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THE USE OF GREEN MANURES AND COVER OROPS FOR THE SOUTH.

CHAPTER 1
HISTORICAL
INTRODUCTION

The, problem of restoring the fertility to the wozn solls
and of maintaining that of the new or fresh soils is verhaps the most
gerious one with which»the farmers of the cotton states are confronted.
It is indeed unfortunate that the usual methods and practices of cotton
farming tend to rapidly wear out and destroy the fertility of the soil,
and before we can be safe and permanently prosperous in farming, our
nethods and practices must be such as to result in inereasing ihe pro-

fuctiveness of our soils. The original fertility of a soil is dependent
upon two things, viz: its natural strength and its physical condition.

The £irst of these — the natural strength, is determined by the readiness
vith which the insoluable nlant food in a soil becomes availébla by
natural agencies, and the length of time this availability will continue.
Yhile the physical condition is dependent upon such properties as favor
the growth and development of plant roots and the acquisition by these
of the available plant food in the soil. The natural strength of a
5011l may be practically exhaustible and at the same time the fertility
of the soil very low, on account of its poor physical condition. And

@ good soil in a éood physical condition easily reduced to one of poor
¢ondition by improper handling. This last is true of almost all of

‘he soils of the South. There are few cultivated soils of this sestion

4.}1
‘nat have not suffered a material loss of plant food, while their once
i 8&;}‘“’7 59






favorable phy8ical condition 1is changed to such an extent as to reduce
their productiveness. It remains for succeeding farmers to restore the

- once favorable conditions of our soils, and gain for the South its
deserved recognition as a fertile and productive region, or to continue
the wasteful and exhaustive methods of the past and produce 2a section
whoge chief glory will rest 1in thellegends of a once fertile soil.
Nature, i1t would seem on the one hand with its waﬁfﬁlimate, its abun-
dant rainfall, its loose and broken soils, and its scemingly careless
farmers, caters to the exhaustive processes. But, if we rause to con-
gider on the other hand the almost numberless varieties of soil restor—
ing plants, the mild climate that mekes 1t possibdefor some of these
plants to be grown on the soil throughout the entire year, and the
rapidity with which a part of the farmers are grasping the advanced
nethods of farming, we see how just is nature, and how diligently

she gtrives to balance her forces.

The Experiment Stations and most successful farmers have put

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

nay be restored, and that of the fresh soils maintained,
creased.

or even in-
Some advocate daep blowing, and terracing or hillside
ditching to prevent washing and the use of cormercial fertilizers to

lake up for any deficiency of plant food that may exist.
words,

to

Or, in other

t a
hey advocate the sbending of a portion of one year's proceeds

Naintain the y#eld for the succeeding year.
cotton
@spr and corn farming, fhis

and its only serious drawback is the tick

| Others advocate a
'©thod which combines stock raising with

llethod has many advantages,

q - ’ ) p 4 = E\ m h
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rorthern markets, except for immediate slaughter. Others advocate

¢rop rotations. A method thet has many adventages, the main object

of which is to maintain the fertility with thp ccntinued production

¢® ocrops and the increase in productiveness Qyéaturally poor or worn out

goils. gti11 others advocate the turning under of green crops for

E'n'.anu.re, and. the growing of cgover crops to catch what plant food be—

comes available end thus to prevent washing and ljeaching of the sollse.
It is the aim of this paper %o suprort the latter method and

put forward the points 1nd§avor that have been discovered by the Station

Yorkers and practical farmers. 70 d0 this I shall be compelled to

ew heavily from the Department and gtation publications, and will
nelude the results obtained by a number of prominent farmers of
lississippi to whom I have apvlied for information. A discussion
ﬁill also be given of results determined from experiments conducted by
ihe writer on the soils of the Missourl State Farm. These experiments
Yill show the effect of a nuiber of crops — wheat, oats, alfalfa and sod
gs compared with bare or fallow soil through the fall and winter months.

4

inly the nitrates are determined in the analysis. The determinations

& e madd monthly.

LOSS OF NITRATES.
The leaching out and washing away of the nitrates as they are
fprmed in the s0il unless there is a crop growing on the land to take
them up, is perhaps the most destructive agent of soil fertility.

Ei has been determined that nitrification goes on very rapidly at 54 F.

E%aehing its maximum at 99 F. We see then that our soils in the South

1> almost continuously in a state in which nitrification cen take Place,






;nd therefore that the 10ss from leaching mist be very greate

The most extensive work on the loss of nitrates has been con~
mected by lLawesand Giéfert at the Rothamstead Experiment Station, in
inglande.

Lawes found by placing three gauges covering -zﬁﬁ,acre each
1t depths of 20, 40, and 60 inches respectively, and allowing no veg—
itation to grow thereon, and by msking analyses fyrom time to time that
the logs of nitrogen through the drainage gauges exceeded 40 pounds
Jer yeare. In addition to this he brings out three other points, viz:
1) That water passing these gauges ig much richer in nitrogen than the
rain which falls upon them. (3) That it is richer in nitrogen
juring the autumn than at any other season of the year. (3) That
Ehe'drainage in another field where a orop of wheat was in luxuriant

1l
yrowth contained no nitrogen at all.( )

(2)
| Deherian compares the results of 1893, which was a poor crop

rear, with those of 1894, a good orop year, as follows:

During the year of poor crops the percent of nitrogen was rmch

ighep than during  the year of good crops. The poverty of the water

f '94’13 attributed to the vigor of the plants grown, which by means of

heir mumerous roots completely assimilated the nitrates. The dimin-

shed smount of drainage water was attributed to the vigorous leaf

rowth, which returned to the atmosphere all of the water suprlied by

reecipitation, except during wet seasons. Abundant drsinasge was

ecured only during the winter, while during the summer no water passed
‘f in the drains.

(1) J. B. Lawe'!'s Essay on Loss of Nitrates.

(2) Exp. Sta. R., VOl.6 ‘e
’ «6 (Deheriam Compt. Rend. 120. (1895) No., 10)
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He caluulated that the wheat crop of '94 per hectgre (2.471
acres) crntained 91 kilograms (200,2 pounds) of nitrogen, and in '93
only 44.3 kilograms (97.24 pounds), but in '93 the soil lost 49.7
kilograms (190,14 pounds) of nitric nitrogen in the drainage water,
while in '94 the loss from this source was insignificant. The totel
amount of nitrogen removed from the goil in the go~d season of '94
was therefore 91 kilograms (200.2 Rdunds), as against 93.9 kilograms
(206,5pounds) in the poor season of '93.

Further experiments by Deherian confirm previous conclusions
that fallow soils locse much more nitrogen in drainage than those
covered with crops, and emphasize the importance of fall catch cropse

The following table gives the more important results obtained
by him with 20 vegetation boxes bearing various crops. (grapes, sugar

beets, wheat and oats)

Bare soil Loss per hectere Ratio of drainage to
rainfall,

193 —- 194 101.60 Kg. 4.5

194 — 195 79,80 Kg. 5.5

So0il bearing crovs

'93 33425 7.6

) 194 «20 135,0

Schlosong maintained that the results secured in these ex—
Periments were for the most part, for obvious reasons, mich in excess
o :
T the truth and that ememinations of water from strear's draining a given
(<]

&rea would furnish a much more accurate measure of the loss of nitrogen
by drainage.

He gives determinations of nitrogen in water from Siene
L ?

i o) .
Tne, Yonne and Oise, and estimates based on the results are given
"™iech 1 |
ndicate that each hectare (2.4 acres) of soil in the Seine basi
asin

|
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1oses 4.2 Kilograms (9.24 pounds) of nitric nitrogen if 1/6 of the rain-
£all escepes in the drainage, 6.44 Kilograms (14.16 pounds) if 1/4
escapes, and 8.48 Kilograms (18.65 pounds) ;t_l/s escapes. He con-
cludes that these regults do not warrant definite cunclusions, but they
nevertheless indicate that the loss from drainage water is not so
impor tant as has been supprosed.

Deherian's (l)work for five years with vegitation boxes
at Grigmon demonstrates that the 1088 of nitrates from a bare soil
is rmech greater than from one covered with a crop, and that this dis—
crepancy in not in every cagse accounted for by the amounts of nitrogen
used by the plants. Prom data obtained by experiments with wheat, it
is estimated that the amount of nitric nitrogen utilized by the crop and
rerovdd in the drainage water was only 94 Kilogrems (206.8 pounds),
while the amount of nitric nitrogen removed by the drainage water from
a check plot of bare woil was 200 Kilograms (440 pounds). This wide
disérepacy is partially  explained by the fact that during a portion
of the growing season the moisture was insufficient for the needs of

the growing crop and active nitrification in the s0il, In exper-

iments with corn during the growing season, in which the rainfall was
the

abundant, the amount of nitric nitrogen utilized by crop and found

in the drainage water was 197 Kilograms (431l.4 pounds), as compared

7ith 200 Kilograms (440 pounds), found in the drainage water of bare

3011, With veteh as the cover crop the loss was 7 Kilograms (15.4

Y
bounds) on covered soil against 28 Kilograms (61.6) on bare soil. The

ifference (21 Kilograms) added to the amount of nitrogen added to the

-——

(1)

Exp. Sta. Ree. Vol, 9
» 9« (Deherian, Ann. of Agronomy (1877) ¥o.g)

6.






soil by the vetches (82 Kilograms) supplied the covered soil with an
excess of nitrogen over the bare soil of 103 Kilograms, Or an amount
equal to that furnished by 40 tons of barnyard menure or 730 Kilograms

of nitrate of soda.

DEPTHS AT WHICH NITRIFICATION TAKES PLACE.
Hall(lgf the Rothamstead S$ation reports that practically all
of the nitrification going on in a comparatively close soil takes place
in the first nine inches, which gets stirred and aerateddy the action of

the plow. In the Rothamstead soils all samples to a depth of 3 feoet
l -
contained the nitypifying bagcteria, however. It will therefore be

realized that the most favorable conditions for nitrification are vhen
the goil is subjected to a bare sumuer fallow and is thoroughly worked.
But ii a wet  autumn and an early winter succeeds, the
nitrates are washed down into the subsoil out of reach of the crop, which
‘then shows a Very low return for the previous summer fallowe
A table shows the rapidity with which nitrification may take
place after harvest. The evidence goes to show that for three moriths
before the harvest o%?:heat crop the soil in which it is growing is
practically free from nitrates; but if heavy rains occur after the ground
has been plowed up after harvest, the condition becomes very favorable
to nitrification, because the soil is warm, well acrated, etc. There—
fore heavy autumn rains before the land 1s again occupied by a crop to

take up the available . nitrates, may easily cause serious loss to the

land, and some quick growing cover orop to take up the nitrates as they

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

Lnd the loss that wonld have occurred avoided.

——

(1) Hall on the Rothamstesd work.






There was little difference in the percolation and quantity
of nitrogen removed in the 40 and 60 1nch- gauges. The drainage from
the 60 inch gauge was more uniform in concentration throughout the year
owing to the amount of water retained by the deeper soil. The main
discharge also came a little later in the year in the 60 ibch gauge.
The concentration varied greatly for differsnt months, however, being
lowest in Pebruary when the temperature was still very low and the soll
had been thoroughly leached by the winter rains. The concentration
and loss of nitrates remained low until July when the temperature was
higher and the rainfall had been sufficknt to wash through the solil.
The concentration then made a considerable jump and contimied to rise
until in September when it reached its maximum. The maxirmm loss of
nitrates occurred as soon after this as the rainfall had become sufficient
to wash through the soils, which was in November. After this the con»
centretion and loss of nitrogen gradually diminished. These results
w7ere secured on a soll that had been kept fallow and bare where the
‘axlmum loss ocours. In experiments on plots growing wheat, the
drainage through the summer was very light owing to large quantities of

Wate; peing taken up by the growing plants. The loss of nitrates was

tOorrespondingly lower for the reson that they were consumed by the plants
Rt as soon as the wheat crop was removed and the rainfall became heavier,

?he analyses showed a nuch higher percent of loss on these plotss
3 - ® v

EFFECT OF MANURES ON THE LOSS OF NITRATES.,

Hall found that the nigrification took plage mch sooner after
:? a@bplication of manure especlally those containing armmonium salts.
;;en there was percolation the increase in nitrates began‘to show immedi-
felv after the application of mamire. Even in the autumn amonium

8.






+1ts were converted into nitrates in a very short time. He gives an
Lcample and a table wvhich shows that nitrification inoreased rapldly
for three weeks when the maximm was reached ghowing that most of the
hitrifying Drocess was fiﬁishod. in that time after the mamure had been
epplied. Another table is given showing the resulis for barren land
und for cropped land, and also of different systems of manmuring demon—

gtrating that the loss in dralnage was great®T” during the periods
during
after harvest than 4the period of crop growth, and on the barren solil

the loss was greatest when the temperature was highest and the rainfall

heaviestes

EFFECT OF THE SEASON OF THE YEAI§ ON NITRATE CONTENT.
)
Professor King, of the Wisoconsin Station reports the resulis
of experiments to determine the amount of nitrates in the soil at the

bezinning of and the end of winter. Samples of soll taken April 9th Jjust

. were compared

vhen the frost had thawed out of the s0il, with those taken November

29th of the previous fall when frosting begul. There were only four
nitrates

cases out of :36: determinations where there was a loss of during the

vinter months when the soil was frozen leaving 33 in which there was an

actual gain. There was & notable gain of nitrates, even in the fourth

foot of soil. The mean value is shown in the following table:

Ucan gain of nitrates in parts per million j1lst foot

gy oe 25,xdoggot 3rd £t 4%h £t

° . 5.13| .7885
" . ® . * pounds " aore 23,9 28.35 23.28 |3.64

g

The obscrvations thus indicate a total in the surface four

fset of 79.27 pounds. It 1is the opinion of Professor King "that there

are put two sources of nitrates whieh can hsve contributed to this

M

(1) Anmmsl Report Wisconsin Station 1901.

9.






bbserved increase in the soil. These are: lst, nitrification in the
ls0il, and 2nd, capillary movement of water upward swecping forward and
gringing nitrates from below the the four feet with 1it®.

It was shown that nitrification tekes place at a few degrees
above freezing, which proves that it was nogsible for the gain to have
He~-n caused by the nitrification. The author states, however, that
%he probability is that the major part of the gain is due to the
capillary movement of the water. During the winter mbntha when the
ground 1s grozen there is considerable enternal evaporation of soil
loisture just below the frost zone, the water condensing and freezing in
the soil above or escaying into the atmosphere. This loss of moisture
ty internal evaporation would tend to maintain a capillary movement up—
vard to make good this loss, and with it would come whatever salts the
vater might carry in solution. It appears that both sources of nitrate .«

Feforred to above were responsible for the gain.

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

bitrification in soils, and A muber of cylinders were filled with
8711 from the surfac® six inches, from 6 - 12 inches, and from 12 - 18
@mhes deep.

| »ghe 8011 was cultivated to certain depths, in some
Pilchea, !

’ &
in some left firm in some of the cylinders. The cylinders

'“Te placed in ventilated cases where the air current was kKept constant,

}e
¢ avaporation was maintained by the additions of water at the bottom
h‘the eylinders.

*lst,

frface 6 inches,

The author sives this swmary of the results:
The largest devalopment of nitrates occurred in the

and the least in the 8011 of the 3rd s inches,

——

(1)

RS e

Wisconsin Bulletin No., 92,

10.






This was to be expected bscause of the larger amount of total
nitrogen present but the emountsgf are not proportional to the total

amount of nitrogen in the three soils.

"2nd, there was less nitrates in the lowest zone of 16 to 20
inches of soil at the closé of the experiment than at the start. This
may be due to the denitrification in very wet soil or to the salls
having been swept upward by the capillary movement of water.

*z2rd, The larger amount of nitrate in the geone of soil 16
to 20 inches below the surface than was present at the beginning of the
experiment may be regarded as establ ishing the fact that the process of
nitrification can go on at this depth, and as the nitrates formed —»
were swept upwards by capilarity thus continually tending to reduce
the amount present, it aprears that the Process mist have been vigorous

at this level.

"4th, The increasing amounts of nitrates shown in the soil
as the surface is apnroached nust be due in part at least to capilliary

concentration but also quite likely to more rapid nitrification.’’

INPLUDENCE OF DIFFERENT CROPS ON THE NITROGEN CONTENT.
King found that the nitrates start in the spring and increase

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 August 1lst, when ¢rops are growing most vigorously. After this

date they remain nearly constant with a tendency to rige sligh
S 8p tember.

tly until
The amount of nitrates in the s0il under the clover and oat

Crop was much smaller than in the soil under corn and potato crops

Bl . «
i1t there was 33 rercent mor: nitric nitrogen developed in the soil

u -
bon whieh ciover hagd grown than corn, and 13 percent more than after

11,






rats during the same time but under like conditions. The virgin
s0ils which had grown corn contimously the same number of yvears that
g similar soil had grown clover contained at the beginning of the exper—
ment nearly three times as rmich nitrogen and ended with 17 percent
rore. Soll growing oats bsgun the exveriment with 2.6 times as mch
nitrogen and closed it with 13.8 percent more. Clover and alfalfa
Laem to hold the nitric nitrogen in the soil down to a lowef 1imit than
corn, oats and potatoes did, but when the crop was removed from the
ground nitrification went on faster in the clover and alfalfa soil.

It would seem from Professor King's results that & litile fer-
"i1ity is lost from the soil ¢ leaching during the months of an ordinary
"isconsin winter. The conditions with~ which he was dealing,
however, ars quite different from those of the workers mentioned above,
énd. also from those with which we are forced to contend in the South,.

Yhere the soil seldonm renains frozen more than a week at a time, and
there the rainfali is very abundant.

GRFEN MANURING.

Gresn manuring dates back more than 2000 years,

It was
Practiceqd by the Romans ang from that time until now has formed an
1y

drtant resource of the farmer. If we consult nature, we find that

1o practice dates hack even to the time when vVegetation first began

to grow, The plants are soil builderg.
by
" to protect lands from the washing of

“rential rains, fronm the burning, baking,
he sun, ang finally,

Ongj -

They are the agents employed
Nature to cover bare spots,

and sterilizing action of

to make the 8011 fertile, When the natiral

‘ns becnme sufficiently favorable to adnit of
N vegetation,
raSses.






“hay are the agents that serve %o puild up fertile beds of soil. They
sradually form turf and the rotting turf makes humms, which is,from an
agricultural standpoint, the most valusble constituent of the solile.
vhe soil that ocan stand contimmed cropping longest are those richesf in
nums. . Green manuring then, as is practiced by the farmer is a well
founded practice. It has many advantages. '
Humus, or organic matter, is undoubtedly the most important
factor in the fertility of the soil. It acts as an absorbant of
moisture. Soils rich in hums soesk up more water and hold it longer
than those poor in organic matter. It changes the physical condtion
ind. gives that firmness and tilth so characteristic of a rich soil.
It makes the soil less susceptible to abrupt changes of temperature by
ibsorbing and slowly radiating: heat. It tekes up nitrogen, phosphoric
acid, potash, lime, magnesia, sulphur, and other inorganiec plant foods,
and thus retards thé loss by leaching. Through the action of
himite forms of plant 1ife which 1ive in the soil the humuis is finally
attacksd and broken down, and the plant foods are gradually released in
¢ form in which they can be utiliged by the growing éé:planta.

The maintenance of the humus supply is therefore the most important

factor in the restoration of worn out soils.

SOME CROPS FOR GREEN MANURING.

Among the crops most extensively used for green mamiring in
YheCotton states are cowpeas, cloversg, mellilotus, veteh,

- v:lvet beans,
“gzar weeds, alfalfa, and rye.

A discussion of these is given below.
In the south where they grow in sueh profusion the leguminous
Plantg take first rank as soil restorers.

- In selecting a ecrop for
Tning under, however,

attention mugt be given as to its suitability

to th
® s80il, climate, and any bPecullar local condition that may exist.

13,






tor ingtance, we would not sow the warmth and 1ight loving cowpea in

L thickly shaded orchard, but would use for this purpose the velvet
bean or some one of the clovers. on soil containing excessive amount
of 1ime we would use the mellilotus, while On one wanting in lime ve
vould use the cowpea rather than alfalfa or clover. I n heavy clay
goils holding large quantities of water we would plant alsike clover,

and the vetches would do well for the sandy soile

COWPEA (Vigna Senesis)
Origin.
owing to 1ts ability to adapt itse¥f to all kings of soils,
end being an annual the cowpea takes by far the most important place as

& gresn manuring plant in the South. Its exact origin is unknown,

tut is supposed to have come from India or China where it is sald to be

indigenous. It hes been grown in the southern States for at least

one hundred and fity years. It was probably first introduced on

DPlantations in South Carolins. From this original introduction and

from subsequent irmortations 1ts cultivation has spread to almost every

- 1
farm and plantation in the southern states.( )

VARIETIES,
The socalled varieties of cowpeas are very numbrous. Nearly
E)
ery comrmnity has a pea with special characterics, bearing the name of

Lt ar
js originator. The varietles %riginated by selection and propaga-

v
tion
from sports. Thé soil, climate, time of planting, and iiethod

' cultivation

}n._g, are also factors that work in the change of form and
l Al
}(a)

Farmers Bulletin 102, U. S. Department of Agriculture.
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noaification of the plant. Experiments have shown that the clay Dea,
usually & heavy runner, may by contimied cultivation on sandy goils in
the more northern 1at%§ude, become a hunch bea.

Dr. Stubbs rTeports his exnerisnce with two varieties of
clay peas whose seed were - in every rcspect identiaal in appearance,
gide by side on the same ground and under the same mode of treatment,
and yet one would prove to be a prolific bunch and the other an imrmense
runner. One would early ripen its fruit, while the other hardly
nroduced late in the season enough seed to replace those SOWIle Seed
grown continuously in the warm moist climate of the South tend to pro-
auce large quantities of vine. . While if the same seed are cultivated
contimiously in the more northern latitude they tend to produce a heavy
fruiting variety. so, for our purpose in this work, we may confine
ourselves to the heavy vining varisties of the South which are the Clay,

Unknown, Black, Red, Red Ripper, and so On.

ADVANTAGES «
The chief factor that gives the cowpea its superlor value as

& green manure 1s, of course, its nower to asyimilate large quantities
@f nitrogen from the air and convert it into a form in which it can be

uged by the succedding crops. But there are other factors of almost

equal imvortance. We may sumarize them as follows:

The cowpea shades the soil in summer and keeps it in a con—
dition mogst favorable for nitrification and leaves it in a loase con-

dition of good tilth for the following season; It has a heavy root

d e .

evelopment and therefore pumps up large quantities of water from

1

arge areas and great depths and with this water the mineral constituents

t
hat are dissolved in it, storing them in the surface soil where the

) I‘a. B‘l L |






gole to adapt jtgelf to all kinds of s0ils and to a larg- extent to the
;ifferent climates. The hot southern sun secus to agree with 1%

ymile the other crops f£ail: 1its rapid growth enables the farmex to
jroiuce two orops in a single season; it serves as a cleaning crop by
¢hading out the noxius weeds and grassos; every crop grows well after it;
‘roving its value as a preparatory orop; it punps off the excess of
vater during the wet season of the year.

with all of these advantages, it 1s no wonder that the cowbea
Las carned for itself the title Ythe poor man's bank®.

An idea of its real vale as @& green manure and goil restorative
¢rop can perhaps be best shown by the results obtained from actual field
exvoriments as conducted by the vaiious exp:riments stations of the
(otton States. These experimants show itg adaptability to the varioug
toilspes well as the gain in crops due to its use.

The Arkansas Station l)found in a three years rotation with
'3a vines, cotton being the staple crop, the following results:

The plot which was pianted in cotton each year decreased in
yield during the thres years from 830 pounds of seed cotton the first
vsar t0 431 pounds the third year. While the plot that had the
Dsa vines increased in yileld to 1557 pounds the third year, showing a

difference of 1126 pounds of seed cotton in favor of the pea vines at

th
e end. of the trial. In a one year's trial at the Newport Sub-Station

th
e yiecld from the plot upon which the vines where trned under after the

[ M ;
as were picked off was 1409 pounds; that from Fjif#¥ the plot upon which

th were
‘e pea stubbles only turned under was 1291 pounds; an? that from the

)i
0t which received no treatment was 1008 pounds. This exverin:nt

tow )
8 a gain of 401 pounds in favor of the vines and 283 pounds in favor

N —

(l) Arkansas Bulletin No. 23. Experiment Station.,
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of the stubbles alone. with wheat as the staple erop they secured

the following results from the cowpea as compared with various kinds
(1)

of mineral nanure.

—

Plot NO. Fertilizer used Yield of wheat
1 No fertilizer 5 bu. 46 1bs.
2 No Fertilizer 5 bu.
3 10 loads horse manure 15 bu. 16 1lbs.
4 150 pounds acid phosphate 6 bu. 28 1bs.
5 150 pounds Kanit 6 bu, 91 lbs,
6 200 pounds Gypsum 7 bu, 53 1bs.
7 Peas turned under green October 10th 16 bu. 53 lbs,
8 Pea stubbles 10 bu.
9 . Mature yines:with pods on 18 bu.
10 Mature vines without pods 15 bu.
_‘}1 gﬁfaniéges with pods on turned under 14 bpu,

Arkansas Exp-riment Station Bulletin 29,
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This experimént teaches us that the plots treated with mineral
fortiliger ylelds much less than those treated with cowpeas. Stable
janure and cowpea vines are about egnal in value. The best results
are obtained from cowpeas 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 whwat on an average of 13,78 pughels per acre in 1821 and
15.6. per aore in 1892. The use of the cowpea also nearly doubled
the number of stalks per stool, increased the height of the plants nearly
nine inches and the length of the heads five-eights inches.

The Georgia Station (zgecured a yield of 1893 pounds of seed
cotton when the peas were picked and the vines turned under; a yleld
1849 pounds when the vines were mowed, left on the gronnd to dfy and
turned under later: and a yideld of 1700 pounds when the vines were
turned under green. These results are further substantiated by later
experiments which are reported in Bulletin No. 23.

The following table shows the gain due to the use of cowpea
vines and cowpea stupbles on cotton, corn, oats, wheat and sorghum as

3
Feterminqd by the Alabama Experiment station.( ‘

—

%1; North Carolina Station Bull

; etin No. 91.
(2 Georgla Station Bulletin No. 24, !
3) Alabema Station Bulletin 120.

8,






from the table that the stubbles al one seem to furnish sufficient

humas and plant food : for the needs of mzt most cerops.

The use of

vines falled in most cases to increase the yleld to any appreciable

8xtent over that of the stbbles alone.

rcsults of experiments to show what crops are most favorably affected

by the VvipBs or stubbles of cowpeas and velvet bams.

foldowing table will answer this question.

—

The data in the

Test crop Amt, per acre | in:rease| Percent per acr% increas;*-
vines stubbles; vines stubble
| ¢otton 696 1bs. | 83%
: .
Corn 3.6 bu, 1,6bu, 15 6
Oats 10.4 bu, 3.6 bu, 84 309
Wheat 5.9 Dbu, 8,7 bu, 190 280
Sorghum 2.1 tons 2, tons | 57 55
Tris bulletin reports very interesting results, Ve see

The game bulletin further gives

Test crop After legume vines After legume stubbles. 1

— No. of [4 J'value of| No, of] % value of
test increasel increas test [norocase increase.

gggton 4 63 $14.17 1 49 '$11,30

Corn 1 81 6,15 | 1 32 2,14

Oats 3 189 " 6.,80 2 334 11,24

¥Yheat 2 182 4,53 2 215 5,36

Sorghum 4 78 14,02 2 57 13,87
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The percent in inecrease atrributable to either the stubbles
or vines was greater with fall oats and wheat than with the cotton,
corn, or sorghum, showing that th:{gpwxuanted soonest after the
legumes had matured, that is, the crops that can be planted soonest
after the legume: is turned under or is 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 1s what we would expect,
nowever, as the stuBbles or vines that have to nemain in the ground over
winter and be subjected to the leaching and washing process would
be compdlled to loose at least a part of their WY¥f nitrogen, whereas
those immediately follwed by a cerop of growing plants would yileld up
their nitrogev@nc other:valuable elements to the plants as fast as they
become available. k would not be understoodfrom the above statement,
however, as advocating planting a cerop on the wine land as soon as the-
gﬁ?% turned under. Experiments at a number of the stations have
proven that it is best to let the vines decay to some extent before
planting the succeeding crop. The gases and acids generated by the
fermenting green vegetable matter is injurous to the seeds and young
plants, and the loose condition of the soil may effect the vield
Yhile the increase in growth was markedly greater with the dats and
vheat planted in the fall, the increse in money value was very much
higher in favor of cotton and sorghum, The money value 1s determined
by the supplyand demand, however, and does not enter into the discussidl
of fertility, The results obtained at the aln76ther station where
the cowpea: has been tried agfee with the above and it 1s neddless to
t#9nto further detail concerning thelr 8ffect on the yleld of crops.

Vs may now consier the question of how or why it produces these results.
The mmsmx answer may be looked for in a consideration of its chemical
20,






composition and in its physical effect on the soil.

The following comparison will give the composition of the

cowpea in the various states.

of peas per acre.

The table 1s givan for average yleld

{
Vines \ %%oots
\ |
Pounds | Pounds | Pounds Pounds Pounds Pougﬂs
State of of of of o
nitrogen phos potash nitroge phos potash
acid | acld
Alabama 115,.5# | 39%# 89# 7 75# ‘\ 7# 394
Arkansas 68 14 50 \
roots L |
Connecticut and 98 23 75 \
vines
Rhode Island 157 23 75 \
South Carolina 205 33 155
Bi
Mississippl (a) 76.8 |18.1 24.7 ‘3 15,9 4.4 10,1
—_ / ‘
Louisana 56 16, 92 } 8.5 4.5 110.0

(a) Note: The amouqitreported for the Mississippl stations are cal-

culated on the basis of 3000 pounds of vines per acre from the vercentages

given in bulletin No. 40,
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high
Ye see from the table that the cowpea analyses a verzﬁpercent of nitrogen

and potash, and also a large amount of phosphoric acid. The greater:
part of this nitrogen is assimilated from the 2i® by means of the tubercle
bacteria found in the nodules on the roots on soillow in nitrogen or
hums, The average amount of nitrogen for the above semen states is
about 110 pounds per acre. This at 15 cents per pound, which is the
mnarket value of nitrogen, would amount to $20.50 per acre for the nitrogen

alone, the potash and phosphoric acld cannot be figured in this way as
they are constituents of the soiland were accumulated directly therefrom,

The only oredit that we can assign the peas in regard to potash and
phosphoric acid is that they are brought to the surface and converted
into a soluble form, and can therefore be appropriated by the succeoed—-
ing crop; whereas they would otherwise have remained deep in the subsoil
out of reach of the ordinar& farm crops. We must not overlook the
very great influence that the cowpea exerts upon the soil in a
physical way, The large roots go decp down into the subsoil and
thus open up passages through which the water and air can pass giving
better drainage, The humus that is incorporated in the surface soil
serves thé same purpose in addition to furnishing the humic forms of
Plant food. It also loosens the soil and makes it fine and friable;
thus improving the tilth,

1NJURIOUS EFFECTS OF TURNING UNDER GREEN COWPEAS,
Some of the Stations, notable the Arkansas Station, (1)
have found that when large quantities of green vines are turned under
and, the crop planted thereon before the vines have time to decay,
njury to the plants are liable to occur, Seeds and young and newly

S ————

‘1) 14th Annual Report Arkansas Experiment Statiogm.






germinated plants are the ones injured most in this way. The injury
ig evidently due to the early products of fermentdtion, such as the
acids and gases eliminated 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 reach

bn advanced stage of decomposition before planting the succeeding crops.

TIME OF PLANTING AND TURNING UNDER COWPEAS FOR GREEN MANURE,

The time and manner of sowing cowpeas for green manure is
largely determined by the exegencies of the farmer and the price of seed.
As a general rule, however, the longer the growing season the larger is
the yield of vines. This fact would suggest planting the seed as soon
as possible after the danger of cold has passed, The general practice
is to put the seed in during the latter part of May and the first of
June after the early maturing crops such as wheat, oats, and early truck
trops have been removed. Peas planted at this season produce the
heaviest yleld of vines, but planting may be done as late as August
and good results secured.

The method of planting is usually governed by the price of
8éed and by the nature of the land., On the higher soils broadcasting
ls generally to be preferred. When planting 1s to be done in the
Stowing copn the seed are usually sown betwecn the rows of corn at the
time of the last cultivation,

The time of plowing under the vines is best determined by
the charagter of the soil upon which they are growing. If the soil
s a heavy stiff clay that needs to be loosened and made lighter, it is
68t to plow them under while they are yet green, as they are more
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effective in their aerating and mellowing action, If the soil 1is sandy
and already too light, green vines should never be truned under, but
should be left on the surface until.decayed. The mellowing action

is thus reduced to a certain extent. In a case of this kind, it has
been found a very good practice to graze the vines. Most of the
fertilizing material removed 1s returned in the droppings from the
animals, and the soil is made firmer and more compact by the tramping

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

to turn under when about mature, and follow with some small grain crop
such as oats, vetoch, wheat, or rye; these to be turned under before

planting the next season's crop.

(CLOVERS. )
All of the true clovers belong to the genus trifolium, referring
to the leaf with three leoaflets. The varieties discussed here are
all annuals except red clover, which i1s a perennial,

(1)
CRIMSON OLOVER (Trifolium In Carnatum)

‘This plant is variously ocalled orimson clover, scarlet
clover, German clover, Italian clo&er, and sometimes long headed clover,
It 18 closely related to the Red clover, and resembles the plant very
mch, except that it is an annual, It has a very strong root system
that deeply penetrates the goll, and therefore, like the cowpea, brings
up large quantities of water and mineral plant food to be deposited in
the surface soil, 1It, as are all the true clovers,is a legume and
issimllates the greater portion of its nitrogen from the ai®, by means

;f_the nitrogen assimlating bacteria found in the root nodules.
) '
Farmers” Bull, 147, U. S. Dept. Agr., 1902,
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It thrives best on warm, loose, sandy solls, and does not do well on
the heavy class of solls,

In Delaware it has bean used quite extensively as mamre, and
gean t0 be superior to the red clover. In fact where it succeeds well,
the Staiions have generally recommended it ahead of red clover. This
plant has been grown successfully and on rather an extensive scale in
Delaware, Virginia, the Carolinas, Tennessee, Georgia and Alabama,

Its advantages are chiefly four.(l)

(1) *It is a good"catch" orop and when a failure'of red cloveroccurs it
may be sown upon the same land and sO preserve the regular rotation,”
(2) "After the clover has been cut in early May, the same land msy be
plowed under and planted in corn."

(3) *it makes an excellent past ure during the fall months after. the
other green crops have dried up®.

(4) "As a orop for grecn mamuring it ranks high, It 1s turned under
in the spring as it makes its growth during the fall and winter months.
In this it differs from all other crops for green mamuring". The
above statements were made by Dr, Killebrew, grass expert of the
Tennessee Station, and of course he was speaking only for Tennessee con-
iltions. The plant is not so highly recomnmended further south where
the other clovers, cowpeas and vetches do so well. Professor Dodson‘g
of the Louisana Station, states that it is to be preferred to red clover
vhere 1t can be successfully grown. |

The time ofplanting is in August and September, and it is
Teady to be turned under in the early sprihg.

(1) Killebrew on Grasses and Forage Plants, Tenn, Bal., 3, 3 & 4.
(2) La. Bul. 3nd Series, No. 72.

25,






Red Clover (Trifolium Pratense)
This plant has beesn in cultivation verhaps longer than any
of our leguminuos plants, having been grown for senturies.lt succeeds
best in the temperate climates being a very important crop in the central
and eastern part of the United States. In the Gulf States 1t has not

been so extensively  grown, but succeeds well yifg¥g on the strong clay
and black prairie soils of these States. It may be grown as fa® north
as Minnesota(lgnd succeeds well throughout Nebraska and has proven
valuable in the Dakotas.

Throughout the United States as a whole red clover 1s perhaps
used more extensively for green manuring than any other plant. Where

1t can be grown successfully this plant is undoubtedly the best for main-
taining the fertility of the soll that is alrcady comparatively rich,(Z)
but requires rich, well drained, desp soil that is not too sandy. It
succeeds admirably on thg:ggack prairie solls of Mississippi and

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

rather than the butlding up of the worn out soils.

In the gouththe success with this crop has been quite variable.
It succeeds well in some sections while in others it 1s a complete
failure, with the cowpeas, velvet beans and vetches as rivals its
future, save in limited areas, is rather doubtful, The followi?g)

data concerning its root system collected by the Minnesota Station

w111l gerve to give a good idea of i1ts value as a soll renevater.
They found that the amount of roots and the depths to which they penetrate

Yaried greatly, depending upon the character of the land. In a

—

(1) Parmers Bul. No. 16, U. S. Dept. Agr., 1894,
(2) Miss.Station Bul., No. 20,

(3) Parmers Bu. No. 16, U. S. Dept. Ags.
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favorable soil a plant one month old had a root extending seven inches
into the ground; at two months old 1t had reached a depth of two
feet, at five months old its length was five feet eight inches,
From this we can imagine the amount of mineral plant food that 1is
brought to the surface, and the beneflclal effect that 1s producéd upon
the physical condition of the soil upoh which red clover 1is grown,
In the south the best tine for planting is in the fal 1l as goon as
possible after the first of September, 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 sufficient growth to become well established
before cold weather, On good soil the c¢lover should be ready to turn
under by the latter part of April, However, the usual practice is to
cut it for hay about the middle of May when it shouldyield about 2 or
2 1/2 tons of hay, then cut again for hay in July when the yield is muich
lighter., Afterthis it begins to fail and is generally plowed under
in the fall,

We soe from the above that to secure the maximum results
from redVOIOVer, we must give up the land to it for at least one year.
Whereas with the other crops mentioned above as its rivals we need not

niss growing the regular staple crop for a single season,

Japan Clover (Lespidaza striata)
This plant should be accorded a very important pkgce in the
ranks of leguminous soll restorative crops of the Gulf States. It i
was introduced into this country from Japan about 1830 and is now thoroghy
ly naturalized over the whole country south of the Ohio River, It grows

on all solls but reaches its maximum growth on the good loams containing

?ii Farmers Bul. No. 102 U, S. Dept. Agr.
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a fair amount of lime. I have seen it thriving abundantly on the
nold fields" in Mississippl that had been turned over to the mercles

of the "old field?'pines, (Pimus Taeda)  And again I have seen 1t
thriving equally or more abundansly on the rich black prairie and stiff
and loose clay loams of the same State. on the worn out and
abandoned cotton farms it vies with the rold field" pine as to which
shall be the first to render them aid, It generally wins the contest
at first but is eventually forced to yleld possession to the vigorous
and shading pines.

The plants are small, having, when crowded long slender stems
vith small leaves. on good.soil they grow to be two feet high, If
the plants are thinly set on the soll they take on more of a bushy
shape and produce a good crop of seed. on real poor soil they some-
times spread out and remain near the ground. The seeds are not often
planted. They seem to be well distributed everywhere, This is
one of its most important values, Vhen the land 1s left idle it takes
rosession of its own accord, and saves the expense of buying seed.

It catches well though when planted. The land needs only to be
scorified with a cut-a-way to insure a stand, Lespedeza makes 1its
growth during the summer months, It comes out rSther late in the
soring, dies down in the fall, It endures heat and drouth without
Injury.

The seed should be planted in early spring and when used for
freem manmuring the plant could then be turned under searly enough in the
fall to be followed by oats and vetch or other winter crops. Ve could
In this manner grow two crops for turning under in one year. As in-

lcated above, however, the plant is used mostly for hringing up the

'0ld field" lands that have been turned out. In this way 1t genecrally
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nas to serve the double purpose of pasturing and renovating., For land
that is to lay idle, we, perhaps, have no plant equal to it, but
vhere the land is needed for cultivation the heavier growing clovers,

cowpeas, and velvet beans should be used.

Sweet Clover. (Mellilotus Alba)

Mellilotus bears a close resemblance to alfalfa, but 1s
larger and coarser and is especlally adapted to soilsoontaining very
large quantities of lime, It is therefore most valuable on the yellow
loan ans white lime solls. Profeser Tracy(l)formerly of the Missilssippl
Station,said; "As a restorative crop for yellow loam and white lime
soilas this pplant has no superior, and for the black prairie soils it
has no equal, Most of the black pratrie soils are still very rich in
plant food and during the early part of the season cotton makes a rank
growth on them and promises a heavy orop; but with the August and Septem-
ber drouths the bolls drop from the stalks and the crop 1s far less than
expected from the rank growth of the stalk, The use of the ordinary
commercial fertilizer seems to have very little effect on such soils,
and the trouble with them appears to be in their riechanical condition,
rather than in want of plant food. Draining with tile has worked well
where we have tried it, but this is too expensive to be generally
adapted and we have found the growiwg of an accasional crop of
lellilotus to accomplish fully as good results", Professor Tracy
might well have added that i1t will thrive on and produce a soil on the
bare rotten limestone outcrgps. The writer observed it growing
luxuriantly on the lime rock exposed in railroad cuts and on the sides
of hills from which all of the soil had been washed away. When once

Start?q on a soll it will maintain 1itself indefinitely if left alone,
(15 Miss, Bull, No, 20,
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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 soill a crop
of hay can be saved inlthe fall, and two or three cuttings saved the
next year. The plants should then be allowed to mature seed, to
re~-secd themselves as the roots dle out in the third year. If the
hay 1s not desired, it may be pastured through the winter and spring
months to good advantage, but of course the land is restored faster
by allowing the stalks to mature each year. Cultivétion is not
practiced after the plants have once started. The writer is of the
opinion that its work is most effectually accomplished when the stalks
arc allowed ot mature and rot on the sufface. It would be a rather
difficult task to plow under the plants effectually after they had reach-
ed a height of 4 or 5 feet, which 1s not an unusual height for them to
attain, | The roots:are also very large and extend deep inot the
subsoil, It is the decay of these roots and the forming of drainage
pores that constitutes one of the most important sources of value of
the mellilotus plant,

Truly speaking then, we can hardly consider mellilotus as
a grecn manuring crop, but it is a very important soil renovating and
building plant, and therefore as such deserves a place in this paper.
It deserves unrestricted recommendation for all of the calcareaus
solls of the South where renovation or organic matter is needed to
improve the physical conditions. The best time for planting is in
the spring, and for plowing under iﬁ the fall,
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Miscellaneous clovers.
In addition to the erimson, red, and Japan clovers #e have a

number of other varieties that may be classed under the head of mig-
cellaneous clovers., They are short lived and generally unreliablee.

The writer has observed the Burr clover making a vigorous growth on the
campus of the Mississippl Agricultural and Mechanical College where the
soll is a rich black prairie, It ;omes out in January or February
and dies down in early spring. Alsike clover does not do well in the
south, though it is highly recomrended in some sectlions of the United
States as a crop for wet soils, on which it is sald to grow well,
Neither burr, alsike, nor white clover, which 1s perhaps next tc burr
clover in importance in this class, are able to compete-with the other
and more vigorous plants that can bs made to occupy the land at the
same segson of the vear that these would, and therefore cannot be
recomnended. However, they all belong the the Leguminous family and
share in common with the other clovers the ability to send theilr root
deep into the soll and to assimllate the free nitrogen imta of the alr,
and where they grow the soil is improved to some extent. It would

be a poor practice to use them in the place of red clover, vetch, otc.
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» Vetch (Vicia Villosa)
Hairf/;etch ig an anmial legume, and therefore requires re-
Jeeding each year unless allowed to reseed itself, This, it will
ﬁeadily do 1f not grazed or cut too close in the spring. The pods
fhen maturo, open with some forece and throw the seeds to some distance.
3y this means the plants are well and evenly distributed. Vetch

stems or vines grow very long and slender and are unable to support

themselves. It jg5 therefore generally planted with oats or rye to

support 1t in order that the mower can do its work, This practice 1s

to be recommended when the vines are to be used for hay It is not
}eoessary when grown for mamire. The vines when grown alone form a

ense mat several inches deep over the surface, This servew to choak

it any weeds that may appear, and at the same time forms a deep milch
thereby producing a mellowing effesct upon the sod. Vetch 1s of European
rigin, and was introduced into the country by the Department of Agricul-
turo, It did not assume any very great importance aq:field orop;’

tntil about 1890, Since that time 1t has been the subject of exper-

Ehmnts in most of the States of the Union, as well as in Canada, It
ts now sucoeasrully ocultivated over a very large area of country,
ﬁlthe north vetsh is grown as a summer orop. In the south, however,
#s greatest value is as a winter oroﬁ; Vetoh 1s probably the
)zt valuable plant for that season grown. The vetoh has a quadruple
‘lue serveing equally well for hay, winter cover oiop, pasture, or
f‘novation,
Like almost all other plants, vetch makes its best growth on
'rich and somewhat moist soil, It will, however, make an exscellent

!
Owth on soils that are dry and sandy in character, butI%%t of course
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sake an abundant growth on poor clay soil or those composed largely of
gand out of ,which the hurms and other plant food elements have been
exhausted. ¥hen it is desired to establish the vetoch on soils of that
character, it is best to apply a liberal application of fertilizer.

Yhen once started the vetch will take care of itself, if the vines

are allowed to decay on the surface or are plowed under., On many of

the soils in the cotton states artificial inoculation 1s necessary to
obtain the maximum results in the shortest time. Experiments -
havd shown that the vetoh will 1noculate itself the second year, when
grown on the same 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,

Director J. F. Duggar of the Alabama Experiment Station has
conducted the most elaborate experiment (2)w1th the veteh that have
come under my observation, I will quote his revort of these experiments
He says: "The superiority of legumes over other plants for green manmir-
ing has already been referred to." In the south the cowpea 1s the
standard for green manmure, or soll improvement, Halry vetch secsms the
equal of the cowpea and has the advantage of growing in the winter thus
Preventing leaching of fertilizing material, and displacing no summer
erop:: ",

* In an experiment which will be detalled in another bulletin
corn was planted in May and in June, 1898, am& on adjacent plots where
4 fow days before had been plowed 1n, on different plots, either the
Stubbles of hairy vetch, the entire growth of veteh, stubbles of rye,

0r the entire growth of nearly mature rye plants,. The yleld of corn

%gilags wa% ?t &g%aﬁ 50 ggrcent and in some instances 100 peracent
"
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greater on the plots where vetch or'vetch stubbdes had becn vlowed in
than on plots where rye had been sown,

*The same plots, uniformally fertilized were again planted
in corn in the syring of 1899, ‘The present appearanc@ of the crop

(Augugst 1899) indicates the superiority as fortilizers of vetch

stubbles or vines is still maintalned."

*St111 more strikingly has a corop of silage corn planted a
few days after plowing in vetch or vétch stubble, s own the great value
of hairy vetoh as a fertilizer or green manure, these causing nearly
the quadrupling or the trabvling of the yield on an adjoining plot,"

* In both of these experiments here onlu briefly alluded to

the entire vetch plant was compared with the roots and stubbles as a
fertilizer with corn, the yield of grain was scareely different, whether
the entire vetch plant or only the stubble has been plowed 1in. With
Mo silage corn, the yleld was 2 3/4 tons less than on the plot where
‘he vetch, vines,stubbles and roots had been plowed in. This

uperior yleld of silage corn resulting from the plowing in of the entire
Towth of veteh was more than the offset by 3600 pounds of hay per acre
btained from the vetch-stubble plot",

"The data given in the following table was collected to
stermine the stage of grewth where hairy vetch is most valuable as

een manure,
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Analyses of vines and roots and stubbles of hairy vetch

harvested on different dates,

—8
T
l
Yaterial analyzed Date and stage when cut Fertilizipgg material
| Percent |Percent Percent
{ nitrogen| phos. | potash
' acid
P205 K2 0
Tops; hairyvetch April 19, just before bloom 3.75 i .81 3.18
Tops " " April 36,5% bloom showing | 3.03 .78 2.14
Tops, . " May 2, full bloom 2.75 .79 2.21
Tops, " » May 9, seed pods formed; ‘ 3.99 74 3,68
not filled 1
Roots & stubbles | April 19, just before bloom ‘ 3. 36 | .49 | 1,33
h. V.
Roots & stubbles April 26, 5% of bloom showigt 2.03 | .48 .88
—_ h, v,
I
Roots & stubbles May 2, full bloom 1.97 .48 .88
—~—— h. VQ
Roots alone May 9, seed pods formed 2.19 43 .96
Stubbles, leaves, | May 9, seed pods formed 2,07 42 '1.14
blooms
Rye tops Dough stage, May 7,1898 .52
Rye, roots and May 7, 1898, dough stage. «35
Stubbles

It should be noted that the tops of hairy vetch plants are

about six times as rich in nitrogen as the corresponding portion of

lsarly mature rye
81x times

plant, and that the roots and stubbles are also about

as rich in ni
trogegraa thoge of vvanw






The practical points are more clearly brought out in the
following table which shows the mumber of pounds of nitrogen, phosphoric

acid, and potash contained in tlle vetch crop on one acre.

Air 4ary Pounds of| Pounds og Pounds of
material | nitrogen | phos. acid., | potash
Date when cut

April 19, vines L 3117 117.0 25,2 70,0
April 19, roots & stubblesf850 20,0 4,2 10,5
April 19, Total 3967 137.0 29.4 80,5
April 26, vines 3705 112,.3 28,9 79.3
April 26, roots and 870 17.7 4.3 7.7
stubbles
April 237, Toxal 4575 130,0 33.1 87.0
Yay 2, vines 5789 159.,2 | 45.6 127.9
iay 2, roots and 1054 30.8 5.1 9.2
stubbles
day 2, Total , 6843 18070 50,7 137.1
fay 9, vines 5463 173.3 40.4 156,.4
ﬁay 9, roots alone 346 7.0 1.5 3.4
lay 9, stubbles and 1061 32,0 4.5 1l
fallen material ' 3.1
lay 9, Total 6870 202,.8 46,4 171.9

—— e

The total amount of air dry vines, roots and stubbles increased
! firgt slowly, and later rapldly up to the time of full bloom, after
Tich there was no increase. The maximum amount of air dry material
48 nearly 3 1/2 gons, This was on stiff, reddish upland loam thorough-

7 supplied with root  nodule bacteria through the artificial inoculation
¥ the preceeding crop of hairy vetch",
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*The amount of phosphoric acid 6£ta1ned its maximum at the

time of full bloom, while the quantity of potash apvropriated increased
rapidly as the plant grew older." The same is true of the nitrogen.,

There is then, as much nitrogen, when at its magé?%? in a
whic
crop of vetch as there is in 1 1/2 tons of cottonseed meal,is worth

at the time of this writing about $32,00 per ton. calculating on
the 1 1/2 ton basis we find that a crop of vetch contains $32.00

worth of nitrogen. Not all of this however, can be credited to the

vetch as a part - an indeterminate part of the nitrogen came from the
soil, It 1s believed by the writer that at least 3/4 of 1t comes from

the air, The amount taken from the alr depends upon the richness of

the soll, but for comparison let us assume that only one-half came from
the air, We still have a value of $16.00 due directly to the vetches
ability to assimilate nitorgen from the air, The ialue to the physical
sondition of the soil and of the phosphoric acid and potash made availe
able by 1ts use further greatly enriches the value of the vetch as a

green mamuring plant,

The analyses show that 1/56 of the nitrogen is in the . .
ruofystubbles, fallen leaves, etc., and that 4/§k3n the vines. The
table shows about the same proportion for the phosphoic acid and potash.
These figures makes the necessity of plowing under the whole crop
apparent when the question of fertility alone is being considered.

Director Duggar surmarizes the teaching of his experiment
thusly: (1)"That hairy vetch when stocked with an abundance of Troot
lodules, is able to accumilate exceedinly large quantities of nitrogen
‘rom the air; (3) That when the entire growth is to be turned in as a
ireen manure, the plowing should be postponed as late in the life of the
"lant as practicable. (3) That the greater portion of the fertilizing

‘aterial is in the vines or tops, although the Troots and stubbles often

‘Ntains sufficlent Aitrogen for th
- ERE e
| "3y T10082ding orop_s






A number of the other experiment stations are equally as
strong in thelr recommendations of vetch as green manure as 1s the

ilabama Station,

TIME OF SOWING VETCH SEED,

September is the best month for sowing vetch seed in the
otton States. In the southern portion of these states and along
he Gulf Coast the seed may be sown as late as October 15th. The
Titer had some sown on the first day of January 1905 in east central
1lssissippi. The seed germinated immediately and made an excellent
rop, The vetch of this planting was in full bloom abd ready for
uttinﬁoﬁay about the first of June, Sowing may be done in August, if
he land is in some other crop that requires cultivation this late in
he year, If the seed are sown when this plowing is done the extra
abor of re-plowing the = land is saved. There is considerable risk
f drought though in planting in August. Broadly speaking,plantiné
1y be recommended from the middle of August until Christmas, from
sotember 1gt to October 15th of this period being preferable. Plant-
g may be done also in the latter part of January, and the first of
sbruary with spring oats., Fall planting, however, is to be rec-
Tended 1n all cases wheee 1t is possible. The vetch than serves
& double purpose of a winter cover crop and a spring green mamuring
0D,

The seed should always be sown broadcast. The preparation of

‘¢ land should be about the same as that required for oats. The seed
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oroadcasted at the rate of about 30 quarts per acre, and harrowed in

ik any ordinary tooth or disc harrow, If the land is very 1light,
sandy and poor 1t is a good practice to apply a liberal dressing of
nineral fertilizers, and be sure that the soil contains the vetch

nodiile: forming bacteria in sufficient numbers to insure enough bacteria
to assimilate a sufficient quantity of nitrogen from the atmosphsere,

This ability to assimilate the free nitrogen of the air and converg it
into a form in which the plants can make use of 1t, constitutes one of

the most important sources of value of the vetch plant,

TIME OF TURNING UNDER,

Vetoh should not bs turned under before it reaches the stage
of full bloomn, We have seen from the tables glven above that it con-
talns 1ts maximum amount of fertilizing constituents at this stage.

In addition to this enough seed have matured by this time to re-seed the
land for the next winter,  Plowing in at this time will give plenty

f time to goow a good crop of late cotton, corn, or silage, or batter
3111 a crop of cowpeas for turning under or pasturing in the fali.

% JMg following vetch with cowpeas we are enabled to Jgy#¥ grow two

‘over and three green manuring crops with the loss of the use of the

land for the regular staple crop for only one year. The above may
ibpear to be a broad statement, but it is true. The vetch the first

fason furnishes winter cover and green manure for the first season, the
‘owpeas for the summcr and fall, The vetch re—seéds itself and
Scupies the land through the second winter and furnishes a orop of
‘Toen manure to be turned under in time to be followed by any of the
taple orops,

It would seem to appear that all of theevidence g0 to support
gd substantiate Professor Duggar's conclusion ' "that hairy vetch seems

be the equal of the cowpea,
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THR VELVET BEAN. (Mucuna Utilis)

The velvet bean sesms to have been grown in Florlda as a
irellis plant to shade the porches from the hot sun for a number of
vears- perhaps twenty-five. A farmer was the first to realize its
value as a general crop plant and accordingly called attention of the
Plorida Experiment Station to 1t. This was in 1895, The Florida
station began experimenting with it in 1896, Since that time the
velvet bean has been tried at most of the Gulf State Experiment
Stations., The experiments have proven it to be fully equal, if not
the superior, of the cowpea. As yet there has not been produced
1 variety that will mature seed further nofth than the latitude passing
&hrough about the central portion of the Gulf States, Mississippi,
ﬁlabama, Louisana, etc. From the writer's experience with the plant
it the Plorida Station he is&ﬂﬁoroughly of the opinion that by carcful
selection of seed it will be an easy matter to produce a strain that will
ature seed as far north as Tennessee, etc. In fact, he secured seed
lmere'from a first year's selection that the plants from which blossomed
ln the latter part of July or the first of August, whereas the plants
‘Pom the ordinary seed did not bloom until nearly a month later. The
llant thrives well as far north as Alabama and Mississippl but does mot
roduce seed.,

The great merit of the velvet bean, the one in which it out~-
lstances all competition, is the encrmous amount of vine that it 1s able
0 produce. This, coupled with 1ts abllity to assimilate large
lantitlies of nitrogen from the air makes the bean in every respect the
ual or superior of the south's standard legume- the cowpea- Its
‘lof disadvantage in comparison with the othor legumes 1s, as referred
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to above, its inability to produce seed in the sh?rt seasons.

this purpose at least eight months is required.

For

Some very interesting experiments have been conducted at the

(1) (3) (3)
Florida, Alabama, and Loulsana

of nitrogen and hums produced by the velvet bean.

Stations to ascertain the amount

In these investi-

gations the vines and roots were collected and weighed and analyzed

separately.

States. It is not surprising, .

The weights and analyses vary greatly for the three

however, as the condition of temper-

ature, rainfall, and soil must have varied equally as much as do the

products of the plants.

These results are tabulated below,

Amount of humus afiorded by the velvet bean in Florida, Ala, and La,

[ Fla.[ Ala, La., |
L58. Lbs. LbSQ
Velight of green material from an acre 1132 14040 22919
Yelght of dried material from an acre 5953 8240 7495
Veight of dried roots from an acre 690 1258 191
Yeight of nitrogen in dry vines from an acre 13156 | 18870 { 17Q13
¥eight of nitrogen in dried roots 9.7 12.18 2.9
Veight of nitrogen in entire plant 141.26| 201.28| 173.0

(1) F1a. Bul, No. 60,
(2) Ala. Bul. No. 104.
(3) La, Bul, No. 55.
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Director Duggar of the Alabama Statlon reporis some striking
examples of the fertilizing effects of velvet beans on sorghum, cotton,
corn and oats.(l) vith sorghum after soré%ﬁ'the yield of clover hay
vas 3.65 tons; sorghum after velvet bean stubbles 5.80; sorghum after
velvet bean vines 6.76 tons. The increase due to use of the entire
plant was 3.1l tons, or nearly double that of sorghum following sorghum,
The inerease due to the use of cowpea stubbles and cowpea Vines in the
same experiment was 2.01 and 2.09 tons respectively for stubbles and
vines. ¥ith cotton after cotton the yleld was 837 pounds; with
cotton after cowpsas 1533 pounds ﬁy and with cotton after velvet beans
1373 pounds of seed cottion per acre. This shows a gain of 696 pounds
of seed cotton per acre after cowpeas, and 546 pounds after velvet
beans, Reducing these tw percentage cowpeas make a galn of 83
percent and velvet beans a gain of 64 percent, This indicates that
it is surely more valuable to the farmer to grow a bale of cotton per
acre on his land every sesiond year than it is to produce about half a
"al@ per acre yearly, If the above results would hold good for
Svery year, considering the increase in yleld of cotton, the improved
fertility and physical conditions of the soil, and the reduction of
‘08t of labor, the farmers of AlaBama could well afford to change their
ethod of farming to a rotation of cotton and cowpeas or velvet beans.

{ erop of veteh and oats could be grown during the winter season of

‘ach year which would still further enhance the value of the land and

the proceeds of the farmer. The gain in yleld of corn where phosphate

a8 used 1in connection with the velvet beans as fertilizer, was corn after

hosphate alone 13,58 bushels, velvet bean stubble and phosphate 17.93

Eﬁﬁels, velves 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 acre, The percentage increase
due to the bean stubbles was 32 percent (4.35 bushels) that due to the
vines was 81 percent. (12,32 bushels) The increase atiributable to
100 pounds of acid phosphate was 4.42 bushels per acre. The yield of
oats was 8.4 bushels per acre after non-leguminous plants, 28.6 bushels
per acre after velvet bean vines, 38.7 bushels per acre after velvet
bean stupbles, 238.8 bushels per acre after cowpea vines, and 34.4
bushels per acre after cowpea stubbles,

Professor Duggar things that this is ah extreme and not an
average case, 4ga1n of from 10 to 15 bushels of oats per acre due to
the use of the peas and beans would perhaps be more nearly an average
increase. However, these results prove conclusively that the value

of beamsas a fertilizer is very great.

TIME OF PLANTING,
The beans should be planted just as soon as danger from frost
is past. The long growing season required to mature the seed make
this early planting absolutely necessary, unless it be for the extreme

southern portion of Florida where the temperature is much that growth

nter,
w11l continue well into the Wi

The best methogtilanting is 1n rows about 5 or 6 feet apart
on good soil, On the poorer soils 3 to 5 feet apart. The seed should
b dropped 12 - 18 inches apart 1 - 2 in a place. Some prefer to
Sow them broadcast, but in rows is genorally conceded to be the better
nethod, as the plants may then be cultivated while young to keep down
the grass and weeds. The plants also thrive better when given plenty

of gpace. The time for plowing under is about the same as for
the cowpea.






BEGGAR VWEEDS(Desmodium tartwosun)

In some sections 6f the South, - Fiorida particularly, the
reggar weed has become very popular in recent years. It is a legume
indmakes a vigorous growth on sandy soils, On sandy soil the plants
srow to a height of 5 or 6 feet. If allowed to mature they become hard
ihd woody. So much so that thelr value as manure or hay is decreased.
fowever, if 1t 1s ploéﬁ'under at the proper stage of its growth there
is no apvarent reason why it should not prove a very important green
ramuring plant,

It has received more attention from the farmers of Florida than
those of any other State. They use it quite extensively for cover
‘rops in the orange groves as well as for hay and green manure on the
truck farms., The seed should be planted broadocast on well Prepared
501l in May or June. Some sow dn the corn at the time of the last

mltivation, The orop is then ready for hay or turning under by
‘he middle of september,

RYE,
0f the non-legumindus green mamuring plants rye stands first.
t 18 a sure and excelimt mamurisl orop for sandy solls, and is preferable
0 clover as 1t will grow on soils too poor for clover. It ig too

hallow rooted and otherwise defeftive to bear a comparison with clover,

"Wpeas, velvet beans, vetch, eta,, ‘however, where these plants will

‘4w, and some one of them may be grown on any soil that will produce

good erop of rye. Clover is about the only cne of the above named

lants that ean not compete with the rye on poor soil,
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Rye intended for manure 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 NON-LEGUMINOUS CROPS.
There are a number of the grasses that thrive luxuriantly
‘during the sunmer months in the South that might be profitably used as

green manures, Among these may be mentioned Berrmda grass, Carpet
grass,

Crab grass,s_z’ugugﬁ_n@ grass, etc., etc. But as none of these
are able to utilize the atmospheric nitrogen dnd all of them make

their growth during the summer months, and where they will grow well

there is a legume that will also &Tow well, it would seem cest to
sonsider them under the discussion of sunmer cover crops. It 1is not

the best practice to use grass for green manure when it 1s possible

to grow a legume for the same purpose.

COVER -~ CROPS,
By the term "cover crops" is comuonly understood a crop used

to £111 a gap, whether caused by the fallure of one of the regular crops

of the farm or one coming between the main cerops. It is a crop which

‘ecupies a field which, in the more common farm practice would remain

‘are or uhproductive., It is often an emergency crop, that is, a crop

lot planned for, but introduced to supprly a want which is a consequence

f acecident or unforseen conditions. A rigid regard for the teachings

T farm economy would make a cover-crop, save those sometimes introduced

Nier the spur of unforseen contingincies, as regular members of our

Otations as any of the crops of the farm. A proper regard for the value

t catoh erops is a positive necessity in the:ﬁ;m climate of the south,
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especlally on the cotton = farms that have been subjected to the

clocan culture demanded by that plant.

BENEFITS TO BE DERIVED FROM COVER CROPS,

Cover crops prevent the particles of soil f£ram being brown from
blace to place by the wind, They prevents washing; they add large
uantities of hums; they mulech the soll and protect it from the burning
ind sterilizing rays of the sun; they send their roo{te?%io the soil,
thus improving its physical condition; and finally they take up the
nlant food element as they becpome available and prevents them from be-
ing leached and washed away. The loss from leaching is perhaps the
nost damaging to the soil of any of the above named actions which catch-
erops tend to counteract. Boussingsailt found that in a soil contain-
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
tlacing three gauges covering 7%35 acre each, at depths of 20, 40,
amd 60 inches, and allowing no vegetation to grow thereon, that a loss
of nitrogen excesding 40 pounds passed through the drains yearly. He
ilso found(l)that the water passing through these gauges was mmch richer
In nitrogen than the rain which fell upon them, (2)that the drainage
ls richer in nitrogen in the autumn than at any other sceason of the year,
ind (3) that the drainage in another field where a crop of wheat was
n luxurious growth, contained no nitrogen at all, The facts brought
wt in these statements should prove to us conclusively the necessity
of growing cover-crops, and particularly those that are able to grow

‘irough the fall and winter months.
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SELECTION OF COVER-CROPS,

A cover-crop, in so far as may be possible, should combine
the following characteristics; cheap se¢g, ablillity to thrive when sown
broadcast, rapid growth, freedom from qualities either in root or
seed, which will cause it to become a troublesome wesd, a decsp vigorous
system, the ability to take a part of its nitrogen drom the air,
hardiness in winter, ability to stand frost and grow at a low temper-
ature, and value as a green manure,

The importance of these characteristics are in most cases
perhaps evident; but concerning some of them a word in explanation
mgy be desirable. |

The ability to thrive when sown broadcast is very important,
as this is the quickest method of planting, and in most cases the
farmer has little time to devote to the production of cover-crops at
the season of planting. By this system further, the land is more
completedly covered, and the roots more evenly disseminated through the
801l to take up the valuable plant food, Cover-crops ars not
generally/cultivated,and thick sowing tends to keep down the weeds, etc.

The time coming between or after the main orops is usually
short., Therefore, the cover-crop should be able to make a rapld
growth in order to do its work more thoroughly, The rapid growth
keeps down weeds.

A deep and vigorous root system enables the ocrop to gather
an abundance of food, the desp roots open up pores through the subsoil
and improves the physical condition,

An important objest of the cover-crop should he to improve

the soil, Those crops which can assimilate atmospheric nitrogen

Iserva this purpose most efeotuallylv Other erops return to the soil






only what nitrogen they gather from it; and the soil cannot be enriched
in this element by their growth, That the culture of almost any
eroy may be made toB:i: extent a soil improver is quite true; but only
oy the culture of leguminous plants can the store of nitrogen in the
soll be increased.

Cotton and corn as grown in the South occupy the land from
fareh to Novermber, Therefore the season for a cover-crop 1ls short,
Hionce the necessity of a rapid grower.,

The ability to stand frost 1s 1n a great many cases a highly
important characteristie of the cover-crop. The scarcity of labor
often renders it impossible to get the cotton orop harvested until
late autumn, The time before the probable frost is shortened. In a

ase of this kind only such orops as will continue to grow in spite of
the frost will prove of much value. Purther, it is in late fall

hen the soluable nitrogen compounds are most suseeptible to being
ashed out of the soll by heavy rains unless the soil is filled with
‘seding rootlets of growing plants. Oonly orops which resist frost

‘an prevent loss.

Clean culture demanded by the cotton plant tends to rapidly
‘educe the humis conbent of the soil, It is a good practice,

herefore, to turn the cover-crops under in spring before planting the
egular crop.

The crops that came nearest fulfilling the abov@ mentioned
haracteristis: are: vetch, the clovers, oats, rye and rape. Of these

¢tch and oats sown together take by far the leading rank, This is

lown by reports from the farmers. out of thirty-two reports from

tominent farmers of Mississippl in answer to a question addressed
em, nine recommend the use of oats and vetch sown together, seven
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recomiended oats alone, The experiment@ stations are unanimous in

their recommendation of oats and vetch, The clovers are also of mch
value as a COVer-Ccrors. Rye is perhaps the most vigorous of any of
the arops named above unless it be rape. It is the writer's opinion

that rye would prove superior to oats for sowing with vetch, Professor
the

Bennett, og‘Arkansas Stations states that rye ripens about two weeks

shead of vetch and is therefore not well fitted foaéombining with it,

He found wheat to be superior to either rye or oats for sowing with

vetch, Oats are used more extensively on account of thelr value as
af?gg animals. In this respect they are superior to rye. Rape

nakes a luxuriant growth through the winter months and is a splendld

pagsture plant for sheep and swine, It: merits a more extended

recognition,

Trhe above crops ard used almost exclusively for winter months.
for tht summer months the cowpea 1s preeminently the leader and 1s

1sed more than all other crops combined. The long growing season

tequired by the velvet bean renders it worthless as a catch-crop, except

lor orchards and orange groves. Beggar weeds are very valuable for

‘*vering the sandy soils of Florida after the truck crops are taken off

In the spring,.

this
0f the grasses used for ikm purpose Bermuda grassis perhaps the

gt effective. It forms a dense sod and a thick cover, The difficulty

T ridding the land of 1t when once well sodded is the greatest drawback

0 Bermuda grass. The dense sod is very effective as a so0ill binder

4 prevents washing. Bermuda 1s used quite extensively on the

‘rraces, levees, etec., for this purpose. Crab grass, carpet grass

d st, Augustine grass are also vary sffective cover grasses, They all

'ssess the ability to form heavy root systems and thereby prevent washing
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DISPOSITION OF COVER-CROPS,

Whoere the land is in need of hums the best possible
disposition of the cover-cro%?to convert it into manure by plowing
under when mature., Cover-grops, however, are quite often used for
hay or for green feed or pasture. If the excrement of the animals
is saved and returned to the soil as manure'very little of the plant
food elements is lost, and where the soil is well suppiied with humus
and feed 1s scarce, the cover-crop may be very profitably used as feed
for animais, But when the enrichment of the soll is the point to

be attanied, it 1s perhaps always best to turn under the plants for

green manure,
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CHAPTER 11,
EXPERIMENTAL INVESTIGATIONS,

In the preparation of this thesis it was deemed advisable
tosuplement the historical data with that octainied by experimental
research, Consequently it was decided to make monthly determinations
of the nitrogen in the soils of the experimental plots of the Station
farm, Eight of these plots were selected. The samples were taken
on the fifth of each month beginning with November 1906 and ending
May 5% 1907, The samples were taken from a composite of three
borings forty inches deep; the first eight inches of surface soll con-
stituting the first, the next sixteen inches of subsoil the second,
and the next sixteen inches of subsoil the third eample. Plot No, 1
has been in asture for a number of years and has a very good sod of
bluegrass and timothy on 1it, The place of sampling was in a valley
a few feet from a ditech through which the water has been runnihg most
of the sdason. The soil is of alluvial origin, but of fine material,
not typrical of allubium deposits, and is rather low in the plant food
clements.

Plot No. 2 1is on qﬁavel portion of the field, Cowpeas were
the ecrops grown on it in 1904 and 1905, and corn in 1906, The soil

Vas bare during the experiment, but was plowed a few days before the
April samples were taken. There was a considerable inecrease in the
Nitrgte content for April and May due, possibly in part, to the plowing.
Plot No. 3 18 located on the south slope of the field and has
%sen in alfalfa for the last three years. The alfalfa made only a
"8dium growth up to March, after which except for a part of April it was

al
‘ory vigorous. The nitric content 1s much lower after Marsh., This

'8 quite possib
3u Possibly due to the increase d demand of the plants for food
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to support of the rapid growth,
Plot No. 4 is also on the south slope of the field and has

grown wheat and cowpeas for the last slx years. There was a good crop
of what @n the soil during the experiment.

Plot No. 5 is onthe northest slope of the fileld, It grew
scorn for three years previous to 1906, when it grew cowpeas. The soil

was bare during the experiment, 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 May, apparently due in part to the plowing,

Plot No., 6 is in the edge of a driveway through the field.,
It bears a heavy sod of bluegrass and timothy.

Plot No, 7 18 on the level near 6. It grew wheat for a
number of years previous to the experiment, but was sown to oats in the
fall of 1906, The oais made a very good start = during the fall,
but were ﬁilled by the cold in winter and the plot may be considered
as bare during the test,

Plot No. 8 is near 6 and 7. It has been in wheat for the
past three seasons. A heavy dressing of manure was applied in the
fall of 1906 just before the whoat was planted. The wheat made a
Very vigorous growth, ;DThe soll in the experimental field is a
fairly good quality of silt loam, rolling sufficiently to give good
drainage, but no washing takes place. Thé surface soll averages
elght or ten inches in depth, Below this is a clay silt subsoil,
Very waxy and quite impervious to moisture which would indicate that it

is resistant to the leaching process.
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METHOD OF MAKING THE DETERMINATIONS.

The samples were taken with an auger. Dried in an oven as
quickly as possible and then ground in a mortar and thoroughly mixed.
The sample for the determira tion was then taken from the composites
The chemo-Colorimetric method used in the exémination of water for
sanitary and technical purposes was followed. Prepare the soil
solution by taking 50 grams of the cdmposite,placing it in a clean linen
bag and pour over it in a mortar 200 cc of a one percent solution of
formaldehyde made up of 2344 cc. of distilled water 5.36 cc of a
saturated solution of potaséium alum erystals and 0.64 :¢c of commercial
Tormalin, knead the soil for two and one-half minutes, at the same
time constanpl§ turning the bag in the mortar, Ring the bag out as dry
as possibde, pour the solution into a glass jar and set away to clear,
"hiech requires about twelve hours, When clear draw th# solution off
into another glass jar, Treat this clear solution with about two grams
of G, E1f carbon black and let stand from twenty to thirty minutes.

Then filter. This gives a perfectly clear solutlon, Measure 25 cc

of this clear solution into a clean porcelain evaporating : . dish by
neans of a pipette and evgaportate to dryness over a steam bath, When
iry add one cc of phenol-disulphonic acid prepared after the method in
i8e by the Bureau of Soils (take three grams of pure erystalized phengl,
ind 37 grams (2Q1 cc) of pureconcentrated sulphuric acid, mixed togathér
nd heat for six hours at # X¥gg¥ 100 degrees C. by‘settingtgelbosely
*0rked bottle in boiling water) and work thoroughly over the surface
"lth a stirring rod until the residue has dissolved. After ten |
Zninutes, including the time of working, add about 20 ce of distilled

"ater and neutralize with ammonium hydroxide, using litmus paper as an

ing i ‘
cator, This produces a yellowigh tint, the intensity of
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7hieh dspends upon the amount of nitrates present, from which the
colorimetric

reading is made. Rinse the colored solution into the gebrketris test
tube and make upto some convenient amount, say 50 cc. Compare thils
with a standard Kno3 solution made by d&issolving 0,1631 grams of pure,
dry pota:sium nitrate, that has been heated just about to the fusing
point, in distilled water and making up to one liter. Of this stronger
solution take 100 cc and make 1t up to one liter, This constitutes
the standard nitrate solution and contains 0,01 millograms of NO3 in each
CCe . Ten cc of this 1s evaporated and treated the same as in the
method described above for the aoil solution, and is imade up to 100 cc,
having a strngth of one part of nitrates per million, The amount of
nitrates in the soll solution can easily be calulated from the readings
of the colorimeter.

Should the color produced by the soil solution prove too
intense to match with the standard, an aliquot may be taken and made up

to some convenient amount and the readings be made from this.

CHANGES IN THE NITRATE CONTENT OF THE VARIOUS
PLOTS DURINGNTHE EXPERIMENT,

A reference to the table and charts shows that there was a
very marked fm ikm falling off in the nitrate present in all plots
December 5th as compared with November 5th, This loss i1s due to one
or more of three causes, The soil had been well cultivated during the
‘ropping season and large quantitles of nitrates were formed during the
¥arm period after the cultivation had ceased. When the November rains
tame these nitrates were either washed deeper into the soll, changed into
lngoluble forms by the process of denitrification or taken up by the

T
g 0W1ng Dlants. It is pOSSIble that den\i‘t‘l’i_fication was the
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Table showing the number of parts of nitrates per wmillion

xarts of soil during the months of the experiment for the various plots.

f0. crop Month
Pis. NG\ -
ia Sod per million|Nov,|Dec,.|Jan,|Feb, |Mar, | Apr, | May |Average
la__Sod w e wlo.84]/0.70/0.40{0.30/0.80[0.68/1,00 0.645
b m w n w]|o.80'0,90/0.28]|0,50|0.80/0.60]1,64 0,782
e " » w« »|0,40/0,40/0,28/0.50/0,80]/0.88{1,20 0,637
Ja__Bare, after cord * * * |1.82 0.46|0.88/0,70/1.80|2.80 3,80 1,751
M. " w | » » wl0,40{0.70]0,80/0.901.20]1.00! 2,20 1.028
% m " w | w » nl0,50!/0,40|0.40|0,50]{1,20/1,00|1.80 0,828
’a__ Alfalfa » w» w |1 40/0.60[1.20/0.50[2.20[/1,40/1,00 1,185
5b " w » »11,50/0.,50/0,60{0,90[1,20{1,00/1,40 1,014
50 2 « v w|1.100.40]0.52| 0.60|1.00]1.00| 0,80 0,775
42 Yheat m w w|1,50 0,80]0,60|0,40|1.00|1,40]0.80 0.342
D - m ® »0,70/0.60/0.72{0.80/1,00{1,20!1,00 0,860
‘e " » w» »|0160]0.80|0.32|0.50]0.80|1,00|1.60| 0,802
Bare after '

A___cowpeas m w w|2.230/0,70|0.80|0.90|{3.00|3.60 3.80| 2,157
D w » " m w w»11,00/0,80[1.12/0.80[2.80 1.80!2.20 1,502
L. »w » *]1,40/0.54|/0,48/0.80/0.80[1,20!2,00[1,031
a__sod » » wl2.290/0,78/0,72/0,90|3.00 1L4o‘1.oo 1,428
B » w w» w1.50/1,00/0.,80[1.,50]/1.60[1,80|1,40|1.557
2w » w w11,40/0,48/0,40[/0.80]1,20/1,00{1,60[1,135
a__oats » = » 11.82(1,00/1,00(1.20/2.,00,3.28|3,80 2¢014i
. » % w]1,10{0,50[/0.80]/1,00/1,80[1,00/2,40/1,228
T » % »16.,90[0,50[/0,40[0,10/1,00[1,00|1,80|0,957
2__¥heat » » w|1.90]0.60|1.52|1,00]|1,20|0,68]1.80 0,957
b » . . 2,00(0,50|0,60{1.20]2,00[0.60|2.30|1,157
. w w % 11,00[0.60[0.28[0.,70]0.72]0.60|1,00/0.700
lote the numbers foldowed by (a) represent the first 8 inches of,surface






soil, those by (b) the first 16 inches of subsoil, anf'®9°(c) the

gecond 16 inches of subsoil,
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dominating facbr in the loss, as the crops were not far enough advanced
to consume the large quantities lost, and the rainfall (2,93 inches) was
insufficientto wash through the soil after the long drouth that ﬁad

prececded these rains, However, that the tendency of the nitrates

ras to wash downward is shown by the increase in almost every plot, in
the first sixteen inches of subsoil. The loss was smaller and more

uniform during December and January on account of the low temperature and

neavy rainfall, The table below shows that the temperature was low

snough during these months to stop the formation of nitrates almost
sntirely, while the rainfall was sufficient to wash through the soil the

sreater portion of what was formed.

TABLE SHOWING MAXIMUM, MINIMUM AND MEAN TEMPERATURE AND
PREGIPOPATION FROM OCTOBER 1906 TO MAY 1907,

fonth Maximm Minimum Mean ‘Total precipitati;;r
Jstober 66,50 44,2 54.4 0.40
lovember 48,6 31.9 40,2 2.93
lscember 42,5 27.8 35.2 1.60 ’
i {
‘anuary 42, 25.3 33.6 5.65
— I
‘sbruary 42,1 22.9 32.5 .57
areh 61.8 41.9 51.6 2.99
ril 57.6 37.1 47 .4 3.85
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That the formation of the nitrates was retarded and that they were
leached out of the soil is further shown by the large increase in the
MYarch determinations. The latter part of February and the first days
of March were very warm and nitrates were rapidly formed. The .57 inch
of rainfall for the period was not sufficisnt to leach them out and,
ence the high content for this determination, The same 1is still
further brought out by the results of the April 5th determination., The
2.99 inches of rain that fell, coming after the low precipitation of the
previous month,did not leach through the soil in sufficient quantity

to counteract the effest of the high mean termperature of 51.60 on the
formation of the nitrates, and hence agaln we have an even more marked

inecrease, except in those plots where the growing plants utilized them

as they were formed.

INPLUENCE OF DEPTH ON THE NITRATE CONTENT OF THE SOIL,
Considering an average for all of the plots, we find, as was
‘rought out in the historical discussion of this subject, that the

freatest amount of nitrates is formed in the surface soil and that it

lecreases as the depth increases. The average for sBZ the surface 8

nches for all of the plots is ems 1,372 parts per million; for the
irgt 16 inches of subsoil it is 1.153 parts per million; and for the

‘scond 16 inches of subsoil 1t is 0.857 parts per million, This shows

‘hat nitrates are formed to a depth of 40 inches. But a glance at the

able or charts will show that the variation is much greater in the

Wrface soill than in the subsoil, It seems then to be an established

e that the nitrate content of a soil decreases as the depth inoreases,

4 that the variability of the content in any stratum of goil increases

3
the surface is approached. This, however,

1s what we would naturally
beat,

The surface soil 1ig warmer, better aerated, and the con-
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conditions for nitrification are more favorable, whereas the reverse

is true as we go deeper into the soil,

THE EFFECT OF GROWING CROPS ON THE NITRATE CONTENT.
there were not plants
It is unfortunate that a larger number of varieties of ygrowing
from which to study this phase of the subject. However, as willl be seen
from the tables the plots with crops growing upon them retained their
nitrogen much better than did those that were bare, This is shown by
a comparison of the total amount of nitrates found in plot No.5, which
had previously grown cowpeas and left bare afterwards, with that found
in plot 8 which received a heavy application of stable manure and was
sown to wheat. The total for plot 5 in November was 5,60 parts, and for
December 2.04 parts - a loss of 3,56 parts. VWnhile for plot 8 growing
rheat the total for November was'2.90 parts and for December 1.60 parts
or a loss of 1,30 parts, Thus we have a loss from the bare plot of
.56 parts against that of 1,30 parts from the plot growing wheat, A com-
tariosn of the same plots for the last three months of the experiment
‘rihgs out even more strongly the value of a cover-crop. The total
iitrates for plot 5 on March 5th was 6.60 parts per million, while for
o, 8 there was only 2,92, a difference of 3.68 parts more in No., 5
‘han in No. 8 that 1s capable of being washed out should safficient
‘aln fall, The large difference in the amount of nitrates in the plots

't this time may be partially due to the decaying pea roots in No, 5.

In April when the wheat had grown larger and and required more

itrogen, the difference inoreased to 4.38 parts. During April, which

%8 a very cold month, and when practically no growth was made by the

"eat, the difference was reduced to 3 parts, but the total nitrate con-

‘eng of both plots was inere b
as ein 8 rt
ed g parts in No, 5 and 5 parts in No.
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When it comes to the relative value of the different crops
for holding or utilizing the nitrates, our results wodld seem to
indicate that wheat hardly umeasures up in value to that of a heavy
gsod of timothy and bluegrass, or to alfalfa, Comparing plot No., 4
which is bearing an average orop of wheat with plot No, 6 bearing a
heavy sod, we find that for November plot No. 4 has a total 2.80 parts,
and for December 1,80 parts, or a differensce of one part, while plots
6 in November had 5 parts and in December 2,26 parts, or a difference of
3.74 parts. VWe have then the séd using 2.74, while the wheat uses
1,00 part. The alfalfa shows a like difference between November and
December of 2,50 parts, indicating that, it used 3.50 while the wheat
used only one part., The differences in favor of the sod and alfalfa
may be due, however, to the difference in age. We must remember that
the wheat at this time was very young, while the sod had been set for
a number of years and the alfalfa had grown for three seasons, It seems
quite possible that these older plants would use more nitrogen than the
young wheat, just beginning its growth, But a comparison of the same
plots for March and April when all of the plants were making a véry
vigorous growth, shows ,80 parts more nitrates in the wheat plot in
April than in March, while in the sod there were 2.40 parts, and in the
alfalfa 1,00 part less in April than in March. This again indicates
that the sod and alfalfa uses more nitrogen than the wheat. It may be
argued that these differences are due to leaching, but a reference to
the table given above shows that the presipitation for the months from
vhigh the comparison are drawn was insufficient to leach the soil,
Notwithstanding this difference in favor of the other plants so far as

these investigations go, wheat will ®ami" remain the most important

"inter cover-crop for this section, due to its being a regular farm
erop.
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SUMMARY OF EXPERIMENTAL INVESTIGATIONS,.

The points brought out in this investigation may be summarized
as follows:

h There was a marked change or loss of nitrates from the
time of the first determination, November 5th to that of liarch 5th,

2. The most marked change during this period occurred
between November 5th and December 5th,

3. There was a very marked incréase during February shown
by the detcrminationsmade March 5th,

4, The bare plot s show a relatively higher nisrate content
on March 5th than did those bearing crops.

The determinations for April 5th shows an actual decrease
from those of lMarch 5th for the plots bearing crops while those that
were bare shows a considerable increase, proving thai?E}owing vrlants
utilizqu large portion of nitrates that were formed.

The plots bearing crops, especlally plot Nd.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 cold
month,

The changes were greater in the first 8 inches of surface
soll, second greatest in the first 16 inches of subsoil, and least in
the second 16 inches of subsoil,

The determinations tend to indicate that sod and alfalfa
utiligzeimore nitrogen than d4id the wheat.

| Wheat, however, will always remain a very important winter
cover-crop owing to its ability to take up large quantities of nitrates,

and being a regular winter farm orop
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SUMMARY OF REPORTS FROM FARMERS OF MISSISSIPPI;

Further south the conditions, as indicated by xka data
obtained from practical farmers of Mississippl, are somewhat different
from those of Missouri, There, from a practical standpoint, oats
gown alone ~or combined with vetch stand first for winter crops. Fifty-
nine letters were addressed to practical farmers of Mlsslssippl with
questions concerning their experience with various crops,- cowpeas,
vetch, velvet beans, clovers, alfalfa, oats and rye, - for green manure
and cover-crops. Thirty-three sent returns with the following results:

Eighteen recommended cowpeas for green manure; two clover,
gix vetch; one rye; five velvet bmsans, and eight no experience.

Thirteen recommended oats for cover or pasture during the winter and
the

to be cut for hay in,spring; eight vetch and oats sown together for

winter cover and hay in the spring; five rye for cover, to be plowed

under in the spring; and one reeom:ended mellilotus for cover during
the winter., Although oats are used more extensively for winter cover,

there is no doubt in the mind of the writer bgt that a combination of
oats and vetch 1s the best cover crop possible for the south., By

using the winter turf oats they ripen at the same time as the vetch

and can therefore be used for hay or for manure, preferably hay. With
those having had experience, it was the unamimous opinionthat the cowpea
ls the best crop for restoring the fertility of worn soils, and also

for hay,. Velvet beans have not been extensively tried, but are

ighly prized by those who have used them, One farmer thought they
"ere worth at least 25 percent more than the cowpea as a soil builder,
‘hey will very probably closely rival the cowpea when a quicker matur-

ng variety 1s produced.
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CHAPTER 111
GENERAL CONCLUSIONS.,
The facts brought out in the discussion may be summarized
as follows:

(1) That nitrates are capable of'being washed out of the soil
by heavy rains.

(2) That they are washed out of solls not frozen unless there
1s growing on the soll a crop to take them up as they are formed.

(3) That the loss from leaching is greatest in a warm climate,
and least in a cold climate,

(4) That the soils in the cotton states hdave suffered seriously
from washing and leaching,

(5) That this loss to the southern soils may be stopped and
the farms restored to their former degree of fertility by the
Judicious use of green manures and cover cCrops,

(6) That the best crops for this purpose are those able to
assimilate nitrogen from the air,

(7) That of this oclass of plants the cowpea is the standard in
the South, and is closely followed by vetch, velvet beans, the clovers,
etc,

(8) That of the nonleguminous plants best adapted for this
purpose oats and rye stand first,

(9) That cowpeas, velvet beans, vetch, clovers, ete., should
not be turned under before they are mature except in special cases.

(10) That these speclal cases are those in which the soil has
a tendency to pack or run togother,

(11) That on solls of this nature the green vines have a tendency

to loosen them up and improve the physical condition,
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(12) That green vines should never be plowed under on loose
sandy soils, and that sometimes on solls Bf this nature 1t 1s best
not to plow 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 crops is in
September or October but they may be planted earlier or later than
this time.

(15) That for Missourl conditions bluegrass and timothy sod
and alfalfa are good retainers of nitrates, so far as these investi-
gations show, but from an economic standpoint wheat is the most
valuable crop for this purpose.

(16) That the farmers of Mississippl have mixhax found either
vetech and oats sown alone or combined to be the best cover crop to
come between the regular staple crops. gaWwd&w
(17) That the majority of the Mississippi, recormend the cowpeas

as the best green manuring crop for summuer use,
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