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UNITED STATES DEPARTMENT OF AGRICULTURE 
WASHINGTON, D.C. 

,TI-IE USE OF \VINTER LEGUMES IN THE 
SOUT.HEASTERN STATES 

By A. D. McNAIR, Assistant Agricultural Economist, Division of Farm kJanagement 
and Costs, Bureau of Agricultural- Economics, and ROLAND McKEE, Senior 
Agronomist, DiviS'ton of Forage Crops and Diseases, Bureau of Plant Industry 1 
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INTR<l ~mCTION 

The primary purpose of planting winter legumes in the South ,!. is to enrich the land; they are plowed down in the spring to fertilize 
corn, cotton, B,nd other crops. The secondary use of winter legumes 

to is for hay and grazing and the prevention of soil erosion. a! "Winter legumes/! usually mean those legumes that are planted 
in the fall and that ripen about the same time as winter wheat or 
oats. In the Southeast, hairy vetch {Vicia villosa) has led all other 
winter legumes, with Austrian winter :peas (Pisum arvanse) a good 
second. Crimson clover (Trifolium ~ncarnatum) stands third in 
importance in that area and southern bur clover C}.tIedicago arabica) 
stands fourth. Sour clover (Melilotus indica), which is used as a 
winter legume in Louisiana and Arizona, volunteers naturally in the 
black lands of Alabama and Mississippi. 

The need for improved methods of building up and maintaining 
the soil fertility of the Southern States is evidepced by the fact 

1 The writers wish to acknowledge their indebtedness to Director M. J. Funchess and to 1. F. Bailey.
J. T. Williamson, J. M. Robinson, and F. S. Arant of the Alabama Agricultural Esper!mer"t Station;. to 
J. R. Fain. Paul Tabor, and E.D. Alexander oltha Georgia State College of Agriculture; to )t. P. Bledsoe 
of the Georgia Experiment. Station; to .T. S. Buie of the South Carolina Agricultural El:perIt.~ Station; 
to J. F. Jlickson.l. agricultural agent of the Central of Georgia Railway Co. and his field \lSslstbDts, G. E. 
McWhorter. J. 13. Llddall, and J. A. Winslow; and to all county agricultural agents In the counties visited 
and to tenners who gave freely of knowledge gained through their experience. ' 
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thatin many fields COrll yields are only 8 or 10 bushels an acre and 
cotton yields are frequently below 100 pounds an acre. Such low 
yields make it necessary; to put. an lwdesirably large part of the farm 
In corn or to buy a consIderable part of tihe feed. Through the use of 
winter legumes it seems feasible and economical to increase the yields 
until the same quantity of corn can ba produced on one half to two 
thirds of the acreage, thus releasing land and labor for other crops. 
Itappears that the low average yield of corn in South Carolina can be 
nearly doubled on the same acreage and, after meeting the feed 
requirements of a 2-mule farm, leave from 200 to 300 bushels to sell or 
to feed to an increased number of hogs or cows. Similar opportunities 
exist in other Southern States. In North Carolina, the 5-year aver
age (1926-30) yield of corn was 21 bushels/er acre; in South Caro
lina, 15 bushels; in Georgia, 13 bushels; an in Alabama, 14 bushels. 

Large quantities of nitrogenous fertilizer to be used on cotton Me 
bought by farmers each year in North Carolina, South Carolina, 
Georgia, and Alabama. This means a large cash outlay, a part of 
which might be eliminated through the use of more winter legumes. 

Using ~inier legumes to improve soils and increase the yields of 
8ubsequ~:!lt~ crops is not a new practice, but only recently has the real 
worth of these le~es for this purpose become generally known. 
This bulletin descnbes the actual experience of farmers who have used 
these legumes in increasing soil productivity, and indicates the costs 
of using winter legumes and the benefits received from their use under 
actual farming conditions. 

METHOD OF STUDY AND APPLICATION OF RESULTS 

The data used in this bulletin were obtained from fanners who 
grew winter legumes for fertilizing cotton and corn. Of the usable 
estimates of ac-:reage and yield, 125 were made in 1929 for crops of 
cotton and corn grown after winter legumes in 1928 and earlier, and 
375 were made in 1930 for crops harvested in 1929 and earlier. In 
addition, 31 estimates for corn crops and 14 estimates for cotton crops 
were obtained for periods of 3 to 5 years. 

Some reference IS made to the experiments with winter legumes as 
fertilizers at a number of experiment stations, but since such tests were 
made on particular soils under particular climatic conditions it seemed 
desirable to supplement them with the e:X"Perience of fanners who live 
on a great vanety of soils and under varied climatic conditions. 

Both large and small farms were visited and estimates were obtained 
from areas as small as 1 acre and as large as 100 acres. As a number of 
fanners grew both vetch and winter peas~ and in some instances had 
two or more tracts of the same le~ume growing under different condi
tions, the five hundred I-year estImates were furnished by 300 farmers. 

Most of the data were estimates of the number of acres of corn and 
cotton and the yield, per am·e. The acreage and production of corn and 
cotton following winter legumes were statedby thefarmer. TheIl for the 
same year and for adj acent land, or land of the same natural fertility, 
the yield of \~hese crops without winter legumes was given. The latter 
crops are milled "check" crops. Their yields were compared with 
or checked against the yield of the same crops following tlie legumes. 

There were 264 estimates for corn and cotton after vetch, 193 after 
Austrian winter peas, 32 after crimson clover, and 11 after southern 
bur clover. The size of the vetch fields and winter-pea fields aver
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aged, in each case, a litt).e more than 12 acres. The crimson-cloverand our-clover fields averaged approximately '/ acres each. 
TABLE I.-Number of fields, total acreage, and average number of acres per field ofcorn and cotton £Pown ajte)' specified kind of wint~r legume 

AverageItem Fields r size oC
field 

Com aCter vetch__________________________________________________________ 
Number Acres Acr..

Cotton after vetch________________________________________________________ 
202 2.393 11.8

Total oraverage____________________________________________________ ~ 
62 
~ 

818 13.2
12.2Com aCter Austrian winter peas __________________________________________ ~-r,5ii8'---"I2.2Cotton aCter Austrian winter peas________________________________________ ~ 922 14.4Total or average___________________________________________________ ]{~I 2.400 12.9Corn nCter crimson clovcr________________________________________________Cotton aCter crimson clover_______________________________________________ 

1~ 151 8.4
14 ,93 6.6Total or average_______________________________•. ___________________ ---32 244 7.6Com aCter bur clover _________________________________________________ ._._ 4 33 8.2Cotton aCter bur clover___________________________________________________ 7 ~4 6.3Total or average______________________________________________________...!!... ___77____Total corn____________________________________________________________ 

7._0 
~ ----r.I45---rI:7Total cotton_____________ _____________________________________________ 147 1.877 12.8Grand total or average______________________________________________ --wo~-~ 

I,
.. 

Estimates oC ,ields obtained on Carms in the various State.' were: North Carolina. 4 e..tlmates for cornafter crims"n c!over; South Carolina, 17 estimates oi crops nfter vetch, 8 alier winter peas, 20 aCter crimsonclover, and 10 after bur clover; Georgia, 113 after vetch, 79 nCter wintet peas. 8 aCter crimson clover, and 1after bur clover; Alabama, 13! after vetch and JOO after winter peas. South Oarolina, Georgia, and Alabama probably represent the greatest concentration of winter legullles. 
I The word field in this case is used Cor the tract of land growing the legume. 

After winter legumes the cornfields averaged 11.7 acres and thecotton fields 12.8 acres. In all the size groups shown in table 2 exceptin that ranging from 21 to 50 acres, the acreage per field for cotton andfor corn was practically the same, indicating uniformity of conditions,Even in the excepted. group the acreage per field for corn and for cottondiffered by only about 10 percent. 

TABLE 2.-Number of estimates and total acres of winter legumes classified accordingto the number of acres per estimate 

CORN AFTER WINTER LEGUMES 

Item specified wben size 01 tleld was-
Item Totallt~ 5 6 to 10 11 to 20 21 to 50 51 to 106acres acres acres acres acres------_·_------1---- -------------------Estlmates_______________________ Dumber__Legumes_______ •___________________Beres __ 136 112 55 43 i 353459 905 852 1,409 520 4,145A.cres per estimate________________________ --3.4 8.1 15.5 32.8 71.3 11. 7 

COTTON AF'l'ER WINTER LEGUMES 

t~~!s~==:::::::::::::::=:::::~~~~~::1 ~~ I ~t I 4~! 1_-::c53~1__::~-II---::3:-7-,:'~-I---:l."'~-=~Acres per estimnte______________•_________ '----a:-:! --8.-6-~ 20.7 75.0 12.8 

COTTON AND CORN A],'TER WINTER LEGUMES 
Estlmates _______________________ llumber__1 195 1:Le!mmes___________________________Bcres___~ 146 1 86 1 61 l 12 000

~ 6.~

Aues per estlmate.____________ .__________ 
~~~ 

3.4 8.2 15.4 31.9 74.6 12.0 
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'£he vetch and winter-pea fields were larger than the fields of 
crimson clover and bur clover (tabli:l 1), probably because they were 
on larger farms. The. two clovers were restricted to the piedmont 
and richer soils, wheretts the vetch and winter peas grew in both the 
piedmont and the Coastal Plain. In the Coastal Phtin the farms 
were much larger. 

The relative acreages of the various winter legumes, as found in 
this study, agree in a general way with the relative importance of 
the legumes in the States and parts of States visited. The results of 
this study are useful to farmers in all farming sections of the States 
in which data were collected and to farmers in other Southern States 
that have a humid clitnate. Farmers in Mississippi, Arkansas, and 
north Florida are using winter legumes in increasing quantities and 
wi'1ih good results. In Louisiana, the annual yellow sweetclover (Meli
lotus indica) is being used successfully as a winter legume. 

The word vetch is here used to include hairy vetch GV~"eia villosa), 
smooth vetch (V. villosa variety), and Monantha vetch. r'Winte:r 
pea" means Austrian winter pea (Pisum arvense) and "bur clover" 
means southern bur clover (Medicago ambica). Hairy vetch has pre
dominated in this area heretofore, but in the spring of 1930 the writers 
found a much larger acreage of smooth vetch than of hairy vetch 
in the States visited. Smooth vetch is a variety of hairy vetch that 
has little pubescen,ce o. few hairs j it is fully as desirable for this area 
as hairy vetch and. :. ·,)onsidered superior by some farmers. Monantha 
vetch is used only llithe southern parts of the area because it will not 
stand very low temperatures. 

INCREASED YIELD FROM USE OF WINTER LEGUMES 

CORN 

.Agronomists and experienced fa~ers have ~enerany agre~d that 
WInter legumes, when plowed down ill the sprmg for corn, illcrease. 
the yield of corn. The real question has been, How much are yields 
increased by the use of winter legumes under &ctual farming condi
tions, and to what extent do farmers benefit by their use after deduct
ing all expenses incident thereto? The answer to the first part of 
the question will be found in table 3. 

TABLE 3.-Average yield of corn and cotton when grown wiLh and without winter 
legumes precedr:ng 

AVerage yield of lint cotton per Average yield of corn per acre acre 

_ Legume Acreage Acreage 
studied Not stUdied NotAfter ArteraCter Increase per after Increase per winter winterwinter acre winter acrelegume leguIilelegume legume 

Acre3 Bushels Bushels Bushels Percent Acres Pounds Pounds Pounds PercentVetch_______________ 
2,393 33.3 19.6 13.7 70 818 389 280 109 39 

Austrian wtnter peas. 1,568 34.8 20.4 14.4 71 922 350 271 85 31 
Crimson clover._. ___ 151 43.5 24.4 19.1 78 93 538 384 154 40Bur clover__________ 33 23.5 15.0 8.5 57 44 391 293 98 33 

----.----------------
Total and 


weighted a.verag,,________ 
4,145 34.1 20.0 14.1 70 1,877 381 281 100 35 
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The increase in yield of corn from 20 bushels per acre to 34.1 bush
els (an increa",e of 14.1 bushels per acre) amounts to 70 percent. It 
would have been a little more than this, probably, if as large a quan
tity of nitrate of soda had been used on the corn grown after le~'Umes 
as was used on that grown without. a preceding ClOp of legumes. The 
increase varied some,what with the kind of legume plowed under. 
The use of crimson clover. gave the largest increase in corn yield and 
bur clover gave the least, with yields from the use of vetch and win
ter peas coming between. It is perhaps unsafe to say ,that crimson 
clover is a better fertilizer than the other winter legumes even though 
the figures seem to show it. Its acreage was relatively limited and 
its geographic location was confined mostly to the northern ;parts of 
South Carolina and Georgia. It would be popular on the piedmont 
soils, to which it is adapted, if depeudable stands could be secured. 
FUrther efforts should be made to see whether skill iv getting stands 
can be improved. 

Acreage of bur clover was also small and there is chance for a. 
larger error in the indicated corn yields than in the yields of corn 
g-rown after vetch and winter peas. 

The difference between vetch and winter peas in increasing yields 
is probably not great. On the farms studied corn did better after 
winter peas and cotton after vetch, but it is doubtful whether the 
differences are significant. 

The increases indicated in table 3 me: <tu that many farmers can 
produce as much corn as they are now producing on a little more 
than one half the present acreage, or nearly twice as much as they 
are now producing on the present acreage. They can easily produce 
all the corn needed for home requirements on their present acreage 
and thereby reduce the feed bills to a nominal amount. 

Use of these legumes does not necessarily involve chango in the 
type of farming. It involves no change in the quantity or kind of 
labor employed except that the larger harvest will require a little 
more labor. No change in power or implements is involved except 
that larger teams and plows would help in some instances. 

EsHmates were made of the yield of crops for each year from 1925 
to 1929, inclusive (table 4). The yield of corn varied from year to 
year; :but, in general, the yields after winter legumes a.nd the yields 
not after winter legumes varied together, indicating that the seasons 
affected each in a sinillar way. The yieids were lowest in 1925 and 
highest in J.926 (fig. 1). 

TABLE. 4.-Allerage yield of corn and cotton per acre after winter legumes and 
without winter legumes, 1925-29 

Corn Lint cotton 

Year grown Yield Yield Yield YieldAcreage Increase Acreage Increaseafter not after after not afterstudied in yield studied in yieldlegumes legumes legumes legumes._-1-----
Acres Bushel.! Bushel.! Bushels Acres Pounds R>unds Pound81925 , ________________________ 

204. 32.2 16.6 15.6 31 341 298 43 
552 39.6 21.9 17.7 43 454

IP26__________________________ 
1927__________________________ 283 171 
1928__________________________ 390 34.0 19.0 15.0 122 334 246 88 
1929__________________________ 802 36.5 20.4 16.1 383 434 310 124 

2,197 32.0 19.8 12.2 1,298 368 276 92 
Total and weightedaverage______________ 4,145 34.1 20.0 14.1 1,877 381 281 100 

1 3 estimates for corn and 1 for ootton grown in 1924 nre included In the 1925 figures. 
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Not every farm obtained an increase in'yield from the u.se of winter 
legumes. There were failures as well as successes and vanous degrees 

BUSHE~r-------------~~--------------------------------------, 
PER ACRt 

35 

30 

25 

20 

15 

10 

5 

FIGURE I.-YIELD OF CORN GROWN AFTER WINTER LEGUMES AND WITHOUT 

WINTER LEGUMES. 


Th0 year of the largest yield of corn a:ter winter legumes and without winter legumes was In 1926 and 
the next IS.l'gest was In 1928. Increase,. yields varied from year to year, but were profitable In all years. 

of each. Variations in increase or decrease in yield are shown in 
table 10 (p. 16) and. discussed in the text at that point.

In addition to the 353 fields of corn for which estimates were made, 
each for a specified year, there were 31 fields totaling 919 acres for 

FIGURE 2.-Hnlry vetch on n farm ncsr Trenton"S. C., Msy u, 1929. A crop of corn following this vetch 
yielded 105 bushels an acre. The ~om was fertL\lzcd witb 400 pounds of nitrate of soda and 100 pounds of 
potash mnnure salts an acre. The vetch was not.l;'rtlllzed, but the land had been well farmed In previous 
years. 

which the estimates represented a verag$ results for periods of 3 to 
5 years. The average yields for these cr;)ps were 35 bushels per acre 
after legumes and 19 bU$hels not after tbem-a gain of 16 bushels per 
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acre. Here, again, the e:lI."perience of fihe farmers points to a tremen
dous gain in corn yield through the Use of winter legumes. 

As farmers have longer eA-perience with '\\<inter legUIlles they will 
learn ~ow to hlindle these crops, and will get better results; but even 

FIGURE a.-Corn nfter winter peas and not after winter peas near Ozark, Ala. Corn after winter peas, on 
rigbt, yielded 50 bushels an acre. Corn not after winter peas, on left, yielded 28 busbels an acre. Corn 
on right Was not fertilized directly, bllt 400 pounds of superpllospbate per acre bad been applied to tbe 
winter peas tbe preceding fall. On left, 300 pounds of nitrate of soda per acre were applied to tbe corn. 

wi'bh the limited experience these men had theyobtai'ned increases 
that are of much significance (figs. 2 and 3). 

TABLE 5.~Average Y'ield of corn grown afte'1' r;etch and winter peas, by date of 
planting 

Winter legumes Corn ~~~~ds per Increase 
In corn Date of planting corn yield

After Not erter per acre Fields Am'enge legumes legumes 

Number Acres Bushels Bushel8 Bll8helsMar. 20 to Apr. 5____________________________________ 17 181 30 17 13
Apr. 6 to 30__________________________________________ 56 670 37 21 16May 1to 10__________________________________________ 07 

19729 35 16May 11 to 31.__________ • __ •• _____._...__.____________ 77 935 31 17 14June 1 to 28______________________•________••_________ 28 350 38 22 16 

Estimates of corn yields after vetch and winter p,eas according to 
the date of plantin~ are ~iven in table 5 for five chfferent periods of 
planting. After eliminatmg farms on which the dates of planting 
differed, following legumes and not following legumes, 245 farms re
mained. 

The increased yield 6f corn due to the use of winter legumes aver
aged 16 bushels per acre for plantings from April 6 to May 10 and this 
was a larger increase than for earlier or later plantings except that 
for the latest planting dates-June 1 to 28-it was ruso 16 bushels 
increase per acre. On 123 acres on 8 farms of this group the yield of 
corn averaged 52 bushels per acre after the winter legumes and 36 
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bushels per acre without the legumes. Such high yields on so many 
acres can be explained only on the assumption of a superior quality 
of land; it was a mere accident that these farms fell into the last group. 

COTTON 

Increase in yields. of cotton ~rown after winter legume!; j!'; sm~!l~. 
on a percentage baSIS than the Increase of corn, but c(l!.1i.par~swell In 
value per acre: The average increase for the totalacreag~ studied 
was 100 poun,ds of lint cotton per acre, or one fifth of a bale (~able 3).
This increase :per acre is more than the entire proauction per ,'tcre of 
much land as It is now being farmed. 

Crimson clover gave the largest increase in yieM of cotton but its 
use is restricted to the 'piedmont soils. Expressed !!-"I Sl. pe!:,.,ehtage of 
the yield of cotton without winter legumes, the yield after crimson 
clover was increased 40 percent; after vetch, 39 percent; after bur 

FIGURE 4.-Austrian winter peas on a farm near Madison, Ga., being plowed down witb a tractor. 

clQver, 33 percent; and after winter peas, 31 percent. The e:ll.·penses 
in ((onnection with winter peas were smaller thp,u those connected 
with vetch and the net profit was greater. Wil1ter peas are grown 
mostly in the southern part of the area, in the Ooastal Plain, where 
there was less expense in preparing the land for planting (fig. 4). 

Yields of cotton for 5 consecutive years, after legumes and without 
them, are shown in table 4 and figure 5. The relation between the 
bars represerting yield of cotton grown after winter legumes and that 
grown without them is not so uniform as for ('f/I."n (fig. 1). This laok 
of uniform relationship occurs for 1925 and 19~o and may be explained 
largely by the smaller number of estimates for these years and by 
abnormal yields on some of the farms. For the years 1927, 1928, and 
1929, the bars (fig. 5) have a rather uniform correlation, indicating 
that the seasons aUected the yield of cotton grown after winter 
legumes about the same as they did the cotton grown without them. 

Fourteen farmers gave estima,tes of the average yield of cotton 
grown after winter legumes for periods of 3 to 5 years. The average 
of these 14 estimates was 404 pounds of lint cotton per acre when 
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grown after winter legumes and 260 pounds when grown without them,an increase of 144 pounds, or 55 percent. 

RESIDUAL EFFECT OF USING WINTER LEGUMES 

In the clover and alialfa area it has been the experience of farmersthat the effect of plowing down these cro,ps or even plowing under thestubble and roots, is to increase the yields of corn, potatoes, etc.,above the yield obtained without legumes and that this effect COlltinues in diminishing degree for 2 or 3 years or even longer.At the Central Experimental Farms, Ottawa, Canada, red cloverwas grown on plots in 1900. The yields of corn on the check plotsthe first year afterward (1901), and of oats the second year afterward(1902), were greatly increased. The third year afterward (1903), 

~~~~----------------------------------------------~
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FIGURE 5.-YIELD OF LINT COTTO"! GROWN AFTER WINTER LEGUMES ANDWITHOUT WINTER LEGUMES.
The increase in the yield o( cotton resulting (rom (ertilizing with winter legumes was very small in 1925and very large in 1926, due to an abnormally low yield on 1 (arm out o( 3 in 1925 and to abnormally highyields on 3 (arms out o( 8 in 1926.

in yield were more regular. 
For later years a larger number of (armswere averaged and the increases 

the yield of potatoes was increased from 175 bushels per acre to 195bushels, the yield of carrots from 20.32 tons per acre to 31.48 tons,and the yield of sugal' beets from 8.6 tons to 22.3 tons per acre.At the Alabama Canebrake Station, plot.s of crimson clover andbur clover were turned under in 1907 and cotton was planted on theseplots in 1907, 1908, and 1909, but no clover was grown after 1907.An adjacent plot was fertilized annually with 200 pounds cottonseedmeal per acre and 200 pounds of superphosphate per acre; a checkplot received no treatment. The total yield of seed cotton per acrein 3 years was 2,356 pounds on the check plot; 2,646 pounds on thefertilized plot; 2,842 pounds on the crimson-clover plot; and 2856pounds on the bur-clover plot, the clover plots having received nofertilizer.
At the MissiSBippi (Delta) experiment station unpublished datashow that the yield of cotton has been increased by use of various

168778°-33--2 
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winter legume~ to the extent of 200 to 400 pounds of seed cotton per 
Rcre the second year after the legume was plowed under, these results 
being an average of trials over 4 years. 

Further evidence of the residual effect of winter legumes is found 
in the use of Monantha vetch at the Alabama e:\.'}leriment station in 
1925, 1926, and 1927, in relation to the yield of corn in 1928. Data 
relating to these experiments will befound in table 6. Corn followed 
vetch in each of the first 3 years and its yield was increased by the 
vetch. In early January of the fourth year (1928) the vetch was 
frozen and the residual effect in 1928, therefore, came from what 
remained of the influence of vetch over and above what the corn had 
used during the first 3 years. How long this effect would have lasted 
if no more winter legumes had been plowed under is not known. The 
experiment was not designed to show the residual effect of vetch on 
subsequent crop yields but because tbe vetch accidentally froze that 
effect could be measured. 

Even when the vetch was turned under as early as March 25 (for 
the first 3 years), when the average green weight per acre was only 
4,629 pounds, the residual effect in 1928 was nearly 10 bushels of 
corn per acre over the no-nitrate plot, and 4.3 bushels per acre over 
that produced by 100 pounds of nitrate of soda per acre applied in 
1928 and whatever nitrate may have bcen left over from previous 
years (table 6). 

TABLE 5.-Residual effect of vetch turned under in 1925, 1926, and 1927 on the 
corn yield oj 1928 at the Alabama Agricultural Experiment Station 1 

Dnte oC- Average IncreasewelghtoC YIeld of per acre Nitrate green corn per over yield Plot No. of soda vetch per acre in withoutTurning Planting per acre acre Cor 1928 nitratevetch corn 192.5.1926, oC sodaand 1927' 

-----------·1------------------
Pound., POlLnds BUilhets BUIlhtls1and 5____________________________________ __________ Apr. 5 ___________________ _ 

6.12 ______________________________________________________ .do_____ 100 __ . ______ _ 
3_______________________________________________________ do_____ 200 _________ _ 1I.7 5.6 

~~.6 16.5 
16.0 ·9.9:-niiii9~=::::===:::::::::::::::::=::::=:::: _~:~-":.:~_ :::3~:::::.::::::===: ____:~~=~_ 9.46_________________________________ • ________ • _____ • ___ Apr. '.!O 200 _________ _ 

7_______ .._____________________________..__ •_____ •_____ .do____• 300 _________ _ 22. 0 12. 6 
26.3 16.9 
28.11 19.512. 9 _________ _g-.iiiciia:::=::::=:::::::::::::::::::::::::: _~~~~._~_ -Ag~---5- :::::::::: .___~,_~=~_10________________________________________ • __________ Mny 1 200 _________ _ 
25.0 12. 111 ____________________• __________ •_____ •_________ • ______do____ . 400 •• _______ _ 
36.8 23.912___________________________ ....... ___ ..._ Apr. 15 __.do_____ __________ 12,014 
 34.6 21.7 

I BAILEY, R. Y., 'VILLlAMSON, J. T., and DUGGAR, J. F. EXPElUMENTSWITRLEGU)\ES. Aln. Agr. Expt. 
Sta. Bu!. 232, table 6. 1930. 

, Corn was planted after vetch in each oC these years. but In January 1928, the Monantha vetch on plots 
4,8, and 12 was killed; nenco there was no vetch to turn under in 1928, but nitrate oC soda was applied as in 
previous years. All plots were Certilized alike with superphospha\~ lind potash. 

Better residual effects were obtained when the vetch was turned 
under later, the quantity of nitrogen and organic matter being greater 
then. For the second date of turning the vetch (Apr. 5) and for the 
corn planting (Apr. 20) the residual effect was greater than from the 
use of 300 pounds of nitrate of soda per acre; the yield was 28.9 
p~be~ compared with 26.3 bu:;;hels, 
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A clear Instance of the residual effect of winter peas on oats is shoWn 
in figure 6. Cotton had preceded the oats on the entire field; winter 
peas had preceded the cotton on one side of the field but not on the 
other. Oats from the two parts of the field were not thrashed sep
arat.ely, but the owner estimated the yields at 10 bushels and 30 
bushels per acre and the authors estima:ted them at 10 and 25 bushels,
respectively. 


COST OF USING WINTER LEGUMES 


Several cost items in the ~rowing of crops are the same regardless of 
whether the crops follow WInter legumes. The work of breaking the 
land is the same except in cases of very heavy legume growth. The 
work of cultivating the crop is the same in either case. The labor of 

FIGURE 6.-0ats on a farm near Lafayette, Ala. Cotton preceded oats on the onLlre field. Winter peas 
preceded cotton on the right but not on the left. 

harvesting the subsequent crop is different only to the extent of 
harvesting the increased yield. 

The first part of table 7 gives figures on the cost of starting winter 
legumes in the fall. The second part of the table gives fi~ures that 
show the cost of growing and harvesting the increase in YIeld of the 
subsequent crop, due to the use of winter legumes. All of the costs 
in the fall, in starting the legume, are charged to the subsequent crop. 
In the following year, the additional cost on the cotton or corn crop 
because of the winter legume, consists of the extra work of plowing 
down the legume as compared with plowing the bare soil; the extra. 
labor of harvesting and hauling the increased yield; and, in the case 
of cotton, the extra cost of ginning and wrappmg the increased yield. 
These costs are designated as costs in starting the legume and II extra 
costs" on the subsequent crop. 
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TABLE 7.-Extra cOllt per acre to produce corn and cotton after 'tJinter Zegumes 1 

COST FOR STARTING LEGUMES AT HIGH PRICES I 

For corn For cotton 

Item 
Cash Non-I Total Cash ~~%- Total 
cost ~~~ cost cost cost cost 

I---------------1-----------------
,.1. Dollars Dollars Dollan DoUaTs Dollars Dol/ar.,

Seed and inoculation__________________________________ 2.96 ________ 2. 96 3.12 ________ 3.12Man labor_ ___________________________________________ ________ 0.67 .67 ________ 0.60 60 
Horse labor ___________________________________________ ________ .80 .80 ________ .67 .67 
Implement and machinery charge_____________________ ________ .27 .27 ________ .18 .18 
Fertilizer______________________________________________ .81 ________ .81 .50 ________ .50 

TotaL_________________________________________ _ 3.771.745.513.621.45 5.01 

EXTRA COST ON SUBSEQUENT CROP 

Man labor gathering extra yield .._____________________ ________ .35 .35 .45 32.50 2.95 
Ginning and wrapping extra yielde____________________ ________ ________ ________ 1.04 ________ 1.04 
Horse labor gathermg extra corn_______________________ ________ .35 .35 _______________________ _ 
Wagon charge gathering extra corn____________________ ________ • ()/j .05 _______________________ _ 
Hauling extra cotton to gin____________________________ ________ ________ ________ ________ .60 .60 
Extra work plowing down legume_____________________ ________ .25 .25 ________ .30 .30 

ToteL__________________________________________ ________ 1. 00 1.00 1. 49 3.40 4.89 
====== Orand total_____________________________________ 3.77 2.74 6.51 5.11 4.85 9.96 
=1 ==== Credit lor fertillzer____________________________________ .90 ________ .90 1.31 ________ 1.31 

Credit for labor applying fertilizer _________________________ ,,_ •07 . 07 ________ .04 .04 

Total credlt ____________________________ ..._______ .90 .07 .97 1.31 .04. 1.35 
Net cost at high prices ,___________________________ 2.87 2.67 5.54 3.80 4.81 8.61 

----r-.--------Net cost at low prices ,____________________________ 1.88 1.48 3.36 2.39 2.52 4.91 

) 4,145 acres of corn and 1,877 ·acres of cotton were studird. 
, Figures in la.~t line oC table show net cost at low prices. 
3 This amount is about 85 percent of the total oC $2.95 on the assumption that 85 percent oC the cotton was 

picked by the families and only 15 percent was picked by hired Illbor. 
, Prices used in calcul!ltin~ costs: High prices: Man nnd horse labor, 15 cents nn hour; legume seed, $3 

an acre; ginning and wrappmg $5 a bale; fertilizers, prices oC 1927, 1928, 192<J. Low prices: Man and horse 
labor, 7; cents an hour; legume seed $2 an acre; ginning and wrapping, $3.50 a bale; fertilizers, 85 percent 
oC prices oC 1927, 1928, and 1929. 

As computed in this study, cash costs for starting the winter legume 
and the extra costs for growing and harvesting the additional yields of 
cotton and corn resulting from the use of the legume, are for legume 
seed, inoculation, fertilizer, cotton ginning and wrapping, and the 
part of the labor that is hired. The noncash costs are for the labor 
that was not paid for in cash, mule work) and implement and machin
ery charges. Labor on the sman farms is usually done by the farmer 
and members of his family; labor on the plantations is done by the 
share cropper Imd family. In the latter case there was probably a 
little labor for which cash was paid that was not so classified in mak
ing the computations, but it is a small item and is covered in the total 
cost. It is estimated that the farm operators and their families, plus 
the share croppers and their families, picked 85 percent of the cotton 
crop, hence only 15 percent of the picking charge is a cash cost. A 
small part of the implement and machinery charge for operating the 
farm is cash but the implements were used chiefly on other enterprises 
and the cash part of such cost for winter legumes is negligible. 

Costs for starting winter legumes in the fall amounted to $5.51 per 
acre of corn and .$5.07 per acre of cotton. In the following season, the . 

.'.,. 

http:3.771.745.513.621.45
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extra cost of growing and harvesting the corn crop was only $1 per 
acre whereas for cotton it was $4.89 per acre, nearly all of which was 
for picking, ginning, wrapping, and hauling the increase in yield due 
to the use of the legumes. 

The total extra cost was $6.51 per acre of corn and $g.96 per acre 
bf cotton. Of these totals $3.77 was the cash cost for corn and $5.11 
the cash cost for cotton. But certain expenses for fertilizer must be 
deducted from the total costs tf' obtain the net cost of using winter 
legumes, because less fertilizer was used on the corn and cotton that 
followed the legumes than was used on these crops when grown without 
winter legumes. These deductions are shown in the lower part of 
table 7 and are referred to as "credits." The average fertilizer appli
c!:"tion per acre to corn following legumes was 10 pounds of nitrate of 
soda and 49 pounds of other fertilizer, whereas on corn not following 
legumes it was 36 pounds of nitrate of soda and 66 POlllds of other 
fertilizer. On cotton following legumes the average application per 
acre was 43 pounds of nitrate of soda and 419 pounds of other fer
tilizer; on cotton not bllowing legumes it was 85 pounds of nitrate of 
soda and 427 pounds Jf other fertilizer. 

The cost of the extra fertilizer for the corn not following legumes, 
plus the labor of applying it, was 97 cents an acre; for cotton it was 
$1.35 an acre (table 7). Deducting these items from the total extra 
cost of the crops after the legumes, leaves a net extra cost of $5.54 an 
acre for corn and $8.61 an acre for cotton in comparison with cost of 
the same crops not following legumes, these figures being according to 
high prices. (See footnote 4, table 7.) 

There is not much opportunity to reduce these costs. It would be 
convenient and helpful if farme:rs could raise their own legume seed 
hut that does not seem practicable in the case of vetch and winter 
peas which are the most popular winter legumes. The extra cost of 
plowing under the legumes in certain cases can be reduced or eliminated 
by the proper implements and by good management, but it is a small 
cost on the average because it has been eliminated already in a 
majority of cases. 

PROFITS FROM USE OF WINTER LEGUMES 

CORN 

That the use of winter legumes as fertilizer increases the yield of the 
crops that follow in the rotation is well known, but the amount of the 
increase, the cost in cash outlay, the labor of men and teams involved, 
and the degree of weal' on implements are items regarding which there 
is limited information. The value of the increase in yield minus the 
expenses for leglli'lle seed, fertilizer, labor, etc. (table 7), is the profit 
or net gain from the use of "linter legumc~ as fertilizers. 

The increase in yield of corn averaged about 14 bushels per acre 
for all farms and was valued at $1 a bushel, at high prices, and at 50 
cents a bushel, at low prices (table 8). These are much above Corn 
Belt prices for the reason that the South produces It deficiency of corn 
whereas the Corn Belt produces a surplus. To nhe value of the 
increase in yield of corn is added an average pasture value of 63 cents 
an acre and 30 cents an acre at high and low prices, respectively. This 
added amount is small because the acreage pastured was small, and 
the whole acreage was averaged to obtain the result. 



14 TECHNICAL BULLETIN 367, U.S. DEPT. OF AG·RICULTURE 

TABLE S.-Average increase in yield, cost, and net gain per aere from the 'Use a/
winter legumes for corn and cotton 

Com I Cotton I 

!tom 
At high At low At high At low 
prices prices prices prices

---------------------------------1---------------------
DoUars DoUar8 DoiUJrB DoUarBValue of increase in yield ,______________________________________ 14.10 7.007. Oli 18.00

Value of legume pasture and hay_______________________________ .63 '.30 .30 .16 
------I----~------TotaL___________________________________________________ 14.73 7.167.35 18.30Net cash cost ,_________________________________________________ 2. 87 2.39

1.88 3.80Net noncash cost ,______________________________________________ 2.67 2.521.48 4.81 
Total net C05t____ .__________________________ _____________ S.54 ------I----~------4.913.36 8.61Net gab••. ·all costs con~idered____ . ___________________________ .__ 9.19 2.243.!J9 !I. 59

Net gain. only cash costs considered____________________________ 11.86 5.47 14.50 4.76 

14,145 oores with Increase in yield pe~ acre of 14.1 bushels. 

2 1,877 acres with increase in yield per acre oC 100 poundr.lint.

, Corn is valued at $1 a bushel, high-prices and 50 cents a bushel, low-price~. Cotton is vallllld at $00 a 


bale. cottonseed included, at high-prices, which is approximately IS rents per pound of lint; and $30 per
ton of seed and $35 1\ baJe. at low-prices. which is apnroximntsly 6 cents per pound of lint and $10 per ton 
ofseed. 

, Taken from the Isst 2 lines of tabl\} 7. 

On the basis of high prices the net cost of $5.54 an acre deducted 
from the extra value of $14.73 an acre leaves a net gain of $9 .. 19 an 
acre, but when cash costs only are considered the net gain is $11.86 
per acre. 

On the basis of low prices the net cost of $3.36 an acre, deducted 
from the extra value of ~;7.35 an acre, leaves a net gain of $3.99 an acre, 
but when cash cost ($1.88 an acre) only are considered, the net gain is 
$5.47 an acre. 

On the basis of low prices for corn, labor, and materials the net 
gain is reduced but is still substantial. Therefore, at [tny probable 
price of corn for a period of years, a safe average profit from the use of 
winter legumes is likely. 

The meaning of this to southern agriculture is evident. Low 
yields of corn will give way to medium and high yields us farmers use 
winter legumes. It ma,y be that no increase of acreage will be neces
sary to make the South self supporting in regard to corn if winter 
legumes are generally used as fertilizerR. 

It may be asked whether the increased yields are greater in the lower 
Southeast than in the upper Southeast. To determine this the lati 
tude of 33°, which is that of middle Georgia and Alabama, was made 
the dividing line between the upper and the lower South, in carrying 
on this study. 

The results of this iuquUry are embodied in table 9 and are confined 
'to the effects of growing VEitch and winter peas, because these le~es 
were found both north and south of this latit.ude, whereas crnnson 
clover and bur clover were found only north of the line. The figures 
show somewhat better reElults south of the line than north of it. 
Whether this difference is related to the kind of soil or to the date of 
plowing under the legume and planting the subsequent crop is un
certain. South of the line, in the Coastal Plain, the soils aremostly 
sandy, whereas north of it theyare mostly clay and silt loam. The 
net gain per acre south of the line was $2.33 greater for corn and $3.26 
greater for cotton than the net gain north of the line, on the basis of 
high prices. 
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TABLE 9.-Average increase yield and net gain per acre from the use of vetch and 
winter peas for corn and cotton, north and south of latitude 33° 

Com Cotton 

Item 
North or South of North ot' South of 

33° 33ft 
, 33° 33° 

Acres_________________________________________________ number__ 1.301 2, 660 725 1,015 
Increase in yield per acre_____________________________ busbels__ 12. 6 14.7 ___________________ _ 
1D,'!I'ea5e in yield per acre_______________________ pounds of lint-_____ ,,____ __________ 91 101 
Net gain per acre, all costs considered , _________________doIlars__ 7.34 
DiJIerence in favor of crops south of latItude 33 o__________do_______"______ 

9.67 
2.33 

7.32 
__________ 

10.58 
3.26 

, High prices used for this table. See notes, tables 7 and 8. 

COTTON 

The method of calculating the net gain of cotton following winter 
legumes is the same as that for corn.. Details of the expenses are 
found in table 7 and are summarized in table 8 for the purpose of 
calculating the net gain. 

For this purpose cotton is valued at $90 a bale, cottonseea included, 
at high prices, and at $35 a bale at low prices. The increased yield 
of 100 pounds of lint cotton per acre, plus the cottonseed, was worth, 
at high prices, $18. To this sum 30 cents an acre was added as the 
value of the legumes eaten by livestock. Thus, with an increased 
value of $18.30 an acre and an increased cost of $8.61 per acre, there 
is left $9.69 as the net gain, all costs considered; or $14.50 an acre 
with cash costs only considered. 

At $35 per 500-pound bale of cotton, including seed, the net gain 
per acre dropped to $2.24 an acre, all costs considered, an1 to $4.76 
an 8·"Te with cash costs only considered. 

On the basis of high prices (table 8) the net gain per acre is a little 
greater for cotton than for corn but for low prices the monetary 
advantage rests with corn. 

The yield of lint cotton was 10 pounds per acre greater south of 
33° than north of 33°; on the basis of high prices the net gain was 
$3.26 per acre greater south of 33 0 than north of it. The monetary 
gain is due partly to increased yield and partly to decreased cost. 

VARIATIONS IN PROFIT 

It is not e:Kpected that plowing under winter legumes will always 
increase yields. No practice, new or old, brings perfect results 
every time. Table 10 shows that on 62 acres of corn (~rown after 
winter legumes, the yield was 7.3 bushels per acre less than of corn 
grown not after legumes, and on 357 acres there was no increase in 
yield due to the use of winter legumes. These acreages, taken 00
~ether, constitute only 10 percent of the total acreage of corn included 
ill this study. On the other 90 percent there was a profit or net 
gain ranging from $1.54 an acre on the third group of farms shown 
in table 10 to $29.52 on the last group, bused on high prices ... At 
low prices the net gain ranged from 50 cents an acre on the third 
group of farms to $13.41 on the last group, but on the first two groups 
there was a monetary loss (fig. 7). 
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TABLE lO.-Average yield and net gain per acre oj corn grown after winter legumes, 
by specified increases in yield, based en high and low prices 

Yield per acre High prices 1 Low ~rices' 
Acre- r-'

Increase in yield age Value Total Net Value Total NetArter NotaC·(buabeJs) stud- In- oC in- extra gain oCin- extra gainleg- ter leg· led crease crease cost per per crease cost per perurnes urnes Jl!lr acre acre acre per acre acre aero 
---- --1---- - --

ACTt8 Bushell BU8hels Bushel8 DoUon Dollar. DoUaT8 DOUaTI Dollan DoUaT8Dci.'teases___________ 62 15.1 22.4 • -7.3 '-7.30 3.40 '-10.70 , -3.62 2.30 • -5.92No increase _________ 357 19.2 19.2 0 '.75 3.65 '-2.90 .38 2.05 , -1.67 
408 21.8 17.0 4.8 &.55 4.01 I.M 2. 77 2.27 .50

1 to 5 _______________ 
to 10..___________5~ 908 28.9 19.8 9.1 9.41 5.26 4.15 4.72 3.05 1.6710).2 to 15____________ 1,071 35.0 20.3 14.7 15.21 6.27 8.94 7.64 3.98 3.6615J.2 to 20___________ 559 38.3 19.2 19.1 19.22 5.00 13.26 9.43 3.68 5.7520).2 to 25____________ 427 46.4 ll2.7 23.7 24.02 5.08 18.94 11.98 2.92 9.0625J.2 to 30___________ 132 M.2 25.3 28.9 31.63 6.04 25.59 15.82 3.M 12.28Over 30____•...___ ._. 221 56.S 18.6 38.2 3&.77 9.25 29.52 19.38 5.97 13.41 

Total Bud ,
weigbted average__________ ._._ 4,145 34.1 20.0 14.1 14. 73 5.M 9. 19 1 7.35 3.36 3.99 

. I Prices used in calculating coses and net gains. Hlgh prices: Corn, $1 a bushel; man labor and horoo 
work IS cents an hour; lelP""e Se!ld, $3 an acre; Cp.ztllizers, prices oC 1927, 1928, and 1929. 

I PrIces used in calculatmg costs and net gail';'. Low priced: Corn, $0.50 a bushel; man labor and horse 
work 7J.2 cents an hour; legume seed, $2 an acre; Certilizers, 85 per.:ent oC prices oC 1927, 1928, and 1929. 

I Decrease. 
I Credits Crom grazing and Crom le(n!me hay harvested account Cor a slight gain in value per acre even 

when there was no increase in the YIeld oC co~. 

Oauses of these variations in yield are numerous. A comparable 
table could be made on the results obtained on crops from the use of 
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FIGURE 7 .-NET MONEY GAIN PER ACRE ON CORN GROWN AFTER WINTER LEGUMES 
ACCORDING TO THE INCREASED YIELD. 

With corn worth 50 cent.- to $1 a bushel it takes aD Increased yIeld oC about 5 bushels nn acre to pay the 
cost oC the winter legume. 

fertilizers. Differences are found in soils, methods of preparation 
and planting, time of preparation and planting, seasons, and extent 
of damage by insects and diseases. 

The interviewed farmers said .more about damage from insects than 
nbout damage from other causes, Ooncerning insects that damaged 
the stand of young corn following winter legumes much was said about 
"bud worms", but since this name is appliCld to the larv8.3 of several 
insects it was not easy to identify the species meant. 
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It is known, however, that one of the msects that often does serious 
damage of this kind is the southern corn rootworm (Diabrotica 12
punctata Fab.). In the spring of 1929 the writers irlspected plots of 
eorn following winter legumes on the grounds of the Alabama Agri
cultural Experiment Station and saw stands of corn that had been 
made very imperfect by this insect. This use of these plots consti
tuted an experiment to determine the extent of infestation of this 
insect according t-o da'iies of plowing under the legume and dates of 
planting corn thereafter. According to these experiments the technic 
of outwittjn~ the southern corn rootworm appears to consist of (1) 
plowing the land on which winter legumes are growing somewhat later 
thau.Mar.ch-say April 15 in the latitude of Auburn, Ala.; (2) cover
ing the legume completely with the plow, followed by the disk harrow; 
and (3) waiting about 3 weeks before planting corn, alth011gh 2 weeks 
may he long enough in many cases. In late seasons the turning and 
planting date should be somewhat later.2 

Another insect t.hat has damaged vetch, the crops planted there
after, and the crops in the vicirllty, is the so-called "vetch worm''', 
which is the same a;:; the corn ear worm (Heliothis obsoleta) , and is 
sometimes called the army worm. Several farmers referred to these 
"worms" as having damaged their crops. The writers sa,v one field 
of vetch that had been completely defoliated by the corn ear worm 
which then spread to an adjacent field of young cotton and injured 
the stand. At another place the writers saw corn ear worms in a 
peach orchard in which vetch was the winter cover crop, eating the 
vetch foliage, and even eating holes in young peaches on the trees. ' 

This sounds more alarming than it really is. Vetch is large enough 
to USH as a fertilizer before the corn ear worm hatches, hence a simple 
method of control when the crop is to be used as a fertilizer is to plow 
it under before the "worms" appear. Olose daily examination of 
the vetch after it reaches the early hay stage of growth would reveal 
the tiny worms, if present, before they are large enough to do serious 
damage. The corn ear worm does not injure the vetch every year; 
it depends largely upon the weather. It is most likely to appear aftP.r 
a period of cool, moist weather.3 : 

The writers heard no complaint about injury to winter peas and to 
Monantha vetch by the corn ear worm. In the peach orchard re
ferred to, scattering plants of winter peas were mixed with the vetch 
but no injury was done to them. 

Ooncerning variations in the increase in yield of cotton following 
winter legumes there were 55 acres out of a total of 1,877 acres on 
which the yield after winter legumes was 122 pounds of lint per acre 
{'ompared with 298 pounds per acre not after them, or a decrease of 
176 pounds per acre; and on 284 additional acres there w&s neither 
increase nor decrease. There was, of course, a net money loss from 
the use of winter legumes on these two groups of farms according to 
hi~h prices as shown in table 11, and on three groups according to low 
pnces (table 11 and fig. 8). 

2 For further Information about the southern com rootwortti, see the following publications: 
LUGINBILL P. THE SOUTHERN CORN ROOTWORM: A)'m FARM: PRACTrC1t5 TO CONTROL IT. U.S.Dept.Agr.rF8lDllllS' Bm. 950, 12 p., i1ius. 1918. 
AIUNT, F. S. BIOLOGY AND CONTROL OF THE SOUTHERN CORN ROOTWOJUI. Ala. Agr. Expt. Sta. Bul. 

230, 46 p., i1ius. 19211• 
• Further information about" vetch worms" will be. found In the (ollowlng publications: LUGINBILL, P. 

CORN EAB'WORlI: AS.Uf KNBM:Y OI'VB'tCII. U.S.Dept.Agr. Fanners' Bul. 1206, 19 p., iIIus. 11121. 

168778°-33-3 
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TABLE 1l.~Average yield and net gain per acre,of cotton grotlJ71. after winter legumes, 
by specified increases in yield, based on high and low prices 

yield oC lint per acre High prices I Low prices 3 

• In~ in yield Acreage 	 Value Total Value TotalNet Net(pounds of lint) studied ACter NotaC· oCin· extm oCin· extraIn· gain gainleg· 	 ter leg· crease cost creaoo costcrease per perumes umes per per per peracre acreacre 2 acre acre' acre 

---------r-- ---------
Acre3 	 P:1und. Pounds Pound. DoUaT. DoUlITo DOll4T8 Dollara Doll4rs DollaT8

Decreases••__••_.___ 55 	 122 298 '-176 '-25.62 '-4.77 '-.'.lO.85 '-9.29 '-2.55 '-6.74 
;/l No fncreesc.__•___•• 284 306 306 0 .32 3.19 '-2.87 .16 1.69 '-1.53.I 1 to 50.•_. ___________ 195 315 282 33 6.50 5.68 .82 2.59 2. 95 '-.3651 to 100_.______ •____ 487 377 291 86 15.85 6.77 9.08 5.97 3; 79 2.13101 to 150.___________ 270 135 24. 35 11.61 12. 74 9.47 e.57 2.00

151 to 200._._____._•• 306 186 33.46 lit 19 '.lO.27 13.04 8.13 4. 91
201 to 250••___•____._ 240 233 41.85 14.58 27.27 16.26 S.19 8.07
Over 250.______• __•• 55 	 593 272 321 57.70 '.lO.65 37.05 22.44 12.22 10.22 

Total and weighted~I 381averaglL ___••••_ 281 100 18.30 8.61 9.69 7.15 4.91 2.24 ~ 
I Prices used in calculating cost and net gain. High prices: Cotton, $90 a bale including cottonseed; 

man labor and horse work, 15 cents an hour; legume seed, $3 an acre; ginninff and wrapping, $5 a bale; 
fertilizers, prices oC 1927, 1928, and 1929. 

'Including credit from legume, hay, and pasture. 	 . 
3 Prices used in calculatinl! eost and net gain. Low prices: Cotton, $35 a bale including cottonseed; 

man labor and horse work, 7J2 cents an hour; legume seed, $2 an acre; ginning and wrapping, $3.50 a bale; 
!ertlJizers, 85 percent oC prices of 1927, 1928, and 1929. 

I Decrease. 

Serious damage was frequently ascribed to the boll weevil, particu
larly where the crop was planted late, and in a few cases complaint 
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'Wlth cotton selling at 0 to 15 cents per pound, the yield oC lint must be increased 30 to 50 pounds per ncre, 
using winter legumes as fertilizers, before nny net ~nin cnn be obtained. 

-was made of the ravages of the cotton flea hopper (Psallus se7'iatus). 
It sometimes happened that the cotton following the winter legume 
was ~lanted considerably later than that which did not follow the 
legume .and in these cases the damage from boll weevil was worse on 
:the former crop than on the latter. CottolLl flea-hopper damage. was 
greater on the crop following the winter ~egume than on the check 
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crop. In one case the county agent, who had be.en m close touch 
with the fanner, said that the greater injury to the cotton following 
the winter legume was due to the dense shade of the crop caused by 
the much larger growth-that he had had the same e~erience with 
fertilized cotton versus unfertilized cotton.' 

The vegetative growth of cotton, corn, and other crops grown after 
winter l~gumes is excellent, but if the stand is not so good as on the 
check c:rop, or if damage caused by insects or diseases is great, thero 
may be no gain in yield and may even be a loss. In ths llse of winter 
legumes for fertilizing, tbe first consideration is to get a good stand 
and growth of, the legume, the second is to get a stand of the crop 
following the legum~, and the third is to prevent insects a:ad diseases 
from causing damage. 

GRAZING VALUE OF WINTER LEGlIMES . 
The number of themen interviewed who could furnish data on the 

grazing value of winter legumes wati so small that it is hardly worth 
while to give averages. Those who had had long eA-perience were 
positive in their assertions that, for grazing alone, the legumes pay. 
Usually oats or rye are planted with the winter legume when grazing 
is desired. Winter peas can be grazed earlier than hairy vetch but 
do not recover so well after grazing. A few farmers stated that 
their cattle and m.ules would not eat winter peas, but one farmer 
stated that cattle prefer winter peas to oats. The tips of winter 
peas are tender and well-flavored enough to make greens for the table. 

An outstanding instance of the value of winter peas for grazing 
was furnished by the experience of a farmer in southern Alabama 
who grazed 30 hogs on 5 acres of this legume from March 1 to May 1, 
during which time they gained 75 pounds apiece. He estimated that 
125 bushels of corn were fed to them dming this period. The hogs 
sold for 9.4 cents a pound on foot and the corn was valued at $1 B 
bushel. It was figured that the net gain on t,he hogs, over and above 
the value of the corn fed to them, was about $17 per acre of winter 
peas. 

Winter legumes and winter grains combined may be effectively 
used for grazing. Pasturing makes it possible to get returns a. few 
months after planting and to keep the winter legumes from becoming 
too large to plow under easily. 

REASONS WHY WINTER LEGUMES ARE SPARINGLY USED 

With the good showing made by winter legumes in regard to both 
corn and cotton it may be asked why more farmer<; do not plant them. 
There are two chief reasons: (1) It takes time to get a new practice 
or a new crop started. It took time to make alfalfa and soybeans 
important crops. A few fanners in central New York raised alfalfa 
100 years, more or less, under the name of lucerne before the crop 
spread eastward from California, and even after it was much talked 
about and written about, farmers were slow to plant it. (2) The 
expense of the seed, which has to be planted in the fall with the 
knowledge that the returns in increased yields of cotton and corn 
cannot be realized in less than a year, is discouraging to men who 
have little money. 

Minor deterrents are conflict of work in cou-ton-picking time in 
getting the legume. planted, difficulty of turning under the legume in 
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the spring with the small plows and teams that are commonly used, 
and difficulty in getting a stand of the following crop in first attempts. 
All these deterrents, except that of speLding money for th~ seed a 
year be£')re returns come in, can be ovetcome 8,.'3 farmers get more 
experience; and as country hankers are be~oming acquainted '\I(ith the 
benefits of winter legumes, they are morc-- ready to lend money for 
such production. 

PREPA~ING LAND FOR WINTER LEGUMES AND PLANTING THEM 

PREPAlUNG L.\ND 

. In the planting of vetch there were 26 cases out of 264 in which the 
land was first plowed (fiat hroken) and then harrowed; then the seed 
was planted. In 24 cases the land was not plowed but was harrowed 
with a disk hllrrow, and in 214 cases vetch was seeded in the middle 
between row crops. 

Out of 193 instances of winter peas the land was plowed in 29 
cases, disked without plowin~ in 19 cases, and seeded in row crops in 
145 cases. With a I-horse drill that runs between the cott.on rows, the 
,vjnter legumes can be planted without additional preparation of the 
land and, if a drill is not available, the seed may be broadcast and 
then covered with a I-horse or 2-horse cultivator or with a I-horse 
plow. 

The indicated variations in the methods used in preparing the seed 
bed for winter legumes are largely due to the condition of the land to 
be prepared. Land in sod or wain stubble, or with consid.erable 
vegetative growth, requires plOWIng and harrowing for a suitable seed 
bed. Cowpea or soybean stubble frequently can be put in shape 
without plowinV, the disk being used instead. Land that has been 
in row crops, Ii:ke corn, cotton, peanuts, and tobacco, can be satis
factorily seeded to legumes without any preparation if the crops were 
cultivated well and were free from weeds. 

SEED AND FEUTILIZER 

The quantity of vetch seed planted on 3,211 acres Was 73,908 
pounds or 23 pounds per acre. The smallest quantity per acre was 
10 pounds and the highest 35. The average price paid was slightly 
more than 13 cents a pound, but the price ranged from 9 to 20 cents. 

The winter peas planted on 2,490 acres amounted to 76,936 pounds, 
or an average of about 31 pounds per acre with a range of from 15 to 
60 pounds. The price range was from 7U to 15 cents and averaged 
nearly 9}6 cents. 

Most of the crimson-clover seed was raised at home and sowed in 
the chaff at the rate of 30 pounds per acre. This would be equal to 
about 20 pounds of clean seed which is a greater quantity than would 
be used if the seed had to be bought. 

On the poorer soils it seems necessary to fertilize winter legumes in 
order to grow them successfully. In 179 cases out of 500, fertilizer 
was used at an average rate of 328 pounds per acre; in 321 cases it 
was not used at all. Superphosphate was the most common fertilizer 
and was used at the rate of nearly 300 pounds per acre; in central 
Alabama, which is near the supply of basic slag, farmers used from 
400 to 600 pounds of the latter per acre which cost them $10 to $12 
per ton. 

,·.r' 
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INOCULATION 

The first plantings of a wint~r legume are nearly always inoculated,either with a pure culture or with soil from an old field, or with both.Using both appears to be more effective in a majority of cases than""c~-- jiepenub.g on pure cultures alone. The few farmers whr:, do not inoculate theu- first plantings do ,not get successful results. For laterplantings on the same land, solne farmers inoculate and some do not.The method of inoculating with soil is, usually, to obtain some soilfrom the old field, dry it, and sift it to remove lumps and stones;then Jrill it with a fertilizer distributor at the rate t;.f 50 or more poundsPI',' acre. Sometimes the legume sep.d and the sou are drilled together,and if basic slag is used it is not uncommon to mix soil, seed, inoculation, and slag, and drill -them together. Superphosphate is rarely,if ever, mi."{ed in this way for fear of killing the inoculation. 

SOWING 

The method of broadcasting vetch and covering with scratcher,harrow, cultivator, or plow accounts for 140 cases out of 264; in theother 124 cases the seed was drilled in. In planting winter peas thebroadcast method was used in 137 cases and the drill method in 56:'3ses. Drills are not numerous enough in this part of the country.Fertilizer distributors were used as drills on a number of farms and wereclassed as drills. In central Alabama many farmers mix basic slagand seed together and put it out with a fertilizer distributor by goingtwice to the row. In the case of 3-row drills, as the middle holeis usually closed, all the seed goes down the outside drills. Legumesin the middle drill row: if there is one, do not grow well because themiddle is low and often wet and because theTe is no left-over fertilizerin the middles whereas there is unused fertilizer at the base of the oldcotton stalks, close to the legume drills or rows.
One danger in drilling vetch seed on sandy land is that the youngplants will be "sanded" or covered with sand. When vetch firstcomes up it flattens out on the ground; then with a rain, the waterruns down the little drill furrows, washing out here and filling in there.If the vetch were upright when small, sanding would not be so likelyto happen. The precaution against sanding is to fit a smoothing boardor cham harrow on the rear of the drill so that no furrows will be left.The method of coverin~ broadcast seed with a small plow is preferredto c('Jvering' with a scratcher or harrow.
:r'rilling, properly done, gives better results than does broadcasting.Drilled plantings do not heave so badly during freezing and thawingweather. The 3-year average yield per aero of winter peas, greenweight, at the Alabama e}':periment station, was 5,186 pounds for thebroadcast plantings and 6,906 pounds for the drilled plantings ofSeptember 30. Similar results were obtained with hairy vetch andMonantha vetch of the same date of planting and for later dates ofplanting.4 

The range of dates for sowing vetch and winter peas both northand south of latitude 33° is from about October 1 to the middle ofNovember, but the averages for both vetch and winter peas and forfarms both north and south of 33° fall in October (table 12). The 
• BAILXY, R. Y., WlLUAMSON. J. T., and D.UOGAR. J. F. Op. cit,. table 12. 
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date of sowing crimson clover is earlier-usually in September. Bur 
clover is sowed anywhere from the middle of July to· the middle of 
October. 

TABTJE 12.-Averagc dates of sowing vetch and winter peas 

For cotton Fo[~rn 

Legume and section 

--------1-----------
Vetcl1: Number NumberNorth of 33° _____• ______________.___________________________ 31 Oct. 15 

102 Oct. 15 
113 Oct. 22wlnt~~~:33°------------------------------------------------1 10 Oct. Zl 


North o( 33° ___________••_______ .._._____ •______________ .__ 14 Oct. 20 
 13 Oct. 19
South of 33"_______-._. ___ •• _" __ ....................... _. __ 42 Oct. 1" 
 100 Oct. 20 

--------------_._----_._----'----'----'----'---
Figure 9 shows two fields of crimson clover near Lam'ens, S.O. In 

one the seed ~as sowed in co~ton middles Il:nd scratche4 in liKhtly.
In the other It was sowed WIthout scratchmg or covermg. These 
fields illustrate the advantage of a light covering for the seed. Occa
sionally good stands are obtained without coverin~ but, as a rule, the 
ground needs scarifying either before or after sowmg. 

LABOR REQUIREMENTS 

The time required in starting winter legumes depends largely upon 
the method of preparing the land which, in turn, depends upon the 
previous crop and the condition of the land. Grain-stubble land on 
which weeds have grown, and other land that is weedy, require plow
ing (flat breaking). Oowpea and soybean stubble and land on which 
peanuts have been grown usually can be prepared by disking or har
rowing. Ootton and corn middles can be planted without prepara
tion, provided the land is clean. Oorn middles that contain cO"l1eas, 
peanuts, or other vegetation, usually cannot be seeded to wmter 
legumes without preparation. 

The average time required per acre to prepare the land and plant 
the legume seed with mule-drawn implements was 8.8 man hours and 
12.4 mule hours for land that was plowed; 4.8 man hours and 6.1 
mule hours for land that was disked and not plowed; and 3 man hours 
and 2.6 mule hours for land that was in tilled crops and received no 
further preparation previous to seeding. In the latter case, the 
excess of man hours over mule hours is the result of sowing some of 
the seed by hand (broadcllst) and covering it with a mule-drawn im
plement. 

METHODS OF TURNING VETCH AND WINTER PEAS 

Both vetch and winter peas are somewhat "viney" and if the 
growth is large it catches on the beam standard until the plow must 
be stopped and the vines pulled out by hand. If plowed under at an 
f,arlier stage of growth this does not. happen, but farmers frequently 
let the plants get large on the theory that they will be better fer
tilizers. 

It is a mistake to let the legumes grow so large. If planted October 
1 01' soon thereafter and if the stand is good, there will be enough 
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nitrogen in the legume for the following crop even if it is turned under 
2 to 4 weeks before it reaches its maximum growth. Weights of 5,200 
pounds of green vetch per acre, or 6,100 pounds of green winter pea 
vines per acre, contain as much nitrogen as 300 pounds of nitrate of
soda. 

Some farmers disk down the winter legume before plowing it, even 
if they have to disk twice to accomplish the job. In 45 cases of 

FIGURE g.-Orimson clover on adjacent farms near LaUrtlllf. S. O. Upper: Clover seed sowed in cotton 
middles and scratched In. Lower: Olover sQed sowed In cotton. middles but not covered. 

vetch out of 264, the land was disked before being plowed for the sub
sequent crop, but in 219 cases it was plowed without preliminary 
diskin,g-. In 39 cases of winter peas out of 193, the peas were disked 
and tlien plowed, but in 154 cases plowing alone was sufficient. 
There is no need of preliminary disking if the legume is tumed in 
time. The extra work is an extra expense and it delays other work. 
Then, too, when bunches of green vetch or winter peas are pulled 



... 

~F .. 

, 24 TECHNICAL BULLETIN 367, U.S. DEPT. OF AGRICULTURE 

away from. the bean standard. and left on the ground at intervals 
" they present a bad appearance and interfere more or less with har

rowing; this could be pl'eventl3d by earlier turning with good plows 
and accessories. 

To plow under the larger growth often requires preliminary disking 
or the use of rolling colter and II slide", or both. The slide presses 
down the vetch and winter peas so that the rolling colter gets on top 
of them and cuts its way down through and into the soil. This cuts 
the furrow vetch loose from the field vetch (or peas) so that the vetch 
cannot catcli on the beam standard and prevent the moldboard from 
turning and covering it. Even with colter and slide it is difficult to 
do a good job ",-ith a lO-inch plow. A. walking plow cutting 12 to 14 
inches wide does a better job, and the sulky plow cutting 14 or more 
inches wide does an excellent job. The disk plow is used by those 
who have it, and is effective for the purpose. Tractor plows, whether 
of the disk or moldboard type, are especially good because of their 
size and power. The rolling colter plow attachment is useful in 
tU.l""Ding under winter legumes, and should be in greater use. If the 
growth is large a slide or chain is needed on the moldboard plow to 
dra~ the plants down so they can be completely covered; a heavy 
cham is also useful on the disk plow. One end of the chain can be 
fastened to the right end of the doubletree (for right-hand plows) and 
allowed to drag behind, or the rear end can be attached to the beam 
standard with just enough slack in it so the furrow slice will barely 
miss it. The slide is merely a curved shank to which the rolling colter 
is attached. 

Another way of plowing under winter legumes is known as the 
"hard-bed" method, considered by many an old-fashioned and care
less way. Four furrows are usually thrown together, two on each 
side, to make a "bed." The beds are as far apart as the distance 
between the intended corn rows, leaving a rather deep furrow be 
tween the beds. If the rows are so wide that four furrows will not 
complete each bed then 1 or 2 additional furrows are thrown out or a 
middle burster is used to plow out the remainder at one "through". 
The Oliginal surface of the ground under the beds is unbroken, hence 
the name. The corn is planted in the bottom of the furrow im
mediately after "bedding" or at least within a very few days. This 
method is often practiced on sandy or sandy loam lands but not on 
clay. Heavy rains soon after the corn comes up would drown it by 
flooding the furrows in the clay soil, but in the sandy soils the water 
drains away. 

A. striking instance of this method was found in Edgefield Oounty, 
S.O. On May 15, 1929, a field of 5 acres of vetch was disked down 
and then bedded with four furrows to the bed. The bedding was 
completed with a middle burster on that date and the corn was 
planted three days later in the bottom of the furrow. The corn was 
fertilized with 400 pounds of nitrate of soda and 100 pounds of potash 
manure salts per acre, and the measured yield was 105 bushels per 
acre (fig. 2). 

A leading Georgia farmer insists that by the hard-bed method of 
preparing lo,nd for corn he has perpetuated vetch I1S a volunteer crop 
for six years. The land is bedded without previous disking and the 
vetch tops, which protrude above the beds, make seed before the 
middles are cultivated, and the vetch volunteer& each fall. This 



, ".;:: 

USE OF WINTER LEGUMES IN THE SOUTHEASTERN STATES 25 

method permits the planting of corn sooner after the legume is plowed 
under than does the method of fiat breaking land, bu'~ there is se-me 
risk from injury to following crops by so-called vetch worms and by 
the southern corn-root worm. 

DATES OF TURNING LEGUMES AND OF PLANTING THE FOLLOWING 
CROPS 

Winter peas are turned under somewhat ef1rlier than vetch, espe
cially south of 33° latitude. This tends to confirm the statements of 
a number of farmers that winter peas are earlier than vetch and can 
be plowed under sooner. On the greater part of the cotton land the 
winter legumes are turned un~er in April, although the average date of 
turning under winter peas south of 33° was Mal'ch 29 (table 13). 

TABLE l3.-Average date of turning under vetch and '!Linter peas and of planting 
following crops 

FOR COTTON 

I Estimates on Date of-

Legume Ilnd section ;1_--~i---I ---.,.---1 Interval 

_____----------- Turning iPlanting Turning Planting 

Vetch; Number Number DavsNorth of 33°_____________________ ._______________ 39 39 Apr. 23 May 8 15 
10 Apr. 20 May 1 11 

Winter peas: 
South of 33°____________________________________• 10 

North of 33°_____________________________________ 14 
14 Apr. 19 May 10 21South of 33°__ .________________..________________ 44 45 Mar. 29 Apr. 10 21 

]WR CORN 

Vetch:North of 33°_____________________________________ 
South of 33° _____________________________________ 110 113 May 4 May 19 15 

80 86 Apr. 26 May 13 17 
Winter peas:North of 33°_____________________________________ 

South of 33°__ . _________________________________ • 14 14 May 1 May 12 11 
112 112 Apr. 11 Apr. 28 17 

The dates of turning under win ter legumes for corn are mostly in the 
latter hr.if of April and the first half of May, but for farms south of 
33° the winter peas were turned under during the first half of April. 

Most of the cotton was planted in April and most of the corn in 
May, but for both cotton and corn after winter peas in the more 
southerly latitude, the average· planting dates were in April. The 
interval between dates of turning under t,he legumes and of planting 
cotton and corn was usually between 2 and 3 weeks, but in a con$ldera-: 
ble number of cases the interval was less than 2 weeks. 

Granting the value of winter legumes as fertilizers and the de'Sirabil
ity of extending their use in the Sou th, it is still a question of how large 
a part of the farm should be planted with them. Most of the farmers 
interviewed stated that 5 acres to the mule is about as much as one 
can plow under within the limits of time when the legumes should be 
turned under. This would be about 20 to 25 percent of the crop le.nd. 
The acreage of winter legumes that a farmer can handle satisfactorily 
depends primarily upon the length 0f time between the date when the 
plowing under can begin and the date when it should end. The date 
of beginning to turn under the legume may be advanced in five ways: 
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(1) By fertilizing the legume and getting a larger early growth; (2) 
by planting earlier in the fall for the same purpose; (3) byplanting those 
varieties of winter legumes which naturally make the largest early 
growth; (4) by getting good stands; and (5) by tUIT'mg at an earlier 
stage of growth than is customary. By these methods the date of 
beginning to turn down the legume may be advanced 15 or 20 days of 
which, perhaps, 10 to 14 may be utilized for field work. 

; . The first method needs little explanation. On poor soils without 
fertilizer the growth is so small that it has little fertilizing value; if the 
le~ume makes (I, fair growth without fertilizer it makes a better growth 
wlth fertilizer and makes enough green manure early ill the spring, 
hence can be plowed under earlier. 

The second way has experimental evidence in its favor. At the 
Alabama e}.periment station the green weights of winter peas per acre 
for the years 1927-29 and for cuttings of March 22 were 3:S follows: 
For planting of September 30, 5,909 pounds; of October 26, 4,265 
pounds; of November 23, 1,545 pounds, and of December 19, 426 
pounds.5 The earliest planting, which had made nearly 6,000 pounds 
per acre on March 22, had as much nitrogen in it as 300 pounds of 
nitrate of soda. The planting of October 26 had made only 4,265 
pounds on March 22 but by April 2 it had about caught up with the 
March 22 cutting of the earlier planting and weighed 5,948 pounds. 
Itmay be said, then, that the planting of September 30 had the equiva
lent of 300 pounds of nitrate of soda per acre 11 days earlier than had 
the planting of October 26, and on a comparable basis of fertilizing 
value could therefore have been plowed under 11 days earlier. In 
fact, the winter peas could have been plowed under with g.ood results 
when the nitrogen equivalent was only 200 pounds of nitrate of soda 
per acre thus advancing the date of turning several more days. This, 
however, illustrates the fifth way of advancing the date of turning. 
In the same experiment, the yields of hairy vetch and Monantha 
vetch show similar results for different dates of planting. 

The third way of advancing the date of turning depends upon the 
greater cool-weather growth, 01" early growth, of these legumes over 
hairy vetch. At the Alabnma station the average green weight of 
hairy vetch for five years was 6,546 pOlmds on or about April 1 for the 
planting of October 1. For winter peas it was 9,'.36 pounds and for 
Monantha vetch it was 10,270 pounds. Monantha vetch, though 
making a large early growth, is not very winter-hardy even in the 
southern part of the area and is of less utility farther north. Hairy 
vetch may often equal, in early growth, these other legumes, depend
ing on whether the winter has been warm or cold; but generally speak
ing it makes less early growth than these competitors.6 

. At the Georgia Agricultural College for the 2 years of 1925 and 1926 
the weight of cured hay per acre on March,l was 700 pounds of vetch 
and 1,650 pounds of winter peas; on March 23, 1,750 pounds ofvetch 
and 2,300 pounds of winter peas; on April 6, 2,250 pounds of vetch and 
2,300 pounds of winter peas; and on May 6, 3,900 pounds of vetch and 
4,100 pounds of winter peas.7 

'DAILBY, R. Y., "'ILI.IAlISON, J. T., nnd DUGGAR, J. F. Op. ctt., table 15. 
S DAILEY, R. Y., ·WILLIAMSON, J. T., and DUGGAR, J. F. Op. ctt., table 17. 
7 TAllOR, P. WlNTER FORAGE AND COVEll C(tOP8. Ga. Stnte 001. Agr. Du!. 321, table 2, 1926. 
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It may happen that whereas the green weight of winter peas isgreater than that of vetch, the nitrogen content of the vetch is greaterthan that of tho winter peas, but in most cases the winter peas containmore nitrogen on the earlier d~.iJes of plowing under, than does th.evetch.
The fourth way by which the date of plowing under may be advanced involves the fact that with equal heights of plants, goodstands produce a larger tonnage than poor stands. Getting goodstands is a matter of qWl.lltity and quality of seed, preparation of land,and methods and time of planting. Thirty pounds of winter peas peracre planted September 30 produced a larger crop of green materialthan did 60 pounds per acre planted October 26. Dlilled vetchexceeded the yield of broadcast vetch by 30 percent when plantedSeptember 30 and by a larger percentage for later plantings. Similarresults were obtained with Monantha vetch and winter peas.s'1'he fifth way of advancing the date of turning has been mentionedincidentally. Experiments show that there is nitrogen enough for thesubsequent crop considerably earlier than farmers think. The poundsof nitrogen per aere in the tops and roots of vetch at the GeorgiaExperiment StatIOn were 40 pounds on M:arch 26; 43 pounds, April 2;70 pounds, April 9; 85 pounds, April 16; 162 pounds, April 23; and192 pounds, April 30. These would be equivalent to 260 pounds ofnitrate of soda fOT thefust date; 275 pounds for t·be second; 450 poundsfor the thirdi 550 pounds for the fourth; 815 pounds lor the fifth; and1,240 'pounds for the sixth.il If smooth vetch or winter peas had beenused It is probable that the quantity of nitrogen would have beengreater at the earliest date.
In the cases cited there was enough nitrogen for a crop of corn orcotton even at the earliest date mentioned; hence plowing shouldbegin at about that time. The earlier a farmer begins plowing underwinter legumes the longer the period of time in which plowing maycontinue, hence the greater the acreage per mule.
Grazing is another consideration. One successful Georgia farmersays he plants all his crop land in winter legumes, then grazes all of it.By careful management the season for plowing can be made stilllonger. The ungrazed portion can be plowed under first, then theremainder can be grazed in succession and plowed under in succession.Some men cut their winter legume for hay and follow with corn orother late crop. Some cut,; it high, getting as much hay as they needand turning under the growth that is left. There are several ways ofmanaging to get feed and fertilizer and to extend the time of plowingunder the legume. It is estimated t,hat a minimum of one third of thecrop area can easily be handled in winter legumes. 

PERCENTAGE OF CROP LAND IN WINTER LEGUMES
Small farms were found to have a larger percenta~e of their acreagein winter legumes than large ones (table 14). ThIS may mean thatthe small farmer, who does most of his own work and does it betterthan do hired hands, is the one most likely to use winter legumes.Hired 4ands are prone to do a very poor job of turning under legumes. 

8 BAILEY, R. Y., WILLIAMSON, J. T., and DUGGAR, J. F. Op. cit., tables 12 and 13.
'TEMPLE, J. 0., THE VALUE OF AMMONIFICATION TESTS. Gn. Expt. Sta. Bul. 126, 17 p., 1919. 
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TABLE 14.-Percentage of crop land devoted to vetch and winter peas on farmS of 
specified size . 

Acreage In vetch and winterCrop acreage peas 

Size group (crop acres per farm) Farms! 
welghted Weighted Percent·ITotal average Total average age of crop 
per farm per farm acreege 

-'-------------1------------------
Number Acru Acru Acre8 Acre.! Percentoto 50_____________________________________ 50 2,096 42 355 7.1 16.951 to 100___________________________________ 109 8,842 81 903 8.3 10.2 

19,284 168 1,783 15.5 9.2
lot to 200___ ______________________________ 115 
201 to 400__________________________________ 49 13,880 283 802 16.3 5.8
401 to 600__________________________________ 43 23,825 554 1,129 26.2 4.7
Over 600__________________________________ 20 27,375 1,369 581 29.5 2.1 

Total and weighted average ________ _ 386 95,302 247 5,553 14.4 5.8 

. 1 Some farmers gave estimates for more than 1 year. 

Nearly 6 percer.~ of the crop area of the 386 farms shown in table 14 
was in vetch and winter peas. Farms north of the latitude of 33° 
had 4.7 percent of their crop acreage in vetch and winter peas whereas 
those south of that latitude had 6.6 percent of the crop acreage in 
these legumas. The farther south, the earlier is the growth of the 
legume and the greater the length of time in which to plow it under. 

According to the best information available, about 84,000 acres of 
winter legumes were planted in Georgia in 1928 and 90,000 acres in 
19~.9. This is about 0.8 percent of the total crop acreage of the 
Sttt.,a. If the percentage were as large for the whole State as for the 
farms represented in this study there would have been more than 
800,000 acres of these legumes, and if they should average 5 acres to 
the mile it would amount to 1,875,000 acres for the State. 

HOME-GROWN WINTER-LEGUME SEED 

Most of the crimson-clover seed used by farmers in the Carolinas 
and in Georgia is of their own saving, according to the records obtained. 
This seed is stripped off or is beaten out by forks and is sowed in the 
chaff. In most instances the seed is "scratched in" after being 
sowed on top of the ground. One farmer who is very successful with 
crimson clover says that when he sows the chaffy seed in cotton 
middles he scratches the ground first, then sows the seed, but does 
not cover; when he sows the thrashed seed he sows first and scratches 
afterward. 

In certain years the seed crop of hairy vetch is a total failure 
because of the attacks of the corn ear worm. Even where this has 
not happened, the yield has been low. Then, too, the vetch seed 
shatters badly R.nd in many districts no thrashing machines are 
available. 

Some seed of Monantha vetch has been saved by a few farmers in 
southern Alabama. This vetch grows well with oats and ripens with 
the early varieties of oats, so they ca:u.be harvested together. On a 
few farms, where it was grown alone, it was allowed to become dead 
ripe and k· fall fiat on the ground. Then it Was raked with a horse 
rake withollt cutting, the roots breaking off at the ground. The crop 
was then gathered and thrashed. .Monantha vetch holds its seed 
well in the pod; its weakness is its'lack of winter hardiness. 
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With regard to winter peas, injury by aphids has been more or less 
prevalent, thus preventing seed formation, but the crop is usually 
large enough to turn under as a fertilizer before the aphids become 
abundant. 

On the whole the prospects are not very encouraging for farmers 
to gro)V their own vetch and winter-pea seed. 

CROPS PRECEDING AND FOLLOWING WINTER LEGUMES 

About 80 percent of all the vetch and winter peas reported in this 
study were planted after cotton, as compared with 20 percent after 
ali other crops. Vetch was planted after cotton in 211 cases, after 
corn in 24 cases, and after other crops in 29 cases out of a total of 
264 cases; whereas out of 193 cases of winter peas, 157 followed cotton, 
19 followed corn, and 17 followed all other crops. Among the "other 
crops" were cowpeas, soybeans, peanuts, and tobacco. _ 

There are good reasons why it is the usual practice to plant winter 
legumes after cotton. Ootton middles are likely to be unoccupied 
whereas corn middles are usually planted with cowpeas, soybeans, 
peanuts, or velvetbeans. Then, cotton is laid by later th8.n corn and 
the ground is cleaner, thus no I>reparation of the soil is required for 
the wintel 'legume. Ootton stalks do not fall down across the rows 
as cornstalks frequently do in hard storms; thus there are no obstruc
tions in the cotton middles. 

It is comparatively easy to pla,nt winter legumes after cowpeas, 
soybeans, peanuts, and tobacco, but the acreage of these crops is 
relatively small. If, in the organization of farms, a larger use could 
be made of cowpeas, soybeans, and peanuts, the practice of following 
them with winter legumes would increase. 

Winter legumes are easily planted after tobacco. Orimson clover 
in North Oarolina and, winter peas in Georgia follow this crop to 
some extent. Tobacco does not follow these legumes because, 
although the resulting yield is good, the qualit.y of leaf is not the best. 

As to major crops that follow winter legumes, this study embraces 
353 estimates for corn and 147 for cotton. It is clear that most 
farmers plant corn rather than cotton after winter legumes. Many 
would like to plant cotton after them, and about one third of those 
interviewed did so, but the complaint is made that the winter legume 
is not large enough to make much fertilizer when plowing for cotton 
should begin. This is partly true and partly not, as indicated under 
the heading Dates of Turning Legumes and of Plantin~ the Following 
Crops. Those who use tr.actors can do better in this respect than 
t,hose who use only mules. 

Oorn planting extends over a longer time than does cotton planting, 
hence there is more time to fret the legume turned under and partly 
decayed before planting. Then, since cotton and corn are grown 
more or less in rotation or alteration, and since it is much easier to 
plant winter legumes after cotton than after corn, it is a natural 
sequence for the,corn rather than cotton to ~ollow.the winter legume. 

Orops other tllan cotton and corn followmg wmter legumes were 
infrequent, but 2 cases of cowpeas, 4 of corn silage, 1 of sweetpotatoes, 
and 1 of sorgo silage were reported. In all cases the results were 
decidedly profitable. In two instances of corn silage the yield after' 
vetch was equal to that on land which was manured at the rate of 
10 tons of stable manure per acre, 

" 
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.An interesting case was that of sorgo silage following bur clover for 
10 consecutive years during which time the bur clover volunteered 
every year. On a farm in Saluda County, S.C., 6 acres of this clover 
on a red-clay hill were fertilized each year with 500 pounds of super
phosphate per acre. Cattle and sheep were grazed on the clover in 
February and March, the estimated value of such grazing being $8 per 
acre. The 10-year average yield of the sorgo following bur clover was 
estimated to be 10 tons per acre compared with 5 tons per acre not 
after it. In April 1930, the stand of clover was good and the dark
~een foliage indicated health and vigor. The average date for plant
mg the sorgo had been June 1, after the bur-clover seed had matured. 
The type of soil and the heavy use of superphosphate are probably 
responsible for the excellent results .. 

CROP ROTATION AND WINTER LEGUMES 

The acreage of winter legumes is so small at present that they do not 
constitute a definite part of any cropping system. But if they could 
occupy 20 to 35 percent of the total crop area they could easily be 
fitted into practical crop rotations. Rotations are rarely infleAible. 
Often something interferes with the regularity of a planned system. 
The failure of a particular crop, the exigencies of the weather, an 
unfavorable topography, or the varying typ~s of soil on the same farm, 
limit the application of such rotations. Nevertheless, crop systems 
may be approximated and if one system will not apply on the whole 
farm it can often be divided into two or more systems for different 
parts of the farm. 

A 3-YEAR ROTATION 

A possible rotation in which winter legumes can be used is that 
described in table 15. In this rotation one third of the land is in 
cotton; one third in summer legumes for hay, seed, and pasture; 
and one third is in corn. 

TABLE 15.-A 8-year rotation of cotton, summer legumes, and corn 

Item First field Second field Third Held 

Cotton____________________First-year period ___ 	 Summer-legume hay etc., Corn and interplnnted
followed by winter leg- legumes. 
urnes. 

Second-year perlod_ Summer-legume hay, etc., Corn and Interplnnted Cotton. 
followed by winter Jeg- legumes. 
urnes. Cotton____________________Third-year perlod __ Corn and Interplanted leg-	 Summcr·lel'lIme Imy ctc., 
umes. 	 followed by winter leg

umes. 

The cotton may be replaced, if desired, by other money crops, like 
peanuts or tobacco. If hogs are to be raised for market, peanuts 
could 'be planted on part of the land assigned to summer-legume hay, 
etc., but the peanuts would have to be harvested in time to permit the 
land to be planted in winter legumes. Part of the same field might be 
planted to crops of early potatoes, cantaloupes, watermelons, or sorgo 
for sirup, all of which are harvested early enough so that winter 
legumes can be planted after them. 

This 3-year rotation would produce more feedstuffs than the 
average southern farm would consume, two thirds of the area being 
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assigned to feed crops, and the corn yield would be far above the 
average because this crop is preceded br winter legumes. It is, 
therefore, a rotation that assumes more livestock than the .average 
southern farm possesses. 

It may be asked why oats should not be introduced into this rota
tion where it would follow cotton and precede the summer legume. 
Perhaps there are farms on which this should be done but, in general, 
there IS already more feed in this rotation than would be needed on the 
average farm, hence oats would merely add to thb surplus feed, either 
of hay or grain. The date of planting the summer legume would be 
delayed as would the date of harvesting; there might not be time to 
plant the winter legume, depending on t,1;le latitude. At least, it 
would be easier to plant winter legumes after cowpeas anti soybeans 
that are planted in April and May than after those planted in June. 
The winter legume should be planted in early October; if the double 
crop of oats-cowpeas interferes with this, the oats may well be omitted. 

Another argument against oats in this rotation is the peak load of 
laQor involved in June in harvesting the oats and plallting the cowpeas. 
If oats-cowpeas are in the rotation a team could tend about 15 acres 
of cotton, 15 of oats-cowpeas, and 15 of corn; but if oats are omitted 
the team can tend 18 acres of cotton, 18 of summer legumes followed 
by winter legumes, and 18 of corn-or an increased acreage of 20 per
cent. This assumes a sandy loam soil in both cases and, in the latter 
case, it assumes that preparation of the old cotton land for snmmer 
legumes is by means of the disk harrow instead of the turnplow. If a 
tractor is used there would be about the same relative difference in 
acreage. 

A further reason against oats for the average farm is the necessity 
of expensive harvesting and threshin~ machinery which the smaller 
farms cannot afford. There are condItions under which the oat crop 
is highly desirable but on the average farm and for the 3-year rotation 
described, its value is questionable. 

The increased yield of corn following winter legumes has been found 
to average about 14 bushels per acre compared with corn not follow
ing the legume, hence on an 18-acre field the increased production of 
corn would amount to 252 bushels. Assuming a yield of 16 bushels 
per acre without the winter legume and 30 bu~ilels per acre with it, 
the total production of corn on the 18 acres would be 288 bushels in 
the former case and 540 bushels in the latter. 

With these yields, more corn can be grown on one fourth of the 
total land in crops when it follows a winter legume than on one third 
of the land without the winter legume. To illustrate: If 60 acres of 
crop land are available, then one fourth of the land, 15 acres, at 30 
bushels per acre, will produce 450 bushels of corn whereas one third 
of it, 20 acres, at !i.5 bushels per acre, will produce 320 bushels. 

A ~-YEAR ROTATION 

With higher corn yields, the average southern farnler probably 
would prefer to have more than one third of his crop land in money 
crops and less than two thirds in feed crops, the proportions indicated 
£01' the 3-year rotation. Corn is not considered a money crop in the 
Southeast although a little is occasionally sold. 

To increase the area of money crops and to decrease that of feed 
crop~.i' a 4-year rotation is suggested, which may be considered the 
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same as the 3-year rotation plus ano,ther equal field of a money crop, 
usually cotton. One half of the crop area in this rotation is devoted 
to money crops of which cotton is the principal one although peanuts 
and tobacco may replace cotton on part of the area if desired (table 16). 

TABLE 16.-A suggested J-year rotation 

Item First field Second field Third field Fourth fleJ,dI 
Flrst·ye B r Cotton followed in Cotton.•.•••••••• ____ Summer·legume hay Corn and Interplant

period. part by winter leg- etc., followed by cd legumes. 
urnes. winter legumes.Cotton_______________ Summer-legume hay Corn and Interplnnt- Cotton followed InSecontlear 

perl • etc., followed by ed legumes. ~nrt by winter 
winter legumes. egumes.

Third-year Summer-legume hay Curn nnd interplnnt- Cotton followed In Cottfon. 
period. etc., followed by ed legumes. ~art by winter 

winter legum~s. egumes. 
Fourthlear Corn and interplnnt- Cotton followed In Summer-legume ha7Cotton___•__._••_•••• 

perlo . ed legumes. part by winter leg- etc., followed by 
umes. winter legumes. 

A variety of crops may occupy the fieJd assigned to summer-legume 
hay, etc., if all can be harvested early enough to permit the planting 
of winter legumes to be turned under the followmg spring for corn. 
About half of this field may be devoted to cowpeas or soybeans for 
hay. A small area ma.y be ill the same crops to be harvested for seed 
or to be grazed off. A few acres may be devoted to such crops as ~arly 
potatoes, cantaloupes, watermelons, peppers, and sorgo for SIrUp. 
There should be a greater flexibility in the plantings of this field than 
in the other fields. 

Part of the cotton land may be planted to winter legumes to be 
turned under the next spring for cotton or peanuts but the acreage 
will have to be limited or there will be too many acres of winter leg
umes to plow under in the limited time available for the purpose. 
Corn follows winter legumes in this 4-year rotation, as in the 3-year 
rotation, and may be interplanted to cowpeas, peanuts, soybeans, or 
velvet beans. 

H the old cotton land is prepared for the summer legumes, with a 
disk harrow, one team will tend about 52 acres of all crops in this 
4-year rotation which means 13 acres to each of the four fields. With 
a yield of 30 bushels per acre of corn the 13 acres will pl'oduce 390 
bushels; this is about 100 bushels more than enough for home require ... 
ments on a 2-horse farm. It would require a little extra livestock to 
consume this surplus corn but perhaps that is not an objection. 
Extra cows would require extra hay and the area assigned to summer 
legumes is sufficient for feeding two or three ext.ra cows. A few more 
hogs would help to consume the extra corn and the by-products from 
the cows. 

ADAPTATION TO SHAItE-CItOP CONDITIONS 

A serious difficulty in applying definite crop rotations to farms in 
the Cotton Belt is the fact that the share cropper who raises much of 
the cotton for a half share of the crop has little use for feed crops. 
He prefers to grow cotton continuously on the same land. Even when 
the landlord persuades the sha.re cropper to raise corn and other feed 
crops, the latter is not interested and the landlord usually buys the 
share cropper's half of these feedstuffs. 

Some lands are better for cotton than for corn and the tendency 
is to gruw cotton more or less continuously on c(lrtain parts of the 
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f!l;nn or plantation. In the attempt, therefore, to apply crop rotations 
to the Cotton Belt it may be well to apply them to part of the farm 
and let cotton be grown continuously on other parts. If hogs are 
raised, crops that they can graze must be grown in fenced fields adja
cent to their buildings. These may be in a rotation by themselves. 

To illustrate a plan of growing cotton continuously on part of the 
farm, or plantation, and of usin~ crop rotations on other parts of the 
farm the followin~ eXl1Illple is gI.ven for 60 acres of crop land. One 
field of 20 acres will be devoted to continuous cotton production, and 
two fields of 17 acres each will be devoted to a 2-year rotation of crops 
as follows: 

t
Firstyear________ 10 acres of cotton, peanuts and/or tobact,Jo, in varying 

proportions, followed by wint.;r legumes. 
7 acres of summer legumes for hay and seed, followed by 

winter legumes.
Second year_______ 12 acres of corn and interplanted legumes. 

2 acres of melons or substitute crop followed by winter 
legumes. 

3 ac,res of summer legumes for hay and seed followed by 
wlIltcr legumes. 

In addition there will be two fields of 3 acres each on which a rota
tion of grazing crops for hogs will be grown. This rotation will be 
as follows: 

First year________ Corn and interplanted legumes. 

Second year______ Peanuts, Sudan grass, etc., for grazing. 


This arrangement puts half the land in the money crops of cotton, 
peanuts, and (or) tobacco. Part of the 2 acres of melons or substitute 
crops, like early potatoes or sorgo sirup, may also be sold. One 
fourth of the land is put in corn and interplanted legumes (12 acres 
plus 3 acres); one sh:th in summer legumes, such ~s cowpeas and 
soybeans, for hay and seed (7 acres plus 3 acres), and one twentieth 
in peanuts, Sudan grass, etc., for grazing by hogs. 

If there is time to plant and turn under a larger acreage of winter 
legumes than has been planned for in the foregoing examples they 
can occupy part of the land devoted to continuous cotton. Their 
growth does not interfere wi.th the growth of cotton unless they are 
turned under too late in the spring. 

In southern Georgia and Alabama one team of two mules CfJ;n tend 
this 60 acres of crops. The share cropper, if there is one, might tend 
the 20 acres of continuous cotton and he could work as a wage hand 
part of the time on feed crops. 

If the acreage of continuous cotton shown in the foregoing plan is 
too large it can be reduced, and the rest of the land devoted to a 3-year 
crop rotation. 11.. method of doing this would be to have one fourth 
of the land, or 1 field of 15 acres, devoted to continuous cotton 
production, and 3 fieids of 13 acres each devoted to the 3-year rotation, 
as follows: 

~irst year________ _, 
Second year______ _ 

Third year________ _ 

13 acres of cotton, peanuts, and (or) tobacco in varying 
proportions. 

10 acres of summer legumes for hay and seed followed by 
winter legumes. 

2 acres of cotton followed by winter legumes. 
1 acre of melons followed by winter legume:;. 

12 acres of corn and interplanted legumes. 
1 acre of melons or substitute crop. 
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In thls system, as in the previous ODe, there will be a rotation of 
grazing crops for hogs on 2 fields of 3 acres each, in the following order: 

First year_________ Corn and interplanted legumes. 
Second year________ Peanuts, Sudan grass, etc., for grazing. 

In thls arran~~ment the acreage of money crops and of feed crops 
is the same as ill the preceding plan but the acreage in continuous 
cotton is only one half of all the acreage in cotton, peanuts, and 
tobacco, whereas in the previous arrangement it was two thirds of all 
cotton, peanuts, and tobacco. It would be easy to make the acreage 
of continuous cotton still smaller and arrange the remainder of the 
land in a crop rotation. All of the crops following the 10 acres of 
summer legumes, 2 acres of cotton, and 1 acre of melons in the last
mentioned plan are to be followed by winter legumes. Substitutes 
for melons may be early potatoes, and sorgo for sirup. 

Any of these systems or any other that may be suggested might 
have to be modifkJ. in particular cases. There are certain areas of 
wild meadow hay that are not suitable for any other crop; there are 
lands suitable for corn that are not suitable for cotton; and in certain 
places modifications are required because of the topography of the 
fields. Within these limitations, however, a rotation system that 
provides for better yields of all crops, that gives ample acreages for 
the money crops and for feed crops, and that provides a reasonable 
distribution of labor for man and horse, is much to be desired. 

The genersl use of winter legumes in the Southeastern States would 
still leave cotton and corn as the principal crops. It would not be 
likely to increase the corn acreage but would decidedly increase its 
total production. To the extent that cotton follows winter legumes 
it would be benefited directly; in any event, it would be benefited 
indirectly. Th.e use of these legumes in preventing soil erosion and 
in furnishing hay and pasture is highly desirable, but their main use 
is in building the fertility of southern soils. 

SUMMARY 

This study 'yas made in North Carolina, South Carolina, GeorgIa, 

and Alabama ill 1929 and 1930. 


The number of I-year estimates was 353 for corn and 147 for cotton; 
of these 500 estimates, 264 were for crops after vetch, 193 for crops 
after winter peas, 32 for crops after crimson clover, and 11 for crops 
after bur clover. 

The increased yield of corn after winter legumes averaged 14.1 
bushels per acre; of cotton, 100 pounds of lint per acre. 

The total extra cost for corn after winter legumes on 4,145 acres, 
over and above that on corn not after winter legumes, was $5.54 an 
acre on the basis of high prices, of which $2.87 was cash cost and 
$2.67 was noncash. At low prices the same items were $1.88 and 
$1.48 respectively. 

The total extra cost for cotton after winter legumes on 1,877 aores, 
over and above that on cotton not after winter legumes, was $8.61 
an acre at high priem" of which $3.80 was cash cost and $4.81 was 
noncash. At low prices these items were'$2.39 an acre and $2.52 an 
acre respectively. 

The net gain in value from the use of winter legumes for corn was 
$9.19 an acre at high prices, all costs considered, or $11.86 an acre 

',; 
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with cash costs only considered. At low prices the net gain would 
be $3.99 an acre, all costs considered, or $5.47 an acre if only cash 
costs are considered. 

The net gain in value from the use of winter legumes for cotton 
was $9.69 an acre at high prices, all costs considered, or $14.50 an 
acre with only cash costs considered. At low prices the net gain 
would be $2.24 an acre, all costs considered or $4.76 with only cash 
costs considered. 

The increased yield of corn after winter legumes was 2.1 bushels 
per acre greater on land south of latitude 33° than on land north of 
that line. The increase in yield of lint cotton was 10 pounds per 
acre greater south of latitude 33°. 

Winter legumes have a residual effect the second year after plant
ing according to the testimony of many farmers. This is confirmed 
by experimental evidence. 

The grazing value of winter legumes is sufficient to pay all e:\.-penses, 
and even after grazing the fertilizer value is considerable. 

In 79 percent of the cases studied there was no preparation of land 
before the winter legume was planted, because it was planted in the 
middles between row crops, mostly in cotton middles. In J.2 percent 
of the cases the land was fiat broken and in 9 percent it WitS disked 
and harrowed. 

In 53 percent the winter-legume seed was broadcast and harrowed 
in or plowed in; in 47 percent it was drilled in. 

The average rate of seeding winter legumes was 23 pounds per acre 
for vetch and 31 pounds for win tel peas; the average price of vetch 
seed was 13 cents and of winter pea seed 9}~ cents a pound. 

In 179 cases out of 500 the winter legumes were fertilized at an 
average rate of 328 pounds of commercial fertilizers per acre. In the 
other 3~\1 cases no fertilizer was used. 

Pure-culture inoculation is commonly used on winter-legume seed, 
especially the first time they are planted on any piece of land. Many 
fanners also use soil from an old field that has grown the dame kind of 
legume. Using both is called the double method. 

In 373 of 459 cases the winter legume was plowed under in the spring 
without preliminary disking and in the rest of the cases it was disked 
once or twice before planting. 

The rolling colter attachment to plows is little used but ought to 
be used everywhere to do a good job of covering winter legumes and, 
if growth is large, the plow should have a "slide" to press the growth 
down, or a heavy- chain to drag it down. 

The average tIme between the date of turning under winter legumes, 
including both vetch and winter peas, and planting corn thereafter, 
was 14 days at points north of the latitude of 33° and 17 days at 
points south of it. For cotton it was 17 days north and 19 days 
south of that line. 

Most farmers think that 5 acres of winter legumes per mule is the 
practicable number, but with proper management and implements 
this acreage .can be increased to 10 or more acres. 

Experimental evidence shows thab October 1 plantings of winter 
legumes make larger yields than plantings 3 or 4 weeks later; this is 
especially t.rue of the early spring growth. Such evidence also shows 
that Austrian winter peas and Monantha vetch usually make a 
la,rger early growth than does hairy vetch. 
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The date of beginning to plow under the winter legume can be ad
vanced by getting a larger early spring growth. This can be done 
by (1) using fertilizer on the legume, (2) planting the legume early 
in the fall, (3) using the kind of legume that makes the largest early 
growth, and (4) getting good stands of the legume. 

The percentage area of winter legumes is greater on small farms 
than on large ones, and greater south of 33° latitude than north of 
that line. 

About 80 percent of the winter legumes on the farms studied were 
preceded by cotton, 10 percent by corn, and 10 percent by all other 
crops. Seventy percent of these legumes were followed by corn and 
nearly all the rest by cotton. 

Cowpeas grown for hay, corn siln~e, sorgo sil~e, and sweetpotatoes 
were found to be benefited by fertilizing with wmter legumes. 

Winter legumes can be fitted into various crop rotations. One 
fifth to one third of the crop land should be in ",inter legumes and 
even more if there are animals to graze the fields. 
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