1948. 

ON ALFALFA 

A special phosphate fertilizer experiment was made with alfalfa, 
because of the value of that crop as a soil improver. Fertilizer treat
ments as shown in Table V were made on both deep-plowed and 
normally tilled laml. Both areas were also limed. On the area which 
was not deep plowed, the stand was very thin and practically no yield 
was obtained, even where lime and phosphate were applied; therefore 
the results shown in Table V and Figure 3 are for the deep-plowed 
area only. Field observations indicated that alfalfa plan ted in rows so 
that the crop could be cultivated would be superior to a solid planting 
for seed production. 

TABLE JV.-Compariso/1 of Colton. Yields in Rotation With Yields 
lVhen Colton Followed Cotton on Deep-plowed Land; 

1949, Wilkinson Farm. 

Yield of Seed Cotton 
(pounds per acre) 

Unfertilized 
250 lbs. per acre of 4-12-1 

75 lbs. per acre of 16-20-0 
200 lbs. per acre of 7-16-0 

ln rotation, 
following sorghum 

545 
926 

--------------------·-·---· 

Cotton following 
cotton 

762 
1,307 
1,307 
1,253 



TABLE V.-Efject on Yield of Alfalfa of Applying Superphosphate and Rock Phosphate to DeejJ-plowed* Soil 
at Different Rates and /1y Different Methods. 

:Fertilizer treatrnen t 
Hay Yields; First Cutting (pounds per acre) 

(pounds per acre) 1949 1950 Average 
-----------~-------

_______ .. ____________ 
No treatment** 580 114 525 
Superphosphate 

300 after plowing 1,682 700 1,191 
150 before plowing; 150 after plowing 1,701 695 1,198 
450 after plowing 2,163 880 1,521 
300 before plowing'; 150 after plowing 2,21 6 885 1,550 

Rock phosphate 
400 after plowing 1,235 580 907 
200 before plowing; 200 after plowing 1,055 630 842 
600 after plowing 1, I 08 615 876 
100 before plowing; 200 after plowing 1,710 750 1,230 

''' .\11 treatments were duplicated on land which had not been deep plowed, but only a very •thin stand was obtained. 
**Average of three plots in 1949, two in 1950. 

Available phosphate was low in both surface and subsurface. Phosphate applied before the land was deep plowed was put on 
in January, 1947. Limestone at the rate of one ton per per acre was worked into the soil after the land was deep plowed. 
The remaining phosph<I'Le treatments were applied in September. 19 !7. 
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Fig. 3.-Alfalfa on Deep-plowed Sandy Land. 

The plot on the left was deep plowed and fertilized with superphosphate. That on 
the right was deep pl::" cd but received no fertilizer. Both plots were limed. On 
similar land not deep plowed the stand of alfaHa was thin, consequently the yield 
was practically nothing, ev,en where lime and superphosphate were applied. The 
thin stand did produce a good seed crop in 1950. 

The superiority of superphosphate over rock phosphate as a source 
of phosphorus for the alfalfa as shcnm in Table V probably would not 
be as great further eastward in Oklahoma, where there is more rainfall. 

On some of the deep-plowed plots, part of the phosphate was 
applied before plowing. This was tried on the theory that fertilizer 
placed deeper in the ground would remain moist for longer periods 
of time and thus gi,·e plant roots more opportunity to take it up. How
ever, the yields show no advantage for this method of applicatiou, except 
in the case of rock phosphate applied at the rate of iiOO pounds per 
acre. 

More data are needed before making recommendations cotHcmi11g 
fertilization of alfalfa on deep-plowed soil. Stands were poor on both 
deep-plmred and untreated plots in 1917. A reseeding made i 11 the 
fall of 1948 made a goocl crop on the deep-plowed plots in the spring 
of 1949, but web-worms and dry weather severely reduced the yield 
of a second cutting. The first 1950 cutting \ras stunted IJy dn weather. 
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TABLE Vl.-Ff}ect of Deep Plowing on the iVIechanical ComjJosition 
oj Surface Soil.* 

(Percent) 

.Before Deep Plowing After Deep Plowing 

Farm Sand Silt Clay Sand Silt Clay 

Sam Holmberg, Erick 90.8 5.5 3.7 77.0 12.7 10.3 
Lee Bond, Ft. Cobb 90.0 6.3 3.7 69.8 12.5 17.7 
Percy Ware, Mangum 86.8 9.5 3.7 64.5 12.5 13.0 
Arzie Gamble, Hollis 94.8 2.5 2.7 75.3 13.7 11.0 
Willie King, Altus 9L1.7 2.1 3.2 82.5 5.3 12.2 

· These samples were collected by Jim Tomlinson, Farm Coordinator, Oklahoma 
A;,ricultural Experiment Station. 

Effect on Erosiveness of Surface Soil 

Previous experiments* show that, under Oklahoma conditions, 
sandy soils containing less than 8 percent of clay in the surface layer are 
<1uite susceptible to wind erosion when row crops arc planted on them, 
but that a cloddy condition resistant to wind erosion can be produced 
i>y cultivation where the soil contains more than 8 percent of clay. 

On five areas where farmers have tried deep plowing in cooperation 
with the Experiment Station, the percentage of sand in the surface 
layer has Leen increased from less than 4 percent to an average of more 
than 12 percent after deep plowing (Table VI) . Table VII indicates 
that these soils arc fairly representative of other sandy-surfaced land in 
Oklahoma which might be improved by this treatment. 

*' .\uthor's unpubli-;hcd data. 



TABLE VII.-Mechanical Composition of Typical Soils Improvable by Deep Plowing. 

Surface Soil Subsurface Soil 

County Depth Composition (percent) Depth Composition (percent) 
(inches) 

Sand Silt Clay (inches) Sand Silt Clay 

Beckham 0-10 90.8 5.5 3.7 20-30 70.0 15.8 14.2 
Caddo 0-20 92.1 4.6 :3.3 20-24 72.2 5.2 22.6 
Caddo 0-8 83.3 11.9 4.8 8-16 62.2 16.7 21.1 
Greer 0-10 94.3 2.2 3.5 10-20 70.1 12.4 17.5 
Harmon* 0-10 92.5 6.2 1.3 10-16 69.5 11.4 19.1 
Harmon** 0-6 86.5 7.0 6.5 12-18 64.5 14.0 21.5 
Harmon 0-15 94.5 2.4 3.1 15-24 74.0 9.0 17.0 
Harmon 0-18 96.0 1.0 3.0 18-30 69.0 12.0 l9.0 
Jackson 0-17 92.5 4.0 3.5 17-27 56.5 14.5 29.0 
Kay 0-24 76.4 17.6 6.0 24-36 54.1 20.4 25.5 
Pontotoc 0-16 71.7 23.0 5.3 16-24 55.4 21.0 23.6 
Washita 0-8 85.6 9.6 4.8 8-16 68.2 11.2 20.6 

*Wilkinson farm; area used for alfalfa fertilization tests. 
"*Treadway farm. 
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CHOOSING LAND FOR DEEP-PLOWING 
TREATMENT 

Soil Types Improvable by Deep Plowing 
Figure cl shows the major areas in Oklahoma where deep plowing 

::an be used to improve the physical character of loose, sandy land. In 
~eneral, these are areas where a high percentage of the soils contain 
less than 4 percent of clay in the surface layer and 10 to 25 percent 
Jf clay in the subsurface layer. On such areas, enough subsurface soil 
:an be brought to the surface by deep plowing to increase the clay con
tent of the surface layer to 8 percent or more. The hazard of wind 
~rosion on cultivated land is considerably reduced where the clay con
tent of the surface is above 8 percent. 

Figure 5 shows a good example of a soil profile that can be im
proved by deep plowing. The surface layer is about 12 to 14 inches 
deep. lt is a loose, sandy soil which is low in organic matter and con
tains less than 3 percent of clay. vVhen cultivated, it is very susceptible 
to wind erosion. The darker colored subsurface soil contains 17 to 20 
percent of clay. 

Figure 6 shows a field where deep plowing would be needed only on 

Fig. 4.-Areas Where Soil Improvement by Deep Plowing Is a Possibility. 

The aneas indicated are those where the clay content of loose, sandy land could be 
increased to 8 percent or more by deep plowing to bring up a layer of subsurface 
soil containing mme clay than the surface. Cultivation produces a cloddy surface 
resistant to wind erosion on sandy soils in Oklahoma containing more than 8 percent 
clay. 

[18] 



n eejJ Plowing lu Improve Snndy L and 19 

Fig. 5.-A Soil Where Detp !'lowing Would Improve Surface Texture. 

The loose, sandy sur(ar.e layer is 1~ lO I t in ches deep and wntains less than 3 
percent Qf d a). The >ttbsurtac.c layer ba~ 17 to 20 ptncnt of d ay. Such a soil 
pronlc offers an idea l opportunity for i mprovin~; rhe physical tondil ion of the 
surface !Jy deep plowing. 

the sandier areas. T lte remainder already has enough clay in the sur
face soil. 

Where Deep Plowing Would Be Harmful or Useless 
Figure 7 shows a soil which would. be injured by deep p lowing. 

The clay content of the subsurface layer is very high. If such a sub
soil were transferred to the surface, it would slmv up the iutake of 
moisture and be very unfavort~ ble for good root development. 

Figure 8 slwws a soil 1dwre deep pJo,ring would give little benefit. 
It is a deep, sandy soil containing very liule clay. If the subsurface 
layer contained more organic matter than the surface soil , yields would 
be temporarily increased by deep plowing. Hut the benefi t \.vould 
disappear as soon as the newly exposed organ ic matter was u sed up. 
Deep p lowing oH this type or land would be merely a form of soil 
mining, eventually leaving the land as poor or poorer than it was be
fore iL was deep plowed. 
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Two rather large areas o( sandy land in northern Oklahoma would 
not be helped by deep plowi11g. One o[ these lies along· the Salt Fork 
of the A.rkausas River. The other is along Beaver Creek in the Pan
handle. 

Non-sandy Soils \Vhere Deep Plowing Might Help 
A deep plowing demonstration on dense clay soil was conducted on 

the Paul Christ farm, located in the 'Vashita River Valley southeast of 
l\1 aysville, Okla., on 1\[arch l, 1950. The subsoil which was transferred 
to the surface by the 30-inch plowing varied in texture from a loam 
to a clay loam. Corn planted on this area in the spring of 1950 pro
duced 65 bushels per acre. The land had not produced a good crop 
during the past 16 years. 

Further investigation may show other areas where deep plowing 
might be valuable. .For example, soils of the High Plains containing 
a high perceulage of silt are very subject to wind erosion when they 
are dry and not protected by growing vegetation or crop residues. 

Fig. 6.-0nly Part of This Field Would Benefit From Deep Plowing. 

The soil in the foreground contains enough clay to resist wind erosion because it 
develops a cloddy structure when cnhivated. The soil in the background is a loamy 
fine sand which is moved easily by the wind when not protected by a vegerative cover. 
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Fig. 7.-J>ecp Plowing Would Jnjure This Soil. 

This subsut1face soil has a very high percentage of clay, as indicated by the large 
and n umerous shrinkage cracks. Deep plowing would put too much day on th e 
surface. Too much clay slows up the absorption of rainfa,ll, especially when the 
clay is low in organic matter content. Organic matter in a clay soil prodtH:es a 
granular structure having openings through which water can pcnetmte. 

If the subsurface soil under this type of land c.on tainecl the ri)!;ht 
amount of clay, a cloddy surface might be developed by deep plowing 
which would be more resistant to wind erosion when not protected 
by crop residue. 

It is also possible that some medium textured soils might benefit 
from deep plowing. These ·would be soils where the organic matter 
content of the surface layer had been ~,rreatly decreased by cropping 
all(( where the proper suhstuface conditions existed. Proper subsurface 
conditions would include (I) the right quantity of clay and (2) an 
organic. rnatter content higher than that of the surface layer. Deep 
plc.nving normally would not be recommended for a medium textured 
soil that still contains much of its original organic matter and has a 
high crop-producing capacity. 

Large areas of medium textured subsurface soils in ·western Okla
homa were uncovered hy wind erosion during the Dust Bowl period 
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from 1933 to 197l7. This land was classified by some investigators as 
severely damaged by wind erosion. However, it has been producing 
good crops of 'vheat whenever climatic conditions were favorable, be
cause the availability of plant nutrients in these subsurface layers is 
high and the structure is favorable for moisture absorption and root 
development. 

How Clay Subsoils Form Under Sand 
Clay is formed in sandy soil as a result of the chemical weathering 

of certain minerals, principally the feldspars. The quantity of clay 
formed in a sandy soil will depend upon the time factor and intensity 
of the weathering processes. 

1\Iany of the soils in central and western Oklahoma which could be 
improved by deep plowing were formed on sandy material transported 

Fig. 8--Deep Plowing Has No Permanent Value Here. 

On deep 'Sandy soils such as this one, there is no laver haYing a higher clay content 

than the surface soil. Deep plowing on a soil of this type might have temporary 

value b~' bringing to the surface unused organic matter in the subsurface laver. 

But crops would soon usc up this new organic matter, and the land would be no 

better than before. Use of soil-improYing crops in a rotation would be a boetter 

method of improv,ing fertility here. 
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from the Rocky i\Iountain area. These sands contained a high per
centage of feldspar; and, consequently, zones of clay accumulation are 
found from 8 to 20 inches below the surface in areas where the time 
factor has been long enough for the clay to form and be carried down
ward in sufficient quantities. 

The clay content will be very low in young sandy soils formed 
on sandy material deposited by either water or wind, and on older 
soils which have developed on sandstones composed principally of 
quartz grains and containing very little feldspar. Figure 8 represents 
such a soil. 



EQUIPMENT FOR DEEP PLOWING 

Where Sand Is Shallow 
Where the surface layer of loose, sandy soil is not more than 10 

to 12 inches deep, an ordinary 18-inch moldboard plow with an exten
sion on the moldboard can be used (Figure 9) . The moldboard ex
tension is needed to keep the subsurface layer, which contains the clay, 
from falling back into the furrow. This plow will operate efficiently 
at depths up to 15 inches. 

Any rubber-mounted tractor weighing 5,000 to 6,000 pounds would 
pull an 18-inch plow in loose, sandy soil at a depth of 15 inches, where 
5 or 6 inches of the lower part of the furrow slice contains from 15 
to 20 percent clay. The picture shown in Figure 9 was taken while 
drawbar pull was being measured. It varied from 3,000 to 4,000 pounds 

Fig. 9.-Moldboard Extension Controls Furrow Slice on 18-inch Plow. 

For depths up to 15 inches an extension on the moldboard of a regular IS-inch 
plow keeps the subsoil from sliding back into the furrow. The plow in this photo· 
graph was bringing about 5 inches of a loam subsoil to the surface. The sandy 
surface layer was about 10 inches deep. The drawbar pull required (see text above) 
was being measured when this picture was taken. 

[24] 
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for a single bottom plow turning a furrow 18 inches wide and 15 inches 
deep. 

Where Sand Is Deeper 
LARGE MOLDBOARD PLOW 

Figure l 0 shows a large moldboard plow which was used in several 
Oklahoma fields during· the past year. This type of plow is used in 
California to turn under coarse sand and gravel washed onto good 
agricultural land by tlood water. It will plow 42 inch es deep, cutting 
a furrow 30 inches wide. A crawler-type tractor with a ra ting of 130 
horsepower is needed to pull this plow, under average conditions. 

T he large moldboard plow leaves the laJJd in ridges, and extra 
work is needed to level the~e ridges after p lowing is completed. 

Th is plovv does not scour readily in wel su bsoils conla ining around 
25 pcrcent clay. Under those conditions, therefore, it takes more power 

F ig. 10.-Tbis Giant Reaches Down 36 Inches for a Loam Subsoil. 

A plow of ·this type Gill be pulleu by a L3'i-horsepower crawler tractor under average 
conditions. After p lowing, the furrmv ridges must be leve led off with other equip
ment. This pictut-e was taken during a test on the farm of Sam Holmberg, near 
Erick. Mr. Holmberg is one of the experiment station's •·pi lot farm" cooperators. 
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Fig. ll.-Another Deep-digging Giant fm Improving Sandy Surface Soils. 

This disk plow operates efficiently at depths of 20 to 30 inches, each disk cutting a 
furrow about 17 inches wide. Regardless of the implement used, the object of deep 
plowing is to increase the percentage of clay in the surface uy bringing up a layer of 
ioam subsoil. The higher clay content helps reduce wind cn:<i n1. It also puts the soil 
into a better physical condition to take advantage of fertility-improving practices 
used after the land is deep plowed. 

to pull the plm1·, and the subsoil layers are not properly transferred to 
the surface. 

LARGE DISK l~LOW 

A large disk plmv ol the type shown in Figure ll ltas also been 
used to deep-plow sandy land. The di~ks are 41 inches in diameter, 
and each cuts a furrow about 17 inches wide. It operates efficiently 
at depths from 20 to 30 inches. The draft is slightly less than that 
of a moldboard plow operating at the same depth. 

The disk plow works more effectively than the moldboard plow 
in sticky soil. It kaYes the land nearh level, and little or no extra 
vwrk is required to prepare a seedbed. 



MANAGEMENT OF SOIL AFTER DEEP PLOWING 
Much of the benefit of deep plowing can be lost if the soil is not 

managed properly. In general, this means the same fertility main
tenance practices must be used as on any other sandy to medium 
textured soil in the same area. 

Packing the Soil 
Mechanical packing may be necessary to prepare a good seedbed 

for row crops the first season after land has been deep plowed. Winter 
rainfall in central and western Oklahoma is too low to be depended 
upon to settle the soil, which is left very loose by the deep plowing. 

The soil can be packed for row crops by setting tractor wheels 
about 7 feet apart and marking off the field so the rows are 3V2 feet 
apart. If a row-crop tractor is being used and a marker is not avail
able, the operator can double back on each track. This will pack 
the soil twice in every other row. Alternate rows will be packed only 
once by the front tricycle wheels. The rows that are only packed once 
could be packed again if necessary by going over the field in the same 
manner again, shifting over one row at the start. 

Cross Cultivation 
Before rows are marked off, many deep plowed soils should be 

cross-cultivated with a spring tooth cultivator or some other implement 
which will mix the surface and subsurface layers. This is especially 
important where the newly developed surface layer contains more than 
20 percent of clay. 

What may happen if land is not properly cross-cultivated after deep 
plowing in shown in Figure 12. 

Fertilization 
Most of the loose, sandy soils in central and western Oklahoma 

which can be improved physically by deep plowing are low in organic 
matter, available phosphorus, and available nitrogen. More experi
mental work will be needed to arrive at more exact fertilizer recom
mendations for various crops when planted on deep-plowed land. 
Meanwhile, it is suggested that a fertilizer such as 5-l 0-5 applied at 
the rate of 150 to 250 pounds per acre will increase cotton and sorghum 
production unless summer drouth is very severe. A fertilizer with 
approximately equal proportions of nitrogen and phosphorus, such as 
a 16-20-0, would be preferable on sandy soils containing a good supply 
of exchangeable potassium to one having relatively less nitrogen, such 
as a 4-16-0 under average conditions. 

[27] 
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Fig. 12.-Cross Cultivation on Furrows Helps Avoid This. 

The alfalfa in the foreground was planted on deep-plowed land that was limed 
but was not cross cultivated a£t,er plowing. The raw, unfertilized subsoil was left 
in strips instead of being mixed with the sandier surface sail before the alf.wlfa was 
seeded. Alfalfa seedlings could not surviv,e on the subsoil strips. The excellent 
alfalfa in the background is on land fertilized with superphosphate after being Hmed. 

Cropping System 

In southwestern Oklahoma, the major part of the rainfall comes 
during the summer months. This is more favorable for crops like cotton, 
cowpeas, and sorghums than it is for winter-growing crops like vetch 
or small grain. Furthermore, deep plowing of loose, sandy land results 
in a soil which is much lower in organic matter than the better wheat 
soils. More research is needed to provide information on proper crop 
sequence and the behavior of different crops under different systems of 
soil management on deep-plowed land. 

Over a period of time, the use of soil-building crops such as alfalfa 
should add enough nitrogen to a deep-plowed soil to grow good crops 
of small grain. However, in areas where cotton is adapted it is prob
able that net income will be higher from cotton than from small grain 
on deep-plowed land, even though alfalfa can be grown on it. More 
research is needed on this subject. 
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