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THE USB OP aRED MANURESAHD OOVER OROPS )lOR TD SOU!H. 

OHAP'rD 1 

HISTORIOAL 

IltTRODUOTIOli 

~ ,roblem of' restoring the ferti11't7 to the .... 110118 
. ' .,1. . 

and Of ' ma1nt~'1n1ng that ot the new or tresh Bo1l8 is perhaPs the ~ at 

serious one with Whioh the farmers ot the ootton states are oonfronted. 

t 1s indeed. unfortunate that the usual methods and praot108e of cotton 

'8..."IIl1ng tend to rapidly wear out and destroy the fertility of the soil, 

and before we oan be safe and permanently prosperOU8 in farm1ng, our 

• ethods and prao tic8a Imlst be suoh as to resul.t in inoreasing the pro­

ltlot1venes8 ot our Boi18. The orig1nal f'ert11i ty of' a soU is dependent ' 

pon two things, viz: its natural strength and ita Physioal oonditioa. 

The first of' these - the natural strength, is determined by the readiness ' 

l ith whioh the insoluable Plant food in a soil beoome. available by 

atural agenoies, and the length of time th1s avaUabili tJ' will oont1nue. 

i1e the physioal oondition i8 dependent upon suoh properties as favor 

the growth and development o.f1- plantropts and · ~be aoquisit1on by these 

f the available plant food in the soU. The natural strength ot a 

8011 may be praotioally exha~stible and at the same time the ~erti11t.r 

of the 80'1 very 1011', on aocount of its poor physioal oond1tion. And 
<~ •• ,~, .... ,. • • 

a gOOd B~11 in a gOOd Physioal oondit1Dn easily reduoed to one of POO% 

00nd1 tioD by improper handling. This last 1s true of almost all or 
t e soUs ot the South. There are few oultivated. soils of th:1s section 

that haVe not suffered a material loss of Plant fOOd, while their once 

1. 8~)~)7 5!J 





favorable phyaioal oondi tion is ohanged. to r:luch an extent as to reduoe 

their produotiveness. It remains for m\cceed1ng farmers to restore the 

. '.. once favorable oondi tions of our soils t and gain for the Sou th its 

deserved reoognition as a fertile and prodUotive region, or to oontinue 

the wasteful and exhaustive methods of the past and produce a section 

whose chief .lory will rest in the legends of a onoe fertile Goi1. 

Na.ture, it would seem on the one hand with ita Via~l1mate, its abun­

dant rainfall, its 1003e and broken ooi1s, and its s eemingly careless 

f8.-11JUers, caters to the exhaustive prooesses. Bu t, if' we !)ause to con-

stder on the other hand the almost numberless varieties of B011 restor-

ing plants, the mild climate that makes it possib!efor some of these 

plants to be grown on the Boil throughout the entire year, and the 

rapidity with which a part of the farmers are grasping the advanoed 

methods of fa.-rwrn1ng, \ve Bee how JUBt 1s nature, and how d1ligently 

she strives to balance her forces. 

The Experinent Stationn and moat mlcc8Ssful far.mers have put 

forward a number of methods by which the fertility of the worn ooi1s 

may be restored, and that of the fresh soils maintained, or even 1n-

or'eased. Some advocate deep Dlowing, and terracing or hillside 

d1tching to prevent washing and the use of commercial fertilizers to 
make up for any defioiency of plant food that may exist. Or, in other 

Words, they advocate the sp ending of a portion f 
o one year's proceeds 

to tla1ntain the y'eld for the 3Ucceeding yeD .... 

"'Wo. Others advocate a 

I,l ethod which combines stock raising with c~::~nand corn farming. 
.lethod has many advant~no i 

~es, and ta only serious drawback 1 th t;ck 
f ev a e .L 

er qu.arant1ne, Which prevents th 
e animals from going on the 

!his 





northern markets, exoept for iIlJllediate slaughter. 

erOP rotations. A method that has many advantages, the main object 

others advooate 

: 18 to maintain the fert1l1 ty wi th the o cnt1nued production 
qf which 
~ f orops and the inorease in productiveness ~~aturallY poor or worn out 

Il'Jils. still others advocate the turning under of green croPS f'or 

D.Qnure, and the growing of' (' Cover crops to oatoh what plant food b&­

comes available and thus to prevent washing and leaching of' the soils. 

It 1s the aim of this paPer to support the latter method and 
~t~ put :forward the points in favor that have been discovered by the station 

t orkers and prao tical farmers. To dO this I shall be compell ed to 

~ e. .. heavily from the Department and station publioations, and will 

nolude the resul ts obtained by a number of proluinent farmers of 

issios1pp1 to whom I have aP~11ed for information. A discussiOn 
~ 

t ill a1ao be given of results determined from experiments oonduoted by 

the writer on the soils of the Missouri state Farm. These" experiments 
j 

t ill show the eff'eot of a nwnber of orops - wheat, oats, alfalfa and sod 
" ~a compared wi th bare or fallow so11 through the fall and winter months. 

in1Y the nitrates are determined in the analysis. The determinations 
,~ 

«re mad4 monthly. 

LOSS OF NITRA!ES. 

The leaohing out and washing away of the nitrates as they are 

trmed in the Boil unless there is a orop grow1ng on the land to take 

1Jlent up, is Parhaps the most destrllo tive agent of' soil f'erti11 ty. 

zt has been determined that nitrifioation goes on very rapidly at 54 Y. 

; aching its max:lJm.un at 99 F. We see then that our soils in the south 

~(~ almost continuously in a state in which nitrif'ioation oan tde Plaoe, 





and therefore that the loss :r:rom leaching IlUlst be very great. 

The most extensive wot.k on the loss of nitrates has been con­
i.. iUoted bY ltaweeand G:Illbert at the Roth8Dlstead Experiment station, in 

mngland. 
Lawes found bY placing three gauges oovering fooo acre eaoh 

at depths of 20, 40. and 60 inches respectively, and allowing no veg­

itation to grow thereon. and bY lII8king analyses frOlll time tot1me that 

the loss of nitrogen through the drainage gauges exoeeded 40 pounds 

per year. 
In addit10n to this he brings out three other points, viz: 

1) That water passing tl'.ese gauges is muoh richer in nitrogen than the 

rain Which falls upon th~. (a) That it 1s richer in nitrogen 

ur1ng the autumn than at any other season of the year. (3) That 

~he drainage in another field where a orop of' wheat was in luxuriant 
(1) 

srowth oontained no nitrogen at all. 
(2) 

Deher18:;ll oompares the reaul ts of 1893, whioh was a poor crop 

ear, with those ot 1894, a good orop year, as follows: 

During the year of Joor orops the peroent of ni trogen was muoh 

-1gher than during' the year of good orops. The poverty of the water 

f 19 -4 , 1s attribUted to the vigor of the plants grown, wh10h by means of 

.. heir numerous roots completely assimilated the ni trates. The dim1n-

.shed amount o~ drainage water was attributed to the vigorous leaf 

~ !'owtht whioh returned to the atmosphere all of the water supplied by 

r ec1p1tat1on, exoept dUring wet seasons. Abundant drainage was 

ecured only during the winter, while du.ring the summer no water passed 

~f in the dra1n8~' 

(1) 

(2) 

J. B. Lawe's Essay on LOS8 of Nitrates. 

Exp. sta. R., Vol.6 (Deheri~Compt. Rend. 

4. 

120. (1895) No. 10) 





"-
He oaluulated that the wheat orop of 194 per hectore (2.471 

aores) c0ntained 91 k11ogr~8 (200.2 pounds) of nitrogen, and in 193 

only 44.2 k1logr~s (97.24 pounds), but in 193 the Boil lost 49.7 

kilogr~s (190.14 pounds) of nitrio nitrogen in the drainage water, 

while in 194 the loss from this aOJ.·roe was insignificant. The total 

amount of ni trogen removed from the Boil in the good season of 194 

was therefore 91 k1logr~s (200.2 'Gunde), aa against 93.9 k1logr~s 

(206.5Pounds) 1n the poor season of 193. 

F1tl"ther experiments by Deherian oonf1rm prev10us conclusions 

that fallow 8011s loose much more nitrogen in drainage th~~ those 

covered with orops, and emphasize the 1m~ortance of fall oatch crops. 

Tl16 following table gives the more important resu1 ts obtained 

by him wi th 20 vegetation boxes bearing ~'ar10us crops. (grapes, sugar 

beets, wheat and oats) 

Bare 8011 

193 - 194 
~~94 - '95 

[oil bearing crops 

L08S per heotare 

101.60 Kg. 
79.80 Kg. 

33.25 
.20 

Ratio of drainage to 
rainfall. 

4.5 
5.5 

7.6 
135.0 

----------------------------------------
Sohlosong maintained that the results seoured in these ex­

Periments were for the most part, :for obvious reasons, Imloh in excess 

Of the truth and tha t eJl8minations of water from str~;)ar··' .. nl .... v ~ draining a given 

area would ~lrni8h a much more accurate measure of the 10s8 of nitrogen 
b ' Y drainage. He e1ves determinations of nitrogen 1 n water from Siene, 
Morne y ' . , on.ne and Olse, and estimates based on the res1.l1 to are given 

~h1ch indioate that each hectare 
(2.4 aores) of SOil in the Seine basin 

5. 





loses 4 . 2 Kilograms (9 . 24 pounds ) of' nitrie nitrogen 11' 1/6 

fall esoapes in the drainage , 6 . 44 Kilogr~s ( 14.16 poundS) 

of t he rain-

He con-
eseaP ,and 8 . 48 KilograDlS (18 . 65 poundS) ~d:: 1/3 eaca,pes. 

eludes that these re~ts dO not war~ant definite eune1usions, but they 

nevertheles s indicate that the loss f'rom drainage water is not so 

important as 1 as b een supposed. 
(1) Deheri~'8 work for five years with veg1tat1on boxes 

at Grign D demonstrates that the loss of nitrates f'rom a bare soil 

i s mlteh greater than f'rom one covered with a croP, and that th i s dis­

orepanoy in not in every case ac counted f'or by the amounts of' nitrogen 

used by the plants. From data obtained by experiments with wheat, it 

i s estio ated that th e amount of nitrio nitrogen utilized by the orop and 

r emovld in the drainage water was only 94 Kilo~r~s (206 . 8 pounds), 

while the amount of nitric nitrogen r emoved by the drainage -::ater fz-om 

,a check plo t of bare 1I0i1 was 200 Kilograms (440 pounds) . Th i s wide 

di screpacy 1s par t :lL.ally -. exp l ained by th e fact that during a portion 

of the growing season the mo i sture was insuff icient for the needs of 

the growing orop and' active nitrifioation in the s01l . In exp Gl"-

i mex to wi th corn dnring the growing season, in which the rainfall waa 
the 

abundant , the amount of ni trio ni trogen utilized by orop and f ound 

i n the drainage water was 197 K11ogr~B ( 4g1.~ pounds), 

'ii i th 200 Kilograms (440 pounds), f ound in the drainage 

as compared 

ater of bare 

With ve toh as the cover orop the loss was 7 Kilograms (15.4 

on covered soil against 28 Ki1ogr~s (61 . 6) on bare soil. The 

'Liff ereno8 (21 Ki lograms) added to the amoun t of nitrogen added to the 

l:3oi1. 
! 
POunds) 

~~------------~--~-------------
(1) Exp . sta. Reo . V 1 9 o . • (Deh~r1 'n , Ann. of Agr onomy (1877) NO.6) 
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soil bY the vetohes (82 Kilogrruns) guPDlied the oovered 80il with an 

exoess o~ nitrogen over the bare soil o~ 103 Kilograms, or an amount 

equal to that fUrnished bY 40 tons of barnyard manure or '730 Kilograms 

of n1 trate of BOda. 

DEPTHS AT WHICH NITRIFIOATION TAKES PLACE. 
(1 ) Hall of the Roth~Btead s;at1on reports that practioally all 

of the nitrifioation going on in a oomparatively olose soil takes plaoe 

in the:first nine inohes, whioh gets stirred and aeratetPY the action of 

the plOW. In the Rothamstead Boils all samples to a depth of 3 feet 

\contained the niti'1fy1ng baoteria, however. It w111 ·; therefore be 

realized that the most favorable oonditions for nitrifioation are vrhen 

~heaoil is subjeoted to a bare -summer fallOW and is thoroughly worked. 

BUt if .. a . we~ .' autumn and an early winter suooeeds, the 

nitrates are washed dOwn into the subsoil out o~ reaoh of the orop, whioh 

,then shows a very low return for the previous summer fallow. 

A table shows the rapidity with whioh nitrifioation may take 

Plaoe after harvest. The evidenoe goes to whow that for three months 
the 

before the harvest ofA"heat orop the soil in whioh it is growing 18 

prao.tioally free from ni trate8; but if heavy ra~s occur after the ground 

has been plowed up after harvest, the o0nd1tion beoomes very favorable 

to nitrifioat1oD, beoause the soil is war.m, well aerated, etc. There-

fore heavy autumn rains before the land is again oocup1ed by a orop to 

tak J 
I e up the available-- nitrates, may easily cause seriOUS lOBS to the 

land, and Bome quick growing oover orop to take up the nitrates as they 

become available should be grown. These ceops may be plowed under 

~d the 1088 that WOllld have ooourred avoided. 

-
(1) Hall on the Roth~stead work. 





There was little difference in the peroolation and quantity 

of nitrogen ramoved in the 40 and 60 inoh~ gauge8. The drainage from 

the 60 1nch gauge was more uniform in c-oncentrat10n throughout the year 

owing to the amount o't water retained by the deeper soil. The main 

discharge also came a 11 ttle later 1n the year in the 60 iDch gauge. 

The conoentration varied greatly for different months, however, be1ng 

lowest in P'ebruary when the temperature was still Very low and the s011 

had been thoroughly leached by the winter rains. The conoentration 

and 108S of nitrates remained low until July when the temperature was 

higher and the rainfall had been suffiailnt to wash through the 8011. 

The conoentration then made a o,ons1derable jtUIJl) and cont1m.ted to rise 

untU in September when 1 t reaohed its maximum. The max1mum lOBS of' 

nitrates occur~ed as soon atter th1s as the rainfall had become suffioient 

to wash through the s011s, which waa in November. After this the oo~ 

oAntrat1on and loss of n1trogen gra~ally diminished. These results 

were secured on a s011 that had been kept fallow and bare where the 

}[~ax1mum lOBS ooour •• In experiments on plots growing wheat, the 

drainage through the Bummer was Very I1gh t owing to large quanti ties of 

wate~ ~e1ng taken up by the growing Plants. The lOBS of ni trates was 

correspondingly lower for the reson that they were oonsumed by the plants. 

Bat as soon as the wheat orop was removed. and the rainfall became heavier, 

the analyses showed a muoh higher percent of loss I on the.!'e Plo,is.' II 

EFFie! OF MANURES ON THE LOSS OF NITRATF~. 

Hall found that the n13r1f1oatiDn took Plaoe much 
~n apPlioation 

Booner after 
of Jle.nure eapeoially those oontaining 1 m ammon UDl salts. 

-pen there was peroolation the inorease i .. , 
,I n ni trates began to ahow 1mmedi-
Q~ely after the apPl1oat10n 
' of mamre. Even in the au turon 8n1I1lon1um 

8. 





,3.lts were oonver'ted into ni trates in a verY short time. He gives an 

,xample and a table which showS that nitrifioation increased raPldlY 

for three weelts when the maxilllLUll wasreaohed showing that most of the 
\ . 
hi trifying process was finished. in that time after the manure had been 

~ppl1ed. Another table is given showing the resul ts for barren land 

\:tnd for cropped land, and also of different sYstems of manuring demon­

~trat1ng that the loss in drainage was great@1" , during the periods 
during 

\ll'ter harvest than"the period of oroP growth, and on the barren so11 

tthe 108B was greatest when the temperature was highest and the rainfall 
\ 
I 

heaviest. 

UTEO! OJ' THE SEASOH 01" THE YEAB all NITRATE ODNTENT. 
. (1) 

\ Profes80r King, of the Wiaoonsin Station reports the results 

. 0f experiments to deter.mine the amount of nitrates in the soil at the 

l beginning ot and the end of winter. sam;ples of soil taken APril 9th just 
were oompared 

then the frost had thawed out of the Bo11"w1'th those .taken November 

:?9 th of the prev10us fall when trosting began. There were only four 
nitrates 

cases out of ~Ee'~ determinat10ns where there was a 108S Of., dUring the 

Winter months when the soil was frOzen leaving 32 1nc·whioh there was an 

actual gain. There was a notable gain of ni tratea, even in the f01.1.rth 

foot of soil. The mean value 1s shown in the follow1ng table: 
)( . . '. 

ean gain of 111 trates in parts per million llst foot 2nd footJ 3rd ft 148h ft 
" • • • 8.724 7.028 5.13 .7885 

• pounds. aore 23.9 28.35 23.28 3.64 

!he obsBrva tiona thus Indioate a total .in the aur~aoe four 

feet of 79.2' pounds. It 1s the opinion of Professor King -that there 

~e but iwo sour08S of nitrates whiAh v oan h e.ve oontributed to this 

-------------------------------------
(l) Annua~ Report Wisoonsin Stat10n 1901. 
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tfserVBd increase in the soil. 

!.doil , and 2nd, oapl11ary movement of water upward sweeping 

These are: 1st, nitrifioation in the 

forward and 

~olringing nitrates from below the the :four feet with it ... 

It waa shown that nitrifioation takas plaoe at a few degrees 

~above freezing, which Proves that 1 twas !lossible for the gain to have 

1\)e (jn oaused by the ni trlfioa t ion. ~e author 8tat~8, h.owever, that 

~the probabi1i ty is that the major part of the gain 1s due to the 
~ 

capillary movement of the water. During the win ter months when the 

ground 18 grozen there is oonsiderable enternal eVaporation of 8011 

1101sture just below the frost zone, the water condensing and freezing in 

the s011 above or escaping into the at~oBphere. This lOBS of moisture 

t.y internal evaporat1on would tend to maintain a oapillary movement up­

llard to make gOOd this 108S, and with it would oome whatever salts the 

["ater rni~ht carry in solution. It appears that both sources of n1trate ,A I, 
f 

~'efer~ed to above were responsible for the gam. 

The same author reports his experience with variations in the 
(1) their subsoils. 

nitrifioation in 80i18, and A l1lU'aber ot oylinders were filled with 

~)11 from the 8urfaBl six inohes, :rrom 6 - 12 inohes, and from 12 _ 18 
I 

[1'lChes deeP. The Boil was oU! tivated to oertain depths.., in aome 
~ , and } 
" tlched"r in some left firm in some of' the cylinders. The oylinders 

rnre 
Plaoed in Ventilated oaBes where the air ourrent was kept constant. 

~'e avaporation was maintained. by the add1 tiona of water at the bottom 
~f the oylinders. 

The au thor r: 1 "es this a\tn~ary of' th e reaul ts: 
-1st, !h 1 

e argeat development of nitrates occurred in the 
~rface 6 inohes, and the least in the 

Boil of the 3rd 6 inches. 

------------------ - - '- r- --.--
(1) Wiaoons1n Bulletin No. 92. 
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This was to be expeoted beoause of the larger amount o~ total 

nitrogen present but the amountep~ are not proport10na1 to the total 

amount of nitrogen in the three soils. 

-2nd, there was less nitrates in the lowest zone of 16 to 20 

inohes of soi~ at the 010S8 of the experiment than at the start. This 

may be due to the <t.eni tr1fioat1on in very wet 80il or to the sal ts 

having been swept uPWard by the oapillary movement of water. 

- 3rd, The la:t:,gar amoUllt of n1 trate in the .&aone of soil 16 

to 20 inohes below the surface than was present at the beginning of the 

experiment may be regarded as eBtabl :Lahing the fact that the prooess of 

nitrifioation' oan. go on at this depth, and as the nitrates formed,:: -, J 

were swept upwards by o 8.P1l ar1 tV thus continually terid1ng to r eduoe , 

the amount present, it appears that the ])rocess Imlst have been vigorous 

at this level. 

The 1ncreasing amounts of ni trates shown in the soil 

a. the surface is aP:9roaohed wst be due in part at least to oapillary 

conoentration but also quite likely to more rapid nitrifioation.IJ 

IU1.PLUDENOE or DIIPFElENi' CROPS ON THE NITROGEN CONTEN!. 

King found that the n1trates start in the spring and inorease 

rapidly until June 1st on clover and oat ground, and until July 1st on 

corn and potato grOund; from these dates they fall more or less rapidly 

until Mlgust let, when crops are growing mOat vigorously. After this 

date they remain nearly constant with a tendenoY' to rise slig!"'. tly until 

September. !he amount of nitrates in the soil under the olover and 

orop wao muoh smaller than in the soil under corn and potato orops. 

&tt there was 22 percent more nitrio nitrogen develoPed in the soil 
upon which clover had grown th 

an corn, and 1 ,3 Percent more than after 

11. 
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oats during the same time bu.t under like conditions. The 11irgin 

Boils which had grown corn oontinuously t~1e ~ame munber of" years that 

a similar B011 had grown clover contained at the beginning of the exper­

. t nearly three times as much nitrogen and ended with 17 percent :l.Iuen 

BOre. Soil growing oats ba~1n the experll1ent with 2.6 tines as much 

nitrogen and closed it with 13.8 percent more. OloVer and alfalfa 

lJ f3em to hold the ni trio ni trogen in the soil down to a lOw~ 11mi t than 

corn, oats a.nd potatoes did, bu t when the crop was ranloved from the 

[:round ni tr1fioat1on went on faster in the clover and alfalfa sO!l. 

It would seam from Professor King's results that ~11ttle fer­

t. il! ty is lost from the soil lJ( leaohing during the months o:f an ordinary 

r"1acons!n win ter. The oond1tions w.1tH~ whioh he was dealing, 

however, art3 qui te different :from those of the workers mentioned above, 

and also from tho se wi th wh10h we are foroed to oontend in the South, 

Where the soil seldom remains frozen more than a week at a time. and 

'here the rainfall 1s very abundant. 

GREEN MANURING. 

Grean manuring dates baok more than 2000 years. It was 

Practiced ~ the Romans and from that time until now has formed an 
i:.l}:)!'tant reaouroe of the farmer. 

If we consult nature, we find that 
the paac tice dates hack even to the time when vegetation 

';il. first began to grow. The plants are SOil bu11daro. 

l'aoses. 
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b are the agents that serve to build up fertile -beds of so11. They 
t hey 

gradUally form turf and the rott1ng 'tt1rfmaltes humas, whioh is,from an 

agrioultural stan~o1nt, the most valuable oonstituent of the s011. 

'lhe 8011 that oan stand oontinned oropping longest are those richesT in 

humu.s.. Green marmr1ng then. as 1s practioed by the ~umer 1s a. well 

f ounded practioe. It has many advantages. 

Humus, or organio matter. , 18 undoubt_edly the most important 

-rae tor in the ~erilli ty of the soil. It aots as an absorbant of . 

IlO i s tur. -~ Soils rioh in hUlDllS soek. up more water and hold it longer 

than those poor in organio matter. .- It ohanges the physioal oondltion 

1nd gives that :tirmness and tilt~ 80 oharaoteristio of a rioh soil. 

! t makes _ the s011 1es8 8u:soeptib1e to abrupt ohanges of temperature by 
'r -

It takes up nitrogen, phosPhoric 

:1cid, potash, lime, magnesia, sulphur, and other 1norganio plant foods. 

and thus retards the 10Ba by leaohing. through the aotion of 

L11nute forma of plant l1fe whioh live in the s011 the humus 1s f1nally 

atta~~d and broken dQwn, and the plant foods are gradually rel,easef1 1n 

n form _i on wh10h they oan be util1zed by the growing ,6i:Plants. 

i' ~la ma1ntenanoe of the humus supply 1s therefore the most important 

faotor in the restoration ot worn out Boils. 

SOlO OROPS 'OR GUElI IWlURIlfG. 

Among the orops most extensively used 'tor green manuring in 

jtheOotton S,tate. are oowpeas, olove"" 1111 t 
\;It me . 0 us', vetoh', v,~lvet beans, 

b~ggar weeds, a1:ta1~a. and rye. A,disoussion o~ t~e8e 
.I. '" is given below. 

In the sou th Where they grow in auch profusion the leguminous 

Plants take first rank as SOil rest,orers. I 1 n se eo t1ng a crop :tor 
tltrn1ng under, hOW8Y«t-, t 

a tention must be given as to 1ts suitability 

to the soil. olimate, and anv 1 
'J Peonl ar looal oond1tion that may ex1st. 
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the warmth and light loving COwPea in 

t
or in8tano~. we would not sow 

f this purpose the velvet 
thiok.ly shaded orohard, but W.OUld use or 

On soil oontaining excessive ~ount 
~ean or some one of the olovers. 

bf lime we would use the mellilotue, While on one wanting in lime we 

tl oold use the oowPea rather than alfalfa or olover. I n heavy olai' 

large quantities of water we would plant a1sike clover. 
tw118 holding 
end the vetohes would do well for the sandy 80il. 

OOWPEA (Vigna Seneais) 

Origin. 

Owing to its ability to adapt itserf to all kin~8 of soils, 

e.nd being an annual the oowDe8 takes by tar the most important plaoe as 

e. green manuring plant in the South. Its exaot origin is unknown. 

but is supposed to have oome from India or Ohina where it 10 said to be 

indigenous. It has been grown in the southern states for at least 

one hundred and fi ty years. I t was probably first in troduoed on 

Plantations in south Carolina. From this original introduotion and 

f~om subsequent importations ita oultivation has 8~read to almost every 
(1) 

fnrm and plantation in the southern states. 

VARIETIES. 

The aocalled varieties of oOwPeas are Very nwneroua.Nearly 

;}~ery oommuni ty has a pea wi th special oharao terios, bearing the name' of 
It are 
,,' f) originator. The varieties originated by seleotion and propaga-
... : 
t. on from sports. ThO B011, olimate, time of Planting, and l~ethod 

)t OUlt1vat1~n are also faotors that work in the ohange of form and 

0.) Parmers BUlletin 102, U. S. Department of Agrioulture. 
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mo~1f1oation of the plant. 
Experiments have shown that the olay pea, 

runner, ma" by continued. cultivation on sandY ooi18 in 
usually a heavy fJ/.J 

the more northern latitude, become a bunoh pea. 
I (1) Dr. stubbs r eports his eX;Jel'imoe with two varieties of' 

Clay peas whose seed w~:r.e e in every r espect identie.al in appearance, 

side bY side on the same ground and under the same mode of treatment, 

~ld yet one would prove to be a prolifio bunch and the other an imnense 

runner. . One woo ld early ripen its frui t, while the 0 thar hardly 

produced late in the season enough seed to replaoe those sown. Seed 

grown oontinuously in the warm moist climate of the south tend to pro­

d.u.ce large quantities of vine. ~ While it the saIne seed are cultivated 
I . 

continuously in the more northern la t1 tude they tend to produce a heavy 

fruiting variety. so, for our purpose 1n this work, we may confine 

ourselves to the heavy vining varieties of the South whioh are the Olay, 

Unknown, Blaok, Red, Red Ripper, and so on. 

ADV ANT AGES. 

The ohief faotor that gives the cowpea its superior value as 

a green ~anure 1s, of course, its power to assimilate large qltantit1es 

Qf nitrogen from the air and convert it into a for.m in whioh it oan be 

used by the BUcce4ding crops. But there are other faotors of almost 

equal importanoe. We may summarize them as :foll ows: 

ThO,~ ~ ·cowpea shades the 80il in munl'Iler and keeps 1 t in a con­

dition moot favorable for nitrifioation and leave·s it in a loose con­

dition of good tilth for the following se,son; It haa a heavy . root 

development and th f . . ere ore pumps up large quantities of water from 

large areas and great depths and with this water the mineral oonstituents 

that are dissolved in it, storing them in the surfaoe s011 where the 

3UCceed1ng orops oan Use them; it 
has the peouliar abili t" 

15. ., of b eing 
(1) ,La. Bul]:,. No. 40. 





to al
l kinds of "oils and to a larg - extent to the 

".ole to adaPt itself 
'~ t The hot southern mm seems to agree w1 th it 
t ifferent clima as. 
,-'1ile the otl1or orcps faU; its rapid growth enables the tl.l!JlleJ.'.- to 

. ~ , two orops in a aingle season; it nerves as a cleaning croP bY 
11 r6 (.lOC e 
IJlading out :ishe noxius weeds and grasses; every oroP grows well after it; 

; roving its value as a preplU'atory oroP; it PUI1PS off the exoess of 

lrater dur1~ the wet season of the year. 
with all of these advantages, it 18 no wonder that the cowpea 

llaa earned for 1 tse1f the ti tle u the poor· man I s bank.-. 

An idea of its real vale as a green manure and 8011 restorative 

crop oan perhaps be best shown by the resul ts obtained from ao tual field 

t~xI) or1m>3nts as conducted by the various exp l~r1ments stations of the 

cotton states. .These experiments show ito adaptabili ty to the variou~ 

1;o11l)lfl B..O well as the gain in orops due to its use. 
(1) 

The Arkansas station found in a three years rotation with 

. ~ '3a vines, ootton being the staple orop, J~he following resul ts: 

The plot whioh was p~anted in ootton each year deoreased in 

Yield during the three years from 830 pounds of seed ootton the first 

Yr;}a:t' to 431 pounds the third year. While the plot that had the 

P~a vines inoreased in yield to 1557 pounds the third year, showing a 

differenoe of 1126 pounds of seed ootton in favor of the pea vines at 

the end of the trial. I n a one yearls trial at the NewPort Sub-Station 

the yield from the plot upon whioh the vines where 1Irned under after the 

~as \J(ere pioked off was 1409 pounds; that from ~~t~~ the plot upon whioh 

t}lEl p t bbl were " ea sues only turned under was 1291 pounds; an~ that from the 
) i •. ot which reoeived no treatment was 1008 pounds. This experiment 

I~~S a: gain of 401 pounds in favor of the vines and 283 pounds in favor 

(1) Arkansas BUlletin No. 23. Experiment Station. 
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of ·the stubbles alone. Wi th wheat aa the staple crop they seoured 

the following results from the cOWl)ea as compared TIith various kinds 
. (1) 

of mineral mall\tre. 

Plot NO~ Fertilizer used Yield of' wheat 

1 Bo fertilizer 5 bu. 46 lbs. 

a No Fertilizer 5 btl. 

10 loads horse manure 15 bu. 16 1bs. 

150 pounds acid phosPhate 6 bu. 28 lbs. 

5 150 pounds Kan1t 6 bu. 91 lba. 

6 200 pounds Gypsum 7 bu. 53 lbs. 

7 Peas tllrned under green Ootober 10th 16 bu. 53 lbs. 

8 P aa B tubb1es 10 bu. 

9 . Mature iJdLnss··w1 th pods on 18 bu. 

10 Mature vines without pods 15 bu. 

11 Green vines with pods on turned under 
July §lst 

14 bu. 

Al'lcansas Explj r1ment S tat10n BUlletin 29. 
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This experiment teaches us that the plots .treated with mineral 

fertilizer yieldS muoh less than those treated with cOwPeas. stable 
The best results 

nanure and cowpea vines are about eqlla1 in value. 

are obtained frOm cOwPeaa when the . vines are allowed to mature and 

turned under with the pods on. (1) 
The North carolina station found that cOwPea vines increased 

the yield of wheat on an average of' 13.78 bnallels per aore in 1891 and 

15.6< per aore in 1892. 
'.rho use of the oowpea also nearly dOt1.blEd. 

the number of stalks per stool, inoreased the height of the plants nearly 

nine inches and the length of the heads fi~e-eightB inohes. 
(3) 

The Georgia station aacured a yield of 1893 pounds of seed 

cotton when the peas were pioked and the vinea turned under; a yield I 

1849 pounds when the vines were mowed, lett on the grcnad to d~ and 

turned under later; and a y'e1d of 1700 pounds when the vines were 

tUrned under green. 'lhese results are further substantiated by later 

experiments whioh are reported in BUlletin No. 23. 

The following table shows the gain due to the use' of oowpea 

\

,V1nes and oowpea stuables on cotton, oorn, oatSt wheat and sorghum as 

determin~d by the Alabama Experiment Station. (3) 

--
t~) GNorothicarsOt_11tna station BUlletin NO. 91. 

) e rg a a ion BUlletin No. 24. 
(3) Alab~a Station BUlletin 120. 
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Test orop Amt. per acre in;.;rease Peroent per acre increase 
I 

vines stubbles vines stubble 
I 
~ 
I 

83% cotton 696 1bs. l 
t 

, 

Corn 3.6 bu. 1.6bu. 15 6 

oats 10.4 bu. 2.6 bu. 84 309 

Wheat 5.9 bu. 8.7 bu. 190 ~80 
~ 

Sorghum 2.1 tons 2. ~)on8 57 55 

This bull etin reports vary interesting results. We see 

f rom the table that the stubbles al one seem to furnish sufficient 

humas and plant food ~ for the needs o~ mat most orops. ~e use of 

Vines failed in most oases to 1norease the yield to any appreoiable 

extent OVer that of the scbbles alone. !he ~ruh bulletin further gives 

r Gsults of experiments to show what orops are most favorably affeoted 
11-' 

by the V~8 or stubbles of oowpaas and velvet bsna. The data in the 

fol~owing .table will answer this quwstion. 
T 

Test oro]) After legume v1nes After legume stubbles. , 
-

No. of % value of Ho. of % value of 
t est inorease increase test ~noraase inorease. 

,9otton 4 63 ,14.17 1 19 --.-11.30 
.Q..orn 1 81 6.15 1 32 2.14 .Qats 3 l~89 _6.80 a 3-34 11.24 
!heat 2 182 4.53 2 215 5.36 
,§.orghum 4 78 1.4.02 2 57 13.87 
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The percent in inorease atr rlbutable to either the stubbles 

or vines was greater with fall oats and wheat than with the ootton, 
orop 

corn, or ~orghum, showing that the q planted soonest after the 

legumes had matured, that 1s, the arops that oan be planted soonest 

after the legume;:' is turned under or i8 ready to be turned under is 

able to use more of the nitrogen made available by the plantsthan 

are those planted the following spring. This is what we auld expeot, 

however, as the stUlJblas or vines that have to mnna:1"1Jl i n the ground over 

winter and be subjeoted to the leaohing and washing prooess would 

be oomptllad to loose at least a part of their ~1;1 nitrogen, whereas 

those immediately follwed by a orop of growing plants would yield up 

their ni troge1~ ether" valuable elements to the plants as f'ast as they 

beoome available. ~would not be understo~om the above statement, 

however, as advooat ng planting a orop on the ~ land as soon as th~ · 

ines 
were turned under. Experiments at a number of the stations have 

proven that it 1s best to let the vines deoay to some extent before 

planting the suooeeding crop. The gases and aoi8s generated by the 

fermenting green vegetable matter 18 1njurous to the seads and young 

Plants. and the 100S6 oondit1on of the 80il may effeot the yield 

While the increase in growth was markedly greater with the oats and 

Wheat pl anted in the fall, the inorese in money value was very mucih. 

higher in favor of ootton and sorghum. The money value 1s determined 

by the supplYand demand, however, and does not enter into the disoUBs1d'l ' 

of fertility. !he results .obtained at ~e .~-i0ther station where 

the oowpea( has been tried agree with the above and it 1s ne6dloss to 

t~'1nto further detail oonoerning their .~ at on the yield or orops. 

We lnay now oonsier the question of how or why it produaes these regults. 

The a-..z answer may be looked for in a oonsideration of its ohemical 
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composition and in its phYB+ca1 effeot on the soil. 

The following oomparison w111 give the oomposition of the 

cowpea 1n the various states. The table 1s givan for average yield 

of peas per aore. 

-- , 

l~oots I 
I 

Vines : 
i i I 

Pounds Pounds Pounds Pounds Pounds PoUl'ds 
state of ot of o-r at 

nitrogen phos potash n1troger. phos potash 
aoid aoid 

< -

Alabama 115.5# 39# 89j: 7.75# 7# 39# 

-
Arkansas 68 14 50 

roots 
Connectiout and 98 1 23 75 

vines 

Rhode Island 157 23 75 

South Oarolina 205 33 155 

Mississippi (a) 76 •• 18.1 24.7 15.9 4.4 10.1 
. -. 

Louisana 56 16. 92 8.5 4.5 110.0 
. 

(a) Note: !he amou ~report~ for the Mississippi stations are oal­

~ulated on the basia of 3000 pounds of vines par aore from the peroentages 

given in bulletin No. 40. 
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high 
e see ~rom the table that the oowpea analY8eS a very~ peroent of nitrogen 

and potash, and aleo a large amount of phosphoric aoid. The grea tsZ"-;-

part of this nitrogen is assimilated from the ai by means of the tubercle 

bacteria found in the nodules on" the roots on 801110Vl in nitrogen or 

hUD'Dls. The average amount of nitrogen for the above semen states is 

about 110 pounds per acre. This at 15 oants per pound, which is the 

market value of nitrogen, would amaunt to t20.50 per acre for the nitrogen 

alone, the potash and . phosphorio ao1d oannot be figured in this way aa, 
they are constituents of the soiland were aooumulated direotly therefrom. 

The only ored1t that we oan assign the peas in regard to potaSh and 

phosphoric aaid is that they are brought to the surfaoe and oonverted 

into a soluble form, and oan therefore be appropriated by the BUQOeed-

ing orop; wl1ereas they OQld otherwise ~ave remained deep in the subsoil 

out "of reaoh of the ordinary farm orops. We must not overlook the 

very great 1nfluanoe that the cowpea exerts upon the soil in a 

phYsioal way, ~e large roots go deep down into the subsoil and 

thus open up passages through whioh the water and air oan pass giving 

better drainage. The humus that is inoorporated in the surfaae 80il 

serves the same purpose in addition to fUrnishing the hum10 forms ot 

plant food. It also loosens the soll and makes it fine and friable; 

thus i \ ovlng the tilth. 

INJURIOUS E],FEO~S OJ' TURNING UNDER GREEN 00 PEAS. 
(1) 

some of the Stations, notable the Arkansas station, 

have found that when large quantities of green vines are turned under 

and, the orop planted thereon before the vinas have time to deaay, 

injury to the plants are liable to oocur. Seeds and. young and newly 

~-------------------­
(l) 14th Annual Report Arkansas Experiment Statio~. 





germinated plants are the ones injured most in this way. The injury 

is evidently due to the early products o~ fermentation, such as the 

acids and gases elim1nated by the green vegetable matter in close 

proximity to the seed and young plantlets. These injuries may be 

easily eliminated by allowing the plowed under green material to reaoh 

an,f advanced stage of decomposition before planting the sucoeeding crops. 

TIllE OP PLAliTIllG AND TURNING UNDER COWPEAS FOR GREEN llANURJ:. 

The time and manner of sowing cowpeas for green manure 1s 

largely determined by the exegenolss of the farmer and the prioe of sead. 

As a general rule, however, the longer the growing season the larger is 

the yield of vines. This faot would suggest planting the sead as soon 

as poss ible after tha danger of oold has passed. The general praotice 

is to put the seed in during the latter part of May and the first of 

June after the early maturing orops such as wheat, oats, and early truck 

~rops haVe been removed. Peas planted at this season produoe the 

heaviest yield of vines, but planting may be done as late as August 

and good results seoured. 

-Tha method of planting 1s usually govorned by the price of 

seed and by the nature of the land. On the higher Bolla broadcasting 

is generally to be ~eferred. When p l anting is to be done in the 

~rowing co~n the seed are usually sown batween the rows of corn at the 

time of the last oultivation. 

The time of plowing under the vines 1s bast determined by 

the chara.tar of the soil upon whioh they are growing. If tha 8011 

Ls a heavy sti~f clay that needs to be loosened and made lighter, it is 

Jest to plow them under while they are yet graen, as they are more 
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effeotive in their aerating and mellow1ng aotion. If the eoil is sandy 

and already too l1ght, green vines should never D~ truned under, bUt 

should be left on the surfaoe until.deoayed. The mellowing aotion 

1s thus re~oed to a oertain extent. In a caae of this kind, it has 

been found a very good praotioe to graze the vines. llost of the 

fertilizing material removed 1s returned in the droppings from the 

animals, and the s011 is made firmer and more compaot by the tramping 

of the animals. The truly soientific disposition of them would be 

to turn under when about mature, and follow w1th some emall grain crop 

such as oats, vetoh, wheat, or rye; these to be turned under before 

planting the next season's orop. 

All of the true olovers belong to the genus trifol1um, referring 

to the leaf with three leaflets. The varieties disoussed here are 

all annuals exoept red olover, whioh is a perennial. 

(1) 
CRIllSOll OLOVJ:R (Tr1fol1um ~n oarnatum)' 

This plant 1s va.;r:Lou~ly oalled orimson olover, eoarlet 

clover, German clover, Italian olover, and sometimes long headed clover. 

It 1s olosely related to the Red olover, and resembles the plant very 

rruah, exoept that it is an annual. It has a very strong root system 

that deeJ)ly penetrates the s01l, and therefore, 11lCe the oowpea, br1ngs 

up large quantities of water and ~ner8l plant food to be deposited in 

the surfaoe 8011. It, 8S ara all the true olovars,is a legume and 
I 

assimilates the greater portion of its nitrogan from the ate, by means 

the nitrogen ass1mulat1ng baoteria t 'ound in the root nodules. 
Parmers' Bull. 147. U. S. Dept. Agr., 1902. 
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It thri~a8 best on war.m, 10088, sandy soils, and does not do well on 

the heavy olass of 80118. 

In Delaware it has bean used quite extensively as manure, and 

aacu:' to be superior to the red olover. In taot where it suoceeds well, 

the stations have generally reoommended it ahead of rei olover. !his 

plant has been grown suocessfUlly and on ·rather an extensive soale 1n 

Delaware, Virgin1a, the Oaro11nas, Tennessee, Georgia and Alabama. 
. (1) 

Ita advantages are oh1e~ly four. 

(1) -It is a good-oatch- orop and when a failure of red oloveroocurs it 

may be sown upon the same land and so preserve the regular rotation.-

(2) -After the olover has been out in early Kay, the same land ~ be 

plowed under and planted in oorn.-

(3) -It makes an exoellent past ure during the fall months atter , the 

other green orops have dried uP-. 

(4) -As a orop "or green manur1ng it ranks high. It 18 turned under 

in the spring as it makes its growth during the fall and winter months. 

In this it differs from all other orops for green manuring-. !he 

above statements were made by Dr. Killebrew, grass expert or the 

Tennessee station, and of OOurS8 he was speaking only tor !ennessee aOD-

dition.. !he plant 18 not 80 highly recommended further south where 

the other alovera, oowpeas and vetohae do 80 well. Professor Dod8on(~ 

of the Lou1sana S·tation, states that it 1s to be pre:terred to red olover 

where 1 t oan be suooesafUlly grown. 

!fie time of'plant1ng i8 1n August and September, and 1 t 18 

ready to be turned under in the early 8prfbg. 

(1) Killebrew on Grasses and porage Plante, fenn. Bltl. a, I &: 4. 
(2) La. BUl .• 2nd Seri.es, N:.9'. 72. 
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Red Olover (Trirolium Pretense) 

This plant has been in cultivation perhaps longer than any 

of our legumtnuos plants, having been grown for oenturies.lt succeeds 

best in the temperate ol imates being a vary important crop in the oentral 

and eastern part of the "United states. In the Gu1f states it has not 

been 80 a.;.tensi-Ve::Ly.:.r grown, but 8oooe008 well #~i~ on the strong clay 

and blaok prairie soils of these states. It may be grown as f~ nor~ 
(1) 

as Minnesota a~d succeeds well throughout Nebraska and has proven 

valuable in the Dakotas. 

Throughout the United states as a who~ red clover 1s perhaps 

used more extensively for green manuring than any other plant. Where 

it oan be grown 8uccessfully this plant 1s undoubtedly the best for main­
(2) 

1s alreadY oomparatively rioh, taining the fertility of the 8011 that 

I but requires rioh, well drained, deep soil that is not too sandY. 
rioh 

It 

sucoeeds adnlirably on the~blaok prairie 80ils of Mississippi and 

Alabama; and its main use is in maintaining the fertility of 8011s 

rather than the bulld1ng up of the worn out 80ils. 

In the 9 au th the suocess w1 th this crop has been qui te variable. 

It suooeeds well in 80ma seotions while in others it 1s a oomplete 

failure. W1th the cowpeas, velvet beans and vetohes as rivals ita 

future, save in l1Ddted areas, is rather doubtful. ~he following 
(3) 

data oonoern1ng ita root system oolleoted by the K1nneaota Station 

Vlill sarve to give a good idea of its value a8 a 80il renovater. 

They fOillld that the amount of roots and the depths to whioh they penetrate 

varied greatly, depending upon the oharaoter of the land. In a 

--
(1) Farmers Bu1. No. 16, U. S. Dept. Agr., 1894. 
(2) K1ss.Station Bul. Ho. 20. 
(3) Farmers Bu. Bo. 16, U. S. Dept. Ap. 
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favorable soil a plant one month old had a root extending seven inches 

into the ground; at two months old it had reached a depth of two 

feet, at five months old its length was five feet eight inohes. 

Prom this we oan imag1ne the amount of mineral plant food that 1s 

brought to the surface, and the benefioial effect that is produoed upon 

the physioal oondition of the soil upon Which red olover 1s grown. 

In the south the best tine for plant1ng 18 in the f&l as aoon as 

possible after the first of septemOer. When sown at that time on 

thoroughly plowed and finely pulverized soil that has been well compacted 

by a thorough rolling to prevent drying out, the seed seldom fails to 

germinate, and to make 8Ufr101en~ growth to become well established 

before cold weather. On good soil the olover should be ready to turn 

under by the latter part of Apr1l. However, the usual practice is to 

cut it for hay about the middle of May when 1t ahouldyield about 2 or 

2 1/2 tons of hay, then out aga1n for hay 1n July when the yield 18 muah 

ligh~er. Afte~hiS it begins to fail and is generally plowed under 

in the fall. 

We see from the above that to seoure the maximum results 

from re6 olover, we must give up the land to it for at least one year. 

~nerea8 with the other orops mentioned above as ita r1vals we need not 

miss gro.ina the regular staple orop for a single season. 

Japan Olover (Le8~id.za striata) 

This plant should be aooorded a very important p~ce in the 
(1) 

ranks of leguminous s011 restorative orops of the Gulf states. It 

was introduoed into this oountry from Japan about 1830 and 1s now thorogh; 

1y naturalized ovar ,the whole oountry 80U~ of the Ohio River. It grows 

on all soils but reaohes 1ts maximum growth on the good loams oontaining 

u) Farmers ~l. No. 102 U. S. De~Tt-.-A~g=r~.~~~~~~~~~~~~~~ 
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a fair amount of lime. I have seen it thriving ~bundantlY on the 

"old fields" in Mississippi that had been 

of the "old :fieldr..'tplnes. (Pinus !aeda) 

turned over to the meroies 

And again I have seen 1t 

thriving equally or mo!e abundan$ly on the rich black prairie and stiff 

and loose olaY loarns of the same Stlte. on the worn out and 

abandoned cotton farms it vies with the Wold field" pine a8 to whioh 

shall be the first to render them aid. It generally wins the contest 

at :first but 18 eventually foroed to yield possession to the vigorous 

and shading pines. 

The plants are small, having, when orowded long slender stems 

with small leaves. On good Boil they grow to be two feet high. If 

the plante are thinly s6t on the s011 they take on more of a bushy 

shape and produce a good orop of seed. On real poor B01l they some-

tmmes spread out and remain near the ground. The seeds are not often 

planted. !hey seem to be well distributed everywhere. !his is 

one of its most important values. When the land is left idle it takes 

posession of its own aooord, and saves the expense of buy1ng seed. 

It oatohes well though when planted. The land needs only to be 
a. scorified -with a cut-a-way to insure a stand. Lespedeza makes its 

growth during the summer months. It ootnes out r~ther late in the 

s~r1ng, dies down in the fall. It end~es heat and drouth without 

injury. 

!he seed should be planted in early spr1ng and when used for 

greea manuring the plant oould then be turned under early enough in the 

Irall to be :followed by oats and vetoh or other winter orops. We oould 

in this manner grow two crops for turning under in one year. As in-

11aated above, however, the plant is used mostly for bringing up the 

old field- lands that have been turned out. In this way it generally 
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has to serve the double purpose of pasturing and renovating. For land 

that 1s to lay idle, we, perhaps, have no plant equal to it, but 

where the land 1s needed for oultivation the heavier growing clovers, 

cowpeas, and velvet beans should be used. 

sweet Olover. (Mel11lotus Alba) 

Mellilotu8 bears a close resemblanoe to al~alfa, but is 

larger and ooarser and 1s espeoially adapted to so11soonta1ning very 

large quant1t1es of lime. 

loan ans white lime s011s. 

It is therefore most valuable on the yellow 
(1) 

Pro~eser Tracy formerly of the Mississippi 

Statlon,said. ~As a restorat1ve crop for yellow loam and white lime 

8011s th1s pplant has no superior, and for the blaok prairie s01ls it 

has no equal. Yost of the black pr~18 Boils are still very rioh in 

plant food and during the early part of the season oott.on makes a rank 

growth on them and promises a heavy orop; but w1 th the August and Septem­

ber dro~th8 the bolls drop from th.e stalks and the orop 1s far leas tha·n 

expeoted from the rank growth of the stalk. The use of the ordinary 

commeroial fertilizer seems to have vary 11ttle effeot on such soils, 

and the trouble wi th them appears to be in their r':lechanical oondi tlon, 

rather than in want of plant food. Draining with tile has worked well 

Where we have) tried it, but this 1s too expensiVe to be generally 

adapted and we have found the growi. of an acoaslonal orop of 

mel11lotU8 to aocomp11sh fUlly as good results". Professor Tracy 

might well have added that it will thrive on and produce a soil on the 

bare rotten limestone outorpps. The writer observed it growing 

luxuriantly on the l~e rook exposed in railroad cuts and on the sides 

Of hills from which all of the s01l had been washed away. When once 

started on a s011 i ,t w1ll maintain 1 taelf indefinl tely if lett alone. 
Tl) Mise. Bull. No. 20. 





Good results can be secured to the soil and at the same time large crops 

of hay harvested. When sown in the spring on fairly good Boil a orop 

of hay can be saved:~} 1nd. the fall, and two or three Qutt1ngs saved the 

next year. The plants should then be allowed to mature seed, to 

re-seed themselves as the roots die out in the third year. If the 

hay is not desired, 1 t may be pastured through the w1nter and spr1ng 

months to good advantage, but ot oourse the land is restored faster 

by allowing the stalks to mature each year. Cultivation 18 not 

praotioed atter the plants have onoe started. The writer 1sof the 

opinion that 1ts work is most effectually aocomplished when the stalks 

are allowed ot mature and rot on the eu1'faoe. It would be "a rather 

dit~iou1t task to plow under the ~lant8 effeotually after they had reach­

ed a height of 4 or 5 feet, wh1ah i8 not an unusual heilbt for them to 

atta1n. I ~he roato -are also very large and extend deep inot the 

subsoil. It 1s the decay of these roots and the forming of drainage 

porss that oonstitutes one of the most 1mportant sources of value of 

the mel11lotu8 plant. 

Truly speaking then, we oan hardly oonsider mellilotu8 as 

a green manuring orop, but it 1s a very 1mportant soil renovating and 

building plant, and therefore as suoh deserves a plaoe in this paper. 

It deserves unrestrioted recommendation for all of the oaloareaus 

8011s of the south where renovat1on or organio matter i8 needed to 

improve the physiaal oonditions. The best time for planting is in 

the spring, and for plow1ng under in the fall. 
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Misoellaneous clovers. 

In addition to the orimson, red, and Japan clovers .e have a 

number of other varieties that may be classed under the head ot mis-
cellaneous olovers. They are short lived and generally unreliable. 

The writer has observed the Burr olover making a vigorous growth on the 

campus of the K1ss1ssipp1 Agricultural and Meohanioal Oollege where the 

soil 1s a r10h blaok prairie. 

and dies down 1n early spring. 

c 
It eODleS out in January or February 

\ 

Alaike olover does not do well in the 

south, though it 1s highly reoommended in some sections ot the United 

states as a orop for wet soils, on whioh it is said to grow well. 

Ne! ther burr, ale1ke, nor wh1 te ol9var, whioh 1s perhaps next to burr·~' 

clover in importanoe in this olass, are able to oomp$te ~with the other 

and more vigorous plants that oan be made to oocuPY the land at the 

same season of the year that these would, and therefore oannot be 

reoommended. However, tl1ey all belong the the Leguminous family and 

share in oommon with the other clovers the ability to send their root 

deep into the soil and to assimilate the free nitrogen ~. of the air, 

and where they grow the 8011 is improved to Boma extent. It would 
-

be a poor practioe to use them in the place of red clover, vetoh, eta. 
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Vetch (V1oia V1llosa) .,-- " 

.-
,,~~ 

/ / 

HairY vetcb 18 an annual legwae, and therefore requires re-

~eeding eaoh year unless allowed to reseed 1tselr. 
1 

!his, it w1ll 

!he pods Jead11Y .do ~ not grazed or out too 01088 in ~e sp:r1ng. 
i 

\~ I 

'fhen mature, ~open w1th some foroe and throw the seeds to some distance. 

By th1s means the plants are well and evenly d1str1butecl. Vetch 

stems or v1nea grow vary long and slender and are unable to support 

themselve8. It 1s therefore generally planted w1th oats or rye 10 

support 1 t 1n order that the mow~r oan do i ts work. This prao t10e 1. 

to be reoommended when the vines are to be used for hay It 18 not 
1 

aoessary when grown for manure • !he vines when grown alone :rorm a 

. anse mat several 1nohes dee~ over the gurfaoe. !his serv .. to ohoak 

:, U t any weeds that may appear, and at the same time forme a deep muloh 
I 

thereby proouo1111 a mellowina effeot upon the sod. 
t 

Vetoh 1s of European 

orig1n, and. was introduoed 1nto the oountry by the Department of Agrloul-
a 

turo. It d1d not assume any very great importanoe as,.field oro»,.' 

Until about 1890. Sinoe that time 1 t haa been the subject or expel!'­

h~enta in most or the statea of the Un1on, aa well as 1n Canada. It 

1~ now suooeastully oult1vated over a Y8rY large area of oountry. 

In the north vetoh 18 grown aa a summer orop. In the south, however, 

ta greate8t value 1s as a winter orop. Vetoh 18 probably the 

!)st valuable plant tor that aeason grown. file vetch has a quadruple 

~lue seneing equally well tor hay, .1n~er OOYer oro]), pasture, or 

movat1oD. 

Like almoa,t all other plants, vetoh makes 1 ts bast growth on 

rioh and somewhat moist s011. It will, however, make 'an exoellent 

·'owth on soils that are dry and. MA .. 1n h 1ftli 8a,,~ . 0 uaota:r, but not, ot oourse 
"\. 
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h"18ke an abundant growth on poor clay 8011 or those oom:posed largely o~ 

sand out of,wh10h the humus ani other plant food elements have been 

exhausted. When it 18 desired to establish the vetoh on soils of that 

charaoter, it is best to apply a liberal applioation of fert1lizer. 

When once started the vetoh w1l1 take oare of 1tself, if the vines 

are allowed to decay on ·the surfaoe or are plowed under. On l18ny of 

the 8011s in the ootton states artificial inooulation is necessary to 
(1) 

obtain the maximum results in the shortest time. Experiments 

have shown that the vetoh will inooulate itself the second year, when 

grown on the sama land, provided a liberal dressing of nitrate of soda 

or stable manure is applied to insure a vigorous growth the first year. 

HAIRY VEtCH FOR GREEN MANURING OR SOIL IMPROVING. 

Direotor J. 7. Duggar of the Alabama Experiment station has 
(2) 

conduoted the most elaborate experiment with the vetob that have 

come under my observation. I will quote his report of these experiments 

H~ says: -The superiority of legumes over other plants for green manur-

lng has already been referred to.- In the south the cowpea is the 

standard for green manure, or 8011 improvement. Hairy vetch seems the 

equal of the oowpea and has the advantage of grow1ng in the winter thus 

prevent1ng leaohing of fertilizing mater1al, and displaoing no summer 

crop~; ··· • 

• In an experiment whioh will be detailed in another bulletin 

corn was planted in Kay and in June, 1898, ... on adjaoent plots where 

a few days before had been plowed in, on different plots, either the 

atubbles of hairy vetoh, the entire growth of vetoh, stubbles of rye, 

or the entire growth or nearly mature rye plante. !he yield of oorn 

roant and in some instanoes 100 aroent 
• " " • 





greater on the plots where vetoh or ·c vetoh 8tubb~es had been plowed. in 

than on ~lots where rye had been Bown. 

"The same plots, unlformally fertil1zed were again planted 

in corn in the s:p:bing of 1899. : Th·s present appearanoe of" the crop 

( Augu~st 1899) indicates the superiority as f ertilizers of vetch 

stubblss or vines is still maintained." 

·still more str1k1ngly has a orop of silage oorn planted a 

few days after plowing in vatoh or vetoh stubble, s r.own the great value 

of hairy vetoh as a fert1l1zer or green manure, these oausing nearly 

the quadrup11ng or the trel>l1ng of the y1eld on an adjoining plot.-

- In both of these experiments here onlu briefly alluded to 

the entire vetoh plant was oompared. wi th the roots and stubbles as a 

rert111zer with oorn, the yield o~ grain was 8oaroely different, whether 

the entire vetoh plant or only the stUbble has been plowed in. W1th 

the silage corn, the yield was 2 3/4 tons less than on the plot where 

the vetoh, v1nes,stub"blea and roots had been plowed in. This 

mperior yield of s1lage corn result1ng from the plowing in of the entire 

:rowth of vetoh was more than the o:f:fset by 3600 pounds of hay per acre 

Jbtainad from the vetoh-stubble plot-. 

' ~ Tha data given in the :following tabla was oolleoted to 

.atermine the stage of gnnrth where llairy vetoh is most valuable 8S 

reen manure. 

34. 





Analyses of vines and roots and stubbles of hairy vetoh 

harvested on different dates. 

I 

I 
Material analyzed Date and stage when out Farti11z1~ material 

I 

; 

Peroent Peroent Peroent 

I 
nitrogen phose potash 

acid 
P205 K20 

Tops; l1a1ryvetoh Apr1l 19,just before bloom 3.75 i .81 2.18 

-
Tope • • April 26,5% bloom showing i 3.03 I .78 2.14 

Tops, • • )lay 2, .fUll bloom 2.75 .79 2.21 

Tops, • • Way 9, seed pods formed; , 2.99 .74 2.68 
not filled 

I 

Roots &: stubbles April 19, just before bloom 2. 36 .49 1.23 
h. v. 

Roots &: atubbles April 26, s% of bloom showia 2.03 I .48 .88 
- h. v._ \ I 

I I 
Roots &: stUbble. liay 2, full bloom 1.97 .48 .88 

h. v. 

Roots alone May 9, seed pods formed 2.19 .43 .96 

Stubb1es, leavas, )lay 9, seed 
blooms 

pods formed 2.07 .42 1.14 

RYe tops Dough stage, May 7,1898 
\ 

.52 
-
RYe, roots am llay 7, 1898, dough stage. .35 
~tubbles 

~~--~~--~-------~~--~~-~~-~---~--~---~-~----~--~-~----~~- ---
It should be noted that the tops of ha1ry vetoh plants are 

about six times as rioh in nitrogen as the oor-responding portion of 

nearly mature rye plant, and that the roots and stubbles are a180 about 
six times 8S rioh in nitrogen 8S th 

__ ~ 08e_~ "PV.:a1f 





The praotioa1 points are more olearly brought out in the 

following table whioh shows the number of pounds of nitrogen, phosphoric 

acid, and potash oontained 1n~ vetoh orop on ona aore. 

Air drY Pounds of Pounds ot Pounds of 
material nitrogen phose acid. potash 

Data whan cut 

April 19, vines 3117 117.0 25.2 70.0 
April 19, roots &: atubbles (850 20.0 4:.2 10.5 

April 19, Total 3967 137.0 I 29.4 80.5 

April 26, vines 3705 112.5 28.9 79.3 
April 26, roots and 870 17.7 4.2 7.7 
stubbles 

Apr1l 27, To:ta1 4-575 130.0 33.1 87.0 

May 2, vinas ~.J5789 159.2 4:5.6 127.9 
May 2, roots and 1054 20.8 5.1 9.2 
stubbles 

May 2, Total 684S l80QO 50.7 137.1 

11 9 vines 5'63 173.5 40.4 156.4-lI.ay , 
May 9, roots alone 346 7.0 1.5 3.4-
llay 9, stubblaa and 1061 22.0 4.5 12.1 fallen rna tarial 

May 9, Total 6870 202.8 .6.4: 171.9 
... .. 
~~---~-~-~-~~--------~-----~----~-------~~----~~-~--~-------~--~~-~--

The total amount of air dry vines, roots and stubbles increased 

it first slowly, and later rapidly up to the time of full bloom, after 

Vh1ch there was no inorease. fhe maximum amount or air dry material 

ras nearly 3 1/2 ~on8. !his was on stiff, reddiSh upland loam thorough-

.'1 Rupp11ed. wi th root: :.' nodule baoteria through the artifioial inooulation 

If the preoaed1ng orop o"r hairy vetoh". 
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-The amount of phosphoric acid o\ta1ned 1ts maximum at the 

time ot fUll bloom while the quant1ty of potash appropriated inoreased 
rapidly as the Pla~t grew older.· The BaIne 1s true o'! the ni trogen. 

~ere is then, as much nitrogen, when at its maximum 1n a 
whioh 

crop of vetOh as there 18 in 1 1/2 tons of oottonseed meal ~ is wor~ 

at the time ot this wr1t1ns about *22 ~ OO per ton. Caloulating on 
the 1 1/2 ton ~asis we find that a orop of vetoh oontaina $32.00 

worth ot n1trogen. Not all of this however, can be oredited to the 

vetoh as a part - an inde~erminate part of the nitrogen came from the 

soil. It 1s believed by the writer that at least 3/. of it oomes from 

the air. The amount taken from the air depends upon the richness of 

the 80 i1, bu t for oOlnJ)ar1son let us assume that only one-hal'! oame from 

the air. We still hava a value of *16.00 due direotly to the vetohes 

abi11ty to assimilate nitorgen from the air. The value to the physioal 

cond.i tion of: the soil and of the phosphorio acid and potash made avail.­

able by its use further greatly enriohes the value of the vetoh as a 

green manuring plant. 

The analyses show that 1/5 of the nitrogen is in the 

r oot"stubb~e8, fallen leaves, etc., and that 4/~~n the vines. 

} 
. i k .. t 

'r " . '. 

1'he 

table shows about the same proportion for the Phosphoio aoid and potaSh. 

These figures makes the necessity of plowing under the whole orop 

apparent when the question o~ fertility alone is being oonsidered. 

Direotor Duggar sunmarizes the toaching of his experiment 

thusl,.: (l)"That hairy vatoh when stooked with an abundanoe of root 

nOdules, is able to acoumulate exoeed1nly large quantities of nitrogen 

from the air; (2) That when the entire growth 1s to be turned in as a 

~reen manure, the plowing should be 'postponed as late 1n the 111'0 of the 

Plant as practioable. (3) That the greater portion of the ferti11z1ng 

~ter181 is in the v1nas or tops, although the roots and stubble. often 
~onta1ns suff1 1 1 

o ant " .. ~~o.~~~ f'Q~ ~~~ ~~~E3e41ng or . _ . L't ' ". ~~L! .... .-;L'l 1 ..... _ OD_ .~._ 





A number of the other experiment stations are equally as 

strmng in their reoommendations of vetoh 88 green &anura as is the 

Alabama Station. 

rIME OF SOWING~ETCH SEED. 

September is the best month for sowing vetoh seed in the 

;otton states. In the southern portion of these states and along 

,he Gu1f Coast the seed may be sown as late as october 15th. The 

rr1 ter had some Bown on the first day of January 1905 in east oentral 

:iSSi8Sippi. The seed germinated immediately and made an excellent 

:rop. !he vetoh of this plant1ng was in full bloom abd ready for 
for 

'utting hay about the first of June. Sowing may be done in August, 1t' 

';he land is in some other crop that requires cul t1 va tion this 1a te 1n 

"he year. If the seed are sown when this plowing 1s done the extra 

·abo~ of re-plowing the < land 18 saVed. There 1s considerable risk 

f drought though in planting in August. ~ Broadly speaking, plant1ng 

.ay be recommended :from the middle of August until Ohr1stmas, from 

eptember 1st to Ootober 15th of th1s per1~ be1ng preferable. Plant-

~ ng may be dpne also in the latter part of January, and the first o~ 

abruary w1th s pring oats. Fall planting, however, is to be reo-

. ~lI!lended in all cases whne it ia poss ible. The vetoh than serves 

.he double purpose of a winter oover orop and a spring green manuring 

~e seed should always ba sown broadoast. rhe preparation of 

1e land should be about the eama as that required :for oats. The seed 

38. 





oroadoastecl at the rate of about 30 quarts per aore, and harrowed in 

Iv111 any ordinary tooth or diso , harrow. If the land is very l1ght, 

Randy and poor it is a good praotioe to apply a liberal dressing of 

mineral :fertilizers, and be sure tha.t the 80i1 oontains the vetch 

nod.le· · forming baoteria in suffioient numbers to 1nsure enough bacteria 

to assimulate a suffioient quantity of nitrogen from the atmosPhere. 

This abil1ty to assimilate the free nitrogen of the air and oonvert it 

into a form in whioh the plants oan make use of it, oonstitutes one of 

the most important souroes of value of the vetch plant. 

!ru. or TURNING UNDER. 

Vetoh should not be turned under before it reaches the stage 

of full bloom. We have seen from the tables given above that it con-

ta1ns its max1D1lJD amount of fertilizing oonstituents at this stage. 

In addi tion to this enough seed have matured by this time to re-aeed the 

land for the next winter. Plowing in at this time w111 give plenty 

of time to gDow a good orop of late ootton, oorn, or silage, or better 

st1ll a orop of" oowpeas for turning under or pasturing in the :fall. 

ay #! following vetoh w1 th cowpeas we are enabled. to t/## grow two 

10Ver and three green manur1ng orops with the 10s8 of the use of the 

land for the regular staple orop for only one year. rba above may 

lppear to be a broad statement, but it 1s true. '!'he vetoh ~ first 

~~son furnishes winter oover and grean manure for the :first season, the 

~ Owpeas for the summer and fall. The vetch re-aeeds itself and 

)6aupies the land through the seoond w1nter and fUrnishes a orop o~ 

~l'eeD manure to be turned under in t1me to be :follOwed by any of the 

ltapla orops. 

It would seem to appear that all of theev1denoe go to support 

~nd substantiate Professor Duggar's oonolua1onJ "that hairy vetoh seems 
o be the equal o"r the oowpea. -
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!HI VELVET BEAN. (Muouna Util1s) 

The velvet bean seems to have been grown in Wlorida as a 

trellis plant to ~h~de the porohes from the hot sun for a number of 

years- perhaps twenty-~ive. A farmer was the first to realize its 

value as a general crop plant and accordingly oalled attention of the 

"lorida Experiment station to it. !his was in 1896. The Flor1da 

station began experiment1ng with it in 1896. Since that time the 

velvet bean has baen tried at most of' the Gulf state Experiment 

stations. The experinents have proven it to be fully equal, if not 

the superior, of the oowpea. As yet there haa not been produo~ 

a variety that will mature seed :further no:17th than the 1ati tude passing 

through about the oentral portion of the Gulf states, Mississippi, 

Alabama, . Louisana, eta. From the writer's experience with the plant 

at the Plorida S ta tion he is'·" t4\oroughly of the opinion that by carefUl 

ISeleOtiOn of' seed. it will be an easy matter to produoe a strain that will 

mature seed as far north as Tennessee, eto. In faet, he secured seed 

there 'from a first year's seleot1on that the plants from wh1ah blossomed 

In the lat~er part of July or the f1rst of August, whereas the plants 

om the ordinary Baad did not bloom until nearly a month latar. ~e 

Plant thrives well aa far north as Alabama and Mississipp1 but does aot 

~)roduee seed. 

!he great merit of the velvet bean, the one in which it out­

ristances all oompeti t1on, i8 the ezlOl'liQUS amount of' vina that 1 t is able 

,0 produa8. This, ooupled with its ability to assimilate large 

~antit1eB of nitrogen from the air makes the bean in every raspeot the 

i'J.ual or superior of the south's standard legume- the cowpea- Its 

lh1ef disadVantage in oomparison wi th the other legumes i8, as referred 
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to above, 1 ts inab111 ty to produoe seed 1n the sh~.rt seasons. For 

t Ilis purpose at least eight months is required. 

some very interesting experiments have been oonducted at the 
(1) (2) (3) 

Florida, Alabama, and Lou1sana Stations to ascertain the amount 

of nitrogen and humus produoed by the velvet beaft. In these inv6st1-

gat10na the vines and roota were oolleoted and weighed and an~~ 

separately. !he weights and analY8es vary greatly for the three 

stat.,.. It is not surpr.la:1'~,,· . however, as the oond1 t10n of temper-

ature, rainfall, and 8011 must have varied equally as muoh as do the 

produots of the plantae These results are tabulated below. 

Amount of hUDll8 afi'orded by the velvet bean in J'lorida, Ala, and La. 
~ 

lPla. Ala. La. 
Lbs. Lbs. Lbs. 

Weight of greeD material from an aore ~1132 14040 22919 

Weight of dried material from an aore 5953 8240 7495 

Weight of dried roots from an aore 690 1258 .191 

We1ght ,of ~ltrogen 1n dry vine8 from an aore 13].56 18&.70 17Ql3 

'e1ght of nitrogen in dried roots 9.7 12.18 2.9 

Weight of nitrogen in entire plant 141.26 201.28 173.0 

~~-~~---------------~~~-~~---~~~--~-----~~------~-------~~~~~-~ 

(1) ~la. Bul. No. 60. 

(2) Ala. Bul. No. 104. 

(3) La. Bul. No. 55. 

\ 
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Direotor Duggar of the Alabama station reports some striking 

examples o~ the fertilizing effects of velvet beans on sorghum, ootton, 
(1) ~ , 

oom and oata. W1th sorgham after 8or~ the yield of alover hay 

was 3.65 tons; sorghum after velvet bean;' stubbles 5.80; sorghum after 

I velvet bean vines 6.76 tons. The increase due to use of the entire 

plant was 3.11 tons, or nearly double that of sorghum follow1ng sorghum. 

The inorease due to the use of cowpea stubbles and oowpea vines in the 

same experiment was 2.01 and 2.0' tons respeotively for stubbles and 

vines. With ootton after cotton the yiold was 837 pounds; with 

cotton after cowpeas 1533 pound. " and with cotton after velvet beans 

1373 pounds of seed ootton per aore. This shows a gain of 696 poun4s 

of Beed ootton per aora after aowpeas, and 546 pounds after velvet 

beans. Reducing these tw peroentage cowpeas make a gain of 83 

peroent and velvet beans a gain of 64 peroent. This 1nd1cates that 

it is surely more valuable to the farmer to grow a bale of ootton par 

acre on his land every 8~ond year than it is to produoe about half a 

'oalft per acre yearly, I~ the above results would hold good for 

every y~ar~ oonsidering the inorease 1n yield of cO,tton, the improved 

fertility and Physical oonditions of the s011, ~nd the reduction of 

coat o~ labor" tIle 'farmers of Alallama could well afford to ohange the1:r 

method of farmdng to a rotation of ootton and oowpeas or velvet beans. 

A orop of vetoh and oats oould be grown during the ,winter season o~ 

eaoh year whioh would still further enhanae the value of the land and 

the prooeeds of the farmer. The gain in yield of corn where phosphate 

' as used in oonnection with the velvet beans as fertil1zer, was corn after 

hosphate alone 13.58 bushels, velvet bean stubble and phosphate 17.93 

~hels, velve. bean vines and phosphate 25.90 bushels, and velvet bean 

) Ala. sta. No. 120 - 1902. 
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vines alone 21.48 bushels of corn per ao~. The peroentage inorease 

due to the bean stubbles was 32 percent (4.35 bushels) that due to the 

vinea was 81 peroent. (12.32 bushels) !he inorease at t ributable to 

100 pounds of aoid phosphate was 4.42 bushels per aore. i'he yield of 

oats was 8.4 bushels per acre after non-leguminous plants, 28.6 bushels 

per aore atter velvat bea~ :- vine., 38.7 bushels per aore after velvet 

bean stUibles, 28.8 bushels par aore after oowpea vinea, and 34.4 

bushels per acre after oowpea stubbles. 

Professor Duggar thi~8 that this is a extreme . and not an 

average oase. ~ga1n of from 10 to 15 bushels of oats par acre due to 

the use of the peas and beans would perhaps be more nearly an average 

increase. However, these results prove oonoluBively that the value 

o-r beall! as a fert1J.1~ar 1s very great. 

1s past. 

!IUE or PLANTING. 

The beans should be planted just as soon as danger from frost 

The long grow1ng seaBon required to mature the seed make 

this early planting absolutely necessary, unless it be for the extreme 

southern portion of ,lorida where the temperatura is auoh that growth 
the winter. w1ll oontinue wall into , 

~e best methoSf plant1ng 1s in rows about 5 or 6 rest apart 

on good s01l. On the poorer 80i1s 3 to 5 feat apart. ~e seed should 

be dropped 12 - 18 1nches apart 1 - 2 1n a plaoe. Some prefer to 

sow them broadoast, but 1n rows is generally (Jonoooed to be the bette;r 

method, as the plants may then be oult1.ated while young to keep down 

the grass and weeds. !he plants also thrive better when given plenty 
Of spaoe. 

the oowpea. 

the time for plowing under 18 about the same a8 for 





BIGGAR WEEDS(Desmod1um tart~osun) 

In some sections fj~ the South, - 'lorida partioularly, tlle 

beggar weed has beoome very popular in reoent years. It 1s a legume 

andmakes a v1gorous growth on sandy B011s. on sandy Boil the plants 

grow to a height of 5 or 6 feet. If allowed to mature they beoome hard 

aM woodY. So muoh so that their value as manure or hay is decreased. 
&AI 

However, if it 1s plo~ under at the proper stage of 1ts growth there 

18 no apparent reason why 1 t should not prove a ,vary important green 

manuring plant. 

It has receiVed more attention from the farmers of Plor1da than 

those of any other state. !hey use 1t quite extensively ~or oover 

aro»_ in the orange grove. as well as for hay and green manure on the 

truck farms. !he seed sho~ be planted broado8s\ on well prepared 

8011 in May or June. Some sow 1ln the corn at the t1me of the last 

aul ti va t iOD. ' !he orop 18 then reacSr' for hay' or turn1ng under by 

the m1ddlt) of september. 

-RD • . 

Of the non-leguminmus g:reen :,, ~manuring plants rye starns :fir*t. 

t 1s a sure and exoel~t pa'nur1alorop for sandy s01ls, and 18 preferable 

~o clover as it w1ll grow on soils too poor for olover. It 18 too 

:hallow rooted and otherwise defe,t1ve to bear a oompar1son with olove:r, 

~pea8, velvet beans, vetoh, etc., _however, where these plants will 

rDw, and some one of them may be grown on any soll that will produce 

good orop o~ rye. Clover 1s about the only one of the above named 

lanta that oan not compete w1th the rye on poor 8011. 
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Rye intended for luanure should be sown broadcast from the 

middle 'of September to the middle of October. It is then readY for 

turning under early enough for any of the staple crops the next spring. 

MISCELLANEOUS NOW-LEGUMINOUS CROPS. 

Thera are a numbe~ of the grasses that thrive luxuriantly 

'during the sunwer months in the South that might be profitably used as 

green manures. Among these may be mentioned Bermuda grass, Oarpet 
grass, st . Crab grass, ,AUgtls·t1-n- grass, etc., eto. But aB none of these 

are able to utilize t~ atmospherio nitrogen ,nd all of them make 

their growth during the 8~aar months, and whe!e they w111 grow well 

there is a legume that will also frl'oW well. ft· \',ould B8am ·0 6S t to 

oonsider them under the disoussion of Burraner coVer orops. It 1s not 

the best praot1oe to use grass for green manure when it is possible 

to grow a legume for the sarna purpose. 

covn - OROPS. 

By the term "cover orops· 1s oommonly understood a crop used 

to fill a gap, whatller aaused by the fa1lure of' one of the regular orops 

of the farm or one ooming between the main orops. It 1s a orop wh10h 

~cupies a field whioh, 1n themor6 oommon farm practioe would remain 

bare or uhproduot1ve. It 18 often an emergenoy crop, that is, a o~op 

ot planned ~or, but 1ntroduced to supply a want whioh is a oonsequenoe 

f accident or unforseen oonditions. A rigid regard for the teachings 

r farm eoonomy would make a cover-orop, save those sometimes introduoed 

~er the spur of unforseen contlng1noles, 88 regular members of our 

otations as any of' the crops of' the farm. A proper regqrd for the value 

)f catoh crops i8 a positive necessity in the~<rm olimate of' the south, 
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especially on the cotton : farms that have been subjeoted to the 

cloan oulture demanded by that plant. 

BENEFI~S fO BE DBRlVED FROM COVER OROPS. 

Oover orops prevent the particles of 8011 ~am being b~own from 

lace to p1808 by the wind. They." prevBnta washing; they add large 

quantities of humtts~ : they muloh the so11 and proteot i t ~rom the burning 
deep 

and sterilizing rays of the sun; they send their roots ' into the 80i1, 

thus iml)rov1ng its physioal oondi tlon; and finally they take up the 

plant food element as they beco me available and prevents them from be-

ing leached. and washed away. The 108s from leaching is perhaps the 

most damaging to the soil of any of the above named actions which oatoh-

~rop8 tend to counteraot. Boussingsait found that in a soil oontain-

ing 900 pounds of nitrogen in a depth of one foot only 40 pounds was 

left after ,three wekks of continuous rainy weather. Lawes found by 

placing three gauges oovering I 
/ODO aore eaoh, at depths of 20, 40, 

and 60 1nahes, and allowing no vegetation to grow thereon, that a loss 

of nitrogen exoeeding 40 pounds passed through the drains yearly. He 
{l) 

also found that the water :passing through these gauges was moh richer 

in nl trogen than the rain which f ·ell upon them, (2) tha t the drainage 

is rioher in nitrogen in the autumn than at any other season of the year, 

an~ (3) that the drainage in another field where a orop of wheat was 

in luxurious growth, oontained no nitrogen at all. The facts brought 

~i in these statements should prove to us oonolusively the neoes s ity 

Of' growing oover-orops, and particularly those tha t are able to grow 

through the fall and winter months. 
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SELZO~IOB OP COVER-CROPS • 
• 

A oover-orop, in 80 far as may be possible, should oombine 

the following charaotar1Bt1o~; cheap se~ ability to thrive when sown 

broadoast, rapid growth, freedom from qualities either in root or 

seed, whioh will oause 1t to beoome a troublesome weed, a deep vigorous 

system, the ability to take a part o~ ~ts n1trogen ~om the air, 

hard1ness in winter, ability to stand frost and grow at a low tamper­

atura, and value 8S a green manure. 

~le importanoe .of these oharaater1stio8 are 1n most 08S8S 

parhaps evident; but oonoern1ng some of them a word in explanation 

may be desirable. 

The ab1lity to thrive when sown broadcast 1s very 1mportant, 

as this 1s the quiokest method of planting, and in most oases the 

farmer has l1ttle time to devote to the produotion of oover-oropa at 

the season of planting. By this system fUrther, the land 1s more 

cornpletedly (loYered, and the roots more evanly disseminated through the 

s011 to take up the valuable plant food. Cover-orops are not 

generally cultivated,and thiok 80wing tends to keep down the weeds, atc. 

The time coming between or after the ma1n orops 1s usually 

short. !herefore, the oover-orop should be able to make a rapid 

growth in order to do 1ts work more thoroughly. 

keeps down weeds. 

!he rapid growth 

A. deep and vigorous root system enables the orop to gather 

an abundanoe of food, the deep roota open up poras through the subsoil 

and improves the phYsioal oondition. 

An important object of the coYer-orop should be to improve 

the 8011. !hose orops whioh oan assimilate atmospherio nitrogen 

I aerve th18 Pl1l'J)Oae most e:reo tually, 
*7. 

other orops return to the soil 





only what nitrogen they gather from it; and the 8011 cannot be enriched 

in this element by their growth. That the culture of almost any 
80me 

crop may be made to .xx extent a 80i1 improver is quite true; but only 

by the c~ture of leguminous plants oan the store of nitrogen in the 

soil be increased. 

Ootton and corn as grown in the South oooupy the land. from 

:faroh to Novermber. fherefore the season for a cover-orop 1s short. 

Henoe the neoessity of a rapid grower. 

The abil1 ty to stand frost 1s in a great many oases a highly 

important oharacterist10 of the cove~crop. ~e soaroity of labor 

often renders it impossible to get the ootton crop harVested unt1l 

late autumn. !he time before the probable frost 1s shortened. In a 

case of this kind only suoh crops as will continua to grow in sp1te ot 
the frost w1ll prove of muoh value. Purther, it is in late fall 

Jhen the Boluable nitrogen oompounds are most 8U8septible to being 

~ashed out of the soil by heavy rains unloss the 80il 1s filled w1~ 

feeding rootlets of growing plants. 

~an prevent lost. 

Only orops whioh resist frost 

Clean oulture demanded by the cotton plant tends to rapidly 

~eduoe the hUJll1s oon'bent of the s011. It is a good pract~oe, 

therefore, to turn the aoYer-orops under in spr1ng before planting the 

'egular orop. 

The crops t~t oame nearest fulfilling the abovi mentioned 

haractari8t18,;' are: vetoh, the olovers, oats, rye and rape. 

etoh and oats sown together take by far the lead1ng rank. 

Of' these 

This 18 

hown by reports from the farmers. OUt of thirty-two report8 from 

rom1nent farmers of M1ssissippi in answer to a question addressed 

hem, nine recommend the use ot oats and vetoh sown together, seven 
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raoonunen6ed oats alone. The experiment. stations are unanimous in 

their reoommendation of oats and vetoh. The clovers are also of muoh 

value as a cover-crope. Rye is perhaps the most vigorous of any of 

the orope named above unless it be rape. It 1s the writer's opinion 

tha t rye would prove superior to oats for sowing wi th vatch. Professor 
the 

Bennett, of~ ArkanBa8 Stations states that rye ripens about two weeks 

ahead of vetch and 18 therefore not well f1tted fO~Omb1n1ng w1th it. 

He found wheat to be superior to either rye or oats for sowing with 

vetch. oats are used more extensively on ~rccount of their value as 
foOd aAfor an1mals. In this respeot they are superior to rye. Rape 

makes a luxuriant growth through· the winter months and is a splend1d 

pasture plant for sheep and swine. It merits a more extended 

reo ogn1 t1 on. 

T~he above crops are ueed almost exolusively for w1nter months. 

?or th.t, summer months the cowpea 1s preeminently the leader and 1s 

Used more than all other orops oombined. The long grow1ng season 

requ1red by the velvet bean renders it worthless as a oatoh-orop, except 

for orohards and orange groves. Beggar weeds are vary valuable for 

C~vering the sandy s01ls of ,lorida after the truok orops are taken off 

tn the spr1ng. 
th1s 

Of the grasses used for xa. purpose Bermuda graBBis perhaps the 

nost ef":feot1ve. It forms a dense sad and a tlliok .oover. The d1f:ficul ty 

)f ridd1ng the land of 1 t when onoe well sodded 1s the greatest drawbaok 

~o Bermuda grass. !he danse sod is very eff'active as a 80il binder 

tnd prevents washing. Bermuda is used quite extensively on the 

le:rraces, levees, eto., for this purpose. Crllb grass, oarpet grass 

\~ st. Augustine grass are also vary effeotive cOVer grasses. They all 

1088e88 the ab1l1 ty to form heavy root t sye ems and thereby prevent washing. 





DISPOSI~ION OF OOVER-OROPS. 

Whera the land 1s in need of humus the b eat possible 
1s 

disposit1on of the cover-croP Ato oonvert it into manure by plowing 

under when mature. Cover-orops, however, are quite often used for 

hay or ror green feed or pasture. If the excrement of the animals 

ia saved and returned to the soil as manure very little of the plant 

food elements is lost, and where the 8011 18 well suppl ied with humus 

and feed is soaroe, the oover-orop may be very profitably used as feed 

for animass. But when the enriohment of the s01·1 1s the point to '" 

be attan1ed, 1t 1s perhaps always best to turn under the plants for 

green manure. 
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CHAPTER 11. 

BXPERlMEN!AL INVESTIGATIORS. 

In the preparation of this thesis 1t was deemed advisable 

tosuplament the h1storio81 data wi th that o-otainiad by experimental 

researoh. Consequently it was deoided to make monthly determinations 

or the nitrogen in the 80ile of the exper1mental plota of the Station 

farm. ~ight of these plots were selected. The samples were taken 

on the fifth of eaoh month beginn1ng with November 1906 and ending 

May S'r ·1907. The samples were taken from a composite of three 

borings forty inohes deep; the first eight inohes of surface soil co~ 

st1tut1ng the first, the next s1xteen inches of subsoil the second, 

and the next sixteen inohes of subsoil the third sample. Plot lio. 1 

has been in . ·8sture f'or a number of years and has a very good sod o~ 

bluegrass and timothy on it. The plaoe of sampling was in a valley 

a few feet from a ditoh through whioh the water has been runn1b& most 

of the s'ason. The B01l is of alluvial or1g1n, but of fine material, 

not typioal of alluvium deposita, and is rather low in the plant food 

elements.-

Plot No. 2 is on ~evel portion of the field. 
the crops grown on it in 1904 and 1905, and oorn in 1906. 

Oowpeas were 
The soil 

Was bare during the experiment, bJt was plowed a few days before the 

April samples were taken. There was a oonsiderable inorease in the 

n1trqte oontent for April and Kay due, possibly in part, to the plowing. 

Plot No. 3 is located on the south slope of the field and has 

been in alfalfa tor the last three years. The alfalfa made only a 

medium growth up to Maroh, after whioh except for a part of Apr1l it was 

lIe17 Vigorous. 
Qt.. 

~he n1tr~o content is much lower after March. !his 

a quite possibly due to the inorease d demand of the plants for food 
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to support 0£. the rapid growth. 

Plot Ho. 4 1e also on the south slope of the field and has 

grown wheat and cowpeas for the last six years. 

of wbBt ~n the soil during the experiment. 

There was a good crop 

Plot No. 5 is onthe northest elope of the field. It grew 

corn for three years previous to 1906, when it grew cowpeas. The 80il 

was bare during the exper1ment, but was plowed a few days previous to 
the April samplIng, and here again we have a relatively high gain in 

the nitrates for April and M~, apparently due in part to the plowing. 

Plot No. 6 1s in the edge of a dr1veway through the field. 

It bears a heavy sod of bluegrass and timothy. 

Plot No. 7 is on the level near 6. It grew wheat for a 

number o~ years previous to the exper1ment, but was sown to oats in the 

fall of 1906 • The oats made a very good start -: I, during the fall, . 
but were killed by the oold in winter and the plot may be considered 

as bare during the test. 

Plot No.8 is near 6 and 7. It has bean 1n wheat for the 

past three seaBJ ns. A heavy dressing of manure was applied in the 

fall of 1906 just before the wheat was plant~. The wheat made a 

Very vigorous growth. jDTha soil in the experimental field is a 

fairly good quality of silt loam, rolling sufficiently to give good 

drainage, but no washing takes plaoe. The surface e01l averages 

eight or tan inohes in depth. Balow this is a ,olay silt subsoil, 

Very waxy and quite impervious to moisture whioh would indioate that it 

is resistant to the leaoh1ng prooess. 
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METHOD 07 UAKING THE DETERMINATIOBS. 

The samples were taken with an auger. Dried in an ovan as 

quickly as possible and then ground in a mortar and thoroughly mixed. 

The sample for the . determ1mtion was then taken from the composite. 

TIle ohemo-Color~:1Jnetrio method used in the examination of water for 

sanitary and teohnioal purposes was followed. Pre-pare the soil 

solution by taking 50 grams of the c Smpos1te,plac1ng it in a olean linen 

bag and p~ over it in a mortar 200 00 of a one peroent solution of 

f ormaldehyde mad~ UP of 244 co. t;f diQ<tilled water 5.36 00 of' a 

saturated solution of potass ium alUm orystals and O.64 ~oo of oommercial 

fo~ua11n, knead the 80i for two and one-half minutes, at the same 

t ime constantly turning the bas in the mortar. Ring the bag out as dry 

as p08s1b~e, pOur the solution into a glass jar and set away to clear, 

~h1oh requires about twelve hours. When olear draw thi solution off 

into another glas s jar. Treat this olear solution with about t wo grams 

of G. Elf" oarbon blaok. and let stand :from twenty to t hirty minutes. 

'ihen fil tar. This gives a .perfectly clear solution. Measure 25 co 

of t his olear solution 1nto a clean poroelain evaporating ~,,'.' dish by 

means of a p1pette and ev,Japor~ata to drynes s OVer a steam bath. When 

dry add one 00 of phenol-disulphon10 acid prepared after the method 1n 
. . 0 

use by the Bureau of' 1011s (take three grams of pure orystalized pI.enAl, 

and 37 grams (2Ql (0) of pureoonoentrated ·sulphurio ao1d, mixeQ together 

and beat for six hours at ,. ,.,,~ 100 degrees O. by · sett1ng t~el008elY 

Corked bottle 1n boiling water) and work thoroughly over the surfaoe· 

lth a stirr1ng rod until the res! ue has dissolved. After twn 

inutes, including the time .of working, add abo t 20 00 of distilled 

ater and neutral1ze with ammonium· hydroxide, using litmus paper as an 

ndlcator. T is produoes a yellowish t1 nt, the intens i tY of 
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\1hiah depends upon the amount of n1 trates present, from which the 
colorimetrio 

reading 1s made. Rinse the colored solution into the ~«b~tri. test 

tube and make upto some oonvenient amount, say 50 00. Compare this 

ivi th a standard Kno3 solution made by dissolving 0.1631 grams of pure, 

dry pota:::s1um ni trate. that has bean heated just about to the fusing 

point, 1n distilled water and mak1ng up to one liter. Of this stronger 

solution take 100 00 and make it up to one liter. This constitutes 

the standard nitrate solution and contains 0.01 millograms of N03 in eaoh 

co. . Ten 00 of this is evaporated and treated the same as in the 

method described above for the 8011 solution, and is :imade up to loa 00, 

having a atrngth of one part of nitrates per million. 'l'he amount of 

nitrates in the 8011 solution oan easily be oalulated from the readings 

of the oo·10 •• tQte 

Should the oolor produoed by the soil solution prove too 

intense to matoh with the standard, an aliquot may be taken and made u~ 

to some oonvenient amount and the readings be made from this. 

CHANGES IN THI NIrRATE CONTENT OF THE VARIOUS 

P·LOTS DURIXGn!1D! EXPERIllE)ft'. 

A reference to the table and charta shows that there was a 

very marked t_ ~ fal11ng off in the nitrate present 1n all plots 

Deoember 5th as oompared with November 5th. This 1088 1s due to one 

or more of three oauses. The soil had been well oultlvated during the 

aropping season and large quantities of nitrates were formed during the 

Warm period after t~e Qultivation had oeased. When the November rains 

Camethes8 nitrates were e1ther washed deeper 1nto the 801~, ohanged into 

insoluble forma by the prooess of den1trifioation or taken up by the 

growing plantae It is Possible tha+ A it 1 
lit ~en, , .. :.." .fioat1on was the 

,. ''II ~ 
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Table showing the number of parts of nitrates per million 

~)arts oft 80i1 during the months o:f the experiment for the various plots. 

~o. Crop Yonth 

Pta. N~-, ::~ 
J 

NoV. Dec. Jan. Feb. Mar. Apr. Yay Average 
~ Sod per million 

La Sod If • If 0.84 0.70 0.40 0.30 0.80 0.68 1.0C 0.645 
; 

.. • • 0.80 0.90 0.28 0.50 0.80 0.60 1.60 0.782 ! 
.. 1> " 
10 " .. .. • 0.40 0.40 0.28 0.50 0.80 0.88 1.2C 0.637 

! 
.2a Bare. after cort " .. • 1.821 0.46 0.88 0.70 1.BO 2.80 3.80 1.751 

T 
0~80 1.20 1.00 \ 2.20 1.028 i :3b " .. " • " If 0.40 0.70 0.90 -

20 .. .. " .. " " 0.50 0.40 0.40 0.50 1.20 1.00 1.80 O. ·8~ .. 
1 

3a Alfalfa " • • 1.40 0.60 1.20 0.50 2.20 1.40 1.00 1.185 : 

3b " " .. " 1.50 0.50 0~60 0._90 1.20 1.00 1.40 1.014 

Sa M .. " " 1.10 - 0.40 0.52 0.60 1.00 1.00 0.80 0.775 
-

~a Wheat " .. .. 1.50 0.&0 0.60 0.40 1.00 1.40 0.80 0.842 

I~b • .. • If 0.70 0.60 0.72 0.80 1.00 1.20 1.00 0.860 
\ 

, 0 " • " .. 0~60 0.80 0.32 0.50 0.80 1.00 1.60 0.802 
Bare after 

~a oowpeas " .. It 3.20 0.70 0.80 0.90 3.00 3.6013.80 2.157 

~jb .. • " " .. .. 1.00 0.80 '1.12 0.80 2.80 1.80!2.ao 1.502 -
~I C) .. " " • • .. 1.40 0.54 0.48 0.80 0.80 1.20!2.00 1.031 ' .0. 

5a Sod • • • 2.20 0.78 0.72 0.90 3.00 1.40 1 1.00 1.428 : 

?t It " " " 1.50 1.00 0.80 1.50 1.60 1.80 1.40 1.557 

~ " .. .. " 1.40 0.48 0.40 0.80 1.20 1.00 1.60 1.125 

~L Oats " • " 1.82 1.00 1.00 1.20 2.00 3.28 3.80 2.014 
i 

: 
?b • • • • 1.10 0.50 0.80 1.00 1.80 1.00 2.40 1.228 i ----.... 

'0 
~ " " " .. 0.90 0.50 0.40 0.10 1.00 1.00 1.80 0.957 

~a Wheat • • 
\ 

• 1.90 0.60 1.52 1.00 1.20 0.68 1.80 0.957 
I 

3b 
" • • " 2.00 0.50 0.60 1 1.20 1.00 0.60 2.20 

I 
1.157 : 

3c 
" " .. .. 1.00 0.60 0.28 0.70 0.72 0.60 1.00 0.700 

~ote the numbers :fo1'howed by (a) represent the :first 8 inches of, surface 





8011, those by (b) the rirst 16 inches of subsoil, an~~f6(o) 

seoond 16 inohes' or gubso1l. 





dominating fadDr in the loss , as the orops wera not far enough advanced 

to consume the large quantities lost, and the rainfall (2.93 inohes) was 

inSUffioientto wash through the 8011 after the long drouth that had 

preceeded these rains. However, that the tendenoy of the n1trates 

was to waSh downward is shown by the increase in almost ever y plot. in 
the first sixteen inches oft subsoil. ne loss was smaller and more 

uniform during Deoember and January on acoount of the low temperatura and 

heavy rainfall. The table below shows that the temperatl~e was low 

enough during these months to stop the formation of nitrates almost 

entirely, while the rainfall was suffioient to wash through the Boll the 

greater portion of what was formed. 

TABLE SHOWING IlAXIMUJ(, llINIMtnl AND MEAN TElCPERATURE AND 

PREGIPI ATIOK PROM OCTOBER 1906 TO MAY 1907. 

~ 

~onth llax1mum llinimum Yean Total precip1tation 

Ootober 66.50 44.2 54.4 0.40 

ovember 48.6 31.9 40.2 2.93 
- -

ecember 42.5 27.8 35.2 1.60 '" 
'-

January 42. 25.3 33.6 5.65 ~ 

I -
lebruary 42.1 , 22.9 32.5 .57 -
larah 61.8 41.9 51.6 2.99 
~ 

-
llr11 57.6 37.1 47.4 3.85 

----
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That the ~ormation of the nitrates was retarded and that they were 

leached out of the soll 1s further shown by the large inorease in the 

Maroh determinations. The latter part of Februa~ and the first days 

of Karah were very wara.nd n1trates were rapidly ~ormed. The .57 inch 

of rai nf"all for the period was not suf':fio1ent to leaoh them out and, 

tllanoe the high content for thia-,: determination. The same 1s still 

further brought out by the results of the April 5th determination. The 

2.99 inahes of rain that ~ell, ooming after the low preoipitation of the 

previous month,dld not leaoh through the soil in suffioient quantity 

to oounteraot the effect of the high mean termperature o~ 51.60 on the 

formation of the n1trates, and henoe again we have an even more marked 

increase, exoept in those plots where the growing plants utilized them 

as they were :formed. 

I.~LUENCE OF DEPTH ON 'THE NITRATE CONTENT OF THE SOIL. 

Considering an average for all of the plots, we find, as was 

brought out in the historioal disoussion of' this subjeot, that the 

greatest amount of nitrates is ~ormed in the surfaoe 8011 and that it 

decreases as the depth inoreases. ~e average for .~* the surfaoe 8 

inohes for all of the plots 1s ••• 1.372 paris per million; for the 

first 16 inohes of subsoil it 1s 1.153 parts per million; and ~or the 

second 16 inohes of subsoil it is 0.857 parts per million. This shows 

that nitrates are formed to a depth of 40 inches. But a glanoe at the 

'able or oharts will show that the var1ation is muoh greater in the 

~~faoe soil than in the subso1l. It seems then to be an established 

·a" that the n1trate oontent of a soil deoreases as t he depth 1noreasea, 

,~ that the variability of the oontent in any stratum of soil inoreases 

a the surf"aoe 18 approaohed. Tl 1 h 1 
1 s, owever, s wha t we would na tura11y 

The surf"aoe s011 10 warmer, better aerat-A, 
Q\.I. and the con-
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conditions for nitrification are more favorable, whereas the reverse 

is true as we go deeper into the solI. 

rHE EFFEO~ O~ GROWING OROPS ON THE NITRATE OONTENT. 
-, there were not plants 

It 1s unfortunate that a larger number of varieties of4 growing 
" 

f rom whioh to study this phase of the subject. Howev er, as will be seen 

f rom the tables the plota with crops growing upon them retained their 

nitrogen muoh better than did those that were bare. This 1s shown by 

a oomparison of the tot:al amount of nitrates found in plot No.5, whioh 

had previously grown oowpeas and left bare afterwards, with that found 

in plot 8 which reoeived a heavy applioation of stable manure and was 

sown to wheat. The total for plot 5 in November was 5.60 parts, and for 

Deoember 2.04 parts - a 108S of 3.56 parts. ~n1le for plot 8 growing 

Wheat the total for November was 2.90 parts and for December 1.60 parts 

or a 1068 of 1.30 parts. !hUB we have a loss from the bare plot of 

3.56 parts against that of 1.30 parts from the plot growing wheat. A co~ 

Par10sn of the same plots for the last three months of the experiment 

br1hgs out _even more strongly the value of a cover-orop. !he total 

nitrates for plot 5 on Yarah 5th was 6.60 parts per mill ion, while for 

No. 8 there was only 2.92, a difference of 3.68 parts mora in No. 5 

than in No. 8 that 1s capable of being washed out should stff101ent 

rain fall. ~a large differenoe in the amount of nitrates in the plots 

at this time may be partially due to the deoaying pea roots in No.5. 

In April when the wheat had grown larger and and required more 

itrogen, the differenoe inoreased to 4.28 parts. Dur1ng April, whioh 

as a vary oold month, and when practically no growth was made by the 

heat, the differenoe was reduoed to 3 parts, but the total ni trate con- I 
tent of both p1o.ts was inoreased. being 8 parts in No. 5 and 5 parts in No 
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-When it oomes to the relative value of the different cro:ps 

for-holding or ut1lizing the nitrates, our results waald seam to 

indioate that wheat hardly measure. u:p in value to that of a heavy 

sod of timothY and bluegrass, or to alfal~a, Oompar1ng plot Ho. 4 

whioh is bearing an average orop of wheat w1~ plot No. 6 bearing a 

heavy sod, we find that for November plot Ho. 4 has a total 2.80 parts, 

and for Deoember 1.80 parts, or a ditferenoa of one part, while plota 

a 1n Hovember had 5 parts and in Deoember 2.26 parts, or a differenoe of 

2.74: parts. 

1.00 part. 

We have then the s6d us1ng 2.74, v{hile the wheat uses 

The alfalfa shows a like differenoe between Hovemoer and 

December of 2.50 parts, 1ndioating that, it used 2.50 while the ~heat 

used only one part. !he differences in favor of the sod and alfalfa 

may be due, however, to the differenoe in age. We lDlet remember that 

the wheat at this time was very young, while the sod had been set for 
I 

a number o~years and the alfalfa had grown for three seasons. It seems 

- ~ite poss1ble that these older plants would use more nitrogen than the 

young wheat, just beg1nn1ng its growth. But a oomparison of the same 

plots tor Karoh and April when all o~ the plants were making a vary 

vigorous growth, shows .80 parts more nitrates in the wheat plot 1n 

Apr1l than in Maroh, while in the Bod there ware 2.40 parts, and in the 

al:talra ~ .'- 1.00 part les8 1n Apr1l than in llaroh. Th1s again indioates 

that the sod and alfalfa uses more n1trogen than the wheat. It may be 

argued that tllase d1fferenoes are due to leaohing, but a referenoe to 

the tabla given above shows that the preoip1tation for the months ~rom 

wh1~' the oomparison are drawn was 1nsttff1oient to leaoh the 8011. 

NotWithstanding this di:r.r.arenoe in favor of -the other plants so far as 

these investigations go, wheat will ~am:/>:rema1n the most important -

Winter oover-orop ~or this seot i on, due to ita b 
eing a regular farm croP. 
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SUM.lv(ARY OF EXPERIMEN'rAL IllV]~ST~GATI ONS. 

The points brought out in this investigation may be summarised 

follows: 

1. There was a marked ohange or loss of nitrates rrom the 

time of the first determination, November 5th to that of Maroh 5th. 

2. , The moat marked change during this period occurred 

betwwen November 5th and Deoember 5th. 

3. There was a very marked incrSase dur1ng FEbruary shawn 

by the determ1nationsmade March 5th. 

4. The bare plot s show a relatively h1gher nitrate content 

on Uaroh 5th than did those bear1ng crops. 

The determinations for April 5th shows an actual deorease 

from those of Maroh 5th for the plots bearing crops while those that 

were bare shows a considerable 1ncreas9 t proving that~~oWing plants 

ut1l1Z~ large portion of nitrates tha.t were formed. 

The plots bearing orops, especial ly plot N~.8 in wheat, 

showed a somewhat higher nitrate content May 5th than on April 5th, 

due to the retarded growth of the plants in April, which was a very oold 

month. 

The changes were greater in the first 8 inches of surfaoe 

8011, second greatest in the first 16 inohes of subsoil, and least in 

the seoond 16 inches of subsoil. 

The determinations tend to indicate that sod and alfalfa 

ut111zEdmore nitrogen than did the wheat. 

Wheat, however, will always remain a very important winter 

cover-crop ow1ng to its ability to t ake up" large quantities of nitrates, 

and being a regular winter farm oro~ · • 
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SUMMARY OF REPORTS FROM FARMERS OF MISSISSIPPI. 

FUrther south the condit1ons, as indicated by ~ •• data 

obtained from practioal farmers of Mississippi, are somewhat different 

from those of U1ssour1. There, ~rom a praot1cal standpoint, oats 

sown alone ::.~ combined wi th vetch stand first for win tar oropS. 1.Pif'ty-

nine letters were adoressed to practical farmers of Ulssissipp1 with 

questions concerning their experience with various crops,- cowpeas, 

vetch, velvet beans, clovers, alfalfa, oats and rye, - for green manure 

and cover-orops. Thirty-three sent returns with the following results: 

Eighteen reoommended cowpeas for green manure; two clover; 

six vetch; one rye; five velvet beans, and eight no experience. 

Thirteen reoommended oats for cover or pasture during the winter and 
the 

to, ·be out for hay in/\ spring; eight vetch and oats sown together for 

winter cover and hay 1n the spring; five rye for oover, to be plowed 

under in the spring; and one reaoIDlliended mell1lotuB for cover during 
the winter. Although oats are used more extensively for winter cover, 

there is no doubt in the nund of the writer b~t that a combination of 

oats and vetoh is the best oover orop possible for the south. By 

sing the wi~ter turf oats they ripen at the same time as the vetch 

and can therefore be used for hay or for manure, pre~8r ply hay. Wi th 

those having had experience, it was the unaaimou8 opin1onthat the cowpea 

18 the best orop for restoring the fertility of worn Boils, and also 

f or hay. Velvet beans have not been extensively tried, but ara 

h1ghly prized by those who have used them. One farmer thought they 

ere worth at least 25 peroent more than the oowpea as a soil builder. 

They will very probably closely rival the oowpea when a quicker matur­

ing Variety 1s produced. 
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CHAPTER III 

GENERAL CONCLUSIONS. 

~he faots brought out in the discussion may be summarized 

as follows! 

(1) That nitrates are oapable of being washed out of the s011 

by heavy raiJ1.s. 

(2) Thai they are washed out of soils not frozen unless there 

is growing on the 8011 a orop to take them up as they are formed. 

(3) That the loss from leaohing is greatest in a war.m olimate, 

and least in a cold olimate. 

(4) That the soils in the cotton states have suffered seriously 

from washing and leaohing. 

(5) . That this 1088 to the southern soils may be stopped and 

the farms restored to their former degree of fertil1ty by the 

judicious use of green manures and cover crope. 

(6) That the best crope for this purpose are those able to 

assimilate nitrogen from the air. 

(7) That of this olass of plants the cowpea is the standard in 

the South, and 1s closely foEOwed by vetoh, Velvet beans, the clovers, 

eto. 

(8) That of the nonleguminoua plants best adapted for this 

purpose oats am. rye stand first. 

(9) That cowpeas, velvet beans, vetoh, olovers, etc., should 

not be turned under before they are mature except in special oases. 

(10) That these special cases are those in whioh the Boil has 

a tendenoy to paok or run together. 

(11) That on s01ls of this nature the green vines have a tendenoy 

to loosen them up and improve the physioal oondition. 





(12) That green vines should never be plowed under on loose 

sandy soils, and that sometimes on s011s tlf th1s nature it i8 best 

not to ~lo. under the vines until spring. 

(13) That the land should always bear a winter crop during the 

winter months. 

(14) That the best time for planting these orops is in 

September or October but they may be planted earlier or later than 

this time. 

(15) That for Missouri conditions bluegrass and timothY B~ 

. and alfalfa are good retainers of nitrates, so far as these investi-

gations show, but from an economio· standpoint wheat is the most 

valuable crop for this purpose. 

(16) That the farmers of Mississippi have 81Xka% found either 

vetch and oats sown alone or combined to be the best cover crop to 

come betwwen the regular staple crops. 
,~ 

(17) Tha t the majori ty of the Mississippi" reconll'J1end the cowpeas 

as the be.t green manuring crop for summer use. 
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