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THE RELATIVE EFFICIENCY OF DIFFERENT FORMS OF NITROGEN
AND POTASSIUM IN POTATO PRODUCTION ON THE
EASTERN SHORE OF MARYLAND.,

) Introduction.

The use of various nitrogenous and potassium fertilizer
materials in the production of early potatoes and sweet pota-
toes on the Bastern Shore of Maryland, presents some very
important fertility problems. Practiecally all the land used
for potato production, in this section of Maryland, is so
low in the so0-called essential plant food elements, nitrogen,
vhosphorus, and potassium, that large amounts of complete
fertilizer are usually zpplied annuelly in order to grow
satisfactory. early crops of good quality. On account of the

sandy nature of the predominating soil types, in wet seasons

it is more than likely that & considerable amount of the
fertilizer applied, especially that portion in the form of
nitrates is lost by leaching. Hence, the fertility problem is
two-fold, namely, that of providing an adequate supply of soluble
nitrate material for rapid early growth, and that of mein-
taining a sufficient supply throughout the growing season. To
meet this two-fold requirement, the nitrogen in the fertilizer
mixture is generslly supplied from several sources. However,
mixtures of nitrate materials may not be necessary &8s certain

of the synthetic nitrogen materials, especially urea, have
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given promise of satisfying the nitrogen requirements when used

alone in the fertilizer mixture.

Not only are fertilizers containing large amounts of nitro-
gen usuelly required, but also some mixtures containing rela-
tively large quantities of potash as well. Scarcely & truck
erop can he grown on these soils that will not show some
favorable response from potash applications. In this respect
the comparative effeet of low and high grade potash meaterials
is important, especially where sweat potatoes are grown, since
this is a erop requiring relatively large amounts of potash.
Moreover, the importance of the entire subject of the utilization

of both potash and nitrogen materials for potato production is

further augmented by the small number of fertilizer analyses
used, meking still more important the selection of the most

suitable materials for each crop.

Some idea of the economic importance of fertilizing the
potato erop in Maryland may be gained from a study of the crop
statistics as reported by the U. S. Department of Agriculture
{49). During the 1987 sesson in Maryland, 15,400 acsres were
planted to early potatoes and this acreage prodused a total of
2,155,000 bushels at an estimated value of $2,586,000.

During the same year, 11,000 acres were plaﬁted to sweet

potatoes, producing 1,500,000 bushels at an estimated value
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of $1,109,000. On the basis of an 1800-pound application per
acre, the fertilizer used for early potatoes would amount to
nearly 14,000 tons but for sweet potatoes, the amount would
be somewhat less owing to the relatively small applicétion of

fertilizer used for growing this crop.

The magnitude and importance of potato production, not
only in Meryland but in adjoining States, has stimulated field
experimental work, psrticularly from the nutrition standpoint,
This work may be conveniently divided into three rather general
elassesy limiting factor experiments, using single applicetions
of fertilizer materials; experiments including combinations of
different types of fertilizer materisls; and those experiments
of a more or léss economical nature uSing different rates of
fertilizer applications and involving the law of diminishing

returns.

The present work may be classified under the last two
divisions. Different kinds of nitrogen and potassium materials
were used alone and in combinations but slways in a complete
fertilizer, except in the case of the check plots. Studies
on the rate of fertilizer application and the effect of
increasing potassium in the mixture were also included in the

investigation. Supplementing the fertilizer studies, a green

manure cover crop experiment was conducted to determine the
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effects of this practice, in conserving the fertilizer not
utilized by the potato crop and in ultimately increasing the

fertility of the soil.

_ Review of Literatugg

1. Experimenfs with Fertilizers for Early Potatoes.

In view of the long continued use of the potato in the
human diet, it is quite natural to find reports of fertilizer
experiments on this erop reported in early literature., However,
as a rule, the results of these earlier investigations have
been for the most part, rather indefinitely reported, For this
reason the following review of sarly potato investigations will

be confined to some of the more recent work on the subject.

Whitney (54}, in summerizing the results of potato ferti-
lizer investigations conducted in twenty-three states, on
8 large number of soils and extending over & period of years,
concluded that the actual increases in bushels of potatoes were
larger with two or three fertilizer materials, mixed, than with

single substances.

Pruog, Harper, Msgistad, Parker and Sykora (47) compared
the growth of potatoes in 'sand cultures supplied with complete
nutrient solutions, with the nitrogen supplied from two mineral

sources. They obtained the best growth with nitrate of soda

and only poor growth with sulphate of smmonis, A mixture of
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the two materials, however, gave a fairly good growth. Attention
was called to the importence of supplying nitrogen in seversl
forms for field applications of fertilizer. It was pointed
out that this practice would avoid a toxiec effeet from ammon-
ical nitrogen, excess loss by leaching, and delay of early

growth when only organics are used.

White (53), on the other hand, concluded that the poorest
yields of potatoes were produced where nitrate of soda was used
at the rate of 2000 pounds per acre. This conclusion was based
on the results of tests conducted &t College Park and Ridgely,
Maryland. Contrary to these results, Lipman and Blair (27)
found that nitrate of soda gave larger yields of potatoes than

equivalent amounts of sulphate of ammonia, fish or tankage.

Noer (30) compared activated sewage sludge with various
organic and ihorganic fertilizer materials as sources of ammonia
in & complete potato fertilizer, and concluded that activated
sewage sludge was a satisfactory source of nitrogen when used
in this manner. It was also pointed out that activated sewage
sludge exerted & favorable influence on the mechanical condi-

tion of the mixed fertilizers.,

Russell (36) reported the results obtained with potatoes
in & comparison of the newer nitrogenous fertilizers in Great

Britein. He concluded that ures wes of the same order of
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value as & ferfilizer as nitrate of soda and sulphate of ammonisa.
It was pointed out that the use of urea had several distinet
advantages; does not wash out of the soil, does not puddle

80ils as does nitrate of soda, does not remove lime as does
sulphate of smmonia, and makes a fertilizer mixture with good
mechanieal condition., Brown (4), conducted extensive experi-
ments in various sections of the United States and compared

the results obtained with organic and inorganic forms of
nitrogen in the fertilizer mixture. Among other things he found
that sulphaete of ammonia gave better yields of potatoes than
nitrate of soda in 9 out of 10 cases., When one-half of the
ammonia was supplied from an organic source, there was an
increase of 3.6 bushels obtained over the yield from the treat-
ment containing only inorganic ammonia. In an earlier publica-
tion, Brown (5), summarized the results of some experiments

with various nitrogen materials used in a complete fertilizer
for potatoes conducted in New York, Virginia, and Maine. He.
found that urea compared very favorably with nitrate of soda

and sulphate of ammonia as a source of nitrogen for potatoes,

In the same paper, were reported the results of 16 distinet
experiments on different soll types over a period of years with
three domestie potash materials. Muriate of potash, sulphate

of potash, and Nebraska salts were used in complete mixtures
containing 3, 5, and 7% potash, 4% ammonis, and 8% phosphoric

acid in each case. Very uniform yields of potatoes were
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obtained from all the treatments but muriate of potash gave
uniformly better yields than the othsr two potash materials.
The following table showing thé results obtained by Brown is
given, since the comparative effects of muriate and sulphate
of potash obtained corresponds closely with the results of the

present potash studies that will be presented lster,

3% 5% %
Muriate of potash 2834.7 240.4 245,11
Sulphate of potash 230.,3 234.3 231.4
Nebraska salts 229.6 292.9 225.5

Starch determinations were made on samples of potatoes taksn
from the potash and no-potash plots. The results showed that
muriate did not lower the starch content of potatoes in cﬂm-
parison with sulphate of potash. PFurthermore, it is rather
gsignificant that no increase in the starch coaontent was found
for the potatoes from the muriate plot in comparison with those
taken from the no-potash plot. Zimmerly (56), has shown that

- in Bastern Virginis, muriate of potash gave better yields of
potatoes than sulphate of potash., These results were obbained
over a period of three years when 160 pounds of potash were
applied per acrs each year. Howevef, ﬁhen this amount of potash
wes doubled the inereases for muriate were not uniform and the

results indicated & slight toxic effect.

The work of Pate and Skinner (31l) gave some evidence that

ammonia and potash had more influence on the yields of potatoes
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than phosphoric acid. However, the results as a whole showed
that the best yields were obtained where a fertilizer contain-
ing nearly equal proportions of ammonia, phosphoric scid, and
potash was used. The yields of potatoes were decreased when
potash was withheld from the fertilizer mixture. Woods (55),
studying the effects of omitting potash from the fertiligzer
used for potatoes in Maine, obtained a profitable increase in
yields when 1500 pounds of fertilizer containing 3% potash was

epplied. He also reported a beneficial effect on yields of

potatoes when 300 pounds of sodium chloride were used per acre.

The average yields of potatoes obtained by Bergh (3) on a
sandy loam so0il with Irish Cobbler and Green Mouﬁtain vafieties,
show an inerease of 60 bushels of marketable potatoes for
the potash plots over the yields from the no-potash plots.
Increases for the potash appliecations were consistent where
no stable manure had been applisd. In other words, stable
manure evidently helped to offset the effeet of a fertilizer

unbalanced with respect to potash.

Contrary to the results obtained by many investigators,
Cooper and Repp (8) found no beneficial effect on yields of
potatoes from the use of potash in the fertilizer mixture. On
the basis of returns per pound of fertilizer used, they ranked

the fertilizer ingredients as follows: nitrogen, 2.08 bushels
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of potatoes; phosphoric &cid, 1.605 bushels of potatoes; and
potash, 1.23 bushels of potatoss. Wallace (51) found that
potash manure salts did not give as high yields of potatoes

as muriate, or sulphate of potash. He also noted that the
leaves of the plants on &ll no-potash plots had a distinetly
deeper green color than the leaves of the plants on the potash-
treated plots. In this connection, Schreiner (32) made a
rather complete study of the symptoms associated with potash
hunger of the potato plant. These he observed may be character-
ized by dark green foliage, convex wrinkled leaf, drooping,

and later exhibiting a bronzing effect. These symptoms

were observed to be more marked in the potato fields on the
sandy soils of the Atlantic Coastal Plain Region. Potash
hunger symptoms, &s exhibited by the potato plant, are very
characteristic and offer a fairly reliable guide in the

fertilization of this crop.

Although no particular mention has been made of the effects
of phosphoric acid on the potato crop, it is conceded that phos-
phoric acid is an essential ingredient of potato fertilizers
in & large majority of cases. However, it was decided to
confine the present discussion to the effects of nitrogen and
potash in accordance with the experimental work that will be

degscribed later.
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2. BExperiments with Fertilizers for Sweet Potatoes.

It is significant that a large portion of the experimental
work on fertilizers for sweet potatoes has been concerned chiefly
with theieffeets produced by nitrogen and potassium. That these
two elements are important in sweet potato production was brought
out rather strikingly by Keitt (21), in a chemical analysis of
fourteen different varieties of sweet potatoes. His results
showed that the following smounts of nitrogen, phosphoriec acid,
and potash were removed from the soil by the sweet potato storage
roots: .

Nitrogen « « « « « « . o 0.348% to 0.184%

Phosphoric Acid. . . . . 0,0893% to 0,0435%

PotaSR 4+ v 4 o ¢ o o o 0.884% t0 o.szé%
It would seem from thess results that nitrogen and potash should
be expected to play & more important part than phosphorus in
the fertilization of sweet potatoes. Consequently, various
nitrogen and potassium materials have been used more than phos-
phorus materials for fertilizer studies with sweet potatoes.
Scott (40), found as a result of five year's study on fertilizers
for swéet potatoes, thet both sulvhate of ammonia and dried
blood are suitabls sources of nitrogen for this crop. He also
found that fertilizers containing potash were needed in order
to produce & satisfactory yield of potatoes. From a comparison

of muriate and sulphate of potash he found that the muriate
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plot out-yielded the sulphate plot by 18.2 bushels of potatoes.

It is rether significant that there were no differences noted

in the extsnt of vine growth on any of the plots,

Stuckey (45), summarized the results of 12 year's experi-
mental work oh & comparison of single applications of mineral
fertilizer materials, and & complete ferftilizer mixture for
sweet potatoes. With respect to the yields of potatoes obtained,
the fertilizer treatments may be ranked as follows: first, com-
plete; second, sulphate of potash; third, acid phosphate, fourth,
nitrate of soda; and fifth, check (no fertilizer). It was
stated that yields of potatoes obtainsed from the various treat-

ments, in comparison with those obtained from the check nlots,

did not warrant the use of fertilizers in large amounts.

In an earlier publication, Stuckey (44) reported the
results of some extensive studiesg on the effects of different
fertilizer materials on the weight and chemical composition
of the sweet potato vines produeed. It was concluded that high
nitrogen applications had a tendenqy to increase the weight of
vinas but did not meterially effect their chemical composition.
Chemical determinations made on the potatoes also showed no
significant variations for the different treatments. Nitrate
of sode used alone produced the smallest potatoes, whereas &
complete fertilizer, and likewise & sulphate of potash treat-

ment, had a tendency to inerease the size. Neither the
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percentage of starch nor the percentage of sugar showed significant
differences in the potatoes produced, where & 2-12-2 and where

& 3-12-4 fertilizer was applied each year over & period of

two years. It was concluded from & comparison of the weight of
vines produced and the yield of potatoes, that the size of

the crop cannot be forecast from the extent of the vine growth.

Contrary to the results obtained by Stuckey (44), it is
commonly thought that there is a relation between the growth
of sweet potato vines and the yield of sweet potatoes. For
lack of experimental evidence, much doubt exists concerning the
effect of various fertilizer materials on the production of sweet
potato vines and storage roots. However, more is known about
the effect of fertilizer materials on the shapse of sweet potatoes.
Results of field experiments have been obtained which indicate
that certain fertilizer ingredients tend to produce long harrow
sweet potatoes and others tend to produce short thick ones.
Whether this effect is directly associasted with the manufacture
end translocation of carbohydrate materials for root storage,
or merely the resultant of a change in the relationship between
vine growth and root storage, is not known. In respect to the
effects of fertilizers on the shape of sweet potatoes, the work
of Schermerhorn (37) is of particular interest. He found that
increasing amounts of nitrogen in the fertilizer mixture, pro-

duced & relatively long potato, whereas increasing emounts of
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potash, produced a potato of the "chunk™ type. These results
are particularly significant from'an ecbnomic standpoint, since
the market at the present time demands & "chunk" type of sweet
potato. The same eauthor obtained inereased yieids of potatoes
when complete fertilizers containing as high as 8% potash were
used., & complete fertilizer containing this amount of potash
produced an increased yield of 99.5 bushels of potatoes, over

that obtasined from the no-potash trestment.

Several attempts have been made to determine the relation

between the starch and sugar content of the sweet potatoes and
the kind of fertilizer used, but the results so far have been
unsatisfactory. However, Quinn (35), in 1925, found a definite
correlation between the amount of potash used as fertilizer and
the percentage of carbohydrates in the potatoes produced. It
was cleimed that potash applications not only increased the
percentage of starch and sugars, but also produced a larger
yield of marketable potetoes., It is interesting to note that

Quinn also observed that the vine growth was unaffeeted by the

fertilizer treatments.

Johnson, Zimmerly, and Geise (20) studied the relative
effects of several sodium and potassium selts, when used for
top-dressing sweet potatoes. It'was found that the complste
fertilizer plots which were top-dressed with sodium chloride

produced an average increase of 42.7 bushels of marketable
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potatoes, over the yield obtained from the same treatment without
the sodium chloride top-dressing. This ineressse was consistent
for both the late snd early harvest of the sweet potatoes, It
Was pointed out that all of the treatments containing chloride

salts, compared very favorably with those containing sulphates.

Geise (1l4), a&s & result of several year's experimental
work, chiefly With single applications of fertilizer materials,
concluded that & complete fertilizer was essential for the
pfoduction of sweet potatoes, However, he found that responses
in yields from potassium applications were, as & rule, greater
than the responses from nitrogen or phosphoric acid aepplications,
The results of an experiment for one year, showed an increase
of 40 bushels of potatoes ffom 8 2-8-10 fertilizer treatment,
over the yield obteined from & 2-8-8 fertilizer, Likewise, a
3-8-10 fertilizer treatment outyielded a 3-8-8 fertilizer

treatment by 23 bushels of potatoes.

As strong as the case may seem for the beneficial effects
of potash treatments on sweet potatoes, yet results have been
reported where potash applicetions have not produced increased
yields, Hotchkiss (18), found from & comparison of several
fertilizer materials used alone and in different combinations,

that sulphste of potash gave the lowest yield of any treatment,

It was pointed out that apparently potash was not a limiting
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faetor in the soil used for the experiments. Xnapp (22) also
reported no increases in yields of sweet potatoes where potash

applications were made.

Summarizing the experimental work done with fertilizers

for sweet potatoes, it seems quite evident that potash and

nitrogen in one form or another are needed for sweet potato
| production on the majority of soils. Exactly which form of
nitrogen and potesh is best, is still a2 matter to be deter-

mined by experiment, probably for each soil condition.

3., Adsorption Experiments with Different

Potassium Materials,

Since fertilizers relatively high in potash are quite
generally used for potato production, the importance of
determining the adsorption power of the soil with respect to
the potassium-in the different materials used, and the avail-

ability after sdsorption, is at once apparent.

For almost & century, investigstors have known that soils
in general possess the power to decrease the concentration of
salt solutions with which they are brought in contact. A4s
early as the latter part of the Eighteenth Century much work
had been done on the subject and considerable data had been
accumulated. This earlier work has been compiled and reviewed

in detail by Patten and Weggaman (32). Of the early investi-
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gations, the classical work of Way, Frank, Treutler, and Peters,
is perhaps the most outstanding. Way (52), as early as 1850
found an excess of bases held by send treated with salts.
Frank (11), in one of his percolation experiments, found 95.5%
of the potassium of a 0.1% solution of potassium chloride
retained by an 18 inch column of soil. Treutler (46), found
that additions of sodium chloride reduced the amount of potass-
ium retained by soils treated with solutions of potassium
chloride, thus confirming the earlier work of Frank (11).
However, Pisher (10}, in a more recent publication, ﬁresented
the work of Lemberg which shows a replacement.of sodium by
potassium in soils, It was pointed out that under similar
conditions, potassium will replace sodium, a&s might be suggested
by the retention of lsrge amounts of potassium by soil, in com-
pariéon to sodium. Purthermore, the presence of sodium chloride
rather than potassium chloride in the ocean is suggestive of

the relative amounts of these two salts that may be held by soils.

Patten and Waggeman (32) recalculated the results obtained
by Peters (34) on the removal of potassium chloride from solu-
tion by soil. The recalculated results showed that the removal
of potassium was nearly twice as great from & wesk solution ,

as was obtained when & solution twenty times stronger was used,

Sehreiner and Failyer (38) percolated a potassium chloride

solution containing 200 p.pem. of potassium through a short
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column of sandy loam soil at the rate of 50 c.c. in 24 hours.
The first 200 c¢.c. of percolate was reduced to 96 p.p.m. of
potassium and thereafter the amount of potassium in the perco-
late steadily increased. It was concluded that the potassium
retained by soil is continually diffusing into the free soil

solution and‘becoming directly accessible to plants.

McCall, Hilderbrandt, and Johnston (28) studied the
adsorption of potassium by & sandy loam soil from a solution of
potassium chloride containing 62 p.p.m. of potassium. After
the first ten minutes in contact with the soil, the solution
was reduced to 40 p.p.m, of potassium.and to:36 p.p.m. after
the second ten-minute period. From this point the adsorption
gradually decreased until the solution coming from the soil was
almost unchanged. The removal of the adsorbed potassium by
distilled water was greatest at first, and then became practi-
cally constant. About 42% of the adsorbed potassium was still

retained by the soil after six leachings had been made,

Frear and Erb (12) stated that much of the potash applied
es fertilizer remeined in the surface soil in a state highly
_gvailable to crops, &nd that the loss by drainage was probably
not great. IlcGoerge (29), using & sandy textured soil from
Honolulu, obtained as high as 45% potassium fixaetion by leaching

with & solution of potassium sulphate contsining 214 p.p.m. of

potassium.
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Starkey and Govdon (42) showed that the hydrogen-ion
concentration affected adsorption. Potassium was adsorbed in
largest amounts by hydrogel of silica in an slkeline golution,
but when the reaction was made a&cid, the amount of potassium

adsorbed was markedly reducsd.

-

Summerizing the work of previous investigators, it is
evident thaet potassium is adsorbed by soils in varying amounts
depending upon the existing conditions, kind of soil, and the
amount and kind of potassium material applied. From & practi-
cal standpoinﬁ this adsorption is of considerable importance.
In the case of potato growers in Maryland and Virginia, where
at the present time applications of from 1000 to 2000 pounds
of fertilizer per acre, analyzing from 5% to 8% potash, are
made snnually, the subject demands unusual attention. NMore-
over, in the potato-growing sections of these two states, the
practice of using larger amounts of potassium in the fertilizer
mixtures is probably increasing rather than decrsasing.
Finally, the 1qose, friable condition of Norfolk sandy loam,
which is used extensively for growing early potatoes and sweet

potatoes, adds further interest to the problem.

4, Effect of Salts on Nitrification in Soils,

Phosphorus additions as a rule stimulate bacterisl activi-
ties but nearly all of the potassium salts very soon become

toxie to bacterial action in soil when present in large
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amounts., The low-grade potassium salts are of especial
significance in this respect, vprobably on account of their
high sodium content. Hence, a study of the effects‘of potassium
salts on nitrification is important with respect to the rate

and accumulation of nitrates from organic materiasls added to the

s0il in a complete fertilizer mixture.

Greaves (16), found that potassium chloride was stimulating

to nitrification at low conecentrations in the soil but became

toxic as the concentration was increased. Potassium sulphate
was found toxic at 6 p.p.m. in soil but the toxicity in this
case was slow to increase as the salt content was increased.
Lipmaen (24) made perhaps the most extensive study of the
effects of alkali selts on the sctivities of soil bacteria.

In his studies, he found that sodium chloride was toxicec to the
nitrifying organisms at & conemntration of 0.1% or less.

Sodium chloride was found to be about as toxic for the nitrify-
' ing as for the ammonifying organisms. However, a stimulating
effeet on nitrification was found when sodium chloride was
present in very small amounts. In a later publication, Lipman
and Sharp (25) found that the nitrogen-fixing organisms were more
tolerant to sbdium chloride than either the nitrifying or
ammonifying organisms. Brown and Hitchcoeck (6), Gibbs,
Batchelor, and Magnuson (15), Patterson and Scott (33), and

Lipman (26) all reported a decrease in nitrifieation in soil



when sodium chloride was present in high conecentrations.

From the foregoing review of litersture it is evident that
the amount and kind of fertilizer material, or materials, added
to the soil not only affeect the nutrition of the growing crop
directly, but also indirectly from chemical, physieal, and
microbiological standpoints. Undér these conditions, soil is
being constantly adjusted and readjusted to various equilibria,
When fertilizers are added to the soil, and crops are grown,
it becomes the task of the speciaelist in soil fertility to
determine as far as possible the extent of the chemical,
physical and biologicel changes that have contributed to the

final result. This is precisely what has been attempted in

the present investigation.
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Experimental
Part 1., Pertilizer 3tudies with Early Potatoes.

General Plan of Experiments. The experimental plots

were located 2 miles northeast of Snow Hill, Merylsnd. 1In
this section of Maryland the predominating soils are the
Norfolk, Sassafras, Elkton, and Keyport series. A4ll are

characterized by their low nitrogen, phosphoric acid, and potash

content,

The topography in the vicinity of Snow Hill may be des-
eribed as extremely flat with the exception of an oecasional
send hill, one of which extended along the western portion of

the experimentel area, including one entire series of plots.

The so0il type used for the experiments was Norfolk sandy
loam, This so0il is especially low in nitrogen and potassium
a8 may be seen from Table I, which shows the results of a
mechanical and pertisl chemical analysis of a samople of the
surface soil taken from the level portion of the experimental
area. The subsoil appeared to contain more sand than the

surface soil, hence the surface water was normally drained

very rapidly.

Weather Conditions: The 4-year average rainfall during

the growing seasons of the‘early potato crops amounted to 11

inches. The rainfall distribution in normal years was good.



Table 1

Mechanical Analysis*

WD G ey Wm e S ven W R W G T ash e ey WD S R WA MR WD wp =M R S ME e —. N R TP A R G W R A M S W S W WD T R S G e e T e L e WD Y TR W

Percent.
Fine gravel ' 1.2
Coarse sand 12.0
Medium ssnd | 12.6
Fine sand _ 46.4
Very fine sand 8.2
Silt 15.3
Clay 4.4
Water-holding capacity 29.2
Total nitrogen 0(Q766
Total potassium 0.884%
pH 6.4
Loss by ignition 2.3

. . B o = = Ao . . . - e T M W W P e L W A an me e O del W Am S NS S TH) e R T e P e A S T M wm A S R YR e ot

*Mechanical snalysis made by Bureau of Chemistry

and Soils, U. 8. Department of Agriculture.
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During the 1927 season the rain gauge at the field registered
2,72 inches for March, 2.88 inches for April, 1.72 inches for
May, 2.80 inches for June, and 1.75 inches for July, meking a
total of 11.9 inches for the growing season. However, during
the 1924 growing season, & total of 17.5 inches of rain were

recorded, only 5.5 inches for 1925, and 10 inches for 1926.

A thermograph with the bulb placed 6 inches below the
surface of the soil was used for recording the soil temperature
during the growth of the crop. At the same time, the air
temperature was recorded by the same instrument. The average
mean soil temperature &t & depth of 6 inches was 57.8°F for
the 1926 growing season and 65.4°%F for the 1927 growing

season. The average mean air temperature for the same periods

was 64.19F in 1926 and 59.,7°F in 1927,

Description and Management of Plots: The entire experi-

mental area at Snow Hill consgisted of approximately 5.2 acres.
Of this area 3 acres were used for early potato fertilizer
experiments and the remainder was used for fertilizer experi-
ments with sweet potatoes. The plots were 1/40 and 1/20 acre
in size and were so arranged in series that the same crop and
Pertilizer treatments appeared on sach plot every two years.
This arrangement permitted a study of the accumulative effects
of the fertilizer treatments. EREarly potatoes were rotated

with sweet potatoes in every series, with & green manure cover

erop on the lend during the winter and early spring months.



Pig. 1. One-row fertilizer distributor uced for apply-
ing all fertilizer treatments.
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Where the effect of the green manure cover crop was studied,

the land remained bare all winter.

The fertilizer treatments were applied with & one-row
distributor iilustrated in Fig, I. This method of distribution
thoroughly mixed the fertilizer with the surfsce soil thus
minimizing the possibility of fertilizer injury to a large
extent, The plots were marked out in six rows 30 inches apart
and the fertilizer was applied about March 20th of each year,
Planting followed as soon as possible gfter the fertilizer
application. The seed potatoes were treatéd foi scab and cut
as nearly as possible in pieses of 1.5 ounces as recommended
by Appleman (1). ILocal grown seed of the Irish éobbler variesty
was used throughout the work wherever early potatoes were
grown. Planting was done with an Iron Age planter in the ususal
manner, except for the application of fertilizer which was
made as already deseribed. Throughout the growing season, the
control of insects was effected in the usual way with Paris
green or calcium arsenate. Practically no potato diseases
were encountered at any time during the duration of the

experiments.

About May 15th of each year, corn was drilled between

every other row of potatoes so that three rows of corn were

grown per plot in addition to the six rows of potatoes., At



Fig. 2. Showing the *ize of corn at the time of digging the
early potatoes. Photograph taken July 21, 1927.
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the time of harvesting the early potato crop, the corn was
usunally about 18 inches high and did not hinder harvesting

operations,

The potatoes were harvested about July 10-15 each year,
Digging was done in the manner customary in the loeality by
using & plow and later scratching out the potatoes by hand.._All
grading was done in.the field using only two grades, U. S. Grade
No. 1, Primes, and culls. The waights of primes and culls were

recorded in the field at digging time,

For convenience in discussing the results the data have
been arranged in a number of series., These series are numbered
consecutively and therefore do not necessarily correspond to

the actual series numbers given in the field}’

Series 1, Influence of Source of Nitrogen in

the Pertilizer Mixture.

In this series various nitrogenous materials were com-
pared to study their effeet on yield of potatoes when used in
e mixture containing 7% ammonia, 6% phosphoric acid, and 5%

potash. For all the treatments in this series and throughout

l. The yields for 1924 and 1925 were obtained by Dr. A. M.

Smith. Those for 1924 were reported by him in & Doctorate

Thesis, University of Maryland, June, 1925.



- 25 -
The work to follow, unless otherwise designated, 16% super-
Phosphate was used as the source of phosphoric acid, and sulphate
of potash as the source of potash. The basic fertilizer appli-
cation for all treatments in this series was 2000 pounds per
acre, in sccordance with the usual prsctice where early pota-
toes are grown in this seetion. The yields of primes in bushels
per acre for each year are shown in Table 2 as well as the |
average yields of primes, the combined average yislds of primes
and culls, and the average percent of culls for the four-year

period,

An examination of the data presented in Table 2 wlill show
distinctly the beneficial effect on yields of potatoes obtained
from the use of organic nitrogenous materials in the fertilizer
mixture. 1In all cases for the entire four yvears, the yields
obtained where the nitrogen was derived from both organie
and inorganic sources exceseded those where nitrogen was supplied
only in the inorganic form., Where nitrate of soda was the only
source of nitrogen, the yields of potatoes were consistently
low and the average yield was the lowest obtained from any
nitrogen treatment. These results would indicate that nitrate
of soda is not & satisfactory nitrogenous material for early
potatoes on this soil, when used as the only source of nitrogen
in the fertilizer mixture. Smith (41l) showed that the losses
of nitrate from Norfolk sandy 1oah by leeaching are in propor-

tion to the amount of nitrogen in the fertilizer mixture



Taeble 2,

Showing the influence of different nitrogenous materials

and combinations in a 7-6-5 fertilizer on the

yield of Rarly Potatoes.
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__Yield per Acre
Primes T Average :
+1925 :1926 .1927 Primes:Primes ‘Percent
: : : and § culls
: :Culls : Ave,
¢ Bus. : Bus. @

*" oy o0
-
O
o
L

Ammonia in Mixture from:

.
.

Bus. :Bus.

s bo o»

]

Bus.

Nitrete of Soda 68,0t 25.0:121,0,116.0: 83.0:116.6 :28.4

3

*P o9 0¥ sr - .

Sulphate of Ammonia : 87.5¢ 37.0;154.0;145.0; 106.0:133,0 :20.3
Dried Ground Fish 3127.03 21.0:159.0:167,0" 118.5:152.0 22.0

0-6-5 No Ammonia 22,01 19,07105.0: 12,0° 359.0% 69.0 43.5
Packing House Tenkage  :155.0, 29.0:161.0%131.0} 119.0°160.0 25.6

pe e 20 0r »»

-
-
. -

+ Nitrate, % Sulphate :114.5; 32.0°114.0%149,0! 102,4%137.0 25.2

.

»
. M -
-
.

20% Organic :

Ursa 155.03164.0 *18.9

39,0:187,0:175.0°

Activated
Sewage sludge

3 Pish, % Tankage 1147.0; 22.0°164,0°184,0 117.0°157.0 :25.4
40% Inorganic* :144,5: 26.0,174.0°152,0; 124,1.156.0 :20.5
60% Organic** : : . . : . :
50% Inorgenic, t146,0: 27.0:167.0.162.0: 125.,5.155.0 :19.0
50% Organic : : . X : : :
60% Inorganic, 3155.02 20.0;167.0;170.0: 122.5:154.0 :20.4
40% Organic. . ‘ : s 8 g :
0-6-5 No Ammonie ' 35,0t 16.0: 96.0: 24,0t 42.7: 73.0 :41.5
70% Inorgsnic $170.0% 25.0:155.0:158.0% 127,0:157.0 319.1
30% Organioc . ; : : : : .
80% Inorganic, '151,0} 32.0:167,0:150,0% 120.0:146.0 17.8

-~ . 43,0157.01203,0; 154,3°167.0 :19.5

*Inorganic = 1/2 Nitrate of Soda and 1/2 sulphate of ammonia,
**0rganie = 1/2 Pish and 1/2 Tankage.
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Supplied from nitrate of soda. It would seem from this work and
the field results presented here that the consistent low yields
recorded for nitrate of soda were caused by a direct loss of
nitrates from the feeding area of the erop. Sulphate of
ammonia, on the other hand gave better yields consistently

than nitrate of sode, but when the two materisls were mixed,

the average yield obtained was slightly lower than whers sul-

phate of ammonia weas used salone,

It is evident from the results obtained in Table 2 thet
the different ratios of inorganic to organic nitfogen used in
the mixture did not’materially gffect the yields of potatoes.
From the results, the important consideration in this respect
seemed to be the supplying of s part of the nitrogen in the
mixture from organic sources with a larger amount supplied
from inorganic materials. Of the organic materiais used,
urees and activated sewage sludge gave the highest average
yields, although these yields were calculatedvfrom the results
of only three years. However, it mey be seen from a comparison
of the yields from these two meterials in 1926 and 1927, that
the yields from ureg were more uniform than those from sewage
sludge. The season of 1925 was unusually dry and a comparison

of the yields for that year does not seem warranted,

A further examination of the data given in Table 2 will



Pig. 3. No-fertilizer plot in the foreground and no-ammonia
plot on the?rest of the sand hill. Photograph taken
June 25, 1927.
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show conclusively that nitrogen was & limiting factor in potato
production on this soil., The average yields of the check plots
were less than 50% of those obtained for any treatment, with one

exception.

The average pereentagé of culls obtained for the treatments
over the four-year period showed no significant differences when
various sources of nitrogen were used. However, there was a
tendency toward & lower percentage of culls where organic nitro-
gen was used in the mixture. The percentage of culls for the
check plots was almost double that obtained for the nitrogen-

treated plots, with a few exceptions.

Series 2, Comparative effects of different organic

and Inorganic Nitrogenous Materials used in

the Mixture.

This series of plots was plenned principally to compare
the relative effeéts of nitrate of soda, sulphate of ammonis,
and Leunasalpeter when used in conjunction with organic
materials as sources of nitrogen for potatoes. Several com-
binations and single sources of nitrogen suggested from the

results of Series 1, were also included in this series. The

rete of application snd the analysis of the fertilizer remained
the same as in Series 1, being 2000 pounds of a 7-6-5 mixture.

Dried ground fish and packing house tankage in equivalent



emounts were used to supply the organic portion of the mixture,
except where urea was used, The yislds of primes per acre,

culls and total yields for 1927 are shown in Table 3.,

From Table 3 it may be seen that Leunasalpeter compared
very favorably with nitrate of soda and with sulphate of ammonia
in combination with fish and tenkage. HNo significant differences
in yields were obtained from the various combinations with ures,
sulchate of ammonia &nd nitrate of soda with fish and tankage.
Leunasalpeter produced a larger yield of potatoes than urea
where each was used as the only source of nitrogen in the
‘mixture. However, the mechanical condition of the mixture con-
taining Leunasalpeter, as the only source of nitrogen, was so
bad as to strongly discourage its use in this manner. On the
other hand, the mixture containing urea was in excellent
mechanical condition at the time it was applied to the soil,

The relatively high yield of potatoes obtained in this series
where nitrate of sodéd was used with organics, seems to further
strengthen the evidence for the use of organic as well as in-

organic nitrogen materials in the mixture.

In an experiment of this kind, results from one year's work
do not permit very definite conclusions to be drawn. However,
the gensral conclusion that Leunasalpeter compared very favorably

with nitrate of soda and sulphate of smmonia as a source of



Table 3.

Showing the comparative effects of different combinations

of nitrogenous fertilizer materials dn the yields

of early potatoes for 1927.
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Yield of Potatoes per Acre.
Primes . Culls . Total

Ammonia in mixture from:

.e » s s ¢

BU.S. . Buso be Bu-s.
70% Nitrate of soda o211 : 27 . 238
30% Organic*® : : :
70% Sulphate of Ammonis o102 : 23 . 215
30% Organiec : : :
70% Leunasalpeter . 193 : 18 ¢ 211
30% Organic : . N
50% Urea : 175 : 19 ¢ 194
30% Sulphate of Ammonis : : :
20% Organiec : : :
20% Nitrate of Soda s 175 : 18 . 193
50% Sulphete of Ammonisa : : :
30% Orgsnic : : .
Urea 149 . 23 . 172
Leunasalpeter 169 . 23 . 192

*Organic - 1/2 Fish and 1/2 Tankags.



nitrogen for early potatoes, does seem warranted from the data

presented.

Series 3. The effect of a Green Manure Cover Crop

in addition to the fertilizer application.

From the foregoing results it is evident that the sources

of nitrogen in the fertilizer mixture constituted an important
consideration in the fertilizer problem involved in the pro-

duction of early potatoes on Norfolk sandy loam. However, the
potato crop probably was not capable of utilizing all of the
fertilizer applied sach year. ~This would mean that the residual
effect from the fertilizer would be considerable, unless losses
occurred by leeaching. It is probable, however, that losses of
nitrates, esyecially,_took place repidly. Hence, the problem

of conserving that portion of the fertilizer not utilized by the
‘cr0p was presented, tercropping with corn undoubtedly helped
to reduce these losses, but an aéditional reduction was effeated
by growing a green manure cover crop of rye and vetch on the |

land during the winter and early spring. Not only should a

green manure cover crop conserve the residusl fertilizer remain-
ing after the potato crop was removed, but it in turn should
considerably increase the amount of organic matter added to the
gs0il each year. In order to study the effectiveness of a

green menure covaer crop in these respects, a series of seven
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plote was conducted. These plots received fertilizer treat-
ments identical with seven of the treatments used in Series 1.,
except that in this case all the plots were allowed to remain
bare during the winter and until sweet potatoes were planted
the following year. Corn was planted between the rows of
early potatoes on these plots as was done on Series 1., For
comparison, the yields of prime potatoes for 1925-26-27 are shown

in Taeble 4 together with the average yields for the 3-year period,

From & consideration of the data presented in Table 4 it
is apparent that the green manure cover crop did not show &
consistent increased yield in 1926. However, the yields for
1925 and 1927 show striking increases‘in yields for the green
manure plote over those obtained for the no-green manure plots,
This yearly variation in the results may be explained by the
fact that in 1925 and 1927 the plots receiving green manure

treatment were located on the ssndy hill extending along the

west side of the experimental area. In 1926, however, the plots
receiving & green manure cover crop were located on a practically
level portion of the field where the soil was in a somewhat
higher state of fertility. 1In 1924 the plots were again located
on the level portion of the field, but the yields for this |
yecr are not given since this was the first year of the experi-

ment and no green manure had been grown the previous winter.

It should be further noted that the plots receiving no green



Tebles 4,

Showing the effect of a green manure cover crop in

addition to fertilizer treatment on yields of

Barly Potatoes.
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Yield Primes oer Acre.

Ammonia in mixture from; * 1925 ¢ 1926 : 1927 ;. 3-year
* . : : Average
: Bu.so M Buso M BU.S. T BuS.
Nitrate of Soda ' 25,0 ; 121.0 : 118,0.: 88
Nitrate of Soda Y 52,0 : 116.0 : 193.0 : 120
plus Green lManure . : : :
Sulphate of Ammonis Y 37,0 : 154.0 : 145.0 : 112
Sulphate of Ammonia * 63,0 : 140.0 : 175.0 : 126
plus Green Manure . H : :
Dried Ground Fish P 21.0 : 159.0 : 167.0 : 116
Dried Ground Fish * 64,0 : 176.0 : 191.0 : 144
plus Green Manure . : : :
40% Inorganic, 60% Organic* * 26.0 : 174.0 : 152.0 : 117
40% Inorganic, 60% Organic ° 59,0 : 166.0 : 204.0 : 143
rlus Green Manure . : : :
50% Inorganic, 50% Organic > 27.0 : 167.0 : 162.0 116
50% Inorganic, 50% Organic . 64.0 : 152.,0 : 199.0 : 138
plus Green Manure . : : :
60% Inorganic, 40% Orgenic . 20.0 : 167.0 : 170.0 @ 119

60% Inorgenic, 40% Organie : 71.0 * 131.0 @ 226,0 @ 143

plus Green Manure

st 40 e 0»
e o

70% Inorganic, 30% Orgenic : 25.0  155.0 ; 158.0 [ 113
70% Inorganic, 30% Orgenic : 62.0 . 146.0 . 225.0 . 144

plus Green Manure f .
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1/2 Fish and 1/2 Tankage

*Organic
1/2 Sulphate of Ammonia and 1/2 Nitrate of Soda.

Inorganic
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manure were located on level land during the entire four years
of the experiment. The yields for the green manure and no-
green manure plots are in one sense, not comparable in 1925 and
1927, as a comparison for these years accentuates the returns
for green manure. On the other hand, & comparison of the yields
for these years is interesting since it brings out the relative
increases that may be expected from green manures when used

in conjunction with fertilizer applications on the sand hills

that occur in this section.

The occurrence of decreeses in yields of potatoes where a
green manure crop was used in 1926 is rather hard to explain.
However; these decreases may have been caused by a retardation
of bacterial action in the soil brought about by the plowing
under of the green manure in the Spring. This in turn may have
retarded the nitrification of the organic materials added in
the fertilizer. The extent of this action would, of course,
depend upon the guantity of green manure plowed under and the

nitrogen-carbon ratio of both the soil and the green manure.

In consideration of the results obtained for 1925 and 1927,
especially for the latter year, sinee 1925 was an unusually dry
year, it is especially noteworthy that the yields of potatoes
were increased in every case where a green manure cCrop was used,
even though these plots were located on the sandy hill, The
results from the use of & green manure crop under these soil

econditions were undoubtedly very largely brought about by the



fertilizer residues remaining in the soil after the sweet pota-
toes had been dug the previous year. Without this residual

fertilizer, it is very probable that the results would not have
been so satisfactory, since the green manure crop in this case

would undoubtedly have made & very poor growth.

Series 4. Rates of fertilizer applications and the

value of organic nitrogen gpplied at planting

time in relation to yields of early potatoes.

The fertilizer used in this series contained 7% ammonia,
6% phosphorie acid, and 5% potash applied at the different rates
shown in Table 5. The nitrogen in the mixture was derived from
equivalent amounts of nitrate of soda, sulphate of ammonia, dried
ground fish, and packing house tankage. Phosphoric acid and
potash were supplied from the same sources as in the previous
series. The usual procedure was followed throughout in applying
the fertilizer, applying 75% at the time of planting the potatoes
and the remeining 25% at the first cultivation of the crop.
However, for one treatment at each rate of application, except
for the highest rate, only organic nitrogenous materials were
contained in the portion of the mixture applied at planting-tims.
In these cases, the remainder of the mixture, containing only
nitrogen derived from nitrate of soda and sulphate of ammonia,
was epplied at the first cultivation. At each rate of applica-

tion the total amount and analysis of fertilizer was the same,
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the only difference being the time at which the inorganic nitro-
gen was applied. The yields of early potatoes produced in
1927 on these plots expressed in bushels per acre together with

the average yields obtained in 1926 and 1927 from the rate-of-

application plots are given in Taeble 5. The study made on the
effect of deferred inorganic nitrogen application was begun
in 1927, consequently only one year's results are given for

t+his work.

The data presented in Table 5 show that there was a decrease
in yields of potatoes in every case where the application of
soluble inorganic nitrogen was deferred until the votatoes were
cultivated. The yields were consistently lower for thess plots.
even at the highsr rates of application. During the growing
season there was very little difference noticeable in the appear-
anc¢e of the potato vines on the plots differently treated with
respect to the nitrogen application. Howevey, it Seems apparent
from the yields obtained, that the utilization of aveailable
nitrogen &t the earliest growth of the potato plant is an
important consideration in fertilizing this crop. It should
be borne in mind that the results obtained are for one year
only and therefore do not warrant definite conclusions being

drswn, yet the consistency of the results is very significant.

In considering the average yields of the potatoes pro-

duced on the rate-of-application plots for 1926 and 1927, it



Table 5.

Showing the Effect of Deferring the Inorganic Nitrogen

Application and Also the Effect of Rate of

Application on Yields of Early Potatoes,
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Pounds 7-6-b Yield of Primes per Acre.

Fertilizer per JAcre. ; . Average
: 1927 . 1926-27
. Bus. : Bus.

No fertilizer ; 17 ; 17.5

1000 pounds : 151 : 127.0

1000 pounds* E 123 :

1500 pounds % 219 ) 187.0

1500 pounds*® ; 152 §

2000 pounds : 217 i 180.0

2000 pounds* ; 205 o

No fertilizer : 51 : 55.5

2500 pounds : 268 : 222.5

2500 pounds* ; 211 :

3000 pounds : 253 f 215.5

*Tndicates deferred inorgeanic nitrogen @pplication,
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would seem that the 1500-pound application was the most pro-
fitable rate. However, the actual value of the applications

cannot be determined unless the cost of the fertilizer used and
the prices received for potatoes are given consideration. This

phase of the problem offers a very interesting economic study

for further work.

Series 5. A Comparison of Verying Amounts of Different

Potassium Matefials Used in the Pertilizer

Mixture for Rarly Potatoes.

An extensive series of plots 1/40 acre in size was laid
out in 1927 for the ourpose of studying the relative effects
of muriate of potash, sulphate of potash, and manure salts
(20%) on the yields of early potatoes. The three materials were
used to supply equivalent quantities of potash amounting to
5, 8, and 10% in mixtures containing in each case, 7% emmonia
and's%»phosyhoric acid. Seventy percent of the ammonia in the:
mixture was derived from equivalent amounts of nitrate of soda
and sulphate of ammonia, and 30% from equivalent amounts of
dried ground fish and packing house tankage. The phosphorie

acid was supplied by 16% superphosphate as usual.

To eliminate soil variations, the treatments were replicated
two times and the replicate plots were distributed systematically
over the field. The entire arrangement of the plots was repeat-
ed in an edjoining field for a similar study with sweet potatoes.

By this arrangement, & rotation of early ocotatoes with sweet
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potatoes was made possible without varying the potash tresat-
ment on any ons plot for either crop. Moreover, a study of the
residual effects of the treatments was slso made possible. The
experiment was conducted in the same manner as the previous
series, using corn as an intercrop with rye and vetch for a
green manure cover crop during the winter. The average yields
of potatoes produced on the triplicate plots for 1927 are given
in Table 6 together with the average yields for four check

plots.

The results obtained from the different treatments for 1927
ere not conclusive as to the value of the different potash
materials for early potatoes., At best, the first year of an
experiment of this kind with potash materials can only be expected
to give an indication of the results that may be obtained after
8 longer period. Accordingly, the results will be discussed on

this basgis.

One of the outstanding points of the experiment was the
larger average yields of potatoes obtained where potash was
used as comoared to the yields obtained where no potash was used.
Evidently, potash as well as nitrogen is needed to obtain maximum
yields of potatoes on this soil. The yields obtained from the

check plots over a period of years should be very interesting
from e plant nutrition standpoint. Although the check plots

geve an average yield of 124 bushels for 1927,'yet the plants on



Table 6.

Showing the Yields of Early Potatoes when Various

Potessium Materials were used in Different

Amounts in the PFertilizer Mixture.
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Average yields per acre of triplicate plots
Potash in Mixture T T

"o 8¢ 22 e s

firom: 7=6~5 : 7-6-8 : 7-6-10
tPri : : Pri : . . Pri : :
+ Bus. :Bus. : Bus.: Bus. :Bus. : Bus.:; Bus. : Bus.: Bus.
Merure salts(20%): 199 : 23 : 222 : 200 : 22 ., 232 . 224 . .14 . 238
Muriate of Potash: 285 : 21 : 246 : 209 : 28 . 287 . 226 . 20 . 246
Sulphate of . 211 . 20 . 231 : 196 : 25 . 221 . 209 . 28 . 237
Potash : : : : . . . ‘ .
No Potash 7-6-0% ; 124 : 29 : 153 : : ; ) ) )
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*Average yields

of four check plots.



POTASH

Fig. 4. No-potash plot receiving 7-6-0 fertilizer at the rate of
2000 1lbs per acre. Note potash hunger symptoms.
Photograph taken June 25, 1927.
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these plots exhibited typical potash hunger symptoms, especially
during early growth, The leaves were small, curled, and of a
dark green color that almost shaded into purple in some instances.
Such leaf coloration has been known to be associated with potash-
hunger as early as 1867. 1In this year Voeleker (48) noted the
dark green color of the leaves of mangolds grown on land where
no potash salts were applied. The color of the leaves of the
potato plants growing on the plots variously treated with
respect to potash in the present experiment, corresponded very
closely to the color variations observed by Voelcker with man-
golds, The lightest leaf coloration was observed on the plots
receiving manure salts. The cause of this gradation of leaf

color with different potash treatments offers a very interesting

study in plant nutrition.

A point of interest brought out from an examination of the
data given in Table 6 is the lower average total yields obtained
where manure salts were used in the mixture in comparison to
the yields obtained with muriate or sulphate of potash.“ This
effect of manure salts may have been a direct osmotic effect

on the young potato plants or an indirect effect. The sodium

chloride applied with the mamure salts may have retarded the
nitrification of the organic materials applied in the fertilizer,
and thus affected the yields indirectly. This subject will be

treated at length in the work to follow.
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From & further examination of Table 6 it would seem that the
potash materials may be arranged in the following order in
relation to the increases in yields obtained over the check
plots: first, muriate of potash; second, sulphate of potash;
third, menure salts. It also may be noted from Table 6 that no
significant increases in yields of prime potatoes were ob.ained
for any of the potash materials when applied in amounts above
the equivalent to 5% potash. These results are in accord with

those obtained by Johnston (19) and others.

?otal starch determinations using the Official acid-
hydrolysis method (2) were made on several samples of the pota-
toes from different plots. The samples taken from the check
rlots receiving no potash showed the same starch content as the
samfles 6f potatoes takem from the plot receiving a 7-6-10

fertilizer with the potash from sulphate.

Series 6. Effect of a Double Strength Fertilizer

applied at Half the Usual Rate.

Two fertilizer mixtures were made up for this experiment,
one containing 14% emmonia, 12% phosphoric acid, and 104 potash
and the other containing the same amounts of ammonia and potash
but.only half the emount of phosphoric acid. The rate of

application was 1000 pounds per acre, The ammonia in the

mixtures was derived entirely from urea, the phosphoric acid
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from 20%‘superphosphate, and the potash from sulphate of potash.
The yields of potatoes prdduced in 1927 on 1/40 acre plots where
these treatments were applied are given in Table 7 in bushels

rer acre.

The location of these plots was adjoining those of Series
2., therefore, & comparison of the yields given in Table 7 with
those in Table 3 can be made. Such & comparison shows that the
14-12-10 mixture, applied at the rate of 1000 pounds per acre,

compared very favorably with the 7-6-5 mixtures applied at

double that rate. However, the 14-6-10 mixture &t 1000 pounds
per acre produced a slightly lower yield of potatoes than was
obtained with the 14-12-10 mixture. It would seem from the
results for 1927 with concentrated mixtures, that no damage

was caused to the crop by their use. If the rate of gpplication
fof concentrated-mixtures is made commensurate with the increase
in analysis, as compared with the 7-6-5 mixtures, there will

probably be little danger from fertilizer injury.

Part 2. Pertilizer Studies with Sweet Potatoes.

Nearly three acres of the entire experimental area were
used for experiments with fertilizers on sweet potatoes, the
remainihg three acres being used for the experiments with
early potatoes. The soil, mapped as Norfolk sandy loam, is
characteristically low in nitrogen, pvhosphorus, and potash.

Because of its sandy nature, it is also subjected to con-



Table 7.

Showing Yields of Early Potatoes Obtained with

Concentrated NMixturss.

; Rate per : Yield potatoes per Acre
Analysis : Acre : : :

: : Primes . Culls . Total

M . Bus. . Bus. : Bus.
14-12-10 : 1000 1bs. : 208 . 24 D 232
14- 6-10 : 1000 1bs. & 192 . 28 . 220
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siderable leaching during the wet months of summer and winter.
The amount of rainfall for the sweet potato growing season of
each year, as taken from the records made &t Public Landing,
Maryland, seven miles from the Exverimental Field, was as

follows: 1925, 11.18 inches; 1926, 24.42 inches:; 1927, 19.41

inches.

Plots of 1/20 and 1/40 acre in size were used, and these
were S0 arranged as to allow for the continued application of
the same fertilizer materials on each plot year after year.
Only the rate and analysis of fertilizer varied each year.

Such an arrangement was made in order to study the residual
effects of the fertilizers applied. Rye and vetch were seeded
after the potatoes were dug and served a8 a green manure. cover
crop on the land until the following spring. In one series

the land was left bare, in order to maeke a comparative study

of green manuring on yields &8s was done in the case of early

potato investigations.

The fertilizer treatments were applied in the row with &

one-row fertilizer distributor about May 20-23 of each year,

and the sweet potato sprouts were transplanted as soon after

this as possible. Loecally grown sprouts of the Big Stem Jersey

variety of sweet potato were planted, using a transplanting

machine whenever possible., It should be noted particularly
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that the entire amount of fertilizer in all of the treatments

was applied before the sprouts were transplanted.

Harvesting operations were usually commenced about October
10th, depending upon the season and the market conditions. The
potatoes weré plowed up and later scratched out by hand in the
manner customary in the locality. A1l grading was done in
the field using three grades, U. S. Grade No. 1, primes, culls,
and strings. The weights of primes and culls were recorded

in the field at harvest, the strings being discarded.

Throughout the entire work it should be noted particularly
that no single treatments of fertilizer materials were made for
comparison. Treatments of this sort were not made, on account
of the fact that previous work and local cultural practices
indicated that a complete fertilizer was more suitable for the
production of sstisfactory yields of sweet potatoes. In dis-
cussing the present work the results of the different experi=-
ments have been arranged in series and numbered in consecutive
order for convenience. The series numbers, therefore, do not

correspond in all cases with those used in the field.,

Series 1. Influence of different forms of nitrogen

in the fertilizer mixture for sweet potatoes,

The purpose of this series was to make a comparative

study of certain inorganic and organic nitrogenous materials,
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when used alone and in combinations in the fertilizer mixture.
The fertilizer used for each treatment, exceot for the check
plots, was made up to contein the equivalent of 3% smmonis,

8% phosphoric acid, and 8% potash. The phosphoric acid and
potash for this series and all subsequent work, unless other-
wise stated, were derived from 16% superphosphate and sulphate
of potash, respectively. The spplication was made at the rate
of 1000 pounds of fertilizer per acre, in the same manner as
previously described. The yields of prime potatoes for 1925,
1926, and 1927, the average yield for the three-year period,
and the average yield in bushels per acre, are given in Table 8,

together with the &average percentage of culls for each treastment.

In consideration of the yields of potatoes which were
obteined from the different treatments for each year, it is
quite evident that the results varied considerably from year
to year. In 1925, undoubtedly, the extreme droughth caused a
general depression of all the yields,so that moisture and not
fertilizer appeared to be the limiting factor during this year.
Therefore, the present discussion will be confined to the

results obtained during the following two years, 1926 and 1927,

The most important results for 1926 and 1927 were obtained

where nitrate of soda, sulphate of ammonia, and urea were ussd
alone as sources of nitrogen in the fertilizer mixture. The

yields from these plots, when compared with those obtained from



Table 8.

Showing the Yield of Sweet Potatoes from Plots Treated

with Varying Amounts of Different forms of

Nitrogen in a 3-8-8 Fertilizer.
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! Yield Primes vper Acre, ‘Total:Percent
Ammonis in mixture from: : : : . Z-yr.iyield*® Culls

$1925 : 1926 : 1927 . Ave. + Ave.: Ave.

EBus. E Bus., f Bus. : Bus. - Bus.: Bus.
Nitrate of Soda P12 245 ¢ 152 : 186 P 184t 26.0
Sulphate of Ammonia E 11 % 184 E 147 ; 114 E 142 % 19.7
Dried Ground Pish % 8 E 170 % 86 . 88 E 142 1 38.0
0-8-8, No ammonia E 9 é 39 E 76 i 41 P 91 % 54.9
Pecking House Tenkege | 14 118 i 61 P71 D186 [ 4.7
% Sulphate and & Nitrate ° 11 § 168 E n4 é 84 § 138 : 39.1
1 Pish and % Tankage P16 %106 D116 E 80 © 140  42.8
40 Inorgenic*® 11 % 155 3'145 : 103 166 © 37.9
60% Orgenic** : : : : X :
50% Inorganic,50% Orgenie. 25 © 95 | 182 84 . 165  48.4
60% Inorganic,40% Orgenic: 18 . 192 . 107 : 106 D161 : 341
0-8-8 No Ammonia 46 . 40 ;136 | 74 E 124 % 40.3
70% Inorgenic,30% Organicz 53 ; 201 i 43 § 99 E 151 g 34.4
80% Inorganic,20% Orgenic: 78 : 120 + 73 . 90 157 é 42,6
Urea I 5 1145 : 204 117 166 : 29.0
Activeted Sewage Sludge E'zo g 123 E 148 . 97 D155 1 57.4

*Inorganic = 1/2 Nitrate of Soda end 1/2 Sulphate of Ammonis

**Qrganic 1/2 Fish and 1/2 Tankage.
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the plots receiving nitrogen only in the organic form, serve
to show the importance of soluble minersl nitrogenous compounds
in the fertilizer mixture for sweet potatoes. An average yield
of 136 bushels of potatoes was produced where nitrate of soda
was used as a single source of nitrogen, and an average yield of
114 bushels was produced where sulphate of ammonia was similarly
used. However, only an average yield of 88 bushels of potatoes
was produced with dried ground fish as the only source of nitro-
gen, A still lower average yield of 71 bushels was obtained
where packing house tankage was used. From these results it
would seem, that sweel potatoes required a soluble nitrogen
material to produce the best yields on this soil. It is possi-
ble that the nitrification of the organic materials;_did not
take place rapidly enough to supply a sufficient amount of
nitrates, during the eriticel period of growth soon after the
sweet pd%ato sprouts were transplanted. Moreover, it is wholly
possible that a supply of nitrates was prolonged throughout the
first part of the growing season, in the cases where organic
materials were used. The deferred supply of nitrates may have
induced late vine growth and thus retarded the processes of
carbohydrete storage in the roots. This phase of the problem
offers a very fruitful field of research which perhaps may be
found closely associsted with the work of Kraus (23), and
others, on the carbon-nitrogen relations in plants, as modified

by the supply of nutrients in the soil. Some greenhouse studiec



with sweet potatoes have already been commenced for the purpose
of studying this phase of the problem, but the work has not

progressed far enough to give results,

A gomparison of the aversge yields produced where only
soluble nitrogen materials were used, shows the highest
average yield where nitrate of soda was applied. However, from
the standpoint of smoothness and quality, the potatoes pro-
duced where urea was used in the mixture, were far superior to
those produeed on any other plot in the series., With respect
to the relative mechanicel conditions of the mixtures, it is
worthy of note that the urea mixture could be drilled without
the slightest diffuclty, whereas the nitrate of soda-and
sulphate of ammonia mixtures, had to be remilled before‘they

could be drilled.,

0f the various treatments containing different percentages
or inorganic and organic nitrogen, none seemed to be especislly
superior. However, the 60% inorgenic and 40% organic ratio
gave the highest Z-yeér average yield of all the combinations.
It is evidsent from Table 8 that mineral nitrogenous materials,
used slone in the fertilizer mixture, outyielded the treatments
containing both inorganic and orgenic materials. However,

conclusions should not be drawn from these results without a

consideration of the soil conditions that usuelly exist where
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the sweet potato crop is grown, It is & well known fact that

| sweet potatoes grow best on loose sandy soils. Naturally,
losses of nitrates from such a soil during wet seasons are heavy.
For this reason, and also to provide for a better mechaniceal
condition of the mixture, it would seem safer to supply the
nitrogen from both organic and inorganic sources. The 60%
inorganic and 40% orgsnic ratio appears to be a good combination

for this soil.,

The percent of culls produced was perhaps influenced greater
by seasonal differences than any other contributing factor,
However, from Table 8, it may be noted that three plots produced
lower average percentages of culls than any of the others. It
is significant that the treatments for these plots were, nitrate

of soda, sulphate of smmonia, and urea, all used alone as

sources of nitrogen in the fertilizer mixture.

Series 2. Comparative Effects of Certain of the

Newer Nitrogen Gompounds used in & Ferti-

lizer mixture for Sweet Potatoes.

This series of plots was laid out in 1927 for the purpose

of studying the effects om yield of sweet potatoes, when nitrate

of soda, sulphate of smmonia, Leunasalpster, and urea, were used

in the fertilizer mixture in various ways. Wherever organic
nitrogen was used in this series, it was supplied in equivalent

emounts from dried ground fish and packing house tankage. The
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fertilizer analysis was the same as that used for Series 1,
being & 3-8-8 mixture. The treatment, however, was applied at
the rate of 1500 pounds per acre instesd of 1000 pounds as was
done previously. The entire amount of each fertilizer trest-
ment was applied as usual before the sprouts were transplanted.
The yields of primes, culls, and totsl yield for the different

treatments in 1927, are shown in Table 9.

The results given in Table 9 indicate that, under the condi-
tions of the experiment, Leunasalpeter plus organics, was &
combination as suitable for sweet potatoes, as was nitrate of
sodsa or sulphate of ammohia also used with organies. The yield
of primes produced on the plot treated with Leunasalpeter plus
organics, was somewhat higher than that obtained from nitrate

of soda, but it was about the same as that produced with sulphate
of ammoria. However, when used alone in the mixture, Leunasal-
peter produced a yield of primes, 20 bushels lower than that
which was obtained with urea. Here again, however, the total

yields were about the same.

From the results of the various combinations, it would seem
that both urea and Leunasalpeter prqdueei better yields when
they were used with organic nitrogenous materials. It is
possible that snother year's results will show more conclusively
how these materials may best be used for sweet potatoes, but
it will be necessary to have several year's data, before the

effect of variations in seasons can be considered.



Table 9.

Showing the Effects on Yield of Sweet Potatoes when

Different Nitrogenous Materials were used in &

3-8-8 Rertilizer in: 1927,

N - ——— —— . G S VEM = W W S . Wl M el o o = e M NS b WD i S VN B GG S AR e W A S S e e S o G o

Yield potatoes per acre.
Primes : Culls : Toval

Ammonia in mixture from:

f Bus, : Bus. : DBus.
70% Nitrate of Soda, 30% Organic* ° 130 : 15 : 145
70% Sulphate of Ammonia, ' 146 : 61 : 207
30% Organic : : :
70% Leunasalpeter, 30% Orgsnic : 159 : 56 : 215
50% Uresa, 30% Sulphate of Ammonia,. 182 : B5 i 237
20% Organic :
20% Nitrate of Sods, 50% Sulphate . 171  © 48 219

of Ammonia, 30% Orgenic.

» 30 s2 a0 s s

146 33

*® o0 S8 o0 & ve ¥

Uresa 179

126

“® 0 se o8 3 P

Leunasalpeter 51 % 177

- —— - - —— . = W e WS D . WM Y Rt R e M e A e S e = S e T ey S R A wm G ey S

*Organic = 1/2 Pish and 1/2 Tankage.



Series 3, The Effect of a Green NManure Cover Crop

in Addition to é Fertilizer Application for

Sweat Potatoes.

The question of conserving the portion of the fertilizer
not utilized by the sweet potato erop, is as important in
growing this crop, as it is in every cese where large amounts
of fertilizer are applied to crops grown on sandy soils. To
effect this conserxation, in these experiments, the land was
disced thoroughly after the sweet potatoes were harvested and
rye and vetch seeded., For determining the relative effect of
green manuring, seven treatménts, duplicaeting certain treat-
ments in Table 8, and applied in the same manner, were used in
Series 3 but without & green manure cover crop. By this arrange-
ment, & comparison of different fertiligzer treatménts with and
without green manure was made possible. The yields of primes for
eaéh treatment for 1925, 1926, and 1927, together with the

average yield over the three-year period, are shown in Table 10,

In considering the data presented in Table 10, it becomes
necessary to disregard the yields for 1925, as the dry weather
during that season evidently seriously affected the entire sweet
potato erop. In 1926, the plots receiving green manure were
located on & sandy hill, whereas the no-green manure plots wers
situated on cgmparatively level land., As a consequence, the

jncreases shown for green manure in 1926, are very likely due in

ﬁart, to soil differences, Furthermore, it may be seen from



Table 10.

Showing Effect of Green Manure Cover Crop in Addition

to Pertilizer Trestment on the Yield of

Sweet Potatoes.

- . T S T T SR R e T G e T W TR me S WP S5 Y L S e W G G R e MR MR D GER G G TR R G W S e e e S S W S S e o o e

Yield primes per acre

*e me we

Ammonia in mixture from:

1925 - 1926

1927 B-year

plus Green Manure

: : . . Average
:BU.S. . B.uso T BU.S. * BIIS.
Nitrate of Soda $ 37 173 . b6 ¢ 89.0
Nitrate of Soda Y12 F 245 ;152 : 13640
plus green manure . : : :
Sulphate of Ammonisa P46 157 : Bl :  78.0
Sulphate of Ammonia : : : :
plus Green Manure 11 184 i 147 : 114.0
Dried Ground Fish ‘29 ‘148 ! 13 1 63.0
Dried Ground Fish i 8 170 1186 : 88.0
plus Green Manure . . : :
40% TInorgenic*,60% Organic** : 30 136 . 48 § 71.0
40% Inorganic,60% Organic : 11 : 155 , 143 . 103.0
plus Green Manure : : . .
50% Inorganic, 50% Orgenic : 30 180 : 40 : 83.0
50% Inorganic, 50% Orgenic ' 2 : 95 :132 : 84.0
plus Green Manure : : : :
60% Inorganic, 40% Orgsnic . 37 . 166 : 42 @ 78.0
60% Inorgenic, 40% Organic . 18 | 192 107  106.0
plus Green Manure . : : :
70% Inorgenic, 30% Organiec . 3% 189 I 57 > 76.0
70% Inorganic, 30% Organie ; B3 ; 201 ! 43 ©  99.0

- _____.____._,_._.--—--.—-n.q-—-—--—-—-.---n--.—--—-n-.-.-c--.—-—c--.—--.—-._.-.—.——-—-—.-

*Tnorgenic = 1/2 Nitrate of

**¥0rgenic = 1/2 Fish and 1/

Sode and 1/2
2 Tanksage.

Sulphate of Ammonis
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Table 10 that better yields were produced on the sandy hill in
1926, than were obtained in 1927 on the level land. However,
in 1927 all plots were located on the level portion of the field,
and it may be seen from the date, that incereases for green

manure still persisted.

In considering the three-year average yields, it will be
noted from Table 10, that the relative inereases for green manure
were greater where nitrate‘of soda and sulphate of ammonia were |
used, than where dried ground fish was used. Evidently, the
meximum returns were obtained from the soluble nitrogen mater-
ials, only in conjunction with a sufficiént supply of organic
matter in the soil, as in the case where green manures were
applied each year. Dried ground fish appeared to be an
unsuitable material when used alone in the mixture, even when
green manures were supplied in addition to the fertilizer
treatment. For the inorgenic-organic combinations, the great-
est increases for green manure were obtained with the 40-60
and the 60-40 ratios. The yields obtained for the 50% inorganie
and 50% organic nitrogen ratio were about the same where green

manure was added, as where the land was left bare.

From a comparison of the yields obtained with and without
green manure in addition to the fertilizer treatment, it would
seem that the use of green manures as & whole produced consistent

inereases in yields of potatoes.
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Series 4. The Effect of Different Rates of Fertilizer

Applications on Yield of Sweet Potatoes.

A fertilizer mixture contsining 3% ammonisa, 8% phosphoric
acid, and 8% potash was used for all treatments in this series.
The ammonia was supplied by equivalent amounts of nitrate of
soda, sulcvhate of ammonisa, dried ground fish, and packing house
tenkage. The phosphoric acid and potash were derived from lé%
superphosphate and sulphate of potash, respectively. The ferti-
lizer treatments were applied in the row just before transplanting
the sweet potato sprouts. The yields of primes and total yield
for 1926 and 1927 are shown in Teble 11, together with the average
yields for the two-year period.

It is evident from the data presented iﬁ Table 11, that from
the standpoint of yields of potatoes, the best rate of fertiliger
application was between 1000 and 1250 pounds per acrs. The
gradual incresése in yields as the fertilizer application was
inereased from 500 to 1000 pounds per acsre, is strikingly
significant. Likewise, the reduction in yield when the applica-
tion was increased from 1250 to 1500 pounds per acre, is equally
significant. Considering the average increases in yields for
the 500 and 750 pound applications over the yields from the
check plots, it seems very likely that fertilizer applications
at these rates would prove unprofitable on this soil. The
decreased yield for the 1500-pound application undoubtedly was
caused by an injurious effect of a high concentration of

fertilizer salts.



Table 11.

Showing the Yields of Sweet Potatoes Produced with a

3-8-~8 Fertilizer Applied at Different Rates.
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Pounds 3-8-8
Fertilizer per Acre.

Yield potatoes per acre. ,
1926 : 1927 T Ave. 1926=27
Primes: Total: Primes:Total: Primes:Total
Bus. :Bus. : Bus, : Bus.,: Bus. : Bus.

-
-

No fertilizer : 1o i121 i 55 : 88: B7 i 105
500 pounds* . 86 %107 é 101 % 145 g 94 % 126
750 pounds* 119 G178 ¢ 15z o200 ' 186 ¢ 190
1000 pounds* ;120 166 | 204 244 [ 162 | 205
No fertilizer i 65 ‘155 | 180 G177 0 98 | 155
1250 pounds % 146 .202 . 203 . 231 . 175 . 217
1500 pounds P 107 (165 168 ; 219 . 138 . 191
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*Tndicates average yields of duplicate plots.
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Series 5. A Comparison of Varying Amounts of Different

Potassium Materials used in the Fertilizer

Mixture for Sweet Potatoes.

In the spring of 1927, a series consisting of thirty-
one 1/40-acre plots was 1lsid out in order to study the relative
effects of muriate of potash, sulphate of votash, and manure
salts (20%), in & complete fertilizer mimture for sweet potatoes.
Each potash material was used to supply equivalent Quantities
of potash amounting to 5; 8, and 10%, in a mixture containing
5%~ammonia and 8% phosphoric scid. Seventy percent of the ammon-
ia was derived from equivalent amounts of nitrate of soda and
sulphate of ammonia and 30% from equivalent amounts of dried
ground fish and packing house tankage. The phosphoric acid was

supplied by 16% superphosphate.

The trestments were applied in triplicate, so that soil
varigtions could be minimized. As a further precaution, in
this respect, the triplicate plots were so located in the
series as to utilize part of a representative soil area in
three portions of the field. Although the field on which the
experiment was located was very uniform in &1l respects, it
was thought advisable to provide several replicate plots for
esch treatment for the purpose of obtaining material for certain
physiological studies, that will be carried on from time to
time during the progress of the work. Four check_plots were

provided, each receiving a 5-8-0 fertilizer application.
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The plots were managed in the same manner as in the pre-
cesding series, except that the fertilizer was applied at the
rate of 1500 pounds in each case., A green manure Gover Grop
of rye and vetoch was seeded, as usual, when the sweet potatoes
had been dug. In Table 12 are shown the average yields of
primes, culls, and the total yield for the tripliecate treat-
ments in bushels per acre, together with the aversge yield of

the four check plots for 1927.

The data presented in Table 12 show rather definitely,
at least for one year's results, that additions of potash to
this soil increased the average yield of sweet potatoes. How-
ever, é careful examination of Teble 12 does not show & uniform
response from all the potash materials used. Zquivalent amounts
of potash supplied by manure salts, in every case, produced &
lower average yield of prime potatoes than eithsr muriate or
sulphate of potash. PFurthermore, it is significant that there
were no uniform increases in average yields for the 10% potash
applications, over the 5 and 8% potash treatments. Sulphate of
potash produced the largest average yield of prime potatoes
where the 8% potash mixture was used, but muriate of potash

. produced the largest yield from the 5% potash mixture. In the

case of manure salts, it is probable that the total salt content
was high enough to retard the early growth of the young sweet
potato sprouts to some extent. On the other hand, it is entirely
probable that the large quantity of sodium chloride which was

applied with the menure salts may have retarded the nitrificetion



Table 12.

Showing the Yield of Sweet Potatoes Obtained with Various

Potash Materials used in Different Amounts in the

Fertilizer Mixture in 1927.
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Average yields per acre of triplicate plots
Potash in mixture :
from:

*0 S0 e+ eow @

5-8-5 : 5-8-8 . 5-8-10

- -

Primes=GullstﬁotalgPrimes;Culls;TotaI;Primes;Culls;Totq;~
Bus. (Bus. * Bus.; Bus. :Bus. :Bus. ; Bus. :3us. :Bbus.

s oo 0

.

3 3 -
.

126 .+ B2 :178

.

Manure salts(20%): 129 : 67 11196 103 53 :156

3 . -

“s o0 s

*® o9 e PP 0% o

Muriste of Potash: 167 : 45 :212 . 109 : 44 ;153 : 134 . 68 202
Sulphate of : 157 & 48 205 . 174 : B9 :233 : 151 : 63 1214
Potash : . E : : : : : :

No Potash 3-8-0% i 99 ! 66 3164 : : : : :

*pverage yields of four check plots.
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of the organic materials contained in the fertilizer mixture.
This toxiec action, although probaﬁly not capable of stopping
nitrification entirely, may have prolonged the supply of nitrates
into the growing season, so that there was a tendency for vine
growth to occur at a time when the plant would normally be
producing carbohydrates for root storage. The toxic effect
of large amounts of sodium chloride on nitrificaetion is well

known and will be discussed later in connection with the use

of manure salts in fertilizers. for potatoes,

From the first year's results for the comparative effects
of various potash materials with sweet potatoes, it appears
that sulphate of potash was slightly superior to muriate of
potash, Whether the increased yields produced from the use of
sulphate of potash will Jjustify the additional cost of this
material, is & mattér that will probably be brought out as the
experiment continues. In the case of manure salts, it appeared
that this material, when compared on an equivalent basis with
muriete or sulphate of potash, was not as suitable as either of

these materials when used for sweet potatoes on this soil.

Series 6, Effect of Double Strength Fertilizers

Applied at Half Rate for Sweet Potatoes.

Experience has shown that the period shortly after the

sweet potato sprout is transplented is a critical stage in its

development. At this time, it is possible to seriously retard

the growth of the plant by improper application of fertilizers,
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80 that the stand will be scattered eand a poor yield of potatoes
result. With the introduction of highly concentrated ferti-
lizers, the question arose as to their effect when used for
sweet potato production. In order to obtain some experimental
information in this regard, two treatments of high ansalysis
fertilizers were sach applied to 1/40 acre plots. These plots
were situated close to those in Series 2 so that comparisons
could be made with the usual fertilizer trestments. One of the
fertilizer mixtures was made up to contain 6% ammonie, 16%
phosphoric acid, and 16% potash, being a double 3-8-8 mixturs.
The other mixture contained the same amounts of ammonia and
potash but only half the amount of phosphoric acid., All the
ammonia in the mixtures was derived from urea, the phosphoric
acid from 20% superphosphate, and the potash from sulphate of
potash. Both mixtures were applied at the rate of 750 pounds
per acre before the sprouts were transplanted, The yields of
primes, culls, and the total yields expressed in bushels per

acre for esach treatment, are given in Table 13.

It appears from the yields given in Table 13 that no harmful
effect was produced when the concentrated mixtures were applied
at the rate of 750 pounds per acre. These yields compared very
favorably with those produced where a 3-8-8 mixture, made from
ginilar materials, was applied at 1500 pounds per acrs. It
will be noted from Table 13 that the yield of potatoes was not

appreciably reduced when the usual quantity of phosochoric acid



Table 13,

Showing Yield of Sweet Potatoes Produced where

Concentrated Mixturss were used in 1927.
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; Rate ; Yield potatoes per Acre
Anslysis s per Acre . . .

: : Primes . Culls . Total

: : Bus. . Bus. s Bus,
6-16-16 : 750 pounds : 163 . 70 X 233
6- 8-16 : 750 pounds : 147 ; 67 214
3- 8- 8 : 1500 pounds : 146 ) 35 . 179
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was reduced to half that amount. This result, and those obtained
in the foregoing studies, indicate that phosphoric acid is not
as essential in the production of sweet potatoes as nitrogen and

potassium,

Although no harmful effects were noticeable where concen-
trated mixtures were used in 1927, it is possible that different
results may be obtained during & season of lower rainfzll. For
this reason, it seems advisable to have the reéults for geveral
seasons before more definite conclusions can be drawn with

respect to the use of concentrated mixtures.

Part 3. Adsorption and Nitrification Studies with

Norfolk Sandy Loam.

Preliminary Experiment.

A series of 10 leaching cylinders similar to those des-
eribed by Smith (41) were set up and each was filled with 5500
grams of Norfolk sandy loem soil., This soil was obteined from
the surface soil of the experimental fields et Snow Hill, Mary-
land, and was mixed thoroughly and screened to remove remeine
of plants and other coarse material. The mechanical analysis
of the soil as determined by the U. S. Bureesu of Chemistry and

Soils is given in Table 1.

Applications of 5.5 grams of fertiligzers analyzing 7-6-5,

7-6-8, and 7-6-10 were mixed with the upper three inches of
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S0il in each cylinder. This application corresponds to a
broadcast application of 2000 pounds psr acre. Potassium
sulphate, potassium chloride, and menure salts were used alona
0o supply equivalent amounts of potash at all three rates, so

that three sources of potassium could be compared for each rate

of application. The phosphoric acid was supplied by 16% super-
phosphate and the nitrogen was supplied by nitrate of soda,
sulphate of ammonia, packing house tankage, and dried ground
fish in equivelent amounts from all four sources. One eylinder
was treated with & 7-6-0 mixture for & check. The cylinders
were leached every two weeks for 16 weeks with 860 c.c. of
distilled water, and the 1ea¢hings were collected for analysis,
This rate of leaching approximated the average rainfall during
the growing season of the early potato crop at Snow Hill,

Maryland, which emounted to 11 inches.

Potassium determinations were made gravimetrically followe
ing the method described by Stewart (43), using & 300 c.c.
aliguot. At the start, it was planned to determine the amount
of potassium in each series of leachings in order to calculate
the loss of potassium from the soil, but the results of the
determinations on the first three series of leachings made a
change in the work neceséary. Only traces of potassium could
be detected in the leachings for the first three series after
2580 c.c., of distilled wg%er had been added. Consequently, it
was decided to restrict the study to the translocation of

potassium in the soil.
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The leachings were continued at the regular intervals, and
after the last leaching had been mede, the soil in each cylinder
was sampled by taking a boring of the entire depth of the soil
column with & brass tube. The soil column thus obtained was
divided into three equal portions. The middle portion was dis-
carded and total potassium determinations were meade on the upper
and lower portions using the official method (2). The results
of these determinations showed no significant differences in
the potassium content of the soil at the different depths,

regardless of the amount and source of potassium used.

From this preliminary work it would seem that, regardless
of the sandy texture of this soil, thers was an apprecilable
adsorption of the potassium applied. An experiment was then
plamned to determine the relative rate of potassium adsorbed

from strong solutions of potassium salts, in order to arrive

at the adsorption capacity of the soil.

Description of Apparatus

To carry out the leaching work, the simple apparatus shown
in Pig. 5 was set up. Before adding the soil to the extraction
funnel, a few pieces of HCl-washed gravel were placed in the
bottom so that the soil would not clog the outlet during leach-~
ing. The outlet tube in the ressrvoir was provided to maintain
atmospheric pressure above the liquid in order to permit &
constant flow of solution from the bottle., By carefully regulat-

ing the flow of solution in and out of the extraction funnel,



Pig. 5. Leaching apparatus used for
leaching soil with solutions of potassium
salts and 0.05N HCI.
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it was found possible to maintein about an inch of "head" over
the s0il and thus prevent channeling. Difficulty was encountered
in regulating the flow at a slow rate, but with care the rate
was 80 reduced as to permit 2 liters of solution to pass through
in about 60 hours. The extraction funnel was charged each time
with 200 grems of air-dry Norfolk sandy loam which had been
passed through a 20-mesh sieve. 7The apparatus was set up in
the laboratory where & temperature of about 228°C. obtained

throughout'the experiments.

Samples of the so0il were leached with solutions of differ-
ent C.P. potassium salts and the potassium content in each
leaching was determined gravimetrically (43)}. The hydrogen-
ion concentration of each leaching was determined elesctro-
metrically using a Hildebrand bubbling electrode. Gonductivit&
measurements were made at 23°C. with a Kohlrausch bridge
according to the method described by Findlay (9). Immediately
after each leaching was completed, one liter of 0.05 N. HOL
was passed through the so0il and the leachings collected in 500
c.c. fractions. This procedure was similar to that described
by Gedroiz (18) in determining the replaceable bases in soil.
The same determinations were made on each fractional leaching
as were made on the leachings from the salt solutions. The

rasultes from these determinations are shown in Table 14,

It will be seen from Table 14 that Norfolk sandy loam seems

to be capable of adsorbing potassium far in excesses of the



Table 14.

Adsorption of Potassium from 1 Liter of Solution by

200 grams Soil.
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CC's :CC's :(Grams:Grams :Grams ;Weight ¢ pH : Conduct-
leach-: re- ¢ K (K in :X ad- :K ad- :leach-tivity if
~%)

Solution :
! ed ‘tained:added:lesch-:sorbed:sorbed : ing !(x 10

: : : ing 1per gr.: ‘! leaching

: : : : : : so0il :

0.1 NXC1 : 940 : 60 : 3.9 :0.90653:2.9937:0.0149 : 7,2 :108.11

0.1 N K3S0,} 945 © 55 © 3.9 10.562735.557510.0166 i 7.0 :180.97

0.1 NKC1 © 945 : 55 * 3,9 '0.559473,3406%0.0167 * 6.8 249,51
plus NaCl ' : X : : ) X :
Ratio (33:40) . X . : . . :
: ) : : H : H :
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amount which is normally applied in & fertilizer treatment
for pqtatoes. The results show that potassium was adsorbed to
& slightly greater degree from potassium sulphate than from
potassium chloride. When potassium chloride and sodium chloride
were mixed in the proportions found in manure salts (33:40),
about the same amount of potassium Was‘adsorbed paer gram of
s0il as in the case where potassium sulphate was used, and
slightly more than in the case where potassium chloride was used
alone, These results indicate that ﬁndoubtedly the sodium
chloride in manure salts had little effect on the adsorption
of potassium from potassium chloride in this soil. It would
seam ﬁnlikely, then, that the potassium applied in manure
salts under field conditions should penetrate to a greater depth
in the so0il and be removed from the feeding area of the potato
plant, In this connection, the lower yields of potatoes reported
in Tableé 6 and 12 where manure salts were compared with muriate

and sulphate of potash, cannot be explained on this basis,

The reactions of the leachings are intersesting since in only
one case, where sodium chloride was added to a solution of
potassium chloride, was the hydrogen-ion concentration increased,
This incressed acidity may have been csasused by & selective
adsorption of the Cations (7). In Table 15 is shown the replace-
ment of potassium in treated and untreated soil by a solution of

0.05 N. HCl.



Table 15,

Replacement of Adsorbed K in 200 Grams Soil Previously

Treated with 0.1 N KC1 using 0.05 N HCl.
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:0C's : Grams K 'Grams X :Percent Conduct="*

Treatment  :leach-: leached ,Adsorbed®adsorbed *: ivity * pH
. ed. . *K replace-ix 10-%4 G
: : . ¢ able : :
1st leaching: 500 : 0.0720 '2,9937 : 2.45 t 57.00 P 2.5
2nd lesaching: 500 : trace . trace f trace P 74,33 ‘1.8
Replacemeﬁt of Adsorbed K in 200 Grams Soil Previously
Treated with 0.1 N KoS50, using 0.05 N HCl.
1st leaching. 500 . 0.05785 .3.3373 : 1.73 43,77 1 2.7
2nd leaching. 500 . 0.01612 :3.27945 : 0.41 . 46,44 : 2,0

Revlacement of Adsorbed K in 200 Grams Soil Previously

Treated with 0.1 N KC1 plus NaCl using 0.05 N HC1.

0.0689 :3.3406

1st lesching: 500 : : 2.06 . 53.75 2,8
2nd leaching: 500 : +trace : trade : trace 43,14 f2.1
Replacement of Adsorbed XK in 200 Grams Air-Dry Soil

Using 0.056 N HCL.
1st leaching: 500 : trace ; - ; - ; 27.63 ; 2.8
ond leachingi 450 | trace | .- i - . 56.54 1 2.0
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An inspection of Table 15 reveals the fact that the potassium

adsorbed by the soil from & solution of potassium sulphate is
held more tightly than potassium adsorbed from a solution of
potassium chloride, When potassium sulphate was used, only 1.73%
of the adsorbed potassium could be replaced at the first leach-
ing. At the second leaching, 0.41% could still be replaced.
However, for the potassium chloride solution, 2.,45% of the ad-
sorbed potassium could be replaced at the first leaching and

only & trace at the second leaching. The presence of sodium
chloride apparently did not alter the amount of potassium replace-

able.

It may also be seen from Table 15 that only a trace of
potassium was replaced when untreated air-dry soil was leached
with & liter of 0,05 Ny HCl. For this reason no allowance was
made for the replacesble potassium of the untreated soil, in
calculating the results in Tables 14 and 15. For all treatments,
the amount of potassium adsorbed by the soil was so large in
comparison to that which was replaceable in the untreated soil,

that the latter was negligible.

An examination of the conductivity measurements shows
that there was an increase in conductivity between the first and
second leachings in every case but one. Further, it will be
noted that in each case this increase was charscterized by an

increase in acldity as shown by the pH values, FEvidently some
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of the hydrogen-ions in the first HCl leaching were used in
replacing the adsorbed bases, as indicated by the percentaga

of potassium replaced in the first and second leachings, At

the second leaching, more of the hydrogen-ions passed through
the soil and therefore the increased conductivity in this case
was undoubtedly due to the fast-moving hydrogen-ions rather than
to ah increase in salt content. The pH of the 0.05 N. HCI.
solutions used, ranged from pH 1.6 to 1.8, the solutions being

made only to approximete strength.

In an experiment of this kind it is not to be expected
that equilibrium was feached between the soil and the leaching
solutions. The duration of the leachings was entirely too short
to permit equilibrium to be accomplished., Moreover, under field
conditions it is vefy unlikely that equilibrium would ever be
reached on account of the dynamic nature of the soil and the
soil solution. It is because of this fact that it seemed
justifiable %o carry the problem into the laboratory under some-
what controlled conditions, and to use quantities of potassium
salts considerably greater than those actually used in the field.
Even at best, such experiments cah only serve to indicate in a
general way the adsorption that may be expected under field

conditions.

Effect of Potassium Materials on Nitrification

The small yields of potatoes that have Dbeen obtained where

a fertilizer deficient in nitrogen was used in the field



- 60 -

éxperiments, establishes beyond a doubt the fact that nitrogen
is & limiting factor in potato production on Norfolk Sandy

loam soil. DNot only is it evident that the fertilizer used
must be high in nitrogen, but it also seems necessary to supply
part of the nitrogen from organic materials, in order to get the
highest yields. Consequently, a study of the efficiency of
nitrogenous fertilizers, in this case, may be extended to in-
clude the materisasls supplying phosphorus and potassium, inso-
far as they may affect the rate and accumulation of nitrates

in the soile.

In order to study the relative effects of potassium chlorids,
potassium sulphate, and ménure salts on the rate and accumula-
tion of nitrates resulting from the nitrification of sulphate of
ammonia, dried ground fish, and packing house tankage in INorfolk

sandy loem, a rather extensive laboratory experiment was made.

Methods and Plan of Experiment.

Commercial fertilizer materials were used to supply the
nitrogen and potassium in the fertilizer mixtures; and for the
ohosphorus, 16% superphosphate was used, making no allowance
for the pvhosphorus contained in the organic materials., Analyses

of the nitrogen and potassium materials are given in Table 16.

The experiment was divided into three series according to

the source of nitrogen used in the fertilizer mixture. In



Table 16,

Analyses of Fertilizer Materials Used.
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Percent : Percent

; Percent ;

: NHz : KoO0 ¢ NaCl
Sulphate of Ammonisa % 25.0 E %
Packing House Tankage % 7.2 g é
Dried Ground Fish E 11.8 é E
Potassium Chloride E E 50,2 E 14.0
Potassium Sulphste E % 49.7 % 1.0
Manure Salts é E 20.8 P43.4
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Series I, dried ground fish was used as the only source of
nitrogen supplying the equivalent of seven units of ammonia. In
the same manner, packing house tankage was used in Series II
and sulphate of ammonia in Series ITII. In each seriss, eguiv-
alent amounts of potassium were supplied from potassium chloride,
potassium sulphate, and manure salts at three rates correspond-
ing to 5, 8, and 10 units of potash. Six units of phosphoric
acid were supplied in each case from superphosphate. By this
arrangement, the source and amount of nitrogen and phosphorus
remained constant throughout each series, and potassium varied

within each series both as to source and amount.

The fertilizer mixtures Were thoroughly mixed with surface
soil taken from the Snow Hill Experimentael Plots at the rate of
6 grams per 2000 grams of air-dry soil. This rate of tresatment
amounted to 345.9 mgm. of nitrogen and corresponded to a row
application of 2000 pounds of fertilizer per acre analyzing 7%
ammonia. After each treatment was made, the soil was placed in
half-gallon glazed pots and removed to the greenhouse. Sufficilent
distilled water was sdded to bring the moisture content to 60%
of saturation. The combined weight of soil and pots were recorded
¢nd constant moisture conditions were maintained by additions of
distilled water to weight &t frequent intervals. The temperature
was recorded in the greenhouse during the experiment but was

not controlled.
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Immediately after moisture was added, a 70-gram sample of
the s0il for the entire depth in each pot was taken with a
brass tube. These samples were dried over night at 55°C. to
check bacterial action. The nitrate content of each sample was
determined by the phenoldisulphonic acid methdd as modified
by Harper (17). This method was used throughout for all nitrate
determinations, 50 grams of soil being extracted with 250 c.aq.

of distilled water for the determination. The hydrogen-ion
concentration was determined electrometrically as in the pre-
vious experiments. Samples were taken every 20 days for 100
days, and both nitrate and hydrogen-ion determinations were

made on éach sample. At the end of the experiment, conductivity
measurements were made on each sample at 21°C on a 1-5 extraction
of éach soil after shaking for two hours. The total nitrates

in pérts per million of air-dry soil, the pH for each sample

and the conductivity results at the final period, are shown for

each series in Tables 17, 18, and 19.

Discussion of Results

Series I.

An examination of Table 17 shows a merked reduction in
the rate of nitrification of dried ground fish in every cass,
wp to 40 days, where potassium materisls were added, At thess
periods, the nitrification of fish was greatest where potassium
sulphate was applied in the lowest concentration, and smallest

where manure salts were applied in the highest concentration.



Table 17.

Bffeat of Different Amounts and Different Sources of

Potassium on Nitrification of Dried Ground Fish

in a Complete PFertilizer,

Parts per million nitrate-nitrogen in air-dry soil
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In almost severy case, the relative nitrate accumulation up to
60 days seemed to decreass as the rate of potassium salts was
increased. After 60 days, the rate of nitrification decreased
where the most nitrates had accurmlated and increased where a
smaller amount of nitrates had accumulated. In some cases, an
actual loss of nitrates took place, probably dus to the utiliza-
tion of nitrates by the nitrate assimilating organisms., 4s &
conseguence, the total nitrate sccumulation at the end of the
experiment was about the same in almost every case. A com-
parison of the reduction in rates of nitrification, as affected
by the three potassium materials used, shows manure sslts to

have the greatest effect, followed by potassium chloride and

potassium sulphate in the order named.

The hydrogen-ion concentration did not seem to be &
controlling factor in the nitrification of dried ground fish,
even though there was a gradual increase in acidity throughout
the experiment. The pH was remarksbly constant for any one
sampling regardless of the source of potassium used. It may
be noticed from the data in Table 17 that the pH of the control
was approximately the same as that of the potassium-treated soils
at every sampling. This would indicate that the inerease in
scidity was caused by the action of microorganisms and 'not by

the addition of potassium salts.

Tha conductivity measurements serve to indicate the rela-

tive salt content of the verious soils. From Table 17 it may
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be seen that there was & gradual increase in conductivity at the
end of the experiment which corresponded to the amounts of
potassium materials applied at the beginning. The conductivity
was especielly high in the case of manure salts, indicating a
high salt content where this materisl waé used. It may also

be noted from Table 17 that the acdumulation of nitrates,

after 60 days, was inversely proportional to the conductivity

of the samples at the end of the experiment.

Series II

As shown in Table 18 the nitrification of packing house
tenkage was very much similar to that obtained in Series I
where dried ground fish was used as the source of nitrogen.

However, an examination of the date given in Table 18 reveals
some rather striking differeneces where manure salts were used.
The rate of nitrification and the accumulation of nitrates in
this case were decidedly less than in Series I. Decreased
nitrification with increasing epplications of potassium was
noticeable for all three potéssium materials after 80 days,
end when menure salts were used, & noticeable decrease was
obtained even at the end of the experiment. In this series,

gs in Series I, potessium sulphate, and to a lesser degree

potassium chloride, at the lowest concentrations, showed an
increased rate of nitrification over that obtained in the

control.



Table 18.

Bffect of Different Amounts and Different Sources of

Potassium on Nitrification of Packing House

Tankege in a Complete FPertilizer,

Parts per million nitrate-nitrogen in air-dry soil
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No significant variations occurred in the hydrogen-ion
concentrations of the successive sampleées in Series II. The
increase in acidity was gradual as in Series I but the finsl

PEH was lowsr in most cases.

In all cases but two, the conductivity measurements after
100 days showed & corresponding increase in conductivity with
the rate of potassium applied at the beginning. The conductivity
was highest and the accumulation of nitrates lowest, where manure
salts were used. The accumulation of nitrates, up to 80 days,

in every case was noticeably less as the conductivity increased.

Series IIX

The date obtained from the nitrification of sulphate of
ammonia as affected by the various potassium materials are shown
in Table 19, The results show that both the rate of nitrifica-
tion and the accumulation of nitrates were greater where pbtassium
sulphate was used et all three concentrations, than where po-
tassium chloride was used. A slight stimulating effect in the
nitrification of sulphate of ammonia was evidencsd by potassium
sulphate after 20 and 40 days. In every case both the rate and
accumulation of nitrates for the control were greater than
where manure salts were used, The highest application of manure

salts was very toxie to nitrification.

The initiel and final pH of the samples in this series

were, in the majority of cases, lower than found in Series I and



Table 19.

Effeat of Different Amounts and Different Sources of

Potassium on Nitrification of Sulphate of

Ammonie in a8 Complete FPertilizer.

Parts per million nitrate-nitrogen in

air-dry soil
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Sulphate . . N : .. . . .
Manure -7-6-5 . 3.2%6.1% 13. 0:5 s~ 30.6:15.5% 54,015.0° 62,25, o 63.814, 8
Salts : : o : : : : . : : : :
Manure ‘7-6-8 @ 3,2%5. ef 9. 4'5 7 22.415.7° 36. 7 5. 23 38. 1 5.0; 59. 4 5.1°
Salts : : : : : : 3 ) ; : :
Menure  ‘7-6-10° 3.236.31 9.0!5.6% 18.9:5.6% 33, 5 5 1 54.4:5.43 49.0:4.73
selts | \ P L. 2o : P D
Control (7-6-0 } 3.276.27 14.475.4] 37.0:5.4! 68.8:4.93 92.8:14.7) T2.314.6°

*1he average for all

determinations is given.
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II. This increased acidity was undoubtedly the result of acid
formation during the nitrification of the sulphate of ammonis

as pointed out by Weksman (50).

In Series II; the conductivity measurements again increased
gs the nitrate éccumulation decreased., This'was especially
noticeable where manure salts were used., Nitrate accumulstion
was lowest for the entire series in every case where equivalent

gmounts of potassium were supplied by manure salts,

General Discussion of Nitrification Results.

From the results obtsined in Series I, I, and III it is
evident that manure salts inhibited the nitrification of dried
ground fish, packing house tankage, and sulphate of ammonia,

when used 8s the only source of potassium in complete ferti-
lizers containing 5, 8, and 10 units of potash. The toxic
effect of the manure salts was more evident with increasing
amounts, but even at the lowest rate,vthe nitrification of the
nitrogenous materials with few exceptions, was less than where
potassium chloride or potassium sulphate replaced this material
in the mixture. It would seem from the conductivity measurements
that this toxic effect was caused merely by an inerease in total
salt content. Hoﬁevér, s careful examination of the data will
show that this is not the case. In several instances nitri-
fication was less where manure salts were used, than'where

potassium chloride or potassium sulphate was used, yet the total
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selt content of the soil containing manure salits, as indiceated
by conductivity, was lower than that of the soil containing the
other potassium materials. It would seem that the toxic effect
of manure salts is caused by the presence of sodium chlorids.
In this connection, Greaves (16) showed that sodium chloride
became toxic to nitrification in amounts in the so0il exceeding
460 p.p.m, of sodium He attributed the toxic effect ofisodium
chloride to a physiological influence which it exerts upon the
protoplasm of the organisms and not to & direct osmotic effect.
Other workers, Lipman (26), Patterson and Scott (33), Brown and
Hitchcock (6), Lipman (24) Gibbs, Batchelor, and Magnuson (15)
found that sodium chloride in concentrations of from 0.1 to 0.2%

was distincetly toxic to nitrifying organisms.

According to the analysis 6f manure salts given in Table 16,
this material contained 43,0% sodium chlbride. At the three
rates used in this experiment, this would mean that sodium was
applied with manure salts at fhe rate of 305, 500, and 610 parts
per million. It is evident that the toxiec limits for nitrifi-
cation in the presence of sodium according to Greaves (16) was
exceeded in every case where manure salts were used. The fact
that small amounts of sodium chloride have been found to have
a stimulating effect upon nitrification (16), may account in
part for the general increase in nitrate accunulations where
potassium chloride and potassium sulphete were used. It may

pe seen from Teble 16 that both these materials contain &
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relatively small amount of sodium chloride, It is also posei-
ble that nitrificaetion may have been stimulated somewhat by
the potassium added, as it will be seen from the enalysis in

Table 1, that the soil was extremely deficient in this element.

From the foregoing experiments it is evident that the
nitrogen and potassium fertilizer problems concerning the pro-
duction of potatoes on Norfolk sandy loam are not distinetly
separate. The experimental dats presented_show that the mater-
ial used as a source of potassium may affect nitrification iﬁ
the so0il and thus influence the rate and accumulation of nitrates
from nitrogenous materials. Manure salts, because of its large
sodium chloride content, appears to be very toxic to nitrifying
organisms when used in large amounts. The extent to which this
material will reduce nitrification under field conditions is
probably dependent upon the rate of application, amount of rein-
fell, and the soil. However, in field trials with potatoes on
Norfolk sandy loam, it has not psroved as satisfactory as either

muriste of sulphate of potash.
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‘General Summary of Results.

Barly Potatoes.

A comparison of different forms of nitrogen in a 7-6-5
fertilizer mixture used for early potetoes indicasted the value

of deriving a part of the nitrogen from organic sources.

Leunasalpeter compared very favorably with nitrate of
soda and sulphate of ammonis as & source of inorganic nitrogen
in the fertilizer mixture but the mechanical condition of the

mixture was extremely bad.

Potato yields obtained on a sand hill were increased where
& green manure cover c¢rop of rye and vetch was grown the pre-

cesding winter and early spring.

The yields of potatoes were lowered when the soluble mineral
nitrogen portion of the fertilizer mixture, usually applied at
planting time, was omitted and its application deferred until

the first cultivation of the crop.

In every case plots receiving potash gave higher average
yields of opotatoes in comparison to fhe average yields produced
on the no-potash plots. 'A comparison of the potash materials
used showed muriate, first; sulphate, second; and manure salts,

third, from the standroint of yields produced.
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Double strength fertilizers applied at half the ususl reate
compared favorably with the reguler 7-6-5 mixtures applied at
2000 pounds per acre, with respect to yields of early potatoes

produced,

Sweet Potatoss.

From a comparison of different forms of nitrogen in a
5-8-8 fertilizer used for sweset potatoes, the soluble materials
such as ures, nitrate of soda, and sulphate of ammonia prodmced
the highest average yields of prime potatoes, Of the inorganic-
organic combinations the 60%-~40% ratio gave the highest sverage
yield of prime potatoes. It was muggested that a soluble nitro-
gen material in the fertilizer mixture helped to establish the

sweet potato sprout in the field.

The results of one year's work with Leunasalpeter indi-
cated that it was a very suitable nitrogen material for sweet
potatoes, when used in conjunction with organics. In this
respect, it compared very favorably with nitrate of soda and

sulohate of ammonia.

A green manure cover crop of rye and veich, used in the

rotation in conjunction with the regular fertilizer application,

gave significant increases in yields of potatoes,

The yields of prime potatoes were larger in every case

where potash was used, as compared with the yields obtained
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where treatments were applied conteining no potash. The in-
creases for all the potash materials used were not uniform.
Sulphate of potash gave the highest yields, followed by muriate

of potash and manure salts, in the order named.

Nb injurious effects were noticeable when a double strength
fertilizer was applied at the rate of 750 pounds psr acre for
sweet potatoes, It was suggested, however, that a dry season
may bring about very different results with concentrated ferti-

lizer mixtures.

Adsorption and Nitrification.

Samples of Norfolk sandy loam soil adsorbed considerable
amounts of potassium when leached with 0.1 N. solutions of

potassium salts.

The addition of sodium chloride to a solution of potassium
chloride, in the proportions found in manure sslts, did not re-

duce the esmount of potassium adsorbed by the soil.

Potassium sulphate was adsorbed to a slightly greater

degree thaen potassium chloride.

The potessium adsorbed from a solution of potassium chloride
was replaced by dilute acid more rapidly than the potassium
adsorbed from a potassium sulphate solution. The addition of
sodium chloride did not affect the replacement of the potassium

sdsorbed from potassium chloride.
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The nitrification of dried ground fish, vacking house
tankaege, and sulphate of ammonis was inhibited when manure
salts were used as the only source of potassium in a complete

fertilizer mixture.

4 slight stimulating effeet on nitrification was obtained

where potassium sulphate was used.

In general nitrification decreased as the concentration
of the potassium meterials increased but the decrease was

greatest where msnure salts were used,
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Conclusions
—

l. A portion of the ammoniae in the fertilizer mixture for
early potatoes grown on Norfolk sandy loam should be supplied
by organics. A larger portion of ammonia should te supplied from

inorganic than organic materials,

2+ A green manure cover crop of rye and vetch used in the
regulsr fertility program on light sandy soils where commercial
fertilizers are applied, will help to conserve the fertilizer

residues and to increase yields.

3. One year's results show that = - applications of
potash are needed to obtain maximum yields of early potatoes on
this s0il and that either muriate or sulphate of potash is
preferable to manure salts when spplied on the basis of eguiv-

alent amounts of potash.

4, Sweet potato fertilizers for Norfolk sandy loam should
contein a larger percentage of nitrogen from soluble materials

than from the more slowly soluble organic materials.

5, FProm the first year's results with potash materials,
sulphate of potash appeared to be a more suitable materisl in
& eomplete fertilizer mixture for sweet potatoes, than either

muriate of potash or manure salts,

6. Norfolk sandy loam exhibited an ap:creciable adsorptive

power for potassium, so that losses of potassium by leaching
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were probably small.

7. Large applications of manure selts inhibited the nitri-
fication of orgasnic materials in the soil and the toxic action
was probably indirectly responsible for the decreased yields of
potatoes that were obtained where this votash material was

used,
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