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SUMMARY

91 HIS bulletin deals with the influence which simple and mixed fer-
tilizer applications have on yields, grades, and net value of pota-

toes under irrigation, with legume cover crop rotations. The potato
varieties used in the experiments were Netted Gem, Burbank, and
Early Rose.

Heaviest potato yields followed sweet clover, alfalfa, Hubam
sweet clover, vetch, or alsike green-manure crops. Lowest yields
followed a red clover cover crop.

Simple fertilizers carrying only one plant-food element, such as
nitrogen, phosphorus, or potassium, failed to produce economical
increases in yield over yields obtained from unfertilized plots. Nitro-
gen-phosphorus fertilizers with or without potash were more ef-
fective.

Increases in yield over unfertilized plots which followed the use
of approximately equal amounts of plant food per acre were not
significantly influenced by a variation in the nitrogen and phosphoric
acid content.

The greater tonnage of U. S. No. 1 potatoes from the fertilized
rather than unfertilized plots was due to heavier yields instead of
any major difference in respective percentages in grading. The high-
est average per cent of No. 1 grade was associated with a relatively
"wide" or "intermediate" ratio of nitrogen and phosphoric acid.

In the nitrogen and phosphoric acid series (groups 1-4) the
amounts of plant food applied and results obtained were:

Plant-food applications113, 239, 377, and 507 pounds per acre.

Corresponding yields of
Netted Gem potatoes256, 291, 366, and 322 sacks per acre.

Increase in these yields
over those from un-
fertilizer plots 68, 110, 171, and 165 sacks per acre.

Increase in yield per
100 pounds of plant
food applied 60, 46, 45, and 32 sacks per acre.

The most economical application of fertilizer was the 377 pounds
of nitrogen and phosphoric acid plant food per acre (equivalent to
575 pounds of sulfate of ammonia and 1,523 pounds superphosphate)
costing $38.57. The cost per sack of'the 171-sack increase in yield was
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I no greater than the cost per sack of the 110-sack increase for the
239-pound plant-food application.

INet values per acre of increased yields for the 113-, 239-, and
377-pound nitrogen and phosphoric acid plant food applications were:

Potatoes at $0.75 per sack $39.66 to $ 90.05 per acre.
Potatoes at $1.25 per sack $73.66 to $115.80 per acre.

I The costs per sack of the increase in yield of an individual test
with Netted Gem potatoes following an alfalfa green-manure crop in

I which an application of 63 pounds per acre of nitrogen and phos-
1

phoric acid plant food was progressively increased by multiples of
2 to 8, varied as follows: 6.2, 13, 11.2, 17.3, 17, 20, 22, and 25

On the basis of practically equivalent amounts of nitrogen-
phosphorus plant food, fertilizers with additional potash were less
effective in producing yields than nitrogen-phosphorus fertilizers

I only when small applications were made.

The fertilizers with additional potash were more effective when
I intermediate applications were made and were similar to lone nitro-
I gen or phosphorus fertilizers in the large applications.

I When the total amount of plant food in a "complete" fertilizer
I was compared with equivalent quantities of nitrogen-phosphorus

without potash, the latter was much more effective on the basis of
the number of sacks increase per 100 pounds of plant food used.

The value of sulfur in nitrogen-phosphorus fertilizer combina-
tions with or without potash seems definitely established. Value of
potash in sulfur-carrying fertilizers also is more positive than in
those of a non-sulfur character.
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INTRODUCTION

THIS
bulletin is a report of experimental work conducted during the

10-year period, 1920 to 1930, showing the influence of commercial ferti-
lizers containing varying proportions of soluble nitrogen, phosphoric acid,
and potash, upon yields and grades of potatoes. The rational use of these
fertilizers under irrigation combined with legume green-manure crops in
rotation is an important factor in the economical commercial production
of potatoes in Oregon.

The Hood River Valley potato industry. Parkdale loam, on which all
experiments were cooperatively conducted, is unusually well adapted to
late-crop or main-crop potato production. This soil, of ice-laid and glacial
origin, that predominates over a large area at an elevation of 1,000 to
1,700 feet, is a loose, friable (easily pulverized), granular, grayish-brown
to yellowish-brown loam and contains a considerable number of small iron
pellets or concretions. The capacity of this soil to retain moisture is gen-
erally good. Its reaction is neutral. Its mineral elements are variable. A
chemical analysis showing the principal elements compared with an aver-
age VTillamette Valley soil is shown in Table 1.

Table I ia ALYStS os PARI<DALE LOAM AND AVESACE SoiL

Analysis of Parkdale Loans by Department of Agricultural Chemistry; Anaiysis of
Average Soil (representing average of eight Vi'illamette Valley counties) by Soils Depart-
merit, Oregon Agricultural Experiment Station.

rThe auihor expresses appreciaiion 10 Professor G. R. Hyslop, n charge of the Division
of Plant Indusiries, for valuable suggestions in the conduct of field experiments and in
preparation of the manuscript; to C. V. Ruzek, professor of soil fertility, who aided in pres-
entailon of data; to Dr. W. L. Poweis, professor of soils; and to Dr. R. E. Stephenson,
associate professor of soils, all of Oregon Stale College. Appreciation also is expressed to
ihe following potato growers in ihe Parkdale area who, during the course of these experi-
nients, generously assisted the auihor in planting, harvesiing and checking yields from
fertilizer plots: Isaac T. Beal, C. J. Gordon, R. f. Mclsaac, J'ohn Cooper, David Cooper.
H. 0-Ititson, E. L. Scobee, F. C. Slaten, 0. H. Bailey, W. C. Smullen, S. E. Renfro,
G. Alexander, and A. 1'. Brutiquist.

Parhdale LoamAverage Soil
Per Cent Pounds per acre Per cent Pounds per acre

Potassium .9800 19,600 1.6900 33,800
Phosphorus .1044 2,088 .1440 2,880
Calcium 1,6600 33,200 .9700 19,400
Magnesium .5900 11,800 .4500 9,000
Sulfur .0176 352 .0160 320
Nitiogeri .1370 2,740 .1700 3,400
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Midsummer temperatures in the experimental area are high with cool
nights. Frequent irrigations with cold water originating in ice and snow
within a few miles of the potato-growing area produce soil temperatures
that are generally low, but uniform.

A large percentage of potatoes grown on Parkdale loam are sold for
seed purposes to other potato-producing sections of lower altitude and
longer growing seasons. Potato planting in the Hood River valley varies
from May 15 to June 1, depending on climatic conditions. Digging takes
place from mid-October to mid-November. The more successful growers
generally plant their seed moderately early when a sufficient moisture
supply is uniformly distributed in the soil. Such a plan permits more uni-
form germination and growth. During early growing seasons with insuf-
ficient rainfall, late planting frequently is followed by irregular stands
with many missing hills and small growth, due possibly to seed-piece
decay. Poor growth may be partly or entirely overcome by proper suber-
izing (callusing) of cut seed, or by the use of whole or single drop"
rather than cut seed.

Legume cover crops such as Hubam sweet clover, biennial white
sweet clover, crimson clover, and alsike clover in three- or four-year rota-
tions were grown on the experimental plots. All of these cover crops and
especially the biennial white sweet clover, produced increased yields. The
most economical use of fertilizers was with leguminous crops and manure.
These were plowed under in the fall or early spring two to four weeks
preceding potato planting.

Three varieties used. During the 10-year period 1920 to 1930 when
individual experiments were conducted, 116 plots of Netted Gem potatoes,
48 of Burbank, and 15 of Early Rose were studied. The Netted Gem was
planted in 54 of the 82 nitrogen-phosphorus plots, and 30 of the 37 com-
plete" fertilizer plots, because of the commercial importance of this variety
to Hood River Valley growers. Owing to a more uniform and satisfactory
response, greater emphasis was placed upon a study of results from trials
of nitrogen-phosphorus and 'complete" fertilizer combinations than results
from trials with only one plant-food element.

Definition of terms. Plant food is used to indicate the weight of total
nitrogen, water-soluble and citrate-soluble, phosphoric acid, and total
potash, where used alone or in combination. The term does not refer to
the weight of bulk fertilizer from which these elements were derived.
Ratio, as applied to nitrogen, phosphoric acid, and potash in the order given,
refers to their relative proportions by weight, with nitrogen assigned a basic
value of 1. Yields are computed on the basis of sacks per acre, the unit being
100 pounds net per sack. Gross yield indicates the total number of sacks of
ungraded potatoes.

Fertilizers used. Plant food elements were used in proportion ranging
from one part nitrogen to one, two, three, and four parts of phosphoric
acid and potash. In most of the experimental plots sulfate of ammonia,
superphosphate, and sulfate of potash were used. A limited number of
plots also were treated with nitrate of soda, urea, dried blood, treble
phosphate, antI Nitrophoska (15-30-15), a German synthetic product. The
greatest amount of plant food used per acre was 511 pounds from an
application of 800 pounds of sulfate of ammonia and 2,000 pounds of super-



phosphate. The least was 137 pounds of plant food from 140 and 560
pounds respectively of the same fertilizers. The total bulk of these respec-
tive applications was attained through the use of inert filler. Applications
were made slightly below or at the same level as the planted seed. The
planting was done by machine planters with fertilizer attachments or by
hand, in the bottom of open furrows six to eight inches deep. The ferti-
lizers were mixed with or slightly covered with soil before the seed was
dropped. The standard distance of planting was 36 by 12 inches.

Correct placement of highly soluble fertilizers such as those used in
these experiments is of great importance. In no case should the fertilizer
material come in direct contact with the seed piece. Fertilizer placement

INFLUENCE OF COMMERCIAL FERTILIZERS ON POTATOES 9

Figure 1. Relative size of Netted Gem potato plants on August 1, 1928. Rows on left
received a nitrogen-phosphoric acid fertilizer at time of planting. Those on right received
no fertilizer. Potatoes were planted on Hubam sweet clover sod.

experiments at various institutions indicate that there is considerable
danger of seed injury and poor stands if fertilizer is placed directly under,
above, or in contact with the seed.

A uniform placement of fertilizer at approximately the same level and
at a distance of about two inches on both sides of the seed piece has been
found an effective and safe procedure. Improved machine planters usually
arc available for this work.

Nature of data and method of tabulation. Determinations for each
plot were made of the weight of gross yield per acre of No. 1 and No. 2
grades including proportion by per cent. Differences irs the percentage of
grades between fertilized and non-fertilized check plots are referred to as
relative, being based on the gross weight of tmgraded potatoes in each plot.
Differences in gross yield and grades also are determined and percentages
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uniformlybased upon the number of sacks of like character from unfertilized
plots. These are referred to as direci differences.

Further determinations were made as follows:
The relation between the character and amount of plant food per

acre and gross yield.
The relation between increase in weight and per cent of increase

per each 100 pounds of plant food applied.
Total gross yield and total yield of No. I and No. 2 grades from plots

fertilized with nitrogen, phosphoric acid, and potash, and from plots ferti-
lized with nitrogen and phosphoric acid were compared on the basis of
(1) equivalent weights of plant food applications, and (2) equivalent
weights of nitrogen and phosphoric acid applied alone versus nitrogen and
phosphoric acid contained along with potash in complete fertilizers. The
cost of fertilizer per acre and preharvest net returns from its use are
studied and relation of differences in fertilizer ratio as above defined.

RESULTS OF FERTILIZER EXPERIMENTS

Results of original experiments in 1920 with Netted Gem potatoes
grown on 2-year red clover sod are shown in Table 2. They indicate
the practical value of phosphoric acid or phosphoric acid and potash fer-
tilizers combined with quickly available nitrogen. Those carrying only one
of these elements failed to produce profitable increases in yield over un-
fertilized plots, and applications of potash alone resulted in a net loss.

The greatest increase 52 sacks per acre, 26.9 per cent, came from
plots given a complete fertilizer. Nitrogen-potash applications without a
phosphoric acid carrier were uneconomical.
Table 2. TOTAL YIELDS its SACXS PER ACRE op NETTED Grts POTATOES PROM PLOTS REcEIVING

NITROGEN, PHospHoRic Acio, AND POTAS}i FERTILIZERS ALONE OR IN COMBINATION

Potash
No Fertilizer
Nitrogen and potash
Nitrogen
Phosphoric acid
Phosphoric acid and potash
Nitrogen and phosphoric acid
Nitrogen, phosphoric acid, and potash

159
192
197
199
206
218
236
244

Plant food applications were made in the following amounts per acre nitrogen 50
pounds; phosphoric acid 189 pounds; potash 86 pounds. The carriers were sulphate of
ammonia, 244 pounds; superphosphate, 1,110 pounds; and sulphate of potash, 172 pounds.

Value of nitrogen. The great value of sufficient available nitrogen in
combination with phosphoric acid and potash was further emphasized in
original experiments by parallel tests in which 2,000 pounds per acre of a
2-10-4 partly organic fertilizer were applied. To one of these plots, an
additional 100 pounds of nitrate of soda per acre was applied. Respective
increases per acre over the unfertilized plot were:

Phosphoric acid and potash plot, 5.5 sacks-2.6 per cent.
Same plot with 100 pounds nitrate of soda added, 94.4 sacks-49

per cent.
The greater yield is attributed to the additional use of nitrogen.

Fertilizer Total yield in sacks per acre
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Yield response with simple and mixed fertilizers. Conclusions based
upon the use of simple and mixed fertilizers on Burbank and Early Rose
potatoes, as shown in Tables 3 and 4, are generally consistent with those
in the previous paragraph.

The use on Burbank potatoes of a fertilizer carrying only nitrogen
resulted in a 9.8 per cent loss. Lone phosphoric acid applications on the
same variety increased yields oniy 6.1 per cent. The average increase in the
total yield cf Burbank potatoes given nitrogen and phosphoric-acid appli-
cations was 101 sacks per acre or 59.5 per cent. Larger applications of this
character are definitely correlated with greater yields. Increased yields
from the use of nitrogen and phosphoric acid fertilizers on Burbank and
Early Rose potatoes are somewhat larger than from the use of complete
fertilizers.

Total increases or decreases in sacks per acre of No. 1 and No. 2
grades of Burbank and Early Rose potatoes, caused by the use of the
different fertilizers, including the nitrogen, potash, and phosphoric acid
and potash plots with Netted Gem potatoes shown in Table 2, are shown
in Table 4.

Burbank potatoes fertilized with 58 pounds of nitrogen or with 154
pounds of nitrogen and potash produced 27.8 and 23.4 sacks per acre less
than the unfertilized plots. These decreases represent losses of 11.8 and
3.3 per cent respectively.

The net increases over non-fertilized plots of No. 1 Burbanks, ferti-
lized with nitrogen and phosphoric acid combined in total amounts of 101,
176, and 274 pounds, were 66.7, 80.3, and 135.1 sacks per acre respectively-
29.3, 60.2, and 102.5 per cent. Differences in total yields between fertilized
and unfertilized plots were greater than differences in relative grades of
potatoes from the same plots.

High yield in special experiment. Before dealing further with fertiliza-
tion of Netted Gem potatoes, it is desired to call attention briefly to
results of an experiment with the Burbank variety which, owing to several
limitations, do not appear in tabulations. In an attempt to augment an
already ample supply of organic matter, the cooperating grower seeded
rye in the fall after plowing under a heavy three-year-old stand of red
clover. A heavy crop of rye was produced during the following open
winter but it was not plowed under until May 1, a time when the crop was
approaching maturity and the soil was quite dry. The stand of potatoes,
with few exceptions, was a commercial failure. In the straight nitrate of
soda, sulfate of ammonia, sulfate of potash, sulfur, and non-fertilizer plots,
growth was extremely pool- and yields varied from 19 to 94 sacks per acre.
The vigorous growth early in the season in the phosphorus plot was not
maintained during late summer and early fall, and yields were intermediate
between the two extremes. Growth and production in the plot treated with
400 to 1,000 pounds of sulfate of ammonia and superphospliate was almost
phenomenal in view of the adverse conditions cited. The yield of 287 sacks
per acre was equal to 114 sacks for each 100 pound unit of applied plant
food. It seems correct to assume that plowing under of the bulky overripe
green-manure crop resulted not only in the use of nitrates by the soil bac-
teria but also in the use of other plant food, principally phosphoric acid, in
the decay of the crop turned over.



Table 3. INFLUENCE OF SIMPLE AND MIXED FERTILIZERS W1TB GREEN-MANURE CROPS ON YIELDS PER Ac Op BURSANK AND EARLY RosE POTATOES

Fertilizers used per acre and actual plant-food content

Yield per acre
Varieties

of
potatoes

grown

Per 100
pounds

plant food

From
fertilized

plots

From nonJGain
fertilized

plots

over
non-fertil-
ized plots

Loss fromGain
non-fertil-
ized plots

over
non-fertil-
ized plots

Loss from
non-fertil-
ized plots

Sacks Sacks Sacks Sacks Sacks Per cent Per cent
Simple fertilizers Actual plant-f sod content

Sulfate of ammonia 283 58 274 159.1 175 15.9 9.08 Burbankpounds-sNitrogen pounds
Superphosphate 820 pounds-+Phosphoric

acid 140 pounds.
Mixed fertilizers 139 195 183.7 11.3 6.1 Burbank

Sulfate of ammonia 220 pounds -*Nitrogen-Sutfate of potash 2l8pounds, potash 154 pounds
Sulfate of ammonia 175 pounds -sNitrogen andSuperphosphate 380 pounds I phosphoric

acid 101 pouiids_

122.6

218.8

188.8

221.2

183.7

163.5

5.1

57.7

2.77

35.3

Burbank

BurbankSulfate of ammonia 260 pounds -*Nitrogen andSuperphosphate 700 pounds I phosphoric
acid 176 pounds 150 264.4 166.7 97.7 52.6 BurbankSulfate of ammonia 405 pounds -sNitroger. andSuperphosphate 1,120 pounds I phosphoric
acid 274 pounds..... 113.6 311.6 163.5 148.1 90.6 Burbank

Sulfate of ammonia 330 pounds I -sNitrogen and
Superphosphate 830 pounds phosphoric

acid 210 pounds 197 414.6 208 206.6 99-3 Early RoseSulfate of ammonia 800 pounds .*Njtir gci andSuperptiosphate 2,000 pounds I tliosptoric
acid 504 pottnds 91.6 462 208 254 122.1 Early RoseSulfate of ammonia 331 pounds

Stiperphosphate ... 663 pounds I -Nitrogen
Sulfate of potash 260 pounds j phospioric

acid, and
potash 311 pounds 91.3 284 175 109 62.3 Burbank

Sulfate of ammonia 500 pounds
Superphosphate 1,200 pounds -sNitrogen,
Sulfate of potash .. 185 pounds J phosphoric

acid, and
potash 397 pounds 91.1 362 203 159 78.3 Early Rose

Nitrogen 15 per cent
Phosphoric acid 30 per cent -sNitrogen,
Potash 15 per cent J phosphoric

acid, and
potash 1,380 pounds 37.8 420 285 135 47.3 Early Rose



Table 4. INFLuENcE OF SIMPLE AND MIXED FERTILIzLRS ON Gssss or Busnane, NETTED GEM. ANn EARLY ROSE PoTATOEs

Fertilizers used and actual plant-food content per acre

Yield per acre
Average increase or de-
crease ovei No Fertilizer Variety of

pota toes
grown

Fertilized Non-fertilized

No. 1 No. 2 Total No. 1 No. 2 Total No. I No. 2 Total

Sacks Sacks Sacks Sacks Sacks Sacks Sacks Sacks Sacks Per cent
Simple fertilizers

Sulfate 244 50of ammonia pounds-sNitrogen pounds 161 183 -22.0 -12.0 Netted Gem
Sulfate of ammonia 283 pounds-sNitrogen 58 pounds 124 26.3 151.1 152.6 18.9 171.5 -27.8 7.4 -20.4 -11.8 Burbank
Superphosphate 820 pounds-Phosphoiic

acid 140 pounds 161
-

22 5 1843 1577
-

194 1772 4 0 3 1 7 1 3 9 Burbank
Sulfate of potash 172 pounds-sPotash 86 pounds 145 183 -38.0 -20:7 Netted Gem

Mixed fertilizers
Superphosphate 1,114 pounds

} -sPhosphoricSulfate of potash 172 pounds acid; potash 275 pounds 200 183 17.0 9.2 Netted Gem
Sulfate of ammonia 220 pounds -sNitrogen;Sulfate of potash 218 pounds I potash 154 pounds 134.4 37.0 171.4 157.8 19.45 177.;.. -23.4 17.5 -5.8 -3.3 Burbank
Sulfate of ammonia 175 pounds

} -*Nitrogen;Superphospliate 380 pounds phosphoric
acid 101 pounds 188.2 10.4 198.6 121.5 14.7 136.2 66.7 -4.3 62.4 29.3 Burbank

Sulfate of ammonia 260 pounds
} -*NitrogenSuperphosphate 700 pounds phosphoric

acid 172 pounds 212.2 24.9 237.1 131.9 16.1 148 80.3 8.8 89.1 60.2 Burbank
Sulfate of ammonia 405 pounds *NitrogenSuperphosphate 1,120 pounds I phosphoric

acid 274 pounds
Sulfate of ammonia 330 pounds

} -aNitrogen- .

2567 19 1

.

275 8
.

121 6 147
. .

1363
.

135 1 44 139 5 102 5 Burbank

Superphosphate 830 pounds phosphoric
acid 210 pounds

Sulfate of ammonia 800 pounds
281 9

.

502 332 1 1363
.

42 1

. .

1784
.

1456
.

8 1 153 7 86 1 L any Rose
-*Nitrogen;Superphosphate 2,000 pounds phosphoric

504 poundsSulfate of ammonia 331 pounds acid 345 53.6 398.6 136.3 42.1 178.4 208.7 11.5 220.2 123.4 Early Rose
Superphosphate 664 pounds Nitrogen;
Sulfate of potash 260 pounds J phosphoric

acid; potash 311 pounds 215.4 55.8 271.2 152.6 18.9 171.5 62.8 36.9 99.7 58.1 Burbank
Sulfate of ammonia 500 pounds
Superphosphate 1,200 pounds -*Nitrogen}Sulfate of potash 185 pounds phosphoric

acid; potash 397 pounds 260.8 67.5 328.3 123.3 61.4 184.7 137.5 6.1 143.6 77.8 Early Rose
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Whole seed versus cut seed. Production of Netted Gem potatoes on
faIl-plowed, 3-year alfalfa sod is of interest in relation to the use of
varying amounts of sulfate of ammonia and superphosphate. The initial
application was 100 pounds of sulfate of ammonia per acre and 250 of
superphosphate. The amount in the seven adjacent plots was progressively
increased by multiples of 2, 3, 4, 5, 6, 7, and 8, respectively. The nitrogen
phosphoric acid ratio thus was 1 to 207, and the amount of applied plant
food varied from 63 to 504 pounds as represented by fertilizer applications
of 350 to 2,800 pounds per acre. The plots were subdivided equally, one
area being planted to 3-ounce whole seed and the other to li-ounce cut
seed (well mixed) representing equal halves of whole seed of similar
character.

Gross yield responses to fertilizer applications in this experiment as
shown in Figure 2 reveals a striking and fairly consistent upward trend
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until 378 pounds of total plant food for whole seed (equivalent to 600
pounds of sulfate of ammonia and 1,500 pounds of superphosphate) were
applied. This response was neither as consistent nor as great in the case of
cut seed. Yields per acre, correlated with lower to higher fertilizer applica-
tions as indicated, varied as follows:

Whole seedfertilized plots, 306 to 407 sacks per acre; unferti-
lized plots, 207 sacks per acre.

Cut seedfertilized plots, 217 to 351 sacks per acre; unfertilized
plots, 184 sacks per acre.

From these results another interesting and practical correlation may
be noted; namely, yields per each 100-pound unit of plant food in the nitro-
gen and phosphoric acid mixture varied in reverse order to the total yields.
Data on the experiment:

Range in yieldwhole seed, 485 to 80 sacks; cut seed 345 to 69
sacks per acre.

Fertilizer cost per acre$652 to $52.16.
Plant-food applications-504, 378, 252, and 63 pounds per acre.
Yield-202, 195, 150, and 105 sacks per acre increase.
Costs per sack$0,258, $0.20, $0173, $0062.

Application of the law of diminishing returns from increasing fertilizer
expenditure is noted in this experiment.

Value of sweet clover as green manure. Total yields per acre from a
number of unfertilized check plots are shown in Table 5. Green-manure
crops used were alfalfa, hairy vetch, red clover, alsike clover, Hubam
clover, and biennial white sweet clover.

The value of sweet clover was indicated in the 1925 and 1930 Early
Rose average of 257 sacks per acre.

Average yields for Netted Gem potatoes on vetch-Hubarn, alsike
clover, alfalfa, and biennial sweet clover were relatively high with only
slight variation. The yields were: vetch-Hubam, 244; alsikc clover, 241;
alfalfa, 229; sweet clover, 235 sacks per acre.

Yields of Netted Gem, Burbank, and Early Rose varieties respectively
with red clover were considerably less. The yields were: Netted Gem,
1668; Burbank, 167.3; Early Rose, 198 sacks per acre.

Yield response with nitrogen and phosphoric acid following green-
manure crops. Owing to the fact that nitrogen and phosphoric-acid ferti-
lizer applications have proved economical under field conditions prevailing
in these tests, a preliminary comparison is made in Table 6 showing weight
and percentage of increases in total yield per acre of Netted Gems over
check plots using alfalfa, red clover, and biennial white sweet clover green-
manure crops. Data are arranged to enable comparison between values of
these different cover crops where use was made of approximately ec.uiva-
lent amounts of plant food per acre.

As in the case of the unfertilized plots, yields following the use of red
clover when compared upon the basis of the number of sacks per 100
pounds of plant food applied, are notably less than those with alfalfa Cr
sweet clover in the three subdivisions separating small, intermediate, an
large applications of plant food. Yields per acre per 100 pounds of applied
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plant food range consistently lower for large plant food applications and
higher for smaller amounts of fertilizer. The yields were:

ALFALFA COVER CROP:

Plant food-126, 245, 346, 504 pounds per acre.
Yield 221.2, 144, 106.5, 75 sacks per acre.

RED CLOVER COVER CROP:

Plant food-123, 250, , 504 pounds per acre.
Yield 163, 107, , 59.4 sacks per acre.

SWEET CLOVER COVER CROP:

This crop was represented only in the intermediate class, the yield
being practically the same as for alfalfa.

The practical limitations in the use of increasing amounts of fertilizer
are indicated in the last two columns of Table 6, showing graphically the
greater relative efficiency in yield response from the smaller total appli-
cations.

Second growing season.

Table 5. 'roTal. YIELDS, UNGRADED 1OO-Pous SACKS, OF POTATOES FEll Acac FROM PLOTS
HAVING DIFFERENT GPFEN.MANURE CROPS AND No FERTILIZES

Potato variety and green-manure crop used Year Yield per acre

ATetled Gctti
Sacks

Red clover, grown 2 years, plowed down in spring 1920 192
Red clover, grown 2 years, plowed down in spring 1921 175
Red clover, grosvn 2 years, plowed dosvn in spring 1922 185
Red clover, grown 2 years, plowed down in Spring 1925 144
Red clover, grown 2 years, plolved down in spring 1929 138

Average for red clover 166.8

Alsil<e, grown 1 year, plowed down in late Spring 1930 241

Alfalfa, grown 2 years, plowed down in fall 1926 268
Alfalfa, grown 3 years, plowed down in fall 1925 205
Alfalfa, grown 3 years, plowed down in fall 1925 184
Alfalfa, old sod, plowed down in spring 1930 262

Average for alfalfa 229.7

Vetch, Hubani, I crop of each, plowed dosvn in spring 1928 244

Bienntal white sweet clover, grown 1 year, plowed down in
late spring 1930 23j

Burbank
Red clover, grown 3 years, plowed down in spring 1922 222
Red clover, grown 3 years, plowed down in fall 1925 175
Red clover, grown 2 years, plowed down in fall 1926 105

Average for red clover 162

Early Rose
Red clover, grown 2 years, plowed down in spring 1922 209
Red clover, grown 2 years, plowed down in spring 1924 187

Average for led clover 195

BiennIal white sweet clover, g own 1 year, plowed down ill
late spring5 1925 229

BIennial white sweet clover, crown 1 yesr. plowed down in
late spring 1925 285

Average for white sweet clover 257



Table 6. YIELD RESPONSE OF NETTED GEM POTATOES TO NITROGEN ANI) PIIOSFIIORIC-ACID FERTILIZATION WITH GREEN-MANURE Cnors or ALFAlFA, RED
CLOVER, AND BIENNIAL WHITE SWEET CLOVER

The severs groups comprise plots where use was made of approXullately equIvalent amounts of plant food per acre.

Green-manure
CFOP

Num
her
of

ploP
Fertilizers used per acre and range and average of

actual plant-food content

Average
per

yield
acre

Unfer-
tillzed
plots

Increase
over

No Fertl-
llzer

Relation
100 pounds

Average
yield

tilizer

of yield to each
of fer-

used

Increase

Ferti-
lized
plots

Group 1
Sacks Sacks Sacks Per cent Sacks Sacks Per cent

Alfalfa 6 Sulfate of amnionia 200 pounds
Superphosphate 500 pounds -Range 63 to 189 pounds,

278.9 194.5 84.4 43.4 221.2 67.0 34.4Total 700 pounds average 126 pounds

Red clover 4 Sulfate of ammonia 167 pounds
Superphosphate 520 pounds -*Range 119 to 127 pounds,

201.0 139.0 62.0 44.6 163.0 50.4 36.3
Total 687 poundsi average 123 pounds

Group 2
Alfalfa 5 Sulfate of amnionia 400 pounds

Superphosphate 970 pounds1 -*Rsnge 225 to 252 pounds,
352.8 236.0 116.8 49.4 144.0 47.7 20.2Total 1,370 pounds average 245 pounds.....

Red clover 11 Sulfate of ammonia 408 poundst
Superphosphate 989 pounds1 -Range 239 to 271 pounds,

average 250 poundsTotal 1,397 pounds 267.5 153.1 114.4 74.7 107.0 45.8 29.9

Ssveet clover. 2
I Sulfate of ammonia 366 pounds
Superphosphate 900 pounds -*Range 225 pounds, aver-

age 225 poundsTotal 1,266 pounds 329.0 235.0 94.0 40.0 145.0 41.7 17.7

Group 3
Alfalfa 4 Sulfate of amnsonia 541 pounds

1,370 pounds1 -sRange 314 to 378
Total 1,911 pounds average 346 pounds 367.0 194.5 172.5 88.7 106.5 50.0 25.6

Group 4
Alfalfa 2

I Sulfate of ammonia 800 pounds
i

Superptiosplsate 2,000 pounds -sRange 504 pounds, aver-
379.0 194.5 184.5 94.8 75.0 36.6 18.8

Total 2,800 poundsi age 504 pounds

Red clover S Sulfate of ammonia 800 pounds
Superphosphate 2,000 pounds -sRange 504 pounds, aver-

300.5 140.6 159.9 113.7 59.4 31.6 22.4Total 2,800 pounds age 504 pounds



Table 7. RELATION OF NITR00EN-P!-iosrkIoRIC ACID FERTILIZATION RATIO IN VARYINt; AMOUNTS PER ACRE TO YIELDS AN)) GRADES OP NETTI;n Gitvi POTATOES

Yields per acre

Per 100
pounds

of plant
food

Sacks

1:1.6 2 Sulfate of ammonia 240 pounds
Superphosphate 460 pound4 -*127 pounds 273.0 214.0 183.5 62.3 245.8 54.4 67.2

Total 700 poundsi

1:1.6 4 Sulfate of ammonia 483 poursdsl
Superphosphate 935 pounds -*258 pounds 290.0 112.0 214.8 49.0 263.8 88.2 74.0

Total 1418 pounds

1:1.2 Sulfate of ammonia 1,130 poundsl
Superphosphate 1,640 pounds -*511 pounds 254.0 49.0 171.9 56.1 228.0 100.0 67.7

Total 2,770 pounds1

Weighted av-
erage 71.1

Ratio doss:
jut ermediate
1:2.07 7 Sulfate of ammonia 214 pounds

Superphosphate 530 pounds -*134 pounds 278.8 208.0 244.0 22.9 266.9 67.6 87.5
Total 744 poundsi

1:2.07 12 Sulfate of ammonia 370 pounds
Superphosphate 930 pounds -*235 pounds 310.0 132.0 254.4 38.6 293.0 60.3 82,0

Total 1,300 pounds)

1:2.07 4 Sulfate of ammonia 546 pounds
Superphosphate 1,370 pounds -346 pounds 367.0 106.5 331.7 25.8 357.5 88.2 90.4

Total 1,916 pounds

1:2.07 8 Sulfate of ammonia 800 pounds
Superphosphate 1,900 pounds -*488 pounds 339.0 69.4 279.0 41.5 320.5 96.3 82.3

Total 2,700 pounds

Weighted av-
erage 84.4

Nitrogen-
phosphoric

Num-
ber
of

acid ratio tests Fertilizers used and actual plant-food content per acre Total

1to class: Sacks
Narrow

Increase
over No
Fertil-

Per-
centage
grade

No. I No. 2 Total izer of No. 1

Sacks Sacks Sacks Per cent Per cent

Ungraded Graded



1:2.4 2

1:2.4 3

Weighted av-
erage

1? at is class:
V/ide
1:3.3

1:3.3

'° Total 1,380 pounds

Weighted av-
ecage

Sulfate of ammonia
Superphospliate

Total

Sulfate of ammonia
Su pecph osphate

2 Sulfate of ammonia
Superphosphate

Total

S Sulfate of ammonia 280 poundsi
Superphosphate 1,100 pounds -244 pounds

Total

175 pounds 1
520 pounds -125 pounds
695 poundsi

350 pounds
1,040 pounds -p250 pounds
1,390 poundsi

136 poundsi
553 pounds 122 pounds
689 pounds

263.0 210.0 193.0 47.3 240.3 47.0 73.3

272.0 109.0 209.2 40.9 250.1 82.5 76.9

75.4

228.0 186.0 200.9 30.0 230.9 27.5 86.1

241.0 98.2 205.8 26.2 232.0 61.4 85.4

86.4
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Effect of varying ratio of nitrogen and phosphoric acid. The propor-
tions in which nitrogen and phosphoric acid were combined in the different
plots are indicated in Table 7. With nitrogen in combination assigned a
value of 1, the relative proportions in which phosphoric acid was held
varied from 1.2 to 3.7. Plant food applications in the three ratio classifica-
tions are compared as follows:

Narrow, 127; intermediate, 134 and 125; wide, 122 pounds per acre.
Gross yields per acre from the plots in the order listed were as
follows:

Narrow, 273; intermediate, 278.8 and 263; wide, 228 sacks per acre.
The yield per 100 pounds of plant food and the percentage of increase

over unfertilized plots were as follows:
YieldNarrow, 214; intermediate, 208 and 210; wide, 186 sacks per

acre.
Percentage of increaseNarrow, 54.4; intermediate, 67.6 and 47; wide,

27.5.

On the basis of yields and percentage of increase, the data favor the
narrow and intermediate ratios.

Further comparison is made with larger applications of plant food
per acre. These are:

Narrow, 258; intermediate, 235 and 250; wide, 244 pounds per acre.
The yields per 100 pounds of plant food and percentage of increase

over unfertilized plots were:
YieldNarrow, 112; intermediate, 132 and 109; wide, 98.2 sacks

per acre.
Percentage of increaseNarrow, 88,2; intermediate, 60.3 and 82.5;

wide, 61.4.
The weighted average percentage of No. 1 potatoes from the fertilized plots

favor the intermediate or wide nitrogen-phosphorus ratios.

Relation of amount of nitrogen and phosphoric acid applications to
yields. Table 8 segregates into four well defined groups the average rate-of
fertilizer application to 55 plots of Netted Gem potatoes with correspond-
ing total yields. Groupings are made on the basis of a relatively wide range
in application of plant food separating one class from another. Thus, the
difference between the largest application per acre in Group 2 and the
smallest in Group 3 was 44 pounds. Similarly Groups 3 and 4 were sepa-
rated by a margin of 66 pounds.

'\/Vithiri the several groups variations in amounts of plant food used
were gradual. The total range of application is considered sufficiently
narrow to permit accurate interpretation. The average plant food appli-
cation per acre for the four groups was as follows:

Group 1, 113.4; Group 2, 239; Group 3, 377; Group 4, 507 pounds
per acre.

In terms of sulfate of ammonia and superphosphate, which were the
carriers used, these rates of application were as follows:

Group 1-153 plus 482, total 635 pounds per acre.
Group 2-385 plus 940, total 1,325 pounds per acre.
Group 3-575 plus 1,523, total 2,098 pounds per acre.
Group 4-844 plus 1,940, total 2,784 pounds per acre.
More than half of all fertilized plots were included in Group 2.



Table 8. RATE OF NITRoGEN-PHOsPHORIC Acts FERTILIZER APPLICATIONS AS RELATES TO GROSS YIELDS OF NETTED GEM POTATOES

zBased on analysis of bulk fertilizer used. For amounts of ammonlum sufate and superphosphate applied see Table 9.

1

2
3
4

63 to 127 pounds, average 113.4 pounds...-
198 to 270 pounds, average 239 pounds
314 to 441 pounds, average 377 pounds
504 to 511 pounds, average 507 pounds

5
15
2
4

188
181
194.5
157

11
31

6
7

256
291
366
322

226
122
97
63

68
tIC)
171.5
165

60
46
45
32 I

36.2
60.7
90.0

105.1

32.0
25.4
23.8
20.7

Yields per acre, ungradedlOU-pound sacks Percentage of
increase over

Unfertilized Fertilized No Fertilizer

Yield
per 100

Total
increase

Increase
per 100 Per 100

Yield Yield pounds over pounds pounds
Nitrogen-Phosphoric acid group number and

plant food used per acre
Number
of plots

per
acre

Number
of plots

per
acre

of plant
food

check
plots

of plant
food

of plant
Total food

Sacks Sacks Sacks
I

Sacks Saci& Per cent Per cent
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The experiment shows a consistent and quite regular increase in gross
yields corresponding with increased fertilizer applications. Group 3 (377
pounds of plant food) yielding 366 sacks per acre, excels Group 1 (113.4
pounds of plant food) by 110 sacks. Average applications in Group 4 (507
pounds of plant food) appeared less efficient than those of Group 3.

Application of the law of diminishing returns from use of increasing
amounts of fertilizer is indicated in tabulations based on the yield per 100
pounds of plant food applied. These yields for Groups 1, 2, 3, and 4 were:
226, 122, 97, and 63 sacks per acre. Total increases of the gross yield over
unfertilized check plots for the four groups respectively were 68, 110, 171.5,
and 165 sacks per acre.

The corresponding percentage of increase in yield over the check plots
has been summarized as total per cent and per cent per 100 pounds of
plant food applied. These recordings are:

TotalGroup 1, 36.2; Group 2, 60.7; Group 3, 90; Group 4, 105.1
per cent.

Rate per 100 pounds of plant food
Group 1, 32; Group 2, 25.4; Group 3, 23.8; Group 4, 20.7

per cent.
Differences in yield are consistent and are considered significant. It

will be noted that values in the total-per.cent group range in ascending
order and those of the plant-food group range in descending order.

Relation of fertilizer applications to production costs. In Table 9 the
total weight of plant food applications for the four groups is segregated
on the basis of the weight of elemental nitrogen and phosphoric acid con-
tained and the equivalent in bulk fertilizer per acre. Ammonium sulfate
(20.5 per cent nitrogen) and superphosphate (17 per cent phosphoric acid)
are used for this purpose as they were used in these fertilizer experiments.
The cost of the former is based on the 1930 retail price of $60 per ton and
of the latter on a price of $28 per ton.

When considered in this manner very large applications were indicated
in Groups 3 and 4. Plots receiving an average of 377 pounds of plant food
(equivalent to 2,098 pounds of bulk fertilizer) not only produced 75 sacks
more than those in Group 2 but also produced at an equivalent cost of 22.5
cents per sack increase. These are factors regarded as having a highly
important bearing upon the problem of how much to apply, especially
during years of poor prices.

Net values of increased yields are based on preharvest costs and do
not include minor items such as additional cost of handling fertilizer, inter-
est charges and the like. The only deduction made is the major onethe
cost of the fertilizer. Gross values of increased yields per acre are com-
puted on a basis of 75 cents, $1.00, and $1.25 per sack. Thus, within limita-
tionS of a wide selling-price range, net values of crop increase arc large.
For Group 3 they are as follows: $90.05, $132.40, and $175.80 per acre.

From results of the experiment it appears that total applications of
approximately one ton of fertilizer are economically justified under grow-
ing conditions favorable to maximum production. Emphasis is placed on
the fact that in connection with a study of Table 9, in the final analysis the
rate of economic application is based on the total net returns per acre
rather than on the cost per sack.



Table 9. SlATE OF NtTItOGEN-PNOSPHOSIC ACID FERTILIZER APPLICATIONS AS RELATED TO COSTS FED Actsc, SAcI, AND NET VALUE OF NETTED GEM POTATOES

5llased on percentage of srluble plant food contaitted in bulk fertilizer.
iBased on 1930 prices of 20.5 per oent sulfate of ammonia at $60.00 per ton and 17 per cent superphosphate at $28.00 per ton. Values include a

wide range and do not include cost of fertilizer application, or interest charges.

Sulfate of ammonia 153 pounds
Superphosphate 482 pounds Nitrogen 34.1 pounds

Total 635 poundsi Phosphoric acid 79.3 pounds

Total 113.4 pounds $1 1.34 $0.04 4 $0167 $51.00 $39.66 $68.00 $56.66 $85.00 $73.66

2 Sulfate of aiiiinonia
Superpltosphate

Total

385 pounds1
940 Pods Nitrogen

Phosp boric acid
78.9 pounds

160.1 pounds
1,325 pounds

Total 239.0 pounds 24.71 .085 .225 82.50 5 7.79 110.00 85.29 137.50 112.79

3 Sulfate of ammoltia 575 pounds1
Superphosphate 1,523 pounds Nitrogen 118.0 pounds

Total 2,098 poundsi Phosphoric acid 259.0 pounds

Total 377.0 pounds 38.57 .105 .225 128.62 90.05 171.50 132.40 214.37 175.80

4 Sulfate of amntonia 844 pounds
Superphosphate 1,940 pounds

(
-sNitrogen

Phosphoric acid
173.0 pounds
334.0 pounds--

2,784 poundaJTotal
Total 507.0 pounds 52.48 .163 .318 123.75 71.27 165.00 112.52 206.25 153.77

Cost of fertilizer? Net value (itnharvested) of increased
yields per acre

Per
At $1.00 At $1.25sack At 75

Per in- gross value gross value gross value
sack

of
crease

of
per sack per sack per sack

Gross Net
value value

Gross Net
value value

Gross Net
value valueNitrogen-Phosphoric acid group number, fertilizers applied,

and plant-food contenti per acre
Per

acre
pota-
toes

pota-
toes
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Nitrogen arid phosphoric acid fertilizers, with and without potash.
Table 10 presents a partial picture of the relative influence of nitrogen and
phosphoric acid fertilizers with anti without potash in combination. For
this purpose rates of application in Groups 1, 2, and 3 in the nitrogen and
phosphoric acid series (Tables 8 and 9) are compared with approximately
equivalent total amounts of similar elements contained in fertilizers em-
bodying potash as either muriate or sulfate of potash. Although total
amounts of nitrogen-phosphorus plant food in these two classes of fertilizer
differ somewhat, they are considered sufficiently parallel to permit com-
parison.

The only exception is found in Group 3, which contains 377 pounds of
nitrogen and phosphoric acid compared with 427 pounds in the nitrogen-
phosphorus-potash series. Group 4 is eliminated because of an insufficient
number of complete" fertilizer plots to warrant using available data. Re-
sults are standardized as total yield in sacks and yield per 100 pounds of
plant food (as nitrogen-phosphorus and nitrogen-phosphorus-potash). In-
creased yields over unfertilized check plots are summarized as total sack
increase or as percentage of increase.

Total elemental plant food per acre in Groups 1, 2, and 3 was as fol-
lows for nitrogen-phosphorus alone, nitrogen-phosphorus in 'complete"
mixtures, and nitrogen-phosphorus-potash "complete":

Group 1-113, 126, 191 pounds per acre.
Group 2-239, 227, 316 pounds per acre.
Group 3-377, 427, 570 pounds per acre.

When comparisons of total yield per 100 pounds of plant food are
made solely upon a nitrogen-phosphorus basis, data in Group 1 favor the
application of nitrogen and phosphoric acid, and in Group 2 nitrogen and
phosphoric acid combined with potash. Yields were practically equal in
Group 3.

Care should be exercised in arriving at a correct estimate of the
respective efficiency of nitrogen-phosphorus and nitrogen-phosphorus-
potash fertilizers. It will be noted that the productive capacity per 100
pounds of fertilizer decreases with the addition of potash. That fact, how-
ever, also is true concerning yields associated with increasing applications
of nitrogen and phosphoric acid.

Yields of No. 1 grade constant. In the nitrogen-phosphorus group the
percentage of No. I potatoes is practically constant irrespective of the
amount of fertilizer applied (Table 11). The general average is 81.6 per
cent and the greatest deviation from this mean is 4.6. The nitrogen-phos-
phorus-potash group average was 75 per cent, with a deviation of 10 per
cent in the case of Gi-oup 3. These general averages represent increases of
1.58 and 3.23 per cent respectively over unfertilized plots. The average
percentage of No. 2 potatoes for the three groups in the nitrogen-phos-
phorus and nitrogen-phosphorus-potash series was 11.25 and 17 per cent
respectively.

Differences in percentage with respect to fertilized plots are also
shown in Table 11. Direct increases in Groups 1, 2, and 3 over unfertilized
check plots for No. 1 potatoes were 96.8 and 88.8 sacks per acre for the
nitrogen-phosphorus and nitrogen-phosphorus-potash series respectively.
On a group basis no significant differences between relative percentages



Table 10. RATE P 'COMPLETE" FERTILIZER APPLICATIONS (NITROGEN, PHOsPHORIC Acis, AND PoTAssI) P11k AcRE AS RELATED TO TOTAl. YIELDS OP NETTED
GEM POTATOES; ALso INFLUENCE OP NITROGEN AND PHOSPHORIC ACID ELEMENTS CONTAINED 'riIEREIN COMPARED WITH APPROXIMATELY

EQUIVALENT AMOUNTS USED ALONE

Based upon analysis of huk ferl,lizer used.
?Based upon weight of nitrogen and phosphoric acid only when combined with potash.

2

Nitrogen-Phosphoric acid group number and
plant food used pci- acre

I .015 without potash-
Nitrogen and phosphoric acid 113.4 pounds
Potash 0.0 pounds

Yields (ungraded)
100-pound sacks

in-

no
crease

fertilizer

Percentage of
yield increase

over no
fertilizer

Yields

Totals

(ungraded) per 100

Yield increase
over No
Fertilizer

pounds of plant food

Peicentage of increase
over No Fertilizer

Total

ac/es

256

291

340

366

408

Yield

over

235.7

Nitro-
gee
and

Phos- I
phor.
icacid

only

Sacks

68

110

171.5

Nitro-1
gen
and

Phos-
plior-
ic aciti
plus
Pot-
ash

51P
I I

66.5

46.4

:188.4

Nitro-
geri
and

Phos-
phor-
ic acid
only

cent

36.2

60.7

90.0

Nitro-
gen
and

Phos-
Plior-
ic acid
plus
Pot-
ash

Nitro-
gets
anti

Plios-
phor-
icacid
only

Nitro-
gen
and

Plios-
phor-
icacid
plus
Pot-
zsh

I

Nilco-
gen
and

Phos-
ptior-
icacid
only

Nitro-
gen
and

Phos-
phor-
icacid
onls'?

Nitro-
gen
and

Phos
phor-

icacid
plus
Pot-
ash

Nitro-
gen
and

Phos-
phor-

ic acid
only

Nitro.
gets
and

Phos-
phor-
ic acid
only?

Nitro-
gen
and

Phos-
phor-

ic acid
plus
Pot-
ash

Per cent

39.3

15.9

86 1

226

Sacks

186

122

150

97

95.

Sacks

107.5

60

46

45

123.4

71 6

Sacks Sac/es

52.7

20.9

44.2

Sacks

34.7

14.6

33.1

Per cent

32.0

25.4

23.8

Per rem

31.1

17.0

20.1

Per cent

20.6

5.0

15.1

Total (11 plots) 113.4 pounds

Plots with potash-
Nitrogen and phosphoric acid 126.0 pounds
Potash 65.0 pounds

Total (9 plots) 191.0 pounds
Plots without potash-

Nitrogen and phosphoric acid 239.0 pounds
Potash 0.0 pounds

Total (31 plots) 239.0 pounds

Plots with potash-
Nitrogen and phosphoric acid 227.0 pounds
Potash 89.0 pounds

Total (17 plots) 316.0 pounds
Plots without potash-

Nitrogen and phosphoric acid 377.0 pounds
Potash 0.0 pounds

Total (6 plots) 377.0 pounds

Plots svith potash-
Nitrogen and phosphoric acid 427.5 pounds
Potash 142.5 pounds

Total (14 plots) 570.0 pounds



Table 11. YIELDS PER ACRE OF No. 1 AND No. 2 GRADES AND INCREASES OVER UNFERTILIZED PLOTS FROM NETTED GEM POTATOES FERTILIZED WITH APPLI-
CATIONS OF NITROGEN AND PliosFIsoRIc ACID OR WITS-I NITROGEN, PHOSPHORIC ACID, AND POTASH

See Tables 7-9 inclusive, also Table 4 showing grades for Burbank and Early Rose.

Plant food applied per acrez

Group I
Nitrogen and

phosphoric acid 113.4 pounds
Potash 0.0 pounds

Total 113.4 pounds
Nitrogen and

phosphoric acid 126 pounds
Potash 65 pounds

Total 191 pounds
Group 2

Nitrogen and
phosphoric acid 239 pounds

Potash 0 pounds

Total 239 pounds
Nitrogen and

phosphoric acid 227 pounds
Potash 89 pounds

Total 316 pounds
Group 3

Nitrogen and
phosphoric acid 377 pounds

Pc,iash 0 pounds

Total 377 pounds
Nitrogen and

phosphoi-ic acid 427.5 pounds
Potash 142.5 pounds

Total 570.0 pounds
Group 4

Nitrogen and
phosphoric acid 507 pounds

Potash 0 pounds

Total 507 pounds

zBased upon analysis of bulk fertilizer used. For amounts of amnionium sulphate and superphosphate appliedsee Table 9.

Yield per acre
Percentage of No. I and No. 2 potatoes

Total
No. 1 Direct increase

-

or decreaseIncrease corn-
and over No Average of fertilized pared with unfertil.

Gross
No. 2

pots
Fertilizer plots ized plots

No. I No. 2 Tocat No. 1 No. 2 Total No. 1 No. 2 Totalyield No. I No. 2 toes

Sacks Sacks Sacks Sacks Sacks Sacks Sacks Pes- Cent Per cent Per cent Per cent Per cent Per cent

256 209.3 35.38 244.7 53.4 19.75 73.16 81.8 13.8 95.6 -1.75 5.43 3.65

235.7 179.4 29.6 209.05 60.1 5.2 65.3 76.3 12.4 88.7 12.2 -4.8 7.63

291 243.9 35.6 279.5 99.8 15.7 115.5 83.8 12.2 96.0 4.52 8.69 13.21

340 284.6 43.0 327.7 103.1 12.6 115.8 83.7 12.7 96.4 6.78 .84 7.63

-. 366 306.3 28.4 334.7 137.4 19.82 157.2 83.7 7.76 91.46 1.88 3.54 5.42

408 265.3 105.7 371.07 103.3 78.3 181.4 65.0 25.9 90.9 -9.3 12.8 3.5

322 252.4 46.5 298.9 121.9 13.47 135.37 77.0 14.2 91.2 -5.33 5.2 -.13



INFLUENCE OF Co11ERcIAL FERTILIZERS ON POTATOES 27

of No. 1 grades for the nitrogen-phosphorus and nitrogen-phosphorus-
potash series were indicated. The nitrogen-phosphorus and nitrogen-phos-
phorus-potash series of the three groups showed yield increases of 115.2

and 120.8 sacks per acre respectively. On the percentage basis these figures
represent increases of 71.1 and 69.9 per cent.

Effect of sulfur on yields and grade. Experiments bearing on data in

Table 12 were designed to test the influence of sulfur-carrying and non-
sulfur-carrying fertilizers based on a constant proportion by weight of
nitrogen and phosphoric acid in a 1 to 2 ratio, with potash varying from
1.66 to .8 to none.

For this purpose a non-sulfur "complete" fertilizer was compounded
from 435 pounds of urea, 900 pounds of treble phosphate, and 665 pounds
of muriate of potash, and applied at the rate of 750 pounds per acre. The
nitrogen-phosphorus-potash proportions were 10 to 20 to 16.6 per cent.

A corresponding sulfur fertilizer was taken from 366 pounds of sulfate
of ammonia, 882 pounds of superphosphate, and 247 pounds of sulfate of
potash, and applied at this rate per acre. The amounts and proportions in
which nitrogen, phosphoric acid, and potash were carried by these two
essentially different fertilizer mixtures were the same.

In Series 2 potash was reduced one-half. In Series 3 it was eliminated.
The nitrogen and phosphoric acid ratio and the total amount of these
elements remained the same in all plots. In each of the three fertilizer
experiments embodying these series a different green-manure crop was
used. These were old alfalfa sod, alsike clover, and biennial white sweet
clover. Alfalfa was plowed under in early spring. The clovers were plowed
under in late spring in their second growing season just before planting
time. Soil preparation preceding planting and subsequent culture practice
in each test were exceptionally thorough and in a large measure responsi-
ble for the excellent stands and yields.

Under conditions prevailing in these tests the nitrogen-phosphorus-
potash plots treated with fertilizers in the sulfur series definitely out-yield-
ed those fertilized with only nitrogen and phosphoric acid. In the non-
sulfur series those treated with 'complete" fertilizers with a high propor-
tion of potash produced a higher per cent of increase in yield than those
low in potash, or than the nitrogen and phosphoric acid plots, which were
practically equal in this respect. The average increase in gross yield over
non-fertilized plots in the high and low potash sulfur series was 48.8 and
46.3 per cent respectively, and from the nitrogen.phosphorussulfur plots
37.8 per cent.

The average increase in gross yield over non-fertilized plots in the
high and low potash non-sulfur series was 41 and 29.8 per cent, and from
the nitrogen-phosphorus plots 32.1 per cent. High average gross yields
per acre prevailed in all fertilized plots. The average yield for the sulfur
series was 354 sacks and for the non-sulfur series 330 sacks. The value of
sulfur, alone or in combination with potash, seems definite, and that of
potash in sulfur-carrying fertilizers more positive than in those of a non-
sulfur character. Available data seem quite consistent in maintaining the
same ntimerical ranking order that distinguishes between respective merits
of different fertilizer treatments, the rank applying equally to total yields
and to relative increases in sacks per acre or percentages of increase.



Table 12. YIELD AND GRADE RESPONSE OF NETTED GEM POTATOES TO SULFUR-BEARING AND NON-SULFUR-BEARING COMPLETE" FERTILIZERS CARRYING A CON-
STANT PROPORTION BY WEIGHT OP NITROGEN AND PHOSPHORIC ACID IN A 1 TO 2 RATIO WITH POTASh IN EACH SERIES VARYING FROM 1.66 so .8 OR 0

Os

sNote Each series (sulfur and non-sulfur) was tested tinder green-manure crop conditions; old alfa fa, alsike, and biennial white sweet cover. Each
was plowed down in late spring, 1930 shortly before planting. Potato growth and yields on plots under each green-manure treatment were quite similar.
For this reason, averages only are given in above table.

Based on analysis of bulk fertilizer used. For amounts used see text.

Series 1, Ratio 1 :2:1.66-
Nitrogen and phosphoric acid 226.5 pounds
Potash 124.5 pounds

Total 351.0 pounds"
Without sulfur added 346 264 76 62.7 18 99.7 80.5 34.9 41.0With 198 pounds of sulfur added 365 306 83.8 37.2 10.2 119.0 123.0 9.4 48.8

Series 2, Ratio 1 :2 :8- -
Nitrogen and phosphoric acid 226.5 pounds
Potash 62.0 pounds

Total 288.5 pounds"
Without sulfur added 319 263 82.9 30.1 9.4 72.8 84.8 -2.7 29.8With 175 pounds of sulfur added 359 314 87.3 25.6 7.11 113.0 132.2 -2.2 46.3

Series 3, Ratio 1:2:0- -
Nitrogels and phosphoric acid 226.5 pounds
Potash 0.0 pounds

Total 226.5 pounds
Without sulfur added 326 272 83.7 44.9 12.8 79-7 90.4 17.0 32.1With 152 pounds of sulfur added 339 291 85.9 35.6 10.5 93-3 109.5 11.2 37.8

Yields per acre
Increase over No Fertilizer

Percent-
age of

Proportion of Proportion of
No. 1 potatoes No. 2 potatoes

Series number and "complete" fertilizers used,
with actual plant-food content per acre Gross Gross

No. I No. 2
grade giade

Sacks Sacks

gross
increase

Per centSacks Sacks Per cent Sacks Pee cent Sacks
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*Irldlar, C. E. Mich. Spec. Bul. 133 (1931) Fertilizer Recommendations.

Potatoes need a liberal plant-food supply. Throughout the discussion
on the experiments the value of large applicattons of readily available plant
food was indicated, especially whei-e optimum (most favorable) growing
conditions are provided. The value of legume green-manure crops was also
indicated.

There appears to be no immediate and definite relation, however, be-
tween the amount of fertilizer withdrawn from the soil by the potato crop
and the amount of plant food required in supplementary applications.

Plant food elements contained in a 350-sack crop' (not including vines)
are as follows: nitrogen, 122.85; phosphoric acid, 52.6; potash, 175; calcium,
7.02; and magnesium, 10.53 pounds.

A 21-ton (green weight) crop of sweet clover, which contains 205
pounds of nitrogen, 17 pounds of phosphoric acid, and 135 pounds of
potash, potentially furnishes an excess of 82 pounds of nitrogen, but fails
to balance phàsphoric acid and potash by 35 and 40 pounds respectively.

In the Parkdale area yields greatly exceed the tonnage noted above.
In one instance the total green weight of biennial white sweet clover at
maturity was calculated as more than 20 tons. The most reasonable expla-
nation of these facts appears to be that availability is relatively slow and
considerable plant food is found beyond the small root zone which prevails
during the early growing season.
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