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Introduction.

That legumes produce a beneficisgl effeet on the soil and

the succeeding erops was observed by the ancients, and is still be-

ing more fully demonstrated in the work of rebuilding soils which
have been depleted by the exhaustive types of farming which were
practiced by our forefathers, and are still being practiced by the
more ignorant class of farmers. In this work it has been proven,
beyond a doubt, that as a green manure crop the legumes improve the
soil from a chemical, physical, and bacteriblogical standpoint and
also increase the amount of available plant food in the soil.

3411l another benefit, apparently due to the presence of
the legume, was noted by the ancients. They observed that when a

mixed crop consisting of & legume and & non-legume was grown, the

non-legume had & richer, greener appearance and attained a larger
growth than when grown slone. However, the reason for this improve-
ment in the appearance and increase in the yield of the non-legume

. was never satisfactorily settled and is at present, a more or less

debatable question.

E Wnile it has been the practice among farmers for gener-
;fﬁﬁﬁions to grow & mixture, consisting of & legume and a non-legume,
-

for hay because the legume would improve the soil and, at the same

gy
i
B -

'ﬁég&ime, increase the palatability of the hay; if we could prove the

‘_|:

.~ theory advanced by many students of the problem, that in their &asso-

‘1:eiated growth the legume &ncreases the protein content and the yield

_Jﬂd_the non-legume materially the planting of these mixtures would re-

ive a greatl impetus and mixtures heretofore regarded &s unprofitable

';E*wd.probably prove to be very profitable.

4 In an attempt to throw some light on these questions of

ﬁ?ii'*' a 3 llowin roblem was outlined
ﬁhagﬁgt.agronomic importance the fo g 7P

o




and carried out.
Problem.

The problem is: A study of the effects produced, in
the field, when legumes and non-legumes are grown togcether in the

same plat.

The erops grown together were corn and soy beans,

and sorghum and cow peas. These crops were grown in the same plat

eand in different plats and the weights of dry matter grown compared.
To analyze samples from each of these plats for their

nitrogen content and study the effeat of the legume on the nitrogen

content of the non-legume.

P Lyon and Bizzell(l) report an increased yield in hay

when oats and peas were sown in a mixture over the yield of oats

alone. However, in both the mixed plats and plats of aats alone

the same amount of oat seed and in the mixed plats an

In the mixed plats the greatest

they used

additional bushel of peas per acree.

j;,increase in yield of hay per acre, obtained in their experiment, was

one thousand pounds; and if the yield of 4ry matter in proportion

JE.yo the seed sown 1is eonsxdered there is, according 0 the data

'iTgiven no proof that the 1ncrease of dry matter grown on the mixed

as due to the associated legume.

;.:__,?i'lats w
= results and conclusions as stated

Phese Bxperiments,

L }n the following pages, econfirm those obtained by Lipman.

Lipman also conducted a series of experiments in

‘fflazed and unglazed pots which tended toO show that nitrogen com=
iéﬂunds passed oub of the roots of legumes and were diffused througn

 s0il and used by the gssociated non-legune.
Lyon and Bizzell also ran & number of experiments,

which these are practically duplicates, and in every case found
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the per cent. of protein of the non-legume to be increased when
associated with a legume. They assumed that this increase was
due to the legume inereasing the supply of available nitrogen

in the soil, during the growth of the plant.

In order to prove that the legume did influence the
supply of available nitrogen in the soil they ran an experiment
to test the rate of nitrification of ammonium sulphate in alfalfa

s0il and in timothy soil, and found that the rate of nitrification

j-:‘a"_:"~ﬁ_.vvwets greater in the alfalfa soil.

Field W ork.

Phe field work consisted of growing the legume &nd the

:“wn-legume in separate plats and 1in the same plat and determining

Eéths weight of dry matter grown on each plat.

Qiy, FPor this purpose & piece of land as nearly uniform as

auld be obtained was well plowed on April 14, 1914,
y until June 26, 1914, when the plats were

and harrowed

disced intermittentl

d off and seeded.

The plats were one- -fortieth acre in size, with & two

23$‘aisle between each plat, and run in duplicate, using only one-

i

1f the original amount of seed of each crop on the mixed plats as

?{vaed on the plats not mixed.

The plats were also duplicated and fertilized with the

ing mixture:
200 # dried blood per acre.

500 # 16% acid phosphate per acre.

100 # muriate of potash per acre.

One half of the plats, poth fertilized and anfertilized,

V‘cu'stea before maturity and the other half was harvested at

| averaae samples of each plat were segured at the time
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time of harvesting for a determination of the nitrogen content of
the plants grown on each plat.

The s0il on which these plats were 1o§ated had never grown
legumes and in order to prevent any discrepancy in the data, due to
2aek of inoculation, the cow peas and the soy beans were well inocul-
ated, before seeding, with the artificial cultures sent out by the

;, United States Department of Agriculture.

The following table gives the amount of seed used in each

Corn, 1# per plat.
Soy Beans, 2% " "
Cow Peas, 2% " "

Sorghum, i =  °
The plats which were to be narvested before maturity

were mowed on August'31 and after being well cured were weighed.

The corn and bean plats to be harvested were cul on

;;ptember %1 and the sorghum and cow peas plats were cut on October

;and after curing were weighed.
The land on which the plats were located was exceedingly

jvr in fertility and hunmus content as the small yields will indicate

éﬂ too, the grOW1n2 gseason was & very unfavorable one, being al-
st & contimmal &rought.

Phe following tables will give the amounts of dry matter

own on each plat:



Table #1

Barly cut plats of Beans and Corn.

- Unfertilized.

No. Plat}' Crop

Yield in pounds.

Corn, (alone)
Corn & beans
3eans, (alone)
Corn, (alone)
Corn & beans

Beans, (alone)

25
23
21
27
25

15%

1
2
3
: 4
5

Table #2.

Late cut plats of Beans and Corn. - Unfertilized.

s
o

No. Plat Crop. Yield in Pounds.
Corn, (alone) 52
Corn & beans 16 (washed)
Beans, (alone) 18
Corn, (alone) 50
Corn & beans 28
Beans, (alone) 24
Table #3.
Barly cut plats of Beans & Corn. Fertilized.

Crop.

Yield in Pounds.

Corn, (&lone)
Corn & beans

Beans, (&alone)
Corn, (alone)
Corn & beans
Beans, (alone)

91
56

24
101

57
18

(washed badly)
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Table #4.

. ) . il

Late cut plats Beans and Corn. Fertilized.

i__Ho. Plat Crop Yield in Pounds.
1 Corn, (alone) 130
2 Corn & beans 97
s 3 Beans, (alone) 54
ko4 Corn, (alone) ' 70
5 Corn & beans 62
RE6 Beans, (alone) . 27
Tsble #5.

Early cut plats Sorghum & Peas. - Unfertilized.

), Flat Crop Yield in Pounds.

Sorghum, (alone) 27

Sorghﬁm & peas 24

Peas, (alone) 19

Sorghum, (alone) ; T

Sorghum & Peas 8

Peas, (alone) T
Table #6.

Darly cut plats Sorghum & Peas, Fertilized.

Crop Yield in Pounds.
Sorghum, (alone) 45 (washed)
Sorghum & peas 50
Peas, (alone) 9
Sorghum (alone) 104
Sorghum & Peas 62

Peas, Jalone) - 20




rable #7.

Late Cut Plats Sorghum & Feas. - Unfertilized.

~ No. Plat Crop Yield in Pounds.
Sorghum, (alone) 33
Sorghum & Pes&s 30
Peas, (alone) 12
= Sorghum, (alone) 15
$erghum & Peas 13
Peas, (alone) 9
Table #8.

Late Cut Plats Borghum & Peas. - Fertilized.

F?Plat Crop Yield in Pounds.
Sorghum, (alone) 50 (washed)
Sorghﬁm & Peas 62
Peas, (alone) 25
Sorghym, (alone) 65
Sorghum & Peas 59
Peas, (alone) 32

'-h' ; ¥
BLN

[ :As wes noted in the tables, several of the plats were washed,

bl

'ﬁ%é extent, by summer rains thus throwing off the results when
;;ﬁd with the duplicates.

ji;From the preceding tables the following observations were
;ii) in both experiments in the early harvested plats and in
;f%é harvested at maturity, fertilized and unfertilized, the
:?ﬁeld of dry matter grown on the mixed plats was less than the

?Eild of dry matser gpown on the non-legume plats and greater

T

:{‘ﬁotal yield of dry matter grown on the legume plats, except



.

. where the plats were damaged by washing.

?if (2) In no plat, fertilized or unfertilized, was the
' yield of dry matter grown on the non-legume plats twice as great

.]" s >3 ~T A AE A wer e b oA - s — man Sl a e ™ e
L

(3) (continued), of the same set, we find that 50% of the
L Gaes & |
mixed plats theugv;emalnder greater than one-half the total weight

 of dry matter grown in the non-legume plats; and in 50% of the

yg,mixed plats there is & remainder less than one-half the total weight

0f dry matter grown in the non- legume plats.

nm the I’ﬁru%%hﬁg plats, However, the balance is in favor of the

{-

tty per cent. having & remainder less than one-half the total dry

;gwtter grown on the non-legume plsets. Thus seeming t0 indicate that
S

ﬂa,the unfertilized plats the legume associuted with the non-legume

did not increase the yield of the non-legume.

(4) If the above procedure is repeated on the yields

the fertilized plats there are only two sets of plats which give

@
i

'ﬂwinders less than one-half the total weight of dry matter grown

the non-legume plat while six sets of plats give remainders great-

athan one-half the total dry matter grown on tne non-legume plats.

'V ba1anee being greatly in favor of the remainders greater than

thus seeming

ted

) half the dry matter grown on the non-legume plats;

;indicate that on the fertilized mixed plats the legume assocla

iﬁ the non-legume inecreased the yield of the non-legume materially

,;;er, in almost every case, in the fertilized plats the yield of

ﬁ matter grown on the non-legume plat is glmost double the yield

14 on the mixed plat; and the yield of dry matter grown on the
4 i plat is double, oOr more than double, the yield grown on the

;w\ plat; thus seeming to indicate that the increase in the weight
ne .

ats is due to tne fertilizer and

| £

lry matter grown on the mixed pl

e

hg‘the associated legume.



, (5) Since, the non-legumes used were naturally much heavier
Eplants than the legumes tsed, there is a probsbility that the fail-
?ure of the mixed plats to produce as much, or more, dry matter as
ghs non-legume vplats produced, was due to the faet that only half as

;}&y seed of the non-legume were sown in the mixed plat as in the

iﬁyixed plat and the legume, being naturally & much lighter plant,
ipuld not produce enough dry matter fo offset the loss of one half
:ézthe non-legume seed. '

- (6) There is also a probability that in the mixed plat the
'égture content was not sufficient to allow both the legume and
% 1egume to attein their full development and, &s a result, one or
fﬂh failed to attain full growth. Seemingly borne out, by the fact,
1& in the unmixed plats of legumes and non-legumes the planhts

? to a greater height than in the mixed plats.

From the preceding tables aund data the conclusion that
legumes associated with tihe non-legumes did

| this experiment the

t increase the yield of the latter materially is Jjustifiable.

Laboratory Work.

The laboratory work consisted of analyzing the samples

tained from the different plats, at the time of harvesting, for

; .nitrogen content and caleulating the protein content in terms
fﬁter-free substance.

For this purpose an average sample from each plat, and
i;E case of the mixed plats & sample of both the legume and the

;Q;sume’ was grgund up as fine as possible and the nitrogen con-

E'?f two grams of each sample, determined DYy the Kheldahl method

;}trogen.

The per cent. of moisture in each sample was also de-



Hach sample was run in duplicate and the average protein

content of the two duplicates was taken as the protein content of

. the sample.

.

The following tables give the per cent. of moisture, the
éﬁyer cent. of protein, and pounds of protein per hundred pounds of

i??ater-free substance for each plat.

A
AR .

E Table #1.
. Sorghum & Cow Peas . - Unfertilized.
‘¥?ot Crop. Harves- % Pro- % Moist-  #Protein per
s ted. tein. ure. 100# water-free
subsgstance.

Sorgham, (alone) ZHarly 8.17 7.5 5.59

® & Peas " 5.88 4.3 6.04

Peas & Sorghum L 15.00 £ 15.93

Peas (alone) . 15.18 7.1 16.33
Sorghum (alone) " 4.81 4.6 5.04
Sbrghum (& peas) \ 3.43 5.9 3.64

Peas (& sorghum) " 15.93 5.7 16.89

Peas (alone) » 11.81 8.4 12.88
Sorghum (alone) Late 6.42 7.8 6.96

" (& peas) B .35 - da 6.55

f; Peas (& sorghum) r 16.09 5.7 17.06
f;ggas (alone) ¥ 16.23 7.5 17.54
?iierghum (alone) " 7.03 4.9 7.39
7iéérghum (& Peas) " 6.56 6.2 6.99
f&ﬁas && sorghum) w 16.87 6. 17.30

f}a@ (alone) " 18.79 8.8 _ 20.60
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Table #2.
_Sorghum & Caow Pess—-Fertilized.
Crop Harv- %Pro~ TMois- Protein per
ested tein. ture. 100# W-F. sub.
Sorghum (alone) Early 4.72 5.7 5.00
" (peas) " 4.87 5.5 5.16
Peas (sorghum) " 3¥,09 6.0 TET9
Peas (alone) " 12.19 4.7 12.79
Sorghum (alone) " 4,09 4.1 4.26
Sorghum (Peas) = 5771 6.0 6.07
Peas (sorghum) " 12.82 5.7 13 59
Peas (alone) " 6.48 7.1 6.97
;gﬁorghum (alone) Late 5.09 5.4 5.38
ﬂorghum (peas) v 6.58 5.6 6.97
:?Smas (sorghum) . 13.91 6.4 14.86
eas (alone) " 11.78 7.4 12.69
férghum (alone) " 6.09 5.8 6.45
ghnm (Peas) v 7.9 7.0 8.49
B o reiun) " 11.59 5.8 12.30

Th

as (alone) " 10181 8.5 11.81

.|;ﬁ
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Table #3.

Corn & Soy 3eans - Fertilized.

Crop Harves-  %Pro- %ZMoist- # Protein per
ted. tein. ure. 100# W-F. Sub.
Corn (alone) Barly 6.06 6.0 ' ;.6.447 .
Corn (3eans) " 6.05 6.2 6.449
3eans (corn) " 11.67 6.4 12.46
Beans (alone) . 12.69 5.0 13.46
Corn (alone) " 6,19 10.5 6.91
Corn (Beans) " 7.29 &% 7.81
Beans (corn) N 8.27 5.5 8.85
3eans (alone) " 8.9 6.0 9.46
~ Corn (alone) Late 5.15 6.6 5.51
iﬁcorn (Beans) . 5.16 5.2 5.50
ﬁabans (Corn) " 8.24 5.8 8.74
E;;ans (alone) " 8.37 6.1 9.97
'ﬁgxn (alone) " 5.06 7.4 5.46
Corn (beans) " 5.46 5.2 5.82
3eans (corn) " 8.17 5.8 8.67

ans (alone) " 8.59 5.5 9,08

- -

-
g
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Table #4.

Corn & Soy 3eans - - Unfertilized.

~ Plat Crop. Harv- % %Pro- %Moist- #Protein per
k. ested tein. ure. 100# w-f sub.

Corn (alone) Barly 5.18 6.0 5.51

Corn (beans) " 5.156 6.2 5.49

Baans (corn) " 10,15 4.9 10.67

3eans (alone) " 9,06 6.9 9.73

Corn (alone) n 8.77 4.5 9.18

Corn (beans) " 10,06 4.5 10.53

Beans (corn) " 10,79 5.8 11.45

3eans (alone) v 11.00 6.7 11.78

Corn (alone) Late 4.53 8.3 4.94

Corn (beans) " 653 6.1 5.88

Beans (corn) " 10,96 4.7 L1.50

3eans (alone) " 8.53 y 395 | 9.18

Corn (alone) " 6.09 5.8 6.46

Corn (beans) " 4.66 5.8 4,94

Beans (corn) " 10.53 4.8 11.06

3eans (alone) . 10.45 516 11.05
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From the preceding tables the following observations were

(1) In the plats of sorghum and peas unfertilized, both

i those harvested early and in those harvested at maturity combined,

ﬁre‘was only one set of plats in which the protein content of the
;flegume was inereased in the mixed plat; and here it appears to

;ﬂ been increased at the expense of the associated legume.

5 This increase was hardly beyond the limit of experi-
gal error in nitrogen determination.

(2) In the plats of sorghum and peas fertilized, in both

'? harvested early and in those harvested at maturity, there was,

least, & small increase in the protein content of the non-legume

he mixed plats, in every case.

£l

‘In every case, except one, of the plats harvested

re maturity, there was 21so &n inerease in the protein content

he legume in the mixed plats.
This might be accounted for by the fact that the

xﬂgume appeared to retard the growth of the legume in the mixed

and when cut the legumes in the mixed plats were not as mature

ﬁllegumes in the unmixed plats, and numerous experimental data

f% show that éke nitrogen content of a plant decreases &as it

aturity.
(3) In all of the fertilized plats of corn and soy beans

was, in every case, & slight increase 1in the protein content

ﬁubn-legume in the mixed plats, apparently at the expense of

iﬁ%in content of the legume.

sts of corn and soy beans one

ﬁ* (&) In the unfertilized pl

{ae plats hzrvested before maturity gave an increase in the

'3watent of the non-legume in the mixed plet and one set gave

e
=

~;% Here again the protein content of the non-

legume was
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E}arently increased at the expense of the protein content of the

egume &associated with it.

The abhove results hold true in the case of the plats
igvested at maturity also, with thé exception that the protein
Etent of the associated legume was not decreased when the vprotein
%fent of the non-legume was increased.

5) In every case, in the unfertilized plats of sorghum

peas, both in those harvested early and in those harvested at
»%Iity there was an increase in the protein content of the legume
_H_the protein content of the legume in the fertilized plats of
'igame.

E The above held true, in almost eyery case, in the unfer-
E —thral S s ti@»*{“ua;
ized plats of corn and beans. Thus seeming t0 ind¥Yca depres-

1 in the nitrogen fixing powers of the legume.
(6) Although there was apperently no increase in the per

tlof protein of the non-legume when associated with the legume,
he total protein per hundred pounds of dry matter of the non-leg-

E}oth in the mixed and in the ummixed plats, is calculated and

@n total protein of two duplicate mixed plats compared with the

otal protein content of two ummixed plats, of the non-legume
fﬁ by two there is a large remainder in faevor of the non-legume

mixed plats.

This remsinder occurs in every set of corn and beans

ﬁgorghum and peas, both in those plats harvested early and in

ats harvested at maturity, whether fertilized or unfertili-

1
Lo

i1 the case

=

remainder being largest, in both experiments,

adfertilized plats.

The division of the sum total protein content of the

grown alone is permissibdle for as before stated only

1§the guantity of non-legume seed was sown in the mixed plat’s

"
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iﬁ‘the plats not mixed.

Prom the preceding tables and data the following

elusions were drawn:
9 (a) Under some conditions & legume when associszted

h & hon-legume may increase the protein content of the non-legume.

3 (b) The presence of the non-legume in the mixed
i?gs need not decrease the total protein content of the legume.,
(¢) In the fertilize@\plats the non-legume probably
ed an advahtage in the competition for moisture, light and plant
b and the -rowth of the legume was depressed. Therefore, the

e contained, as the tables show, not only less total protein

@ most cases less ftotal dry matter. :

1 (a) The presence of the nitrogenous fertilizer prob-
g&pressed the nitrogen fixation of the legume.
.‘,‘». :

Conclusion.

ﬁ‘ The question as to whether a legume when associated
' non-legume increases the yield and protein content of the
ﬁ}ma has not been definitely settled yet.

Numerous experimental data seem to indicate that

| S

]
¥ =~

joeiation does increase the yield and protein content of the

;;w, while there is other data to the econtrary.

-
- Since, there are practically no data to show that

tice of seeding a mixture of a legume and a non-legume re-

ny loss, and the data tending ©O show that it is beneficial

es that tending to show that it is not benefieial, this

,ﬁ?' be safely continued by the practical farmer and should

450
+5

erally practiced.
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