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PERTINENT POINTS 

1. Biellilial and perennialleg/llll es which [tIL th e soiL witiz ruot s 
as do alfalfa, .\'(('ce l clover, red c/rn'C' r alld alsili:(! are soil-buildinrJ 
becau se th ey add 11l17lLlIS to tllC soil alld tal::e l1itroqC'1l from th e all' . 

2. Tll ese crops are large II sers of potash, lilll C, and 1) ILOsp/LOri~· 

acid alld, IIC ll ce, deplete tIl e so il supply oj th csC' elcl1Icllt s 11101'1' 

rapidly thall do oth er crops. 

3. T o be t rlll)' soil-lmildillq, 1 hcse ( r() ps shollid be heavily 
fertili:::ed, oth erzuisc th ey may beco 7Jl e so il-deplclinq . 

4. 0 II th e heav'y soils w here leq1l71l es are seeded w ith slllall 
grain 1lurse crops, applj' 300 10 -100 pOl/lids oj 0-14-7 or 0-20- 1() 
fertili:::eT at th e ti7ll e of seediJlg . l llhell large (jlla1llities oj 11lalllire 
have been rece lltly applied) superph osphate aloll e may be sufficiell t. 

5. On the better salldy looms w here seedi11qs 111,ay be also m,ad !? 
7.c!ith a 1l11rse crop) apply 0-12-12 fe1,tilizer at the same rat e per acre. 
On th e lighter soils where seedings should be 11Iade without a n 1l rse 

crop) th e recommended analyses are 0-12-12 alld 0-9-27) the lalter 
for th e extremel,), light soils . 

6. Good results may be expected fro17t top-dressi17qs of fer­
tilizer on established stands of alfalfa. Such applications are recom­
mended after th e second harvest ,)'ear. T he sa1lte analyses as 
recollllILCllded above for seedings should be applied at the rate of 
200 to 300 rOllllds per acre . 

Fertiliz 
fly R. L. 
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LEGU ~I\1ES HAVE BEEN RECOGNIZED as soil-building crops fo r centuries. 
Colum ella, a Homan agriculturist of the first century, advi sed farmers 
to rai se lupines to enri ch the so il. It was not until the 16th century, 
hO\vever. that the nodules on the r oot s of legum es were mentioned in 
the lit e rature, a nd n ot until 1886 that the role of the bacteria w ithin 
the nodules wa discovered. Since that time, much research has been 
conduct ed at various institutions to determine h O\v much nitrogen 
is taken from the air, by the billions of bacteria contained in the n odules 
(Fig. 1) on the roots, of a n acre of some of the more common legum ­
inous plants. 1 he r esult s show that the quantity varies g reat ly and 
depends on such factors as, the strain of bacteria, complet eness of 
in oculati on, kind of legume, and the lime content and fert ility level of 
th e soil. Broadly, it has been est imated t hat biennial or perennial 
leguJll cs, w ith their nitrogen -fixin o' bacteria functioning normally, 
ob ta in two-third s of th eir nitrogen from the a ir and one -third from 
th e soil. A three-ton alfalfa crop, considering th e roots and crown::; 
as poss ibl y an add itiona l ton, wou ld thus conta in about 130 pound s of 
nitrogen taken from th e air. Th is is as much nitrogen as is contained 
ill 600 t o 800 pounds of the commonly used nitrogen fert ilizer. This 
la rge quantity of n itrogen which may be added to the soil jf the crop 
is p lowed under as a green manure, together with a huge mass of 
act ive organic matter makes such a legume a good o il -building crop 
illsofar as nitrogen and humu s are concerned. 

Experim ents, over a per iod of years in many locations, have shown 
that legum es have a beneficial effect on the crops \vhich follow. On 
the Morrow plots at the Illinoi s station, for in stance, corn y ields have 
a \'c rao'ecl 48 bu shel s for the period 1888 through 1938, '\\'here the crop 
was rai sed in rotation with oats and clover compared to 37 bushels, 
\V here it was raised in rotation w ith oat s only. 

In all types of agr iculture, farmers recognize the value of leguminous 
c rops in a soil improvement program. Many farmer s \\'OlJ1d test ify that 
without clover and alfalfa, t hey could not maintain the fert ility of their 
so il s and wo uld soon be unabl e to rai se suffi c iently large crops on the 
lanel to prov id e a living fo r their fam ili es . 

In r ecent yea r s so much ha s been \\Tittcn concern in g this role of 
legum es in so il improve m ent (so il l1laint E' nan ce is not suffi c ient), that 
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Fig. 1. These nodules ft£!nish homes for the billions of bacteria which chanqe 
atmosphe'r'ic n'itrogen to a fo 'rm wh'ich becomes readily 1tseful to plants. 

many farm e rs have been lec! to r ely TOO MUCH on th e product ion 01 

these crops to maintain soil fertility. During a r ecent Farmer's vVeek 
a t Michigan State College, on e farmer answered the question of an ­
o ther " I s fer tili ze r an y g ood ?" by th e remark, "No, yo u might better 
btly clove r seed". In rea lity, tha t is lik e t elling a ragged barefoot boy 
who is about t o buy a pair of shoes that he might better buy a new 
shirt or a pair of g loves . He needs several a rticl es of clothing, but if 
hi s fee t are bare the shoes should come first. 

vVh e re the s tand is good and where a legum e mak es a good growth , 
it build s up th e soil with respec t to organic matter and nitrogen but 
adds nothing in th e way of mine rals . All the minerals in th e crop com t.: 
from the soil and, when the crop is plowed und er, are return ed to th e 
soil. One reason why legum es make good feed is because they conta in 
such a high percentage of minerals (Table 1) . A ton of average alfalfa 
or cl over hay contains about 10 pounds of phosph ori c ac id and 40 pound s 
of potash and enough calcium and magnesium to be equi valent to 90 
pounds of pure limes tone. There is twice as much potash and abou t 
10 times as much calcium a nd magnesium as is contained in t im othy 
hay. A three- t on crop of alfalfa hay would then r emove f rom the soil 
as m uch phosphori c acid as would be conta ined in 150 pounds of 0-20-2(j 

TABLE I-Co lll parisoll of the IIUt? 

Crop 

C orn . ... . 

Oats .... . 

Wheat .. . 

Al/al/rt . 

Potatoes . 

ugar beets. 

Yield 

50 bushels plu s stOHr 

50 bushels plll ~ sl mIl' 

2.'i bushels pill S s traw 

3 tons. 

150 busileis . 

10 to ns- rool s only. 
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TABLE I-Colll parisoll of th e lI'11tn'ent CO lltell t of alfalfa w ith thai of SCi'era! utll cr cro ps 

Crop 

C orn . ....... . 

O at s ..... . 

Wheat . . . . 

Al/al/rt . 

Pot atoes .. 

ugar beets . 

'r 
Pounds of pl ant Ilu triellt s 

Yield 

I Pho<~J,)i,rri (' I Potash I Calciilll l ~[ag-ne,;iu lll ----1--1

---

50 IJu:;hels p lu:; :; t()\'er and co " ,; .. 1 

.')0 bu shels pill s s l r<LW . 

2,') bushels pil ls st r<lW .. 

3 t OI/ O. 

l 50 bush f: is . 

] 0 t on:; - r<)ol s only . 

. 1 

:z-; . (i : ;-",) . :Z 14 . G I ;, . I) 

::: :~: I :~ I :: 

/.!c.n S.) . . ; J! . 

4.') . () 1 I" 

l:l .·1 

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

fe r t il i z c r a n d a S 111 1I C h pot as h a s \\. 0 III cl he c on t a i 11 e d i 11 GOO p U lI1 H.! s u t t he 
same fertilizer, 

On so il s where the quant ity of phosphor ic acid a 11d p tash a \'ailab k 
for p lant grmv th, in a ny one sea son, is less than t he a lll oun t needed by 
the c rop, these elem ent s wo uld become lim iting factor s and y ie ld s \\'ould 
be curta il ed. T hu s, the quantity of feed produced \\'ould be dec reased. 
t he mineral content of the feed v,Io uld be lm\' e red. a nd th e \'alu e of t he 
crop as a bu ild e r of o rga nic matt e r \\'ou ld be le ssened. Soil -building­
c rops cannot " build" unless they are \\'e ll -suppli ed \\'ith t he min eral 
nutrients necessa ry for th eir g rowth . 

Expe rim ental r esult s obtained d uring recent yea r s sho \\' that ier ­
t ilizer s properly appl ied , and selected o n the basi s of the crop requi re ­
m ent s and the nature of the soil type on \\'hich the crop i grown. may 
be expect ed to increase greatly th e y ie ld and so il -building \'alue of Illany 
legumes. It is t he p urpose of thi s publicati on t o g ive the res ulc o f a 
number of th e e expe rim ent s, 

SYMPTOMS OF NUTRIENT DEFICIENCIES 

For som e tim e, li vestock m en have been ab le t o t e ll from the be ­
hav ior and appeara nce of th e ir an im a ls \\'heth e r their di et \vas defic ient 
in certain esse ntial ingredi ent s. Ricket s, fo r in stance, may be due t o :1 

defic iency of calc ium . L ikew ise plants inadequately suppl iee! \\' ith 
nutri ent s may fa il t o deve lop o r t hey may de\' e lop abnormally. I n 
many cases, th e ab normality may be described as being cha racter istic 
of that caused by a deficiency of some certa in nutri ent. 

A lack of available phosphorus in a soil under legum es results in 
s low g rowth and retarded seed production. There are n o definite leaf 
symptoms w hich ma y be safe ly used for d iagnost ic purposes. but if 
g r owth is s low and both the so il and the green plant t es t lo\\' in phos ­
phorus, it is likely tha t th e supply of phosphorus is inad eq uate. Thi s 
would be a sa fer assumpti on on hea \'y than 0 11 light so ils, 
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Potash deficiency is often indicated by definite leaf symptom s. \Vhi te 
beans and soybeans fir st show evid ence of potash defici ency by a yel­
lowing of th e tips and edges of the leaflets (Figs. 2a and 2b). The yel­
lowing then progre ses tmvard the center and base of th e lea fl et s, and 
the tips and edges gradually turn brown. The yellowing is u sually 
accompanied by a crinkling of the leaflets . If such plants are treat ed 
with potash soon after the first symptom s appear, the new lea yes come 
out and r each maturity w ithout exhibiting th e characteri stic ye llowing. 
The affected leaves, however, do not recover. 

Potash deficiency in clover and alfa lfa is also indica t ed by a yellow­
in g of the leaf tips and edges but may be preceded by th e appearance 
of mall white dot s near th e edges of the leaves. The alfalfa leaf, shown 
in Fig. 3a. "vas tak en from a plant g rown in the g reenh ouse on P lain­
fie ld sand. It showed th e typical potas h deficiency symptom s: ye llowing 
at the tips a nd a long the edges of the leaflets w ith rows of white dots 
betw een th e yellow and green a reas. P lants grown on the same soil 
treated with potash were perfectly no rmal in color. The plant sh own 
in Fig. 3b also showed typical symptom s of potash starvati on. It was 
g row n on \iVa r saw loam where potash was definitely a limiting factor. 

Fig. 2a. Whife beall lcaf. 

r 
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Pi.r;. 'lb. ,)'0.1'/1('(111 /((If. 

1 Jllz ite aea lls alld so")'uealls first Slz O'iXI e'LlidellC e of potash deficiell c")! 
a:,' (I 3'ellowillg of the tips alld edges of the le(lflets . 

7 

..:\ chemi ca l t es t of th e g reen plant -t issue indicat ed a yery low potash 
supp ly. and a so il test showed that the upper 8 inches conta in ed only 
'0.150 miIli -eq uiyal ent of excha ngeabl e potass iul1l per 100 gram s dry 
so il as compared \\"ith 0 .371 milli -eq uiva lent in the surface lay e r of 
ano ther fi e ld on th e same farm where alfalfa show ed no de fici ency 
symptom s. 

Soil s de fici ent 111 boron for som e crops are rather widespread in 
lVli chigan . " ' hen boron is lacking in the soil , or is not available, the 
lea ves of alfalfa and the clovers turn a red or bronze color on the 
unde r side and nea r the tips. From there the color spreads to the e ntir~ 
leaf, which finally turn s yell ow and dies . At times and on some field s, 
the ye llowing is more noticeable than the reddening. The yo unger 
port ions of th e plant are fir st affected. The internodes of the nev" 
growth are shortened . Thi s gives a characteri stic rosetting along with 
the abnormal color. vVork is in progress in Michigan to determine the 
advi sability of including borax in the fertilizer for alfalfa and clovers. 

EXPERIMENTAL 

Fertilizer usage for legum es \"ar ies with th e diffe rent crops and 
w ith different so il s. Heavy soil s usually need some potash but are 
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chiefly lacking in phosphoric acid. Sandy soils may also be deficient in 
phosphoric acid , but the first limiting factor is very likely to be potash . 
Variation s in method s of management also make necessary differences 
in fe rtilize r usage on the tv;o classes of soil. 

SEEDINGS ON HEAVY SOIL 
ALFALFA 

0 11 hea \'y so il , alfalfa and th e clover s are u sually seeded with a 
small g rain companion crop, This m eans that th e fertili zer applied fo r 
th e legum e a t p la nting tim e mu st be appli ed al so for the small gra in . 
In oth er \\'o rds, both crops mu st be suppli ed in one fe rtilize r applicati on . 

~1any good st a nd s of alfa lfa fail t o com e through the fir st w inter. 
Thi s i gen era lly du e t o lack of vigor as a r esult of competition from 
t he companion c r op or to a shortage of nutrient s in the soil. F ertilizers 
g r eatl}' st im ul ate t h e ear ly g rowth of thi s crop. Thi s was markedly 
demon strat ed on a ~Ji ami s il t loam in T uscola County, Ba rley was 

F ig , 3a. L eaf from an alfalfa plant grown in the gree n­
hOllse on Plainfield sall d deficient in potash. 

F ER' 

Fig . 3b, A por. 
fie ld on Warsaw 1 
factor in plant grO'( 
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g r owth is illu strat ed in Fig 
plants we r e more vigoroll s i 
th e winte r than w ere th e S l 

4-16-4, and from which th E 
4,592 pound s of dry hay per; 
pe r acre on unfertili zed land 

A g ood illu stration of th E 
was furni shed by an experim 
in Fig. 5 was taken wh ere 
the previou s wh eat crop call 
dry alfalfa pe r acre, So I;H § 
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Fig. 3b. A portion of all alfalfa plant g rown in the 
field all, ~Varsaw loam w here potash was the lilll itillg 
factor in plant g rowth . 

fe rt ili zed in t he r ow w ith 250 p ound of 4-16-4 fe r t ili ze r. A lfa lfa ~ eed 
\va s scatte r ed broadcast a head of the dr ill. T he p lan t s g r o \\' ing d ir ect ly 
in the barley r ow s, 50 days aft e r p la nt ing, w er e seve ra l t im es la rge r 
than t he p la nt s g r ow ing between the barley r ow s , T he d iffe rence in 
g r owth is illu s t rat ed in F ig . 4. It is ea sy t o im ag ine t hat t he larger 
p lants we r e m o r e vigo r ous in t he fa ll and "w er e m o re like ly t o su rv ive 
t he w inte r t ha n w e re t h e sm a ll pla nt s. T he p lo t s \\' hi ch r ece i\'ed t he 
4- 16-4 . a nd fr om w hi ch th e p lant s sho \\'n in F ig . 4 ca m e. ave raged 
4,592 po unds of dry ha y pe r acre a s cOlll pared t o a y ie ld of 2,768 pounds 
pe r acre on un fert ili zed la ne!. 

A good illu s t rat ion o f t he e ffect of fe rt ili ze r s on t he s ta nd of alfalfa 
was fu rn ished by a n ex pe rim ent on \ i\' isn e r s il t loam . T he p ictu re sh own 
in Fig. 5 w as tak en \\,he re SOO pounds of 4- 16-8 fe rt ili ze r appli ed fo r 
t he prev iou s \\,hea t c rop ca used an increa se in y ield of 3,390 pounds of 
d ry a lfalfa pe r ac rc . So la rg e a n increa se in y ield woul d n ot have oc-

9 
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Fig. 4. The e§ect of fertilizer on early g1'owth of alfalfa. The plants 
in the large bundle were taken directly from barley rows fertilized with 
4-16-4. The plants in the small bundle we1'e ta lwn f,'om between the barley 
rows. The di§erence in size was due to delay in 'reaching the fe1,tilizer 
which had been placed t'n the row at pla11ting time, 50 days ea.rlie1'. 

currecl. if th e re had bee n a good ~tand o f alfalfa 011 th e Ull iertili zed 
plot. Increases in yie ld. ho \\' eve r. d o n o t always CO Ill e' a ~ a result of 
improved stand but often as a r es ul t of a m or e luxuriant g ro wth . This 
was true on the Ferden farm (F ig. 6) . wh er e aHal fa \Vas see ded each 
spring as a compan ion c rop \\'ith ,,·hea t. As indicat ed in Tahl e 2. the 
greater in crease in y ie ld \\'a s clu e to th e ph osphat e appli ed. hut a \\' orth-

TABLE 2-The e§ect of fert'ilize 
crop OIL Broohstol/ silt loam 

0-16- 0- 250 pOllnd s . 

0-16-l0- 2.,)0 pOllud s . 

O-lG- O-,iOO pO llnd ~ . 

0-16- J 0- .')00 pounds . 

)\one .. .... . 

\\-ilile increase cal1le a lso a 
_~s an average for six ero 
increase in yie ld o f 2.-+70 I 
vestment, even if a ll of th, 

In a not her field on the 

Fig. 5. Fe1,tili:::ers reJ 
of 4-16-8 applied for the 
little alfalfa may be seen ( 
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T.\ BLE 2-The eHect of fertil izers applied for wheat on the yield of the following alfalfa 
crop on B roo!?stOIl silt /oa'm 

0-16- 0- 2:30 1)()lIltri " . 

0- 1 6- l0- 2:>0 pOlllld " . 

0-16- 0- ;;00 pO lllld ~ . 

0-16-10- ,')00 pound " . 

Treatment 

~one,., .. ... . ... , .......... .... ..... . . . 

Yield per acre 
Average for 

6 fields 

3 , 939 pounus 

4,227 pound s 

4,926 pound s 

5,502 pounds 

3,032 pounds 

\\'hil e increase came a lso as a r es ul t of including pota h in the fe rtili ze r. 
A.s an average fo r six cr ops, 500 pounds of 0- 16-10 fertil izer ca used an 
inc rea e in y ie ld of 2.-+70 pound s o f alfalfa, u rely a very pro fitabl e in ­
ve tment, even if a ll o f th e fe rtili ze r cost i cha rged against th e alfalfa. 

In anot he r fi e ld on th e farm in T uscola County, oats plant ed in 1935 

F1·g. 5. Fertt'lt':::ers result I' ll better stands of alfalfa. ( Left) 500 pounds 
of 4-16-8 appl-ied for tli e pre7.1iollS w heat crop; ( right) II(} fertili:::cr . f/c 'ry 
little alfalfa may be see ll a ll th e unfe1't t'h':::ed plot. 
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F ig. 6. Fertili:::er applied for w heat 1'esuited in a more luxuriant growth of alfalfa on 
this BrookstolL silt 100 111 so il. (Left) 500 p01l llds fe1,t ili:::er; (1' ight ) 11 0 fedili:::er. 

rece ived 4-16-8 fe rtili ze r at th e rat e of 250 pounds pe r acre, A s trip 
con s ist in g of tw o drill width s \\'as n ot fert ili zed and had not been fer­
til ized sinc e 1930, ~ lfalfa ,'\'as seeded w ith the oats. In 1937, the second 
year for th e alfalfa. th e y ield of dry hay from th e un fertili zed strip 
was 2.352 pound s per acre a s compared w ith a y ield of 4,720 pound s 
from th e adjo inin g a rea treat ed \\·ith 4-16-8 fert ili ze r in 1935. Pil es. 
of hay from 2 square rod areas on th ese plots are shown in Fig. 7. 

CLOVER 

] ' he g r o\\"th of Jun e, o r red cloyer l S al so greatly st im ulated by 
applicat ion s of commercial fert ili zer. On the Tuscola farm a lready 
mentioned. an appl icat ion of 250 pounds of 4- 16-8 pe r acre for oa t s in 
1930 in crea sed t he y ield of clover in 1931 from 2,045 pound s to 3,012' 
pound s per acre. In another field on the a m e farm a 4-16-4 fe rtili ze r 
increased the y ield from 3,885 to 5,802 pounds per ac re . The soil in 
t he latter fi e ld was Conove r s il t loam . Fert ili ze r not o nly increa sed the 
y ield of thi s clove r bu t ca use d it t o mature ea rli e r. T he p icture shown 
in Fig. 8 w'as tak en on J une 12. a lm os t a month before th e ha rv es t was 
made. On th e dat e of th e ph otograph th e fe rtili zed cl ove r was fully 
h lossom ed, but that w hich wa s unfe rtili zed had not s tart ed t o blossom. 
Tf the. clove r had been harv es t ed ea rli e r (w hen it would ma ke gooc1 
quality hay ) . th e d iffe rence in yi eld mig ht have been e ven g reat e r. 

There i no better place 
. oil s than fo r a s\\"eet clo\ 
~ weet clover be plowed un 
best . Also, a good g row th 
t he soil apprec iably. T he 
had mad e 32.9 percent m Ol 

pound s of 4-16-4 fertilizer I 

\\'here it \"as n ot fe rtili zed. 
f or beans, more organic ma 
ing from th e chem ical ana 
we r e conta in ed in th e orga' 
IO\\'in g bean crop. 

fn 1940 the y ield of al 
City ,vas increased from 1: 
an application of stable m; 
oa t s which se rv ed a s a con 
c rease in yield of hay, to ~ 

t he oat s rece i\'ed s up e rp ll()~ 

Pi!}. 7. The 1937 alfalfa harve 
(Left) from a plot w hich 1'eceive 
planted ; (right) f1'01l£ an ullfertiliz 
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SWEET CLOVER 

There is no better p lace t o apply fertiliz er III the ro tat ion on heavy 
. oils than for a sweet clover green ma nure c rop. It is essential that 
sweet clover be p lm;ved under early if the fo llowing crop is to do its 
best. Also, a good growth must be obtained if t he crop is to build up 
the soil apprec iably. The sweet clover being plowed under in Fig. 9 
had made 32.9 percent more growth w here it was fertilized with 250 
pound s of 4-16-4 fertil izer (appli ed for the preced in g wheat crop) than 
,,·here it \\'as not fert ili zed. Thus, by the time it was necessary to plow 
for beans, more organ ic matter was available to plow und er and, judg ­
ing from the chemical analyses made on other crops, more minerah 
we re conta in ed in the organic matter, to be made available to the fo l­
lowing bean crop. 

[n 1940 the y ield of alfalfa on the John Dilman farm near Cas s 
City \;vas increased from 1,960 to 3,300 pounds of dry hay per acre by 
all application of stable manure. The manure was plowed under fOl­
oats wh ich served a s a companion crop for the alfalfa. A further in­
crease in y ie ld of hay , to 4,220 pounds per acre, \;vas ob tain ed w he re 
the oats rece iv ed superphosphate in add iti on to the manure. The bet-

Fiy. 7. The 1937 alfalfa harvest from a field which was seeded w ith oa ts ilL 1935. 
( Left) f1'0111, a plot w ,hich received 250 pounds of 4-16-8 at the ti111,e the oats were 
plantpd ; (right) from aIL 1t11fertilized sin). The pl1es 'Were frulI1 2 sq lla re rod areas. 
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Fig. 8. Fertil-izers increase th e :y ield alld hasten the maturity of June clover. 
(L eft) 110 fert ilizer; (r ight ) 250 poul1ds of 4-16-4 applied for the previa itS oats crop. 
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Plenty of plant foo d malccs the c 
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Fig. 9. Sweet clover is especially suitable as a green manure crop on heavy soils. 
Plenty of plant food makes the c'rop grow rapidly so that it call be plowed ltnder early, 
lh1lS facilita till g seedbed preparation. 

tel' sta nd and inc reased g row th w hich res ult ed from the manure and 
pi10sphak a re sh own in Fig. 10, 

SEEDINGS ON SANDY SOILS 
ALFALFA 

On the better sandy loam s well supplied w ith orgal1lC matter and 
lim e, it is possible to seed alfalfa and clo\'er \\·ith a slllall gra in nurse 
crop as is customary on heavy soil s, \;\ 'he re this practice is followed. 
howeve r , it is advisable t o Illak e a light seed in g of the g rain a nd to usc 
a fertilizer which will favor th e alfalfa. unless . o f COl1rse. one is m o rl ' 
in te rested in th e grain. I,'or in s tan ce . un a lim ed l-kr ri c ll sa nd in Le na­
" 'ce County . alfalfa was seeded in th e ea rly sp rin g ill w heat. Where 
the wh eat had rece ived 250 pound s of 0-16-8 fe rtili ze r. th e y ie ld in ­
c rease ca us ed by the fertilizer was 5.5 bushel s per acre, a nd th e alfa lh 
y ield ed 2.391 pounds more than w here fe rtili zer was not app li ed. III 
cuntrast to these figures, the y ield increase on the plot \\'hi ch rece ived 
500 pound s of 4-16-8 was 23.0 b ushe ls of "'hea t but only 1.217 pound s 
of alfalfa. The smaller increase in the case of alfalfa \\"a s beca use 0 f 
the poor stand resu lting from compet ition by t he ve ry h eavy w heat 
crop. Apparently the soil needecl nitrogen for ,,·heat . but t he heavy 
straw growth was fatal to the alfalfa. As the alfalfa was left only one 
yea r. the farmer made more money by th e larger \"h eat c rop. but if 
a lfalfa had heen left for 2 o r ,) yea r s the advantage of using a fertilizer 
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F ig. 10 .. Alfalfa nit/st have plent'y of plant fuod. (Left) no fert-i/i::;er ' 
( l'I.r;lzt) 111al/111'C and superphosphate. Miami silt loam soil. ' 

favorable t o th e alfalfa would have bec n cons id e rabl e. ft is bett e r t o 
seed alfalfa alone on light sand y soil s, such as th e Be rri en, becau se 
bette'r stands are obtain ed and mo re hay is produced in 2 yea rs than 
\\ 'oldd be produced in 3 years from a poo r s tand obta ined by seedin g 
in a companion crop, 

On th e Faunce farm in Monroe County , also on a B e rri en sand , 
fe rtili zer experim ent s w ith alfalfa were conduct ed over a period o f 
4 year, An 0-16-16 fertiliz e r w a s appl ied at the rat e of 200 pound s pe r 
ac re at seeding time in 1934 on field 1 and in 1936 on field 2. The effect 
of th e fer tili ze r 0 11 th e y ield of alfa lfa is S11O\\'11 1 th ItT 11 ~ _ ))' e ( a a III a ) e ' .. 

TABLE 3- The effect of phosphate and potash fl'r tili:::I''rS on the )Ii(' lds uf ([{falfa OJ! 

Berrie ll sand 

Pound~ of dry hay pe r <Lc re 

Treatln e llt * Field L Vit:' ld 2 

19a~ 1036 

C ill tings . .... . J st 2 nd 1st I ~ I 

N one ...... .. , .. .. . 3 ,267 1,983 1 , 688 J , ~ O!i I ,20 .') ~ ,0:,8 

0- 10- 16- 200 pound s . 3,884 2,454 2,120 2, 149 l , H40 2 , IOR 

*Ferti!i zer ~pplied on fielrl. 1 in 1934 and on fi E-Id 2 in 19::\6. 

! , OI l:( 

I J~4 

Aver <Lge 
inc rease 

per 
year 

Fl': 

The inc r ease in yi eld \\'as 
o f dry hay pe r acre pe r y( 

puunds o f ferti li ze r may be 
On a lim ed Fox sand,' 

y ie ld ed 768 pound s of dry-he 
sup erph osphate a nd 100 J)(j l 
yield was increased t o 1.39 
t hc Ja llel wa s occ upi ed by ( 
aga in seeded t o alfalfa in J 
t ili ze r s wcr e appli ed a nd tl 
a \'crage of 733 pounds on l 

poun d ' per acre on the fer 
l)o th ycars 1925 and 1929 
a Hal fa \\'as plowed und er 2 

left for t\\·o or three yea r 
fro lll th e ie rtili ze r wOl~ lc1 11 

Yi e ld s of thi s crop a lso 
o f ph osphate and pota ' h at 
S\\'ec t c lm'e r is be ing rai .' e 
~ \ 11 a p p I i cat ion 0 f 200 po 111 

p ounds o f muriat e o f pota 
Fox a ndy loam in I(a lamaz 
per acre, and an oth er app li 
t he y ie ld from 1.400 t o 2.68C 

O nly p otash may bc nee cl 
in Tabl e 4 sho \\' tha t thi s \\' 3 

Yi cld s of S\\'ce t clO\'er obta 
o f ph osphate and potash fert 
that only th e pota sh r ertili ;; 

T.o\ Il U : 4- 1'h (' (' flcc t 0/ ph osphate 
0 11 F ox SOlid), loalll 

None"",, " "" " , .... .. . . 

P 200 K 100 • . . , .,."., . . ,' , . .. . . 

P 200 .. " , ,""", ..... , ..... , ., .. . 

I{ 100",. , , , , " . , , , , , , .. .. ... . . . . . . 

*F e rtilizers a pplied for each crop . 
P = 0- 16-0; K = :'\/furiate of potash .j 
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T h e increa se ill yield \\ ' a s ra th e r eonsi S t en t a nd a veragecl 868 pound s 
o f dry hay p er ac r e pe r y ear. a \' e ry profitable in cr ease . a s only l Q() 

pounds of fert ili ze r may be cha rged aga in st th e y early increa se in y ield, 
On a limed F ox sandy loam in J(a lamazoo Co unty , alfalfa in 1925 

y ield ed 768 po und s of dry hay per ac re. \\ 'he r e 200 poulld s of 16-percent 
supe rphosphat e and 100 p ound s of llluriat e o f potash ,\'e r e appli ed th ~' 

y ield was increased t o 1,392 pound s, D urin g th e y ear s 1926 a nd 1927 
th e land wa s occ upi ed by c r ops o f corn an d oat s . afte r\\'hich it wa s 
aga in seeded t o alfalfa in 1 02~, Again. th e ph osphat e and potas h fe r­
tili ze r s wer e appl ied a nd th e yi e ld of dry hay \"as in creased fr om an 
a verage of 733 po und s on th e 1I1l ie rtili zed plot s to a n a ve rage o f 1,600 
pound s pe r acre on th e fe rtili ze d plo t s. T he y ie ld r eco rd s obtained in 
I)o t h yea r s 1925 a nd 1929 a r c fo r only one cutt in g . af t e r \\hieh th e 
a lfa lfa was plow ed und e r as a soil -b uil d in g crop , Hac! th e c rop been 
left for t\\'O or t hree y ea r s th e total incr ease in ha y yi e ld r es ultin g 
from th e fe rtili ze r wo uld ha \'e mad e th e applicat ion hig hl _\' profitable _ 

SWEET CLOVER 

Yi eld s of thi s crop a lso m a y be mark edly in creased by app lica ti on s 
o f ph osphat e a nd potash at seedin g tim e. Thi s is ve ry import ant w hen 
s \\'eet cl ove r is be ing rai sed fo r pasture o r as a g ree n manure crop . 
/\ n a ppl ica t i on of 200 p ound s 0 i 16 pe rcc n t s u pe rph ospha t e and 100 
pounds of llluriat e of p o ta sh increa se el th e yi e ld of s \\ 'ec t clover on 
Fox sand y loam ill Ka lamazoo County in 1925 fr om 496 to 1.324 pound s 
per acre, and ano th er app li ca ti on on th e sa m e land in 1929 increa sed 
t he y ie ld from 1.400 t o 2,680 pound s o f dry hay pe r ac r e , 

O nly potas h m ay be needed on som e sa nd y so il s , Th e data p resented 
in Tabl e 4 sho w that thi s w as tru e on a F ox sandy loa m in Ca ss County. 
Yi eld s of sw eet cl o ve r obta in ed ill 1925 ancl in 1928. aft e r applicati ons 
of ph osphat e and p otash fe rtili ze r. se parat e ly ane! in combination, show ed 
that o llly th e potash fe rtili zer cau sed an apprec iabl e in crease in yi e ld . 

T ,;\.BI.F: 4- Th e effec t of phosphate alld potash jcr ti1i:::ers on the 'Jl ields of s'weet clm'er 
0 11 F ox sand)' 10alll 

Trp ;qm~nt. " 

None ................ , . .. .. ,"' " , 

P 200 K 100 ., ...... ........... . " ., ' 

P 200 " .. .. .......... . .. . .. , . . ," , .. ," " , ., ' 

I{ 100 ..•.. ..... ...... . ... . , .. _ .. , , , 

Pound s of dry ha,y per a,('re 

-----------

1 H2:j ] 928 

.-----1- -----1----

1 ,635 

2 , 660 

1 .8 13 

2,4 13 

1 ,777 

3,627 

1 ,860 

4, 160 

* F\~rtilizers applied fo r each crop, 
P = 0-16-0; K = :\1uriate of potash 50 percp.nt K20, rat e a·s pound s p cr ;trre, 
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T he plots trea t ed w ith superphosphate y ielded but s lightly m o re than 
d id those w hich did not receive fertilizer, w hile those w hich received 
potas h alone y ie ld ed more than those which received both phosphate 
and potash. 

SOYBEANS 

In M ich iga n. soybean s a re rather extensive ly grO\\"l1 as a n emer­
gency hay c rop : in additi on, the ir production for 'eed has increased 
during r ecent years. On an exper im enta l field in Kalama zoo County 
whe re the so il is Fox sandy loam, soybean s were harvested for hay on 
two fie ld s in 1924 a nd 1925 and again from the sam e fields in ]928 and 
1929. Th e so il had been adequately limed, and fert ili zers 'were applied 
in 1924 and aga in in 1928. Both field s were planted to corn in 1926 and 
to oats in 1927. T he data obta ined during the fo ur oybean years are 
repo r ted in Table 5. (t is at once apparent that all fe rtili zer mixtures 
markedly increased t he y ield of hay. In only one case, in 1929, did a 
r er tili zed plot y ield less tha n the un fer tili zed plot, and the low y ields 
ob tained t hat year bear evidence that the season "vas not favorable fer 
th is crop . In gene ral, it would see m from the data that the m ixture 
of 200 pounds of 16-percent superphosphate and 100 pounds of m uriate 
of potash "vas the most des irabl e one to a pply. The add ition of an 
ext ra 100 poun ds of muriate of potash caused a further increa se in 

TARLE 5- The eHat of phosphate alld potash on the yields of soybean hay on Fox salld:,' 
loam soil 

Trea tme ll t* 

FJELD 1 

None .. 

P 200 K 100 . 

P 200 J( 200 ... 

P 300 K 100 . ... . .. . . . 

FIELD 2 

None ... . .. . ... . 

P 200 J( 100 .. 

P 200 K 200 . . . 

P 300 K 100 . . . . ... . .. .. ...... . . . ..... . . .. .. .. . 

1924 

1 , 470 

2,7R2 

2,7 14 

2, 17 1 

1,134 

2, 102 

:2 , 0:36 

1 ,6U6 

Pounds of dry h a.y pel ac re 

1925 1 D2R 

855 927 

2,29 1 2,096 

2 , 29 1 

2,6 1R 

::3 , 424 

2. 140 

Hl29 

607 

t , 010 

(JO\) 

'iHO 

---------

1,n:{ J ,2 1:{ .'i4R 

2,291 2 ,782 88 1 

2, 946 2,782 I , I :~ O 

2 ,9.'i2 1,926 83.') 

*p = 0-16-0 ; K = Muriat e of potash .'i0 percen t K zO, rate as pound s per anI'. 
F ertilizers were applied, as indicated , in ~924 and in 1028 . 
The plots were planted to corn in 1926 and oats in 1927 . 

F ig. 11. Fertilizers in contact 
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to th e sid e o f th e seed, a ! 
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SUMMA 

From th e da ta here pre 
conclud ed that leguminous 
and clover. are ve ry respon 
that maximum yi eld s of th 
fert ili ze r s a r e n ot appli ed. 
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Fig. 11. Fertilizers in contact with soybean seed may prevent ge1'mination. This is 
wha,t happened 1:n the two center rows on this Conover loam where the fertilize1' was 
4-16-8 applied at the mte of 300 pounds per acre directly with the seed. Good stands 
resll lted 0 11 th e other rows where the fertilizer was placed in a band at the side of the 
seed. 

yield on field 1 in 1928 and on field 2 in 1925 and 1929. T he additional 
100 pounds of superphosphate caused an increase in y ield on both fields 
ill 1925. 

It is important that fe rtili zers for soybeans be properly applied. 
Any appreciable q uantity of fert ili zer placed in direct contact w ith t h e 
seed is likely t o be detrim ental to germination. Li. ?ig. 11 are shown 
t \\'0 rows in an experim ental field on Conover loam \ V: 1 ~ r e 4-16-8 fer­
( iIi ze r was a ppl ied at th e rat e 0 f 300 pounds pe r acre in direct Cu ll tact 
w it h the seed . Only a few plants emerged. In ~he adjo ining rO \lvs. where 
the sam e fertilizer was applied in a band] % l'lche s below and 1 inch 
t o th e sid e of the seed, a good s tand wa~ OL,Cl l1lcd. In some sections 
machine s are ava ilable w hich w ill plant soyiJeans and place t h e fer­
t ili ze r in thi s manner. Where such machines are n ot available, it is 
better to apply th e fertilizer broadcast or apply n one a t all than to place 
it in contact with the seed. 

SUMMARY AND CONCLUSIONS 

From th e data here presented and from additional data, it may be 
concluded tha t leguminou s crops, especially such hay crops as a lfalfa 
and clover. are ve ry responsive t o phosphate and potash fertilize r s, a nd 
t hat maximum y ield s of th ese crops a re unlikely on m ost soil s if such 
fertilizers are not a ppli ed. Fertilizers sh ould always he a ppli ed for new 
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seedings of alfalfa and clover. O n t he heavy soil s the fert ilizer should 
contain more phosphate than potash, and analyses such as 0-14-7 and 
0-20-10 are often recommended. On sandy soil s the proportion of 
pota sh sh ould be increased . Sandy loam s usually require an analysis , 
like 0-12- 12, and on real light sandy soil s an 0-9-27 may be used. 

On heavier so il s where the sod-forming legumes are seeded with 
small gra in nurs e crops, the nutrient requirement s of the gra in crops 
should also be conside red. U nder such circumstances, the farmer usually 
is more inte res ted in a good legume seeding than in obta ining maximum 
yields of grain. In that case the fertilizer most favorable for the legum e 
should be applied . Certainly, one should never plant a small grain 
w hich is to se rve as a legume nurse crop without a libera l application 
of phosphate and potash fertiliz er. 

TOPDRESSING OLD STANDS OF ALFALFA 

Alfalfa. fo rtunately. does well on hilly land. One cannot , theil , 
make better use of the kind of land shown in Figs. 12 and 13 than t o 
grow alfalfa o r an alfalfa grass mixture on it , con tinttous ly, or a s much 
of the tim e as is poss ible. \ \There thi s plan is fo llowed . howeve r, th e 
~oil may eventually become so deple t ed of available phosph o ru s and 
potash that the alfalfa will n ot produce n ormally. :Many experiments 
on a varie ty of soil s hav e show n that it pays t o apply phosphoric acid 
and potash in th e form of comm e rci a l fe rtili ze r on fi e ld s of alfa lfa 

Fig. 12. Alfalfa does well on hilly land. T he cro p also lidps 
pre7/eJ/t erosion 0 11 s ll ch lalld. 

FE] 
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was furth er increased to 4,( 
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Fiy. 13. 011 this Miami silt loam field) 1nore hilly than it 100Tls) cont1n1W1,tS alfalfa 
for 10 years lias only been interrupted by two barley crops as nurse crops for reseeding. 
Y i('lds l107-'C been 111ai11tail1ed at a high level by Hberal use of com.mercial fe1,tilt"ze1'. 

where the s tand is more than 2 years old. This result s in a greater 
yield of hay and in the production of more soil o rganic matter. \iVhen 
the field is later broken up and plan ted to corn or beans, this organic 
matter, higher in phosphate and potash as a result of the fertilizer, 
becomes a source of these plant foods in a form eas ily available to the 
growing crop. Thus fertilizers applied for legumes playa double rol e . 
that of furnishing nutr ients for the legumes them selves , and in building 
up the soil for the crops to follow. 

EXPERIMENTS ON HEAVY SOILS 

Strangely enough the greatest benefits from the top-dressing of 
alfalfa have occurred on the more productive heavy soils. In an ex­
periment on the Lincoln Horst farm near Akron, l\1ichigan, where the 
soil is Brookston silt loam , fertilizers were applied on April 23 to a 
field of alfalfa which had been harvested two years for hay. The field 
had been lightly covered with manure du r ing the previous winter. The 
unfertilized alfalfa averaged 2,248 pounds per acre while that which 
received 300 pounds of 0-16-0 averaged 3,680 pounds per acre for the 
two cuttings. With potash applied to make an 0-16-8 fertilizer, the yield 
\vas further increas ed to 4,000 pounds per acre. The increase in growth 
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TABLE 6-The effect of fe1,tilizer on the yield of an old stand of alfa lfa on Broo!?stolL 
silt loan1, 

None. 

0-20- 0- 500 pOllnd s . 

0-20-20- .500 pound s. 

N one. 

0-20- 0- .')00 pound ". 

0-20-20- 500 pOll nd s. 

Trea,t Jllellt 

FlELD 1 

FJELD 2 

Pounds of dry lJ ay r er ,1cre 

1st I 2nd I 
cutting I eutt ing 

3,800 

4, 250 

3,307 

4,545 

4,641 

1 , 451 

2,190 

2,38.5 

1,922 

2 , 259 

2, 143 

To tal due to 

I 

Increase 

:> ,048 

5 ,090 

6,635 

5,229 

6,804 

6 ,784 

fertilizer 

042 

1 , 587 

1,575 

1 , .555 

WuS SO marked on thi s field that it was poss ible at harvest time t o locate: 
the plot boundaries without resort ing t o measurements. 

On a ne ig hb oring far m , where the 'oil type is s imilar , b,·o [ertil ize r s . 
0-20-0 and 0-20-20, were applied on two fi e lds, rathe r high in fe rtility 
a nd where manure had been applied in the rotation. The y ie ld s obtained 
ill this experim ent are reported in Table 6. The increases are n ot large 
but are probably s ignificant. One field need ed both phosphate and 
potash, while the othe r needed only phosphate. The pota h applied 
on field 2 did not increase the y ield of hay, but it probably increased 
the pota sh content of the hay to make it worth more a s feed and a:'i 

TABLE 7- Th e effect of fertilizers on the }.ield of an old stand of alfalfa on Miallli silt 
loam 

Pounds of dry hay per acre* 

Treatment Field 1 Field 2 

Total Increase Total Increase 
due to due to y ield fertilizer yield fertilizer 

0-20- 0- 500 pounds . .... .. ... . .... . . . . ... .... .. . . 3,367 757 4,050 158 

None .... . .. . 2,610 3.892 . . .... .... 

0-20-20- ;)00 pound s .... .... . . .. . . .. . .. . ... .. ... . . 3,768 1,341 4 ,785 828 

None ............ ... .... . ........ . .... .. ..... . . . 2,427 3 .957 . ......... 

*Yields are averages of three plots on field 1 and four plots on field 2. 

FE 

green manure. Stable mal11 
tain m or e potash and thu s J 

A similar experiment w 
where manure had not beel 
kept on only the first cutti 
ing to th e data presented 
we r e needed on both field: 
0-20-20 fe rtilizer on field 1 
ting. Experiments perform 
fer tilizers on alfalfa may b 
though the second cutting 
smaller than the one record 
able. Field 2, apparently, 
the increase from the 0-20· 
from the 0-20-0. Thi s is ar 

Fig. 14. W {' igliillg alic 
plot yielded 1,200 poullds 111 

fer tilized plot. 



FUTILIZERS FOR LEGUMES 23 

green manure. Stable manure produced from such hay would also con­
tain more potash and thus be worth more as a fertilizer. 

A similar experim ent was conducted on two Miami silt loam fields 
w here manure had not been applied in the rotat ion. Yield records we re 
kept on only the fir s t cutting after the fert ilizer was appli ed . Acco rd ­
ing to the data presented in Table 7 phosphate and potash fertilizers 
were needed on both fields. The increase in yield a s a result of the 
0-20-20 fertilizer on field 1 amounted to 1,341 pound s fo r onl y one cut­
t ing. Exper im ents performed on other farms show that benefits from 
fertil izers on alfa lfa may be expected t o last at least two years . Even 
though the second cutting and second year increases may have been 
smaller than the one recorded, the total increase was still highly profit ­
able. Field 2, apparently, needed potash more than it did phosphate, 
the increase from t he 0-20-20 being 828 pounds as compared w ith 158 
from the 0-20-0. Thi s is a n int e resting obse rvati on s in ce the field had 

Fig. 14. )/V cigliill g alfa lfa on an experimental field. This fertilized 
plot Y1'elded 1,200 pOlfllds 1I1 0re dry hay per aC1'e than did the adjo ill ing UIL­

fertilized plot. 
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not bee n lll an ured as had the Brookston field w he re potash did not 
increa se th e y ield. 

On anot he r :,[i am i s ilt loam fI e ld. sho\\'n in F ig. 14, 400 pound s of 
0- 16-8 fe rtili 7.er. appl ied w it h a g ra in dr ill in April. increased th e yi eld 
of that year' s hay by 1.200 pound s . surely a profitab le invest m ent w h en 
it is rememb e red that benefi t s fr om fert ilize r on alfa lfa com m only last 
two or t hree y ea r s. 

In an exper im ent cond ucted in 1942 on "Visner loam , a n application 
of 200 pound s of 0-16-8 made \V' ith a grain dr ill on April 28 increased 
the y ield o f alfalfa hay fr om 1.706 to 2.187 pound s per ac re a t the first 
cuttin g a nd. trom 1,790 to 2,363 pounds at the second cutting, a total 
inc rease in ,\' ie ld of 1.054 pounds of hay for 200 pounds of fert ili ze r. 
.:\0 doubt. t he re \\'as a fur t he r in c reas e in yie ld on thi s fi eld in 1943 . 

Farm e rs no t ill the ha bi t of app lyin g fertil izer on old stands of 
alfa lfa m a \' \\'ond e r as t o the best tim e of y ear for such app lica ti ons. 
Th e data at hand show that on the heavy so il s it makes little difference 
as to th e tim e \\'hen th e fert ili zer is applied. Applications on three so ils 
\\'ere mad e in July after t he first cutt ing of hay, in October, and in 
early Ap ril. Y ield s obta ined during the fo llowing years are recorded 
in Tables 8 to 10. On all fields superphosphate markedly increased the 
y ield s. The in c reases in y ield resulting from the application of 300 
pounds of 0-16-0 ranged from 987 to 2,426 pounds of dry hay per ac re. 
Fu rthe r increases were obtained on two fields by adding pota sh to th e 
fertilizer. ::\itrogen was not beneficial to the alfalfa. In fact, on all 
th ree fi e ld s th e y ield s were smaller where th e fert ili zer was 4-16-8 than 

TABLE 8- Th e effe ct of fert i/i::;crs, applied at 7.'ariolts dates, on the yield of an old stand 
of alfalfa a ll Gilford loalll 

Pound s of dry hay per acre 

-------

T reatment " Average Average 
for for date 

1931 Hl32 Total fertilizer rI is rega rrl -
disregard- ing 
ing d a t e fe rtilizer 

Kone , . .. . . . . . . . . . . . . . 2 , 160 2,482 4, 642 4,642 . ......... 

0-16-0 July , 1930 . 2 , 681 3,.568 6,249 } 7,000 
0-16-0 Oct., 1930. 3,346 4,176 7,522 7 , 068 7,226 
0-16-0 Apr., 1931 . 3,322 4 , 11 2 7,434 7 , 160 

0-16-8 J uly, 1930 .. 3,497 4, 176 7,673 } 
0-16-8 Oct ., 1930 .. , . 3,.'i01l 4,240 7,749 7 , 64.'i 
0-16-8 Apr., 1031. ... ... . ... . .. . . 3,497 4,0 16 7 ,513 

4-16-8 July, 1930 ... 3,206 3 , 872 7,078 } 
4-16-8 Oct ., 1930 .. 2 , 600 3,808 6,408 6,673 
4-16-8 Apr., 1031 . 2,774 3,760 6,.534 

*The no t reatment yield s a re a,verages From 0 plo t::; . The othe r yielrl s a re a, \"e rages frorn duplicate 
riots . Fer tilizers we re appli ed a.t the mte or 300 pound ;; p e r 'Lc re. 

TAHLE 9- 7'he effect of fertilize} 
alfalfa on Miami silt loam s( 

Tn~iLl menLO< 

N Ollf;. 

0 -16-0 Ju ly, ID:.lO .. ........... . . . 
0-16-00C'l , 19:30. 
U- 16-0 Apr ., 1 r):{ 1 .. 

0-16-8 .llll y , 1 D:30 . 
0-16-8 Oct, J930 . 
0-J6-8 Apr ., 10:H . 

1 -16-8 July, J U30 . 
1-16-R 0<:1" 10;30 ... ... . " . . 
1.- J6-8 Apr., / 0;3 1. 

*1'he no t real lilent y ield :; are avent, 
p lots . I'e rl ili ze rs were app lied eLt 

w here the nitrogen was 01 

is remembered t hat alfalfa 
ge n fix ing bacte ria , is able 
to obta in inc reased y ield s 
nitrogen as a fert ili zer on 
Millar.* 

TABLE JO- The effect of ferti/i::;CI 
of a/fa/fa on Brookston silt /( 

T real lllrnt 

i\O Il C ......... . ......... . 

C)-t6-0 Jul y, 1030 ... . , . . .. . . ". 
0-16-00et., 1930 . 
0-16-0 Apr., J03 1 

0-16-8 July, ] 930 .... , . . 
0-16-8 Oct. , ]930 ....... . 
0-16-8 Apr. , ]Oal . . .... . 

4-16-8 July , 1930 ., .. ,. 
-1-16-8 Oct., 1930 "., .. 
4-16-8 Apr., 103] ... .. 

*The no treat me nt yield is an ave r 
rluplicate p lo ts . Fertilizers were ~ 

"'Mich . Agr . Exp. Sta. Spec. Bul. ; 
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TABLE 9- 7'he effect of fertilizer applied at various dales on the yield of all old slw:d of 
alfalfa on Mimni silt 10a111, soil 

Pounds of dry hay pe r acre 

Tr<~;LLlI1cnt * A vef<Lge Average 
for for date 

I !);~ 1 1932 Total fertili;::er di s regard -
dis regard - iJl g 
ing chLte fer t ili ze r 

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

1\ 0111-; . 2, O1~ 2,805 4 ,877 4,877 .... . ..... 

O-lo-() J li ly , I D;30 . . .... . .... .. . 2,84 1 3,200 0 , 137 } 6 ,043 
0-16-00(' 1" I ();)O. 2 , 484 3,632 6 , 116 5,864 (j, 157 
0- 16-0 Apr. , 10:ll . . . . . . . . . . . ~,:H8 2,992 .'i,340 5 , 902 

0-16-8 .J Ill y , IH;30 . 2 ,92:') 4, 064 6 , 989 } 
0-16-8 Oct , 1930 . 2 , 1]~ ;~ ,488 5 ,900 6 , 256 
0-]6-8 Apr. , I IM I . 2,775 3, 104 5,879 

1-16-8 July, 1030 . 1, 83.,) 3,168 5, 000 } 
1-16-8 O<:t , J030 . ~ ,.520 3,936 6 , 456 5,982 
1 - J6-8 Apr., H):31. 0, 160 3,328 6 ,488 

*Tile no treatlile n t y ie ld ,; a re avemge,; [rom 12plotfl. The other y ield ,; are avera,ges from dllpli c,Lte 
plots. Fe rtili ze rs we re app li crl at th e mte of 300 pound s pe r 'Lcre . 

w here th e nitrogen was om itted. This is espec ially interest ing when it 
is r em embered that alfalfa is a legum e w hich , through the aid of nitro ­
ge n fixing bacte ria , is able to make use of atmospheric nitrogen. Failure 
t o obtain increased y ield s of alfalfa as a re sult of the app lication of 
nitroge n as a fe rtili ze r on sand y so ils was reported by Grantham and 
Millar.* 

TABLE l O- The effect of fe rti1i:::c rs, applied at 'tlario/ts dal es, 0 11 the 'y ield of an old s tand 
of alfalfa on Brookston sill loa l/l 

1\ one .. 

0-16-0 July, 1930 . 
0-16-0 Oct ., 1930 . 
0 -16-0 Apr. , 1031 . 

Treat lllf'n t * 

0-16-8 .Tuly, 1930 .. . . . . ... . . . .. . 
0-16-8 Oct ., ] 930 .... . . . . .... . . 
0-16-8 Apr., 10:)1 .. . . 

4-16-8.July, 1930 .... . 
4-1&-R Oct ., 1930 .. . 
4-16-8 Apr., ]031 .. 

Pounds of dry hay per acre 

Average Average 
for for date, 

1931 fertil izer, disregard-
disregard- ing 
ing date fertil izer 

4 , 682 4 , 682 

5, 720 } 5, 61 4 
.'i , 675 5 , 831 5, 725 
6 , 097 6 ,037 

5, 660 } 
5 , 403 5 , 846 
6,474 

5, 463 } 
6 , 097 .') , 700 
.'i ,539 

*The no treat m en t . yield is ;J,n ave rage of t hose from 9 plots. The other y ields a re averages from 
duplicate plotH. F e rtiliz e rs w e re appli ert at the rate of 300 pounds per acre. 

"Mich . Agr. Exp. Sta. Spcc. Bul. 248, p. 29. 
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To dete rmine the influ ence of elate of fe rtilizer application th e 
y ields from plots fe rtiliz ed on th e sam e dat es were av e raged, irrespec­
t ive of the analyses of th e fe rtilizers. The re sult s from this s tud y are 
g iven in the last column of each o[ Tabl es 8 t o 10. On th e Gil ford loa m 
and the Miami s ilt loam th e greatest average y ield s for all fertilizers 
,\'ere obta ined from plots fertilized in October. On the Brookston s ilt 
loam th e _-\pril application r esult ed in the largest average y ield. The 
differences. however, are not markedly in fav o r of any particular date . 
One m ust conclude from the data, th erefo re, that if a farmer di scovers 
his alfalfa need s fertilizer h e sh ould make the appl ication as soon as 
it is conyen ient rath er than wa it for any certain time of year. 

EXPERIMENTS ON SANDY SOILS 

OYer a pe ri od of years many experiment s have been conducted on 
Fox sandy loam , a very extensive soil t ype in south western Michigan . 
Th e r esult s obta ined on three fields are reported in Table 11. In all 
case s fer tili ze r s caused mark ed increases in y ield. On field 3 an ap­
plicati on of 400 pounds of 0-10-25 fe rtili ze r m ore than doubled th e y ie ld 
of alfalfa from three cuttings. 

On t,y O othe r Fox sandy loam field s experiments were laid out t o 
:'i t udy th e effect of fe rtilize r analysi s and tim e of application , much in 
the sam e manne r as a lready reported for heavy soil s except that applica ­
t ions ,yere mad e only on 1\;\1 0 dates, early spring, and in summ e r after 
the first cutting of hay was removed. According to the data r epo rt ed 
in Table 12, potash fer tilizer increased the y ields in all cases. Supe r ­
phosphate caused an increase in y ield on one field but not on th e other.. 
The g reat est increases in y ield , however , res ult ed on both fields from 
the appl icat ion of both phosphate and potash. 

In general, the summ e r applications res ulted 111 great e r increases 
in yield than d id the ea rly spring applicat ions. Tn the last column of 

T.,\BLE II - The e ffe ct of fertiliz er O!l th e yield of an old s tand of alfalfa on 7'0.1: sandy 
loa.m .. 

Trea.tment 

~one . . . 

0-20- 0- 250 p01lnrl s . . 

0 -20-20- 2!j0 pound s ... .. . .. .. . ... . 

0-1 0-2!j-400 pound s . . 

*One CUlling from fields 1 and 2. Three c utLing:; f rulll fi eld 3 

Pound s of dry hay p e r ,Lc re * 

Field] 

3, 03R 

1\, 40G 

4 , 712 

F ie ld 2 

I,GOO 

3 , OJ;"~ 

a,98B 

Field 3 

3, 432 

(j,%3 

T ,\IlLl ': 12- l'he effe ct of fertiliz 
stalld of alfalfa on P ox san 

'J' reatllleJ 

N Oli e ... .... . ... . .. . 
0-20- (J·-250 pound s . .. . .. . 
0- 0-20 - 250 pound s .. . 
0-20-20- 250 pOltnds . .. .. . . 
0-20-10 - 2.')0 round s . . . ... . 

]\" Oll.c ..... . .. .. .. .. . . . . •. . . .. . 
0- 20- 0- 2.')0 puund s .. ... . . .. .. . . . 
0- 0-20- 250 pound s. 
0-20-20 - 250 poulld s .. . 
0-20 -1\0 --2.') 0 pOl Il1d s . . .. . 

N Olle .. . .. . . . ..... . 
0-20- 0 - 2.')0 pOlll1d s .. 
0- 0-20- 2.')0 pOllnd s . . 
(J -20 -20- 2.,)0 pound s . . 
0-20-Ij.O- 2;iO pounds. 

NO li e .. .. . ........ . . 
0-20- 0 - 2::>0 p()lIl1(i ~ . 
0- 0- :W - 250 POIIIHi s . 
0-20-20- 2;'0 pound s . 
0-20-40- 2r,o Jlo und s . 

F I ELD 2-J 

Table 11 is reco rded the i 
each cutting. From fie ld 
app lica ti on s a m ounted to 
poul1 ds increase in y ield 
Cons id e ring fi e ld 2, the c.l 

still greater, 026 pound s tl 
applied in th e sprin g as ( 
hy all fert ili zers appl ied 
results are not in accord "\ 
ti1l1C of applicati on did no 
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T ,\H I .!': 12- l'hc effect of fertilizers applied in spring and sumHrer on the }' ield of all old 
stalla. of alfalfa on PO% sandy loam 

T reatmeJlt 
Total 
y ield 

pounds 

FIELD I- Fert ili zers a pplied in spring, '1 cuttings 

No ne . ............................... . 
0-20- 0- 2.50 pound s ... . ............. . . 
0- 0-20- 2.50 pounds. . ... .... .. . 
0-20-20 - 250 pounds ... . ........ . .......... . 
'0-20-10- 2.')0 pOlmrl s, ... . .... . . . .... .. ..... . 

7,384 
8,078 
8,910 
0 , 120 

10 , 266 

Fertilizers a pplied in summer , 3 cuttings 

N Ollc .. .. ....... . ............ . .. .. . ..... ..... . .. ... ....... . 
0-20- 0- 250 'pound s. . . . . . . . . . . . . . . . . . .. . . ....... . . 
0- 0-20- 2.50 pound s. 
0-20-20 - 2,'jO roulld s. 
0-20--10 - 2.')0 pOlmrl s ...... . .. . 

.~ ,4~~ 
h , 81 C) 

6 693 
7 : .5.56 
7,38;) 

FI ELD 2- F c rLiliz c rs ,L ppl ie([ in spring, 4 cuttings 

N O l te . .... ......... . 
0 -20- 0 - 2:')0 pOllnd s. 
0- 0-20- 2.'iO [H) 11 nd s . 
0-20-20 - 2!iO pounds. 
0-20-40- 2;")0 po 11 1l([S . 

11 , fi01 
11 ,72 1 
12 , 607 
12 ,806 
12, .567 

F ertilizcrs applicd in SUll1mer, 3 cuttings 

NO II l: .............. . 
0-20- 0 - 200 pOllllel S . 
0- 0 -20 - 2.50 pOlllld s . 
0-20-20- 2.'i0 pOll nels . 
0-20-40- 2.'i() p Olll1d s. 

7,978 
7,9.52 
0,180 

10 , 060 
11 , 148 

Average 
yield pe r 
cutting 

pound s 

1,846 
2,020 
2 , 228 
2,282 
2 , 56, 

1 ,8 1(; 
2.292 
2,231 
2 , 51! ! 
2,462 

2 , 000 
2,930 
3, 152 
3 ')0') 
3: 142 

2,659 
2 ,651 
3,060 
3,3.53 
3, 716 

Increa"e 
in yiel,l 

per 
cutting 

pound.3 

1,-4 
:382 
-1076 
711 

"·i'i"6 .. 
-ioU') 
,03 
641-; 

I' ... 401 

I 
694 

1 , 0.57 

Table 11 is recorded the increase in yield caused by each fertilizer for 
each cutting. From field 1 the sum of the increases caused by spring 
appl icati on s a m ounted tu ] ,853 pound s of hay as compared with 2.440 
puunds in cr ease in y ie ld fr om plo t s treated after the first c l1ltitl ~..;. 

Consid e rin g fi e ld 2, th e diffe rence caused by time of application wa s 
st ill greater, 026 pound s t u tal in crease in yi eld caused by all fert ili zers 
applied in the spring as compared with 2,144 pounds inc rease ca used 
by all fe rtili ze r s applied a ft er t.l1C fir st cutting. Tim e of app lica tion 
result s are not in acco rd w ith those ob tained on t he heayy soils \\'her~ 

t illl C of application did no t affect th e results. 
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SUMMARY AND CONCLUSIONS 

Alfalfa hay removes from the soil large quantities of phosphate and 
potash. Experiments have shown that it is necessary to apply t hese 
plant foods as commercial fertilizer if production is to be maintained 
at a high level on fields where the crop is cont inu ously grown. On 
fields where fertilizer was applied at planting time, it pays to make a 
second application as a top-dressing after th e second harv est year, or 
in the case of sandy soils after the first cutting of th e second harvest 
year. Subsequent applications may be made each two years thereafter 
as long as the stand remains. 

On th e loam, silt loam , and clay loam soils, the analysis of t he fer ­
tilizer should be 0-20-10 or 0-14-7 unl ess the so il ha s been recently 
manured. In that case it may be satisfac t ory to apply on ly super­
phosphate. Since manure is not recol11 mended for a lfa lfa, because of 
t he waste of nitrogen , it follows that the phosphate and pot.ash mixture 
is generally r ecommended- at the rate of 200 to 300 pounds per ac re. 

On the sandy soils, potash should always be includ ed in a fertilizer 
fo r top-dress ing alfalfa. As shown by experim ent s, th e treatment most 
lik ely to g ive best result s is 0-12-12 or similar grade appli ed at the ra t e 
of 300 pounds per acre. \i\There th e so il is ex tremely light, th e analysis 
may well be changeel t o 0-9-27 as m ore potas h is needed Oil t.hat kind 
of soil. 

15M 


