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WASHINGTON, D. C.

FERTILIZERS FOR SWEETPOTATORS BASED
ON INVESTIGATIONS IN NORTH CAROLINA

By I. J. Skinner, Sc. “or Biochemist, Division of Seil Fertili'y, Soil Investigations,
Bureau of Chemistr, and Seils, and C. B. WirLians, Head, Depariment of
Agronomy, and H. B. Maww, Associele in Soil Investigations, North Ca-oling
Agricultural Brperiment Siation

{The Bureau of Chemistry and Soils in Cooperation with the North
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INTRODUCTION

With an increase in the production of sweetpotatoes in North Caro-
lina, interest has developed in fertilizer problems pertaining to this
crop. The area in sweetpotatoes in the State in the 5-year period,
1924-1928, averaged 83,000 arres annually, which exceeded the acre-
age in any other State except {leorgia and Texas. (18). The aver-
sge production of sweetpotatoes in North Carolins from 1924 to 1928
was 7,989,000 bushels annually, which was exceeded only by Georgia.
In 1929 there were produced in North Carolina 8,126,000 bushels of
sweetpotatoes, having an estimated value of $8,213,400, and in 1930,
9,506,000 bushels, having an estimated value of $8,555,000. The
groduction in North Carolina in 1930 was larger than in any other

tate.

The average annual acre yield of sweetpotatoes in North Carolins
for the 10-year period, 1919-1928, was 101 bushels, for 1929, 117
bushels; and for 1930, 97 bushels. The average annual acre yield of
all the producing States for this 10-year period was 95.2 bushels; for
1929, 102.% bushels; and for 1930, 84.9 bushels. The average acre
yield of sweetpotatoes in North Carolina for the 10-year period,
1819-1928, was exceeded by 13 States, in 1929 by 11 States, and In
1930 by 23 States. The average acre yield of 4 States in 1929 was
140 bushels or more. °

Sweetpotato growers in North Carolina, faced by the necessity of
producing larger acre yields at lower cost and conironted with diffi-
culties in securing good stends, altbough using large applications of

T Italic nutnbers In parentheses refer to Literature Cited, p, 45,
130350°—30—1
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cornmercial fertilizers, appealed to the North Carolina Agricultural
Experiment Station and the United States Department of Agriculture
for assistance. This interest on the part of growers resulted in the
establishment of cooperative fertilizer experimental work with sweet-
potatoes by the agronomy division of the North Carolina Agricultursl
Experimeat Station and the soil fertility division of the Buresu of
Chemistry and Soils of the United States Department of Agriculture.

Experiments were planned by which to study the effect on the
growth of young plents and yields of sweetpotatoes on some of the
principal $oil types used for sweetpotato growing, of {1) various fer-
tilizer analyses or ratios of nitrogen, phosphoric acid, and potash; (2)
different quantities of fertilizers; (3) different potash sources; {(4)
different nitrogen sources; (5) concentrated fertilizer; and (6) fer-
tilizer placement and time of application.

Investigations were undertaken in Carteret County with Porto
Rieo swestpotatoes on Norfolk sendy loam, the prevailing soil type
used for sweetpotatoes in the central coastal distriet of North
Carolina. In 1930 * there were planted in this county, 2,002 acres,
and 266,256 bushels of sweetpotatoes were produced, with an aversge
yiela of 128 bushels an acre.

In Craven County experiments were conducted with Porto Rico
sweetpotatoes on Portsmouth fine sandy loam, & soil type oceurring
generally in the central coastal district of the State. In 1930, there
were planted in this county, 1,377 acres, and 151,470 bushels were
produced, or an average yield of 110 bushels an acre. In 1930,
18,904 acres were plonted to sweetpotatoes in the central coastal
district, which comprises 12 countics. Results secured in the experi-
ments in the two counties apply generally in this districs.

Fertilizer investigations with Nancy Hall sweetpotatoes were made
in Catawba County on Cecil sandy loam, the prevailing soil type in
the central, southern, and northern piedmont districts of the State.
In this county, 1,628 acres were planted to sweetpotatoes in 1930,
and 158,544 bushels, or an average yield of 98 bushels an scre, were
produced. In 1930 there were planted 10,500 acres in the central
piedmont district, comprising 10 counties; 8,832 acres in the southern
piedmont district, comprising 11 counties; and 10,590 acres in the
northern piedmont district, comprising 13 counties. The soil type
chosen for thesc experiments is widely distributed in the pi-dmont
secticn of the State, and results of the experiments on this soil have
broad applications.

Fertilizer investigations with Big-Stem Jersey sweetpotatoes were
started o 1925 in Currituck County on Norfollc Ioamy fine sand.
Currituck County is in the northern coastal district of the State, and
a large acreage of Norfolic loamy fine sand is used for the growing
‘of early sweetpotatoes. In 1930, 4,663 acres were planted to sweet-
potatoes in this county, and the production was 419,670 bushels, or
an aversge yield of 90 bushels an acre. In the northern coastal
district, comprising 16 counties, 15,999 acrBs of swesetpotatoes were
planted in 1929. However, Norfolk loamy fine sand is not found
generally in this district. The largest areas are in lower Currituck
County, where s large sweetpotato industry has developed.

* Figures on sweetpotato produetion by counties and dlsiricls in North Carolina are from the codporating
cgojfé%ep&rtting servico of tho North Crroling Department of Agriculture snd the United States Dopartiment
of cultire.
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FERTILIZERS FOR SWEETPOTATOES IN NORTH CAROLINA

FERTILIZER RATIO EXPERIMENTS

PLAN OF EXPERIMENTS

The fertilizer mixtures used in the fertilizer ratio experiments are
those shown as bags of fertilizer'in Figure 1, and chartad on the tri-
angle shown in Figure 2. In this scheme of studying fertilizer ratios,
21 different treatments of single fertilizer elements and combinations
of two and three elements are used. The plan consists of using the
fertilizer constituents, nitrogen, phosphoric acid, and potash, singly,
two together, and three together, the ratios varying in 3 per cent
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FiguRE L.—Thgs of fertilizers arrunged in a triangle, shawing percentages of cach fertilizer ingre-
dient in the 21 feriliizers used in the sweetpolato experiments

|

stages. The fertilizers represented by the points at the three angles
of the triangle (fig. 2) are single constituents—ammonia, phosphoric
acid, and potash. The points on the base of the triangle represent
mixtures containing no phosphoric acid; those on the line just above
contain 3 per cent phosphoric acid. This progression continues so
that the extreme point of the triangle represents a 15 per cent phos-
phoric acid fertilizer. Tn the same monner the points on the two sides
contain no potash and no wnitrogen, and those on the lines parallel to
the sides contain from 3 to 15 per cent of these elements,

The fertilizer constituents 1n each fertilizer total 15 per cent,
whether 1, 2, or 3 of the constituents are present. Hach plot received
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the same number of pounds of plant-food constituents but in different
rativs. The ratio of ammonia, phosphoric acid, and potash in each
fertilizer is given in Figure 2.2 The phosphoric acid used in the
fertilizer mixtures was derived from superphosphate; the nitrogen
from one-third each of sodium nitrate, ammonium sulphsate, and
cottonseed meal; and the potash from sulphate of potash, All the
fertilizer was applied in the furrows and covered about one week
before the plants were set. These experiments were planned and
conducted to study the effects of different fertilizer ratios on the
growth and yield of sweetpotatoes on some of the principal soil types
utilized for the production of this erop in North é)urolina,.

The triangle plan (!5) of fertilizer experimentation has been used
extensively in field investigations, first in & grass experiment (10; at
the Pennsylvania State College snd later with many crops in various
sections of the United States. 'This plan of preparing mixtures proved
very useful in fertilizer investigations with cotton and potatoes in
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Froune 2—The trienglo dingram with numbered points,showing the
rattes of ammionia, phosphoric acld, and potash of the 24 fertilizers
in the (ripngle sysiem usad in the sweetpotato experiments
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North Carolina (11} and with cotton in Georgia (). It was used in
sweetpotato studies by Schermerhorn in New Jersey (14) and
Zimmerley (20) in Virginia.

S0IL TYPES AND RESULTS OBTAINED

The soil types on which experiments were made In each case are
representative of a large ares used for growing sweetpotatoes in the
State. One-twentieth-gzcre plots were used for each fertilizer mix-
ture, and check, or no-fertilizer, plots were distributed throughout
the series. .

The yield data secured in the experiments* on the soil types enu-
merated are given in Table 1 and in Figures 3, 5, 6, and 7. ’]'?1’1]33 stand-

¥ Fertilizer constitnonts are given In this bullas in the order—yemonis, phospherie aeid, and potash,
The fertilizor analyses or raiio nro on the ammonia basls as this was common practice whon tho experts
ments wers in operntion.

+ Asslstance sbd cooperation of T, B. Elllott, county atgant of Currittick County; A. H. Harrls, former
county agent of Carteret County; and . W. Bondricks, former county ngent of Catawbs County, in cons
duoting thesa axperiments ard In offering holpful suggestions is acknowladged. Credit fs dua P. R. Reid,
Bureau of Chemstry and Seils, and 8. K. Jackson pad A, S. Ollne, former sssistant agronomists of tha
North Carollns Experiment Station, for assistance in gbtaining tho feld dats; apd to A. R. Anthonmy,
W, §. Boswood, C. (. Qaskell, R. L. GOtiggs, H. E. Patlen, Clyde Mathiss, and (. E. Reckett, coop-
erating growers who Imnmhed.iand und labor for the exparimsnts.
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FERTILIZERS FOR SWEETI;O'I‘ATOES IN NOBRTH CARCLINA 5
ard bushel of sweetpotatoes weighs 50 pounds. The fertilizer mixtures,
with corresponding yields, are arranged according to their content
of ammonia, phosphoric acid, and potash in Tables 2 and 3. These
date ave discussed for esch soil type. .

TABLE L.—Acre yields of sweelpolaioes ! frem feriilizers® with varying raiios of
ammonia, phosphoric acid, and potash on several soil types in North Carolina

ik Ceeil sandy loam, Norlolk lopmy fine sand
g;’;f{’y P%;ﬁg‘ﬁ?:;‘ﬁm Cntawba County Currituck County

ioam, |CGraven County,
ip ) Corterell ‘B B Pglten .
Fertilizer No. County, farm a. B, | B Anthony Qlyde | B- L. Origgs
&Gy Rockett farm Mnthias fum
famf tarm, farm,
' 1926 1825
W | o022 | 19: 1927 | 128 i928

FHushely | Bushels | Bushels Bushg‘g Pushels |Bushels Bushels
80 0 - _
184 0 173 240

7 o5 I

212 82 VB

it} f 3.8

248 117 | 48

248 124 174

121 175

39

10l H 188

150 188

120 v 177

- 148

199

174

Cheek,

Avernge of
cheeks - |coonn.- . 58.8

! Bweotpotatoes were set In Juns and dug in November fn Carteret, Craven, tad Cainwbn Counties;
set in Aprid and dug In August in Currituck County,

* Souree of fortilizer ingredionts: Phosphorie acid from superphesphate, vitrepen one-third each fram
sallym pitrate, amimonium sulpiinte, and ectionseed meal; potash from sitlphate of potosh.  Fertilizer
appiled at rate of 750 pounds per perg in Carteret, Craven, sl Catawha Couniies; 1400 pounds rar pers
in 1925 and 1,800 pourds in 1926 snd 1997 In Curcituck County oxperimonts.

TanLe 2.—Effect of perceniages of ammonia, pkaszzlmric actd, and potash in ferfi-

Hzer, on yield of sweelpolatoes on scueral seil types in North Caroling

Average vield per acre on—

Fertilizar
Fertilizer mix- i ] .| Porlsmounth
ture No.t c?;:;?;:’: l}::;{?;.k fine sandy Cecil sandy loam, Ca- | Norfalk lonmy finc samd,
B to 15 péf Yorin, | loma, Craven tawba County Cnrritizek County
cont of— | Car County
terat

C‘;‘é&w- wee | 1oz | oz | o7 | ages | aues | wes | 1eer

Bushels |Bighels | Busheis | Bushels| Bushels | Busheis | Blushels |[Huskels
4, 14, 15, 10, 20, 21| Ammonisl 52 1] 11 54 if4 188 ix 44
1,2,3,4, 5, 06...__ I’illesnlior- 217 163 i 82 ir2 28 134 i
© el
7,11, 12, 18, 17, 18| Potush,__ 260 i it:3 §2 176 5% 158 02

i Fertilizer mixtures as isted in Tablo I and Flgures 3, 5,6, aod 7.
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TaBLE 3.—Effect of dz%ﬂerent praporiions of ammontin, phosphoric acid, and polash
in ferirlizers on yield of sweetpotatoes on several soil types in North Carolina

AMMONIA QROUP

Average yield per acre oo—

Ferti-

Yicgr |Morlolk| Portsmeuth

Fertilizer mwixture | consti- | sandy fine sandy Coeil sandy Joam, Worfolk leamy fitte sand,
No.t tuent | leam, | lcam, Craven Catewba County Curgituek County

in mix-| Usr- County

tnres | terel

County,
1834

1922 1623 1926 Yz 1928 1025 1920 1527

Per cent| Bushelsl Pushels| Bushels) Bushels| Bushels| Bushels| Bushels| Bushels] Bushels
] 213 58 &4 82 70 106 8

215 124
263 125 | 192 182 256 181 w2 20
236 16 0 179 Pt 175 4% 117
250 162 a5 174 217 151 58 7
12 78 83 152 202 g0 e 113
168 54 72 157 132 96 28 [

HOSPHORIC ACID GROUP

16, 17, 18, 19, 20, 21__ : 05 &3 87 164
it, 1%, 13, 14, 15 1] 68 97 137
7.5 9, 10 118 e 142 183

. 21 62 W 167
3 88 a2 72 bxed
™ 55 44

POTASIE GROUT

84 69
101 5 3
110 11§
5] a8
1 g 85
1 i -t

t Fertilizer miztures as listed in Table 1 and Figures 3, 5, 6, ond 5.

MNORFOLK SANDY LOAM

.

The experiments on Norfolk sandy loam were made in 1924 on the
farm of C. G. Gaskill, in Carteret County, east of Beaufort. Porto
Rico sweetpotatoes were set in June and dug in November. Fer-
tilizers were applied at the rate of 750 pounds an acre in the furrows
ond covered one week before the plants were set. The yield data

iven in Table 1 are charted on the triangle diagram in Figure 3.
he results can be better understood by a study of the data given in
the figure.

Comparing the single-element fertilizers, potash (fertilizer No. 16)
gave a larger yield than did phosphoric ncid (fertilizer No. 1) or am-
monia (fertilizer 21). This greater response from potash is in keeping
with the higher yields obtained from the complete fertilizers contain-
ing high percentages of potash, as compared with yields from com-
plete fertilizers containing high percentages of phosphoric acid or hich
percentages of ammonia. These comparative data are shown for the
Norfolk sandy loam in Table 2. The fertilizers containing high per-
centages of potash are those in Figure 3, included in the subtriangle
outlined by mixtures 7, 16, and 18. The fertilizers containing high
percentages of phosphoric acid are within the subtriangle formed gy
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Nos. 1, 4, and 6, and the fertilizers containing high percentages of
ammonisa are in the subtriangle outlined by Nos. 10, 19, and 21.

The taree mixtures producing highest yields are Nos. 12, 17, and 18.
These mixtures contain ratios of ammonia, phosphoric acid, and
potash as follows: 3-3-8, 3-0-12, and 6-0-9, and the average com-
position of the three mixtures is 4-1-10. This ratio is charted in the
small triangle formed by these three mixtures in Figure 3,

The fertﬁizer mixtures shown in Figure 3 are arranged in Table 3
according to the amount of ammonis, phosphoric acid, and potash
they contain, and the average vield of each group is tabulated.

The fertilizer mixtures containing 3 per cent of ammonia have given
the largest average yields of the varying-nitrogen group. The yields
decrease as the nitrogen in the fertilizer mixtures increases above this
percentage. There is no correlation between vield and the phosphoric
acid content of the fertilizer, but there is a correlation between yield
and potash content, the yield increasing with incresse of potash in the
fertilizer up to 9 per cent. Fertilizers having percentages of potash

L2y
Lz
d

AVAN

S8 Ep o=l AT
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2EE  IEE S5

.?AZ‘X@-/ 6\2.".;.4'/ yx.f.ze/ /‘0;03
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5P a3 s
e 5 p; 20 =l
FicURE 3.~Yink) of sweetpotntors in bushels por nere fram fertilizers

contuining various ratiog of Rrmmonts, phesphoric seid, nud potash
on Norfolk sandy lonm in Carteret County, N, G, 12

A

higher than this gave lower yields. This compilation of the data
shows that the largest yields are obtained with mixtures containing
3 per cent ammonia, no phosphoric acid, and 9 per cent potash.
This fertilizer analysis does not differ widely from that derived by
averaging the composition of the three mixtures giving highest yields.
This average composition is 4 per cent ammonia, 1 per cent phos-
pheric acid, and 10 per cent potash. From these data it would seem
that o fertilizer containing 3 to 4 per cent ammonia; 0 to 1 per cent,
Phosphoric acid, and 9 to 10 per cent potash should give good results
on this sol. The data as a whole seem to show that these percen tages
of nitrogen and potash are the best in a mixture used at the rate of 750
pounds an acre. The phosphoric acid effect is no$ altogether uniform
in the various mixtures.

PORTSMOUTH FINE SANDY LOAM

The experiments on Portsmouth fine sandy loam were made on the
farm of H. E. Patten, near New Bern, Craven Counéy, in 1922 and
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repeated on an adjoining field in 1923, A s0il map of the field show-
ing the layout of the experimental plots is shown in Figure 4. Porto
Rico sweetpotatoes were set in June and dug in November. The
fertilizers were applied at the rate of 750 pounds an acre. In the
plots containing high percentages of ammonia, Nos. 15, 20, and 21,
difficulty in mamteining a stand was experienced. Some of the plants
died shortly after being set, and it was necessary to reset the plots
in which this occurred. The vield data are given in Table 1 and in
TFigure 5.

In the 2-year experiments the yields from potash (fertilizer No. 16)
were higher than from phosphoric acid (fertilizer No. 1) or from am-

Flounre 4—Map of experiment fleld on Portsmouth fine sandy loam In New Tern, Cmven
ounty, N. €., 192

HMEAGHW*

9025 50w 29 1.
SCALE

&

monia (fertilizer No. 21). This resuit is in harmony with the higher
vields produced by the mixtures containing high percentages of potash
as compared with yields produced by the mixtures contairing high
percentages of phosphoric acid and the mixtures contatning high per-
centages ol ammonia. The average yields of these three groups are
given in Table 2. The three fertilizers giving the highest yields in
1922 (fig. 5, A) are Nos. 8, 12, and 18. These form an inner trinngle
shown in the shaded area. The ratio of ammonia, phosphoric acid,
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and potash of these three mixtures is, respectively, 3-6-6, 3-3-8, and
6-0-9. Two of these mixtures contain 3 per cent ammonia, and two
contain 8 per cent potash. The average analysis of the three fertiliz-
ers is 4 per cent ammonia, 3 per cent phosphoric acid, and 8 per cent
potash. The three fertilizers producing highest yields in 1923 (fig.
5, B) are Nos. 7, 12, and 13, having the following respective ratios of
ammonia, phosphoric acid, and potash: 0-6-9, 3-3-9, and 6-3-6,
averaging 3—4-8, This compilation of the 2-year dats would indicate

F2OF
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Fiaure 5.—Yield of sweetpolntoes in bushels per nete from forti-
\izers containing verious raties of grmonin, phosphorie scid, snd
polash on Portsmouth fno saady loam in Craven Codoty,
M. C.: A, Yields obtained in 1825 B, yields obtelned iz 1023

that a fertilizer for sweetpotatoes on this soil should contain 3 to 4
per ctirlnt. ammonia, 3 to 4 per cent phosphoric acid, and 8 to 9 per cent
potash.

When the yield data from the fertilizers represented by points
along each line of the triangle, that is, according to the percentage of
ammonia, phosphorie acid, or potash in the fertilizer, are considered,
the result is interesting and in harmony with the deduction discussed

130350°—32——2
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in the preceding paragraph. In Table 3 the average yields for fer-
tilizers containing increasing quantities of ammonia, phosphorie acid,
or potash are given. In 1922 the mixtures containing 3 per cent
ammonia gave highest average yields of the varying ammoma groups.
The yields decrensed with increasing percentages of ammonia above
3 per cent. The result in 1923 was somewhat similar, exeept the
largest average yield was obtained from the 6 per cent ammonia group;
however, the average yields for the no-ammonia and 3, 6, and 9 per
cent ammonia groups do not vary widely. In the phosphoric acid
groups there is not a close correlation between yields and phosphoric
acid content of the fertilizer.

The mixtures containing 9 per cent potash gave the lm:%est. yields
of the varying potash groups in each year’s experiments. Thereis an

inerease in yields with increasing percentages of potash up to this
amount. Higher percentages than this gave smaller yields. This
compilation of the data indicates that the most effective fertilizer for
sweebpetatoes on this type of soil contains about 3 per cent ammonia
and 9 per cent potash. This does not vary widely from the former
deduction, so far as ammonia and potash sare concerned. The
phosphoric acid correlation with yield is not clear.

CECIL SANDY LOAM

The experiments on Cecil sandy loam were made near Newton in
Catawbs County, in 1926, 1927, and 1928. The first was on the
farm of G. E. Rockett and the others on soil of the same type on the
farm of A. R. Anthony. Nancy Hall sweetpotatoes were set in June
and dug in October. TFertilizers were applied at the rate of 750
pounds an acre a few days before the plants were set.

The yield data given in Table 1 are charted on triangle diagrams in
Figure 6. Potash used alone gave a higher yield than did phosphate
alone or ammonia alene in 1926 and 1928, but phosphate was highest
in 1927. However, when the group of mixtures containing high
percentages of potash is compared to the group containing high per-
centages of phosphoric acid or the group containing high percentages
of ammonia, as compiled in Table 2, the average yields from the
potash group are highest in each experiment.

The thres mixtures giving highest yields in the first two years are
Nos, 8, 12, and 13, which contain the following respective ratios of
ammonia, phosphorie acid, and potash: 3-6-6, 3-3-9, and 6-3-6,
with an average ratio of 44-7. The three mixtures giving highest
yields in the third year are Nos. 8, 11, and 12. The average ratio of
ammonia, phosphoric acid, and potash, of the three mixtures produc-
ing highest yields, is 2-4-9. The points represented by these three
nuxbures form an inner triangle, shown in the shaded areas in Figure 6.

When the data are considered with respect to the percentage of
ammonia, phosphoric acid, or potash in the mixtures, as compiled in
Table 3, it is seen that fertilizers containing 3 per cent of ammonia
gave highest average yields in the nitrogen group each year. In the
vorying phosphoric acid groups the mixtures containing 6 per cent
phosphoric acid gave the highest ylelds esch year. In the potash
group the highest yields were obtained from mixtures containing 6
per cent potash in 1926, 9 per cent in 1927, and 12 per cent in 1928,
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Figure 8.—Vield of sweetpotatoes In bushels par nero from forti-
Vzers containing various rutlos of srumond ity Phioaphorie weid, and
tash on Ceell suody lonrm In Catawbn County, N. C.: A,

"lelds obtained in 1086} B vlelds ebtalned In 1827; C, yields
obtaired in 1528
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From all the data it is apparent that potash is important in ferti-
lizing sweetpotatoes on Cecil sandy loam. Nitrogen appears to be
needed, but only in small quantities, The effect of phosphoric acid
is variable. Itis apparent that o mixture containing 2 to 4 per cent
ammonia, 4 to 6 per cent phosphoric acid, and 7 to & per cent potash
should be selected for this soil.

NORFOLK LOAMY FINE SAND

The experiments on Norfolk loamy fine sand were made in Currituck
County in 1925, 1926, and 1927, the first on the farm of Clyde Ma thias,
and the two later on the farm of R. L. Griggs. The soil conditions on
the two farms where the experiments were made are similar and are
typical of the Norfolk loamy fine sand occurring in Currituck County.
The fertilizer was applied under the plant row about 10 days before
the plants were set. It was mixed in the soil and covered by two
furrows. Fertilizer was applied at the rate of 1,400 pounds an acre
the first year and 1,800 pounds the following two years. Big-Stem
Jersey sweetpotatoes were set in April and dug in Angust.

In the experiments conducted during 1926 and 1927 considerable
difficulty was experienced in maintaining a stand of plents. On the
plots which received fertilizer contaiming more than 6 per cent
ammonia, there was only 75 to 85 per cent of a stand. Many of the
plants in the high-nitrogen plots died within the first two weeks after
they were set. Aboub 30 per cent of the plants died in plot 21 which
received 8 15 per cent ammonia fertilizer. It was noted that the
stand of sweetpotato plants was best on the no-fertilizer plots and
those plots (Nos. 1, 2, 4, 7, 11, and 16) where fertilizers eontaining no
nitrogen were used. The plots recetving fertilizers containing & high
proportion of potash or a high proportion of phosphoric acid had rela-
tively good stands. The season was extremely dry from the time the
plants were set until they were dug, which undoubtedly accentuated
the fertilizer injury to the young plants. Better stands of sweetpotaio
plants might have been obtained had the fertilizers containing the
higher percentages of ammonia been applied partly before planting
and partly as o side application several weeks later.

The yield data for the three years are given in Table 1 and in Figure
7. The Norfolk loamy fine sand in Cwrrituck County is a loose light
sand, deficient in plant food. The effect of fertilizers on the growth
of sweetpotato vines is shown in Figure 8, Large quantities of com-
mercial fertilizer are Tequired for successful sweetpotato production.
This is indicated by the yields from the no-fertilizer plots. The
sweetpotatoes dug from the check plots were small and hardly suitable
for market as compared with the large prime potatoes produced on
the fertilizer plots. Although there is a large increase in yield on
most of the complete-fertilizer plots, it is noted that most of the high-
nitrogen fertilizer plots produced scarcely as much as the no-fertilizer
plots. 'This is probably due to the fact that niany of the sweetpotato
plants died or were badly stunted while young and that the surviving
plants developed an abundance of vegetation. Small yields were
obtained with phosphoric aeid, potash, or nitrogen alone. All three
fﬁl;ti]jzir constituents are apparently unecessary for sweetpotatoes on
this soil.
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Figuak 7,—Yield of sweetpotatoes In bushels per aere from ferii-
lizers eonmlning various ratios of ammonis, phospherie acid,
nod polash on Norfolk loamy 0ne sand in Gurrituek County,
M. O, A, Yields obtalned in1826; B, yiolds ohisined in 192¢; O
}Iulds ebtained in 1927
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In 1925 and 1926 the three fertilizer mixtures producing the highest
yields were Nos. 8, 12, and 13.  (Fig.7, A and B.) These have ratios
of ammonia, phosphoric acid, and potash, respectively, of 3-6-6,
3-3-9, and 6-3—6, with an average of 4-4-7. 1In 1927 the three mix-
tures giving the highest yields were Nos. 5, 8, and 9, as charted in
the small inner shaded triangle in Figure 7, C. The composition of
these three mixtures in smmonia, phosphoric acid, and potash is,
respectively, 3-9-3, 3-6-6, and 6-6-3, with an average of 4-7-4.
This resulf is considerably at variance with that obtained the first
two years.

The data are interesting in respect to the yields from the fertilizers
containing high percentages of ammonia, high percentages of phos-
phoric acid, and high percentages of potash as given in Table 2. In
1925 the average yields from the mixtures containing high perceniages
of potash were greater than the average yields from mixtures con-
taining high percentages of ammonia or high percentages of phos-

FioURE 8.—Efect of fertilizers on growth of sweetpotnto vines on Norfolk loamy fine sand;
A, Iertilizer nnalysis, 3-6-6; B, fertitizer snalysis, 6-3-6; €, no ferillizer

phoric acid. In 1926 the average yields from mixtures containing
high percentages of phosphoric acid were higher and in 1927 yields
from. the three groups were similar, with ylelds from the mixtures
containing high percsntages of ammonis leading. '

The data are compiled in Table 3, according to the percentages of
ammonia, phosphoric acid, and potash the mixtures contain. In 1925
the mixtures containing 3 per cent ammonis gave the largest vields
of the varying ammonia groups. In 1926, however, the mixtures con-
taining no ammonia gave the highest yields, which were closely fol-
lowed by the 3 per cent ammoniz group. Again in 1927 the 3 per
cent ammonis fertilizers led.

There seems to have been no consistent correlation between yield
and phosphoric acid content of the fertilizers, although the results
indicate that phosphoric acid is required.

Considering the varying potash fertilizers, the largest average yields
of sweetpotatoes were produced in 1925 with the 9 per cent potash
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mixtures, In 1926 with the 6 per cent potash mixtures, and in 1927
with the 3 per cent potash mixtures.

Judging by this compilation of data the best fertilizer analysis for
this soil would be a mixture containing about 3 per cent ammonia,
3 to 6 per cent phosphoric acid, and 6 to 9 per cent potash. This
deduction does not differ widely from the 44-7 ratio derived by
averaging the composition of the three mixtures producing the
highest yields.

The resulis obtained in each of the three years’ experiments are
not in close harmony, and to further study the influence of potash
on Norfolk loamy fine sand another experiment was made on the
Griggs farm in 1928. The results are given in Table 4.

TasLE 4.—Effect of fertilizer ! conteining varying percenlages of polash on yield of
sweelpotaioes on Norfolk loamy fine sand, 1928

Fertilizer apnlysis
Yiold per
nere

NH; Pa0s

Percent Bushels
8 0 104
128
144
178G
16}
152
*E0

L Nitrogen in {ortilizer derived equally from sodium nitrate and coltonseed meal, phosphorie acid from
supgrphcsphnte. and potash from snlpbate of potash,  Fertilizer applicd at rote of 1,400 pounds oo acre
1

mall, nonmarketable sweetpointaes.

In the 1928 experiment the yields increased with an increase of
potash up to 8 per cent in the mixture. There was a slight decrease
with increase of potash above 8 per cent.

DISCUSSION

The results of experiments reported in the foregeing pages are-
_rather consistent in showing that relatively small percentages ot nitro-
. gen in fertilizers are required for hest results on the soils used in the
_ sweetpotato experiments in North Carolina. The data are also con-
sistent in showing that relatively high percentages of potash are
required for best results on these soi%s. Phosphate appears to be
needed, especially on the thin, loose, sandy soils of the northern
constal-plam section of the State, but there is no close correlation of
the phosphoric acid content of the {ertilizer with the yield of sweet-
potatoes.

The fertilizer requirements of Norfelk sandx loam, Portsmouth fine
sandy loam, Cecil sandy loam, and Norfolik loamy fine sand, for
sweetpotatoes, do not differ widely. In most of the experiments the
largest yields were obtained with fertilizers containing 3 to 6 per cent
ammonin, a moderate percentage of phosphoric acid, and 8 to 10 per
cent potash. From consideration of all the data it is concluded that
the best fertilizer for sweetpotatoes is cne containing 3 to 4 per cent
ammonia, about 6 per cent phosphoric acid, and 8 to 10 per cent
potash. The 4-8-8, 3-8-8, 3-8-10, and 4-8-10 mixtures are generally
used for sweetpotatoes in North Carolina on the soils discussed above.
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The results of the experiments reported in this bulletin, so far as
yield is concerned, indicate that a ratio lower than 8 per cent phos-
phoric acid to 4 per cent of ammonia and 8 per cent of potash is
most effective. The experiments were made on soils which in pre-
vious years had been liberally supplied with fertilizers cont.aiuing high
percentages of phosphoric acid, and the soils no doubt contained con-
siderable residual phosphate. The effect of phosphoric acid on most
of the soils was variable, and it was not indicated that large pecent-
ages were essential in growing sweetpotatoes so far as the yield alone
1s concerned. For virgin soils and soils previously tilled fo crops on
which no, or very little, phosphoric-acid fertilizer was used, a fertilizer
for sweetpotatoes shoulfr probably contain 8 per cent phosphorie acid
with 4 per cent ammonia and 8 per cent potash. A sufficient supply
of available phosphoric acid is necessary for sweetpotatoes grown on
thin sandy soils if they are to develop strong, stocky plants which can
withstand unfavorable weather conditions mn early spring.

The results of fertilizer experiments on other soil types in various
sections of the United States are of interest in connection with these
studies. Results of a fertilizer-rntio experiment, in which Big-Stem
Jersey sweetpotatoes were grown on Sassafras sandy loam on the
Eastern Shore branch of the Virginia Truck Experiment Ststion
{7, 20) were reported in 1929. A fertilizer high in potash, with low
phosphoric acid and nitrogen plant-food ratios proved most effective.
There was a uniform rise in yield coincident with increases in the
potash content up to 15 per cent. There was a downward trend
when the nitrogen was increased beyond 6 per cent. A 3-3-15
mixture gave the largest yields and the best quality of potatoes on
the Sassafras sandy loam.

Schermerhorn (13, 14) conducted fertilizer-ratio experiments
with Yellow Jersey sweetpotatoes on coarse sandy soils in southern
New Jersey and found that a 3-8-8 mixture gave best results. Under
average conditions an application ranging from 1,000 to 1,500 pounds
of fertilizer per acre was most economical. Fertilizers containing
more than 8 per cent of potesh were not profitable. Organic nitrogen
of vegetable und animal origin was superior to mineral nitrogen, but,
owing to the cost of organic nitrogen, it is recommended that for
sweetpotato fertilizers the nitrogen be derived one-half from mineral
sources and one-half from organic sources. Former work (79, -=n-
ducted at the New Jersey station had shown that kainit was detri-
mental to sweetpotatoes, not, perhaps, because of the form of potash,
but because of the very large quantity of salt necessarily applied in
order to obtain the desired quantity of potash. Potassium chloride
gave slightly better results than potassium sulphate. 1t is pointed
out that nitrogen and potassium influence the shape and size of
sweetpotatoes.

Experiments with Big-Stem Jersey sweetpotatoes on the western
and eastern shores of Chesapeake Bay, in Maryland, on Norfolk
sand and Sassafras loam, made by Geise (8, 4) show a need for fer-
tilizers containing high percentages of potash, A 2-8-10 fertilizer
gave an increase over & 2-8-8 mixture, and the yield from a 3-8-10
exceeded that from a 3-8-8 mixture. Houghland (6) also found that
Big-Stem Jersey sweetpotatoes responded to potash fertilizers on
Norfolk sandy loam in Maryland.




FERTILIZERS FOR SWEETPOTATOES IN NORTH CAROLINA 17

The fertilizer requirements of Triumph sweetpotatoes on Florids
sand were studied by Scott (16). e found that nitrogen, phosphoric
acid, and potash were required. The omission of potash resulted in
depressed yields. Potassium chloride gave somewhat better results
then potassium sulphate. Stuckey (17) of the Georgia Agricultural
Experiment Stetion, has reported results of fertilizer experiments
with Pumpkin (yen) sweetpotatoes made on Cecil clay loam in
which larger yields resulted from th. spplication of potassium sul-
phate than from applying nitrogen or superphosphate. A mixture
containing all three of these fertiizer constituents gave larger yields
than any one material.

From the results obtained in these experiments it would seem that
the coastal-plain soils bordering the Atlantic seaboard appear to
need & complete fertiizer for the successful production of sweet-
potatoes. A high ratio of potash to nitrogen and phosphorus is
apparently required for Lest results. Results of experiments on the
cosastal-plain soils in New Jersey, Maryland, Virginia, North Caro-
lina, and Florida are generally in harmony in that they show that
best results may be obtained with fertilizers containing & compara-
tively low percontage of nitrogen and phosphoric acid and a high
percentage of potash. On mos$ of the cosstal-plsin soils the experi-
ments apparently indicate a fertilizer of 3 to 4 per cent nitrogen, 4 to
8 per cent phospheric acid, and 8 to 10 per cent potash for best
results with sweetpotatoes, although on some of the soils the need
for fertilizer containing a higher percentage of potash is indicated.

In southern Mississippi (2), on sandy loam soils, Porto Rico
sweetpotatoes responded to fertilizers containing nitrogen, phos-
phoric acid, and potash. The results are somewhat similar to those
obtained on the sandy loam soils of the Atlantic seaboard. Generally
yields increased with the incresse of potash up to 8 per cent in the
fertilizer. Tertilizers containing more than 4 per cent nitrogen gave
reduced yields.

Sweetpotatoes remove from the soil more potash than nitrogen
and phosphorus, as shown by Keitt {8) in his work with a number of
varieties grown on a sandy losam soil in South Carolina. Nitrogen,
phosphoric neid, and potash were removed in the ratio of 31-8-61,
respectively.

Soils on which sweetpotato experiments have been made in the
Central and Western States appear to have a fertilizer requirement
different from those already discussed. On Susquehanna fine sandy
loam in esstern Texss, Hotchliss {5) found that there was less
response by Dooley (yam) sweetpotatoes to potash than to other
fertilizer materials. %uperphosphate consistently produced larger
yields in these experiments. Kxperiments in Arkansas (9) with
Nancy Hall and Porto Rico swectpotatoes are reported showing
good results from a 3-8-2 mixture, 2nd negative results from the use
of additional quantitics of potash. Quinn (12) working with Porto
Rico sweetpotatoes on & silt loam soil in the eastern parf of northern
Missouri found that only slight gains were effected by using & fer-
tilizer containing all threc constituents. The yiclds from the mixture
were only slight%y better than {rom potash alone,

130350°—32——3
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DIFFERENT QUANTITIES OF FERTILIZERS

The results of nine experiments made on four soil types with
different quantities of fertilizers are given in Table 5. In each experi-
ment two fertilizer mixtures were used, one relatively low In potash
and the other relatively high. On Portsmouth fine sandy loam and
Norfolk sandy loam, mixtures anslyzing 3 per cent ammonia, 7 per
cent phosphoric acid, and 5 per cent potash were used. The second
mixture contained the same percentages of ammonia and phosphorie
acid and 10 per cent of potash. On Cecil sandy loam and Norfolk
loamy fine sand, 4-8-4 and 4-8-8 mixtures wera used. The phos-
phoric acid in the mixtures was derived from superphosphate, the
nitrogen from one-half mineral and one-half organic sources, and the
potash from potassium sulphate. The fertilizer was applied in the
plant row, mixed in the soil, and covered by twe {urrows, from 10
days to 2 weeks before the plants were set,

Taprs 5.—Resulls of sweetpotale experiments with different quantitics of fertilizers
containing low and high percentlages of ptash .

Yield of sweetpotatoes
- per aere

Ferti-

Seil typi and Mentlon tzer per| . i

acre | Forli- i Ferti- No for-

Neer | ter [0

47-51 | 3-7-103 | HAT

Partly) Dieakely) Bushels| Bushels
b3 126 149

LG
15

1, K}
Tortstputh fnesendy lovm, 1. E. Patten frm, Craven Coun- R RO

Nortelk ssndy loam, C. G, Gaskell farm, Carteret County....

Ferti-
lizar
4881

Bushels
] 167 ..

£5u8

Ceeit sandy lonm, O, E. Reckett lem, Catawba Connly

o
g2 283

Ceeil supdy loam, A. . Anthony furm, Catnwba County

Norfolk losmay Mne snad, Clyde Mothing farny, Corrituek

LI ¥ e aem vt smm ks mmmm i smmdsmm s Enmrm— A m s -

88
i
Nrriollkc lonmy fine sand, R. L, Griges farm, Currituck Cotinlky, 313
116

* Pareentages of ammonla, phesphorle nekd, and potash, respectively. Fertilizer prepored from sipor-
whosphate, potassivm suipliate, sodium oitrote, ammontum suiphole, sid cottonseed meal,
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In oll except three cases the fertilizers containing the larger quan-
tities of potash gave a larger yield than did corresponding applica-
tions of fertilizers containing less potash.

PORTSMOUTH FINE SANDY LOAM

In experiments on Portsmouth fine sandy loam the yield increased
with increased quantities of fertilizers used. However, the results as
a whole indicate that 750 pounds an acre is more economical than
1,000 pounds an acre. In three of the tests the yield from 1,000
pounds en acre was only slightly incressed over that from 750
pounds. It is interesting that 750 pounds of 3-7-5 fertilizer pro-
duced a yield not quite so large as that from 500 pounds of 3-7-10,
and that 1,000 pounds of 3-7-5 fertilizer did not produce so large a
yield es did 750 pounds of 3-7-10 fertilizer. The yields of sweet-~
potatoes produced by different quantities of fertilizers are shown in
Figure 9.

FiauRe 1.—Yielt of sweetpolatoes on Portsmouth fne sandy lonnt from 1/%0-nere plots fortilized
with g mixture nnnlyzing 3 per cont ammonin, 7 per cont phospliarie ackd, and 5 per cent potasii:
A, With 500 pounds per sere, 3 orales of primes, 2 erates of scconds, 2 crates of euils; B, with 750
pounds per nere, 3 crates of primes, 3 erples of secomds, 3 crates of colls; C, with 1,000 pounds per
agre, 5 crates of primes, t erite of seeonds, 3 erates of culls

NORFOLK SANDY LOAM

In the experiment on Norfolk sandy loam, yields from increasing
amounts of fertilizer did not vary widely. There was only a.slight
Increase Int yield from 1,000 pounds an acre over 750 pounds.

CECIL SANDY LOAM

Seven hundred and fifty pounds of fertilizer en acre gave a larger
yield than 500 pounds in &ll the experiments except one on Cecil
sandy loam, There was a slight increase in yield with 1,000 pounds
over 750 pounds in four cases, but this was not true in four other
ceses, and the increases were not sufficiently large to justify the use
of the larger ciuant.it.ies. In three years, 500 pounds of 4-8-8 fer-

tilizer gnve a larger yield than did 750 pounds of 4-8—4 fertilizer.
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The influence of fertilizers containing various quantities of potash en
vield of sweetpotatoes is shown in Figure 10,

NORFOLK LOAMY FIXE BAND

In the experiments on Norfolk loamy fine sand the fertilizer appli-
cations ranged from 1,000 to 1,400 pounds an acre in 1925, and from
1,000 to 2,000 poupds in 1926. In each year 1,000 pounds of 4-8-8
fertilizer gave almost as good yields as larger quantities. HHowever,
where 4-8—4 fertilizer was used, the highest yields were obtained
with 1,400 pounds an acre In 1925 and with 2,000 pounds in 1926.
These were the maximum cuantities used. In each case the yields
from smaller ¢uantities were ncarly as large.

The yields of sweetpotatoes from different ¢uantities of fertilizers
and from no ferttlizer are shown graphically in Figure 11 for each
soil type used in the experiments.

NITROGEN SOURCES

To study the effect ol nitrogen sources in sweetpotato fertilizers,
experiments were made in which two mineral salts and two organic
materinls were used, each as the sole source of nitrogen in fertilizers
containing superphosphate and potash. _\ mixture was included in
which the nitrogen was derived, one-third each, from sodium nitrate,
ammonium sulphate, and cottonseed meal. The results ol experi-
ments on four soil types are given in Table 6.

Tanus 6.—Results of sweelpolalo eoperiments with fertilizers b conlaining nitrogen
Srom parious sources, phosphoric acid, and polash on several soil types tn North
Curpling

‘ l Yiedd of sweetpotaloes por aereg with—

One-Lhird
from
sofdium
nitrate,
ene-third
from ani-
mgnjnm
serapl sulphnke,
and
ane-liird
from
eotton-
seed
meal

Soil type Location Yeor Amme | Cotion- Flshh

wiyin sl
sulphatle | meal

Suclinm
nitrute

Brshels | fushels | Hoxhels | Dushels | Dushels
181 153

Portsmonlhiine; II, 3, Patten farin, {15!22 v 7
Nm}ulll_':f ]nulil.I G an‘ea Cﬁulrlltgrf. REER] 2 102 100 154
orfalk sandy loam | ©. G, Gaskell farm, '

Corteret Couoly. ] o 168 171 14f 10

®ontnnin County. Il oo | 88 1 s |

T atawba County. ¥ 1

Ceeil sandy loan__y 4 "R An(hony lem, if 1927 170 189 138 181
c]G:itnwé:nt Four}l.y. 1028 251 74 243 277
yilo wfathins farmn -
Norfolls lonmy fine Oiredtuek Counly. ] 1925 95 o 130 '3'3 10
sond, R. L., Grigg§ Inrm, [m;n i3 77 108 5 93
Currituek County, Wy 86 3 107 108 142

Avernge.._ .. TN SR [V L SR 1L 137 154. 5

1 Fortillzer contelning 4 per cont ammeonin, 8 per cent phospharic acld, and 8 per cent potash applled at
rate of 750 pounds pn tiero in all experimenls sxeept an Neifolk loamy fine sand, where 1,400 pounds an
were were used in 1025 nnd 1,800 pounds In 1926 and 1927,




IN NORTH CAROLINA

FI6ULE J0~—Eflect of fertilizers containing various Tercentages of potash on vield of sweetpotatoes on
Cecil snndy leam. Yiek! from 1/20-acre ] los: A, No fertiiizer, yiskl equivnlent to 100 hushels par
aere; B, vield fromz 750 pounds of fertilizer sontpining 4 Ber cemt ammonin, 4 per cent phospharic
oeidl, nl 4 per cent potash, cyuivalenl (o 166 hushels per fere; O, yield from 750 pounds of for-
tillzer contnining 4 per pent ammonla, 8 per pent phaspherigacid, and 5 per cent potash, equivalent
to 185 bshels pee rere

Narrock Joamy fine soad Narfeik foamy fine sond,
1324, ;:‘erf;’ irer¢-8-4 , /‘5725’ rertifizer 4-8-8

Norfotk loamy Fine sond, Horrolk foomy fine sand,
1925, Fertilizer 4484 1925, Yertilizer 4:6-8

Ceci/ Sondy loom,
average 2years, fertilizer 4-8-4

Cecit 5000y loam,
average dyeors, fer{g?r}eﬂ?-&-a

— || —_—
Norfoltk sondy foo.
fertifizer, 3-7-10 .

Narfalk 5 endy foom,
Iferh}fr'z er, 3‘? -5

Fertilizerfpounds peracre}
Fertitizerfpounds per acra)

Portsmouth Fine sondy faam, Fartimouth fine Sandy loom,
everage 2uears, fertilizerd 75 grercge 2yeors, fertifizer3- 2o

i

25 50 75 100 125 150 {75 200 225 25 50 75 100 125 /50175 200 225
Vieldfbushels per acre) Weld{bushels per acre}

A B

Fioueng 1] —Effeet of varying quaniitivs of soveral forlilfzers on yield of sweetpotatoes on foitr
soil Lypes. A, Redatively Jow potiush fertilizers; B, relatively high potash fertilizers
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There was not a gresat difference in yield from the use of fertilizers
containing nitrogen from various sources in the experiments on Ports-
mouth fine sandy loam, Norfolk sandy loam, and Ceecil sandy loam.
The fertilizer application was 750 pounds an acre, and no injury to
young plants was noted from any of the treatments on these soils,

In the Currituck County experiments on Norfolk loamy fine sand,
on which 1,400 and 1,800 pounds an acre of fertilizer were used, sodium

Freunz 12—8weotpatntoes on Norfolk Josmy foe siod fertflized with g 4-8-8 fertilizer applicd
at the rate of (400 i}oumls fter aere before the plants were sel: A, Nitrogen In the {erbilizer

derlved from Inorgunic Seicees; B, pitrogen in the fertliizer derived two-thisds from mineral
sourees nad one-tiicd from organie sources of vegetsble and andnnl origin

nitrate mixtures and ammonium sulphate mixtures gave smaller yields
than did organic nitrogen mixtures. However, & mixture containing
two-thirds mineral nitrogen and one-third organic nitrogen produced
as large or larger yields than did organic nitrogen. Where sodium
nitrate and mmmeonium sulphate were used the stands of sweetpota-
toes were slightly poorer, which undoubtedly influenced the yields.
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Approximately 20 per cent of the plants died in the sodium nitrate
plots and 12 per cent in the ammonium sulphate plots. These plots
were reset, but the late plants produced few sweetpotatoes. A per-
fect stand resulted where cottonseed meal and fish scrup were used,
and there wasno plant iejury from the fertilizer deriving its nitrogen
from a mixture of sodium nitrate, ammeonium sulphate, and cotton-
seed meal. Figure 12, A, shows the results on stands of sweetpotatoes
of fertilizer deriving all its nitrogen from inorganic sources, and in
Figure 12, B, the results from fertilizer deriving nitrogen, two-thirds
from inorganic sources and one-third from organic sources of vegetable
and animel origin, are shown. Subsequent experiments revealed that
mineral nitrogen, when used under certain conditions, may cause
injury to newly set sweetpotato sprouts. It was dificult to maintain
a stand where fertilizers containing 4 per cent of ammonia, derived
{rom sodium nitrate and applied at the rate of 1,000 to 1,600 pounds
an acre, were used. Ixperiments which give additionzl data on prob-
eble injury Ly fertilizer salts to young sweetpotato sprouts are re-
ported and discussed in another section of this bulletin.

The results of experiments in which synthetic nitrogen salts were
used us the sole source of nitrogen in mixed fertilizers, are given in
Table 7 and are compared with results from sodium nitrate and
ammonium sulphate. When the averages are considered, the yields
from urea are somewhat lower than those from mineral nitrogen or
other synthetic nitrogen salts., Experimental worl: reported in the
following pages shows that better results are obtained when the nitro-
gen in a 4 per cent ammonia fertilizer is derived in part from mineral
sources and in part from organic materials such as dried blood, fish
scrap, tankage, and cottonseed meal. Experiments are in progress to
determine the best ratio of mineral to organic nitrogen in mixed fer-
tilizers for swectpotatoes.

TanrLe 7.—Resunils of sweelpolate cxperiments with synihelic nitrogen salis as
sources of nilrogen in ferlilizers,! with phosphoric ecid and polash

Yiekt of sweetpotoloos per acre, with—

Soil type and laalinn « Ammo-

Ao H
Seislium ninm n;um Letina-
nilrate sulphate 1Hing- salpoter

phinte

. Bushels | Dushels | Husheis | Bushels
egll samdly loam, AL R, Anihony ferm, 27 i [ 155

C .l 1y 1 A. R, Antl 1 1637 163 133
 Catawbn County . 1928 an 203 226 270

Norloly: loniny fne sand, . L. Griggs frm, { g8y 85 1) p1in) 102
Currituck Counly w28 &7 il 58 £8

ER T S 1545 150 130 143

¢ Fertilizer noudyaing 4 per cont tuinonks, § per cent phosphorke seld, and § per cont notaskh, appiied at
the rate of 750 pounds an nere vp Ceeil sandy loam and 1,500 pounds on Nerfolic sanly Jontn,

POTASH SOURCES

The effect of potash from several sources in mixtures with nitrogen
and superphosphate was studied in experiments on four soil types.
The fertilizers were applied at the rate of 750 pounds an ncre on all
soils used in the experiments, except Norfolk loamy fine sand, in
Currituck County, on which the rate of application was 1,400 and
1,800 pounds an scre, The results are given in Table 8.
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TarLE B.—Resulls of sweetpolalo cxperiments with polash fram various senrces in
complele fertilizers,! with phosphoric aeid and nilrogen, on scveral soil types in
North Carolina

Yield of sweetpatataes per
nere, wWith—

Soil type and loeation
Patns- Potns-
st shim Keinit
selphnie | ehioride

Hustels | Buskels | Bushels
Portsinouth fine sandy loam, 1. B. Pulten farm, Croven County. 5 ldl.‘-iﬁ lgg 1
Norlolk sandy loam, C. G. Quskell farin, Carteret County 190 185

Ceeil sandy losm, (1. E. Rockett farm, Calawhba Counly, ... B i I?g

Ceell sundy loam, A, R, Anthony farm, Catowba County_. i

Worlolk oamy flne sand, Clyde Mathins farin, Currituck Connly.
Norfolk loamy fine send, 1. L. Griggs farm, Currituek Coumty._

Avernge

! Fertilizer analyzing 4 per cent ammonin, 8 per cent phosphoric neid, and 6 yer cend potnsis npplicd at
rate of 750 pounds an nere, except in Corrltuck Counly experiments, which received 1,400 pounds in 1925
nad 1300 pounds in 1026 and 1997,

The outstanding result in these experiments, in which onc form of
potash was used 2s the cntire source of that constituent, was the
poor showing made by kainit. The yields from kainit were lower
m each experiment than those from potassiwin sulphate or potassium
chloride; the last two produced about the sume result.  In five experi-

Ficure 13.~~Effect of ssvernl potnsh svurces, in mixed ferlilizers with nitrogen and superphos-
phate, on stand und growlh of sweetpotito vines on Norlolk loamy Nue sand: A, Potazdium
sulphate, yleld 133 bushels per acre; B, potassiwim chloride, yield 136 bushels per aere; C, kalpit,
yleid 78 hushels yser acra

ments potassium chloride led and in five potassium sulphate led.
The average yield in all the experiments is slightly higher with
potassium sulphate. The effect of the potash sources on the growth
of sweetpotato vines is shown in Figure 13.
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The reduced yields from kainit may be attributed te its injurious
effect on young sweetpotato plants. Considerable plant injury was
observed in the kainit plots, especially on Noriolk leamy fine sand,
on which it was necessary to reset the plants. ‘The large percentage
of readily soluble salts in fertilizers containing 8 per cent potash,
derived from kainit, is apparently the cause of the plant injury
observed. Reports on subsequent work give results of fertilizer-
placement experiments, and detailed data on the salt content of the
soil nenyr the roots of plants, where fertilizers of different composition
were used. -

Potassium chloride and potassium sulphate have about equal value
for swectpotatoes on the soils used in the experiments. I{ainit seems
unsuitable as the sole source of potash, where a 6 to § per cent potash
{prtilizer 1s uscd, unless precautions are taken in applying the ferti-
izer.

FERTILIZER PLACEMENT AND TIME OF APPLICATION

On Norfolk loamy fine sand, injury to sweetpotato plants attributed
to fertilizers has vesulted in poor stands and delayed maturing of the
crop.  Loss of piants in the early part of the season ean be reduced
by methods of placing fertilizers in relation to the position of newly
set plants, and timing apphication of fertilizers in relation to time of
setting the plants, Results of experiments, made from 1928 to 1931,
on this soil type are interesting in connection with placement ol
fertilizers, time of applying fertilizer mixtures, and time of applying
separate fertilizer ingredients, nitrogen and potash.

Results of experiments with a fertilizer mixture containing 4 per
cent ammonin, 8 per cent phosphorte aeid, and § per cent potash, used
at the rate of 1,000 and 1,600 pounds an acre are given in Table 9,

Tarug 9—Effect of applying fertilizers ¥ ab different focetions, in relalion (o plants
aned timie of epplication, on sweelpotaloes on Norfoll: loamy five sand, Bousiwamd
Surm, Curritnek Cowply, N. {', 1928

Plants living wien— | Yokl per aere when-
1,000 1,600 1,660 1,700
Rlethod and thine of sppieation pounds of | poands of | peunds of | opounds of
{erLilizer fertilizer ferLifizer fortilizer
per aere PET BLTe [HeT e per nere
wers woere wers were
upyHivd appliod appliv appiod

Fertilizers appliod in plant row, mixed in sofl nnd | Prer cent Fercent Lushels Hushels
hedded on, 10 days before plants wore sel .o oo I A 3 Hr
Furtilizers npplled I plank row, not mixed n soil and

hedded on, W0 doys before pIins wWere Stba oo, oo i 87 HY 54
Fertilizers applied Lo side of plany row, 3 inches Irom
plants, 2 weeks after plants wereseto. o __ ..o .. 100 111 4 1K)
Furtilizers applied broadenst on top of plant row, 2
weeks ofter plonts were set . L. P 111} L] 1 106
Per cent Bushetx
Noferlilfzer... . .. . . .. 100 25

1 Fertitizer containing 4 i)ur cenl anunapin, B per cenl phesphorke uehd, and § per cenl polash, made from
smiiom nitrate, cottonseed meat, spperphosphiste, nd potassiom sulphate,

There was some injury to the young sweetpatato plants from the
fertilizer applied in the row under the plants, as indicated by the
percentage of plants which failed to survive and grow. Fertilizers



http:swcetpota.to

26 TECHNICAL BULLETIN 335, U. S. DEPT. OF AGRICULTURE

applied to the side of the plants or broadeast on top of the row after
the plants had become established eaused no injury and all plants
S{}rﬁived. The plots having the best stands produced the largest
elds.

ylResult.s of experiments with potassium chloride and kainit in a
mixture with superphosphate, sodium nitrate, and cottonseed meal
are given in Table 10. Kainit proved more injurious to yonng plants
than the potassium chlovide, possibly because of the amount of readily
soluble salts in the mixture supplied in kainit. The kainit contained
12.5 per cent and the potassium chloride 50 per cent potash. Four
times as much kainit as muriate of potash was required to make the
8 per cent potash mixbure,

Tasun 10.—Effect 0 sweetpolale growth and Cz;ield of time of aw;lying polash on
Norfolk loamy fine sand, Boswooed farm, Currituck County, N. C., 15281

Plants living when—

L,69 1,80 1,000 1,600
ponnds of | pouods of nau’nds of | pounds of

ml};gg fgéfggfg teviillzor | fertilizer
ey | g ST \er nc}-ed per acred
{potassinm | {potassinm f‘ﬁgiﬁ? \va&x;g‘us_%
chilaride chioride sourea of sounl::;lo[
senyrce of | Soures of t h‘; tash

potasiy notazh) potas potash)

Wlethod ond time of npplication

Per cent Per cent Per cend Per cert
All potash appiled withh mixtore when plants were Seb__ 95 il g2 ki
Al potasiy applied with mixeure 2 weeks hefore plants

were sol, = 98 f &5 78
One-fontth of tiie potush appiied with mixture 2 weeks
hefors lants were sel, ose-hall 3 weeks after plants
were 3ot, and one-fourth § weeks sfter plants were set it Ur a8
One-half of the potash applicd with mistore 3 weeks
after plnnts were sat and ane-lialf § waeks ufter plants
were set 03 H 45

Per eent
Mo fertifizer a7

Yields per nere wheb—

1000 1,600
pounds of | potnds of
fgriilizer fertilizer
}EF pere PEOE BETO
were used | werw uged
(potussham | (notassium
chioride chioride
soures of | souree of
wotash) TIntash)

1,000 1,600
potnds of | nounds of
fertitizer fertilizer
DT aeTe | | PRr acre
were used | were used
(kninit {kainit
sourca of | source of
potash) potash)

Method and time of appileation

Bushels Lusheis Rushels Bushels
4.3 iR g 62

Ali potash appiied with mixture when piants were sel. .
Al potash applietd with mixture 2 weeks befors plahts -
wetra et . . . : 122 88
Ong-fourth of the potnsh appiied with mixture 2 weeks
bofore plonts were sel, one-half 3 weeks aftar plands
were sel, angd pne-fourth 6 weeks afler plants were set_ 123 %5
One-helf of the poinsh appiled with mixture 3 weeks
after plonts wero set ond one-hiel! 8 weoks niter plants
wara seb. .. 126 o5

Bushefs
29

Nofertilimer .. e iicemmmmeccae—————-

t -8-% fertliizer was used in experinient, Phesphorle acld and nitrogen applied hefore plasnts were sal.
Phoapborie acid in mixture derived from sunerphivsphate; nitrogen ono-hsll from saodizm nitrate sod one
half from cottoosead mesl
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Where potash was applied with the fertilizer mixture immediately
before the plants were set, & high percentage of plants died following
the use of kainit, and there was some loss of plants when potassium
chloride was used. The loss was greater in each case with the larger
quantity of fertilizer employed. 1t was less when the fertilizers
were applied two weeks before planting. Between the time the
fertilizers were applied and the time the plants were set there was
sufficient rainfall to thoroughly wet the soil and diffuse the fertilizer.
There was but slight loss of plants where kainit mixtures were used
and practically no loss where potassium chloride mixtures were used,
where one-fourth the potash was applied before the plants were set
and the remainder as « side application after the plants had become
established. The yields are generally in harmony with the stands
on the plots.

Results of experiments with fertilizers containing superphosphate,
potassium sulphate, and sodium nitrate in which sodium nitrate was
the sole source of nitrogen in one case and s mixture of sodium
nitrate and cottonseed meal was the source of nitrogen in another are
given in Table 11. In one case the fertilizer containing all the nitro-
gen was applied before setting the plants, and in the other the nitro-
gen was applied after the plants had become established, The
experiment was planned to study the effect of the application of
nitrqgﬁ;l on the growth of young sweetpotato plants and subsequently
on yield.

TaBLE 11.—Effect on swecipotaia' growlh and yield of lime of a;};\?lying nilrogen,

orv Norfolk loamy fine sand, Boswood farm, Currituck County, C., 19281

Plants Miving when—

1,000 poands § 1,600 pounds
of fertilizer | of fertilizer | 1,000 pounds{ 1,600 pounds
ner aere, hav-| per sere, hav-| of fectilizer | of fertilizer
ing one-half | {ng one-hall | per acre, hav-| per acre, hav-
the nitropen | the nitrogen.| ing sodium | ing sodinm
from sodiumn | from sodiin | nltzate as nitrate as
nitente and | nitrato aod the souree the sonrea
one-hall from | ope-half from | of nll the of afl tha
coltonseed | cottousced nitrogen, nitrogen,
menl, wore | meal, wera were used were wsecd
usadt used

Method snd time of application

All pitrogen applisd with mixture 2 weoks Per cent Fer cent Fer cent
helora plants wera sob 95 92 &6 8
Ope-fourth nitrogen applied with mixiure 2
weeks before pplants wera set, ong-half 3 wecks
alter plants woro set, aud one-fourth 8 weuks .
after planis wera sat 0 ] M
Qne-hall nitrogen apicd with mixtnre 3 weeks
ofter planls werg set and gne-hnlf 6 wecks
after plants were st 05 il
ANl nitrogen apifed 3 weeks afler plunts were
set o7 94

Per eent
o

' A 4-8-8 fertilizer was used in the experiment, Phesphorie neid and potash applied 2 wesks before
plants were set. Phosphate in fertilizer derived from suparpliosphate; potash from solphate of potasl,
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. Yieke! per acre when—
i

1,000 pounds 1,600 pounds - :
'of fertilizer [ of fertilizer {1,000 pounds | 1,600 pounds
peracre, bav- [ peraere, hav-? of lertillrer | of fertilizer
ing one-half | ing one-hall | per acre, hnv-i per nere, hav-
the nitrogen | the nitropen | ing sodium § ing sodium
Trom sodinm | from sodinm | witrate as nilcate ns
nitrate and | nitrate ancd | the spurce the souree
one-hall from | oog-hall from | of atl the of all ihe
cottonsead cottonseedl nitrogen, nitrogen,
maeal, werg meal, werg were usedl ware used
usad Lised

Method and tima of application

All nitrogen applled with mistura 2 wasks Hushels Bushels  © DRushels  © Rushels
belore plants wera set . 3 82 [ W A
Cre-fourth nitrogen applied with misture 2
weoks before plants weto set, one-half 3 weaks
niter plants wero set, and one-fourth § weeks
after n{s]:mts ware set. - e RO
One-half nitrogen applied with mixture 3 weeks |
ofter plants were sobt and ooe-hall § weeks :
alter plants were et 03 o5
All nitrogen applied 3 weels after [Hants wara i
13 M, B

Rushels
20

When applied before the plants were set, fertilizers containing 4
per cent ammonia, of which the nitrogen was derived from sodium
mwirate, caused injury to the crop as evidenced by the comparatively
small percentage of plants that survived. A larger percentage of the
plants survived when ounly ene-fourth or one-half the nitrogen was
contained in the fertilizer mixture used in the preplanting application.
There was only o small loss of young plants where the 4 per cent
ammonty, fertilizer, having the nitrogen derived equally from sodium
nitrate and cottonseed mesl was used. A loss of 8 per cent of the
plants where 1,600 pounds of the 4-8-8 fertilizer was used in the
preplanting applicution may be attributed in part to the fertilizer.
The loss of plants was small, sbout the same percentage as in the
no-fertilizer plot, where the smaller application of sodium nitrate or
of & mixture of sodium nitrate and cottonseed meal was used. The
yields from the two fertilizers did not differ widely when the nitrogen
was applied after the plants had become established. The data indi-
cate that equally good yields can be produced from fertilizer deriving
its nitrogen entirely from sodium nitrate as from e mixture deriving
its nitrogen from sodium nitrate and an organic material, if applica-
tion cau be so made as not to injure young plants. The effect of
fertilizer on the stand of sweetpotatoes when fertilizers are applied
before and after plants are set is shown in Fig, 14,

From the data m Tables 10 and 11, it is spparent that readily
soluble salts in fertilizers, such as sodium nitrate and kaipit, are
harmful to young sweetpotato plants when the fertilizer is placed in
the plant row on Norfolk loamy fine sand in Currituck County. In
experiments in 1929, 1930, and 1931, the s0il around the roots of the
plants was examined for soluble salts several weeks after the fertilizer
wpplications were made. Attempts have been made to correlate the
quantity of soluble salts in the soil, where seversl fertilizers were used,
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with the percentage of plants dying and with yields. These experi-
ments were made on Norfolk loamy fine sand at Coinjock, N. C. The
soil is of the same type as that used in the production of early sweet-

Fiayrg 14 —Rlfect of applying fertilizos hefore nod alter sweetpolnlp plants are sol on Norfolk
loamiy fing sends 1,000 pounds per nere of a &8-8 fertilizer, comnosed of soditm Dilzate, super-
phosphate, anid potassin suiphate were nsed and applisd in plazt row hefore (Hants wete sel
(A) and as a side dressing two weeks afier plants were set (B)

potatoes in Currituck County. The experiments were repeated on
the sume plots each year. Three years” data are given in Table 12.




TaBLE 12.—Effect of time of application and placement of fertilizers of different composilions on accumulation of water-soluble salls in soil
survival of planis, and on yield of sweetpotalaes. Norfolk loamy fine sand, Boswood farm, Coinjock,

around roots of sweelpotalo plants, on
N. C., 1929, 1950, and 1931

Composition of fertilizers

Rate of

applica-

tion per
acre

Data recorded

Placement and time of fertilizer application

In furrows, mixed
ingeil nnd ridged
heforeplantswere

set

In farrows, not
mixed in soil and
ridged before
plants were set

In furrows, one-half
mixed in soil and
ridged before
plants were  set,
one-half 3 weeks
after plants were
sot

1929

(A) 4-8-8, P10s from superphosphate;, KO from
. potassium chloride, N one-half from nitrate
soda; one-half from cotionseed meal,

N 0 TS Uy AUF SHP

(B) 4-8-8, P3Os from superphosphate, K20 froin
potassium chloride, N from nitrate soda.

1 LS AR PRSI

(C) 4-8-8, P20s from superphosphate, K20 from
-kainit, N one-hslf from nitrate soda and one-
half from cottonseed menl.

(D) 16-32-32, P05 from smmonium phosphate,
K20 from potassium chloride, N {rom ammo-
nium phosphate and urea.

B 0 PSS U SR U

Average (4 fertilizers) oo, oiviiiiiivanon. s

Pounds

1, 000;1 ]

1,600

1, 000,

1,600

|

Yield per acre
Soluble salts ir
Plants living

Yietd per acr
Soluble salts i
Plants living...
Yield per acre..
Soluble salis in s
Plantsliving.......
Yield peracre... - ... ...
Soluhle salts insoil... . .
Plantsliving_.... . . .,
Yield peracre.... ...
Soluble salts in soil ..
Plants living,
Yield per acre .
Solublesalts in soil. . .
Plants living...
Yield per ncre. .
Soluble salts iu soil.
Plants living...
Yield per acre.. ..
Yeield per neré.. ..

per cent.,.
..hushels..
per million...

million..
per cent...

-paris per million..
per vent..
—eiasewnnshushels,.
parts per million. .
caeemancereent...
bushels..
.parts per milliou..
percent_.

.-parts per million..
PURPRDRRPRIISS 7.1 o ¢l - 1} AN
bushels..

119, 0

SEBoulbowE ey
R&EERZ5=ESmBS

£

Lol e
SEEGSHE

oo

OO DO OO OO DTS

en

E~x§
SPS:
)

0
130. O]
120,00 00, 5

o W
SiEazZe
PORPLSHh G

o
cooooceoDes

..._.
82
=

131 0f

FUO0LTADIYOV J0 "IdAd °S "0 ‘gee NILATIALG TVOINHOIL




Composition of fertilizers

Rate of

applica-

tion per
acre

Data recorded

Placement and time of fertilizer application

Side dressing, 3
weeks after plants
were set

One-half as side
dressing 3 weeks
after plants were

set, one-half 8
weeks after plants

were set

Broadeast on top

of rows, 3 'weeks

alter plants were
set

1920 { 1030

1930 | 1931

1030 | 1931

€A) 4-8-8, P20s from sugerphosplmte, K0
from potassium chloride, N .one-half
from nitrate sods, one-half from cot-
tonseed meal.

Do

(B)A 4-8-8, P20s-from superphosphate ,K,0
from potassium chloride, N from ni-
trate soda.

Do .

(C) 4-8-8, P20s from superphosphate, K20
from kainit, N one-half from nitrate
soda - and one-hall from cottonseed
meal:

DO iiin it wooiaamsman

(D) 16-32-32, P30s from ammonium phos-
phate, K20 from potassium chloride,
N from amrmonium phosphate and
‘urea;

Poindy

1, 060,

1,:600f

Soluble salts in soil !__..__parts per millinn...

Plants living ?
Yield per acre...

per ceut..
bushel

Soluble salts in soil.....

Plants living

Yield per acre....
Soluble salts in soil.
Plants living..._..
Yield per acre......
Soluble salts in soil.
Plants living..... .
Yield per acre....
Soluble salts in-soil.
Plants living

Yield per.acre
Soluble salts in soil.
Plants living,

.-parts per million..

per cent. .

parts per mitlion...
mammmnesaOF CEOLL.
bushels..
parts per million..
per cent..
~bushels..

Yield per acre
Soluble salts in soil.
Plants living._.. .
Yield per acre..
Soluble salts in soi
Plants living..

Yield reer acre. .
Yield per acre ... ...

per cent..
bushels..

45, 0) 485
100.4¢ - 100
109.00 111

BEsEE8s585r5888s

COODOOOOCOODC OO

:-—-. —
£35238
o0

g
o

50 501

113

Results from nao fertilizer

Soluble salts in soil.._...........
Plants living

< il aenunn-aDarts per million..

Section A

Section B

Section C

Section D

per cent..|

Yield peracre... .......

bushels, .

50 50
100 100
33 56 27

60 50
100 100
38 62

100
34

100

batd

50
100
60

60
100
29

50
100
47

[
‘

100
20

I'Water-soluble salts in soil around the roots of the plants determined on sanmples collected 3 w
* Percentage of plants living was determined by making counts of living plants in each plot 3

eeks after plants were set and before the delayed applications of fertilizers were made.
weeks after plants were set and before delayed applications of fertilizers were made,
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Comparison is made of a fertilizer containing 4 per cent ammonia,
8 per cent phosphorie acid, and 8 per cent potash, having its nifrogen
derived entirely from sodium nitrate, and of one having the nitrogen
derived equally from sodium nitrate and cottonseed meal. Kanit
and potassium chloride as sources of potash are als. compared. A
mixture made from synthetic concentrated materials was also used.
The fertilizers were used at the rate of 1,000 and 1,600 pounds an
acre, with different nethods of application.

There was less accumulation of water-soluble salts in the soil
around the roots of the plants three weeks after the {ertilizers were
applied where a 4-8-8 fertilizor having its pitrogen derived equally
from sodium nitrate and cottonseed meal was used, than where a
fertilizer of the same analysis but having all its nitrogen from sodium
nitrate wos used. There was a greater soluble-salt content In the soil
near the plant roots where an 8 per cent potash mixture containing
kainit was used than where one eontaining potassiun chloride wasused.
The results with o concentrated fertilizer mixture are not definite.
In the first year's experiments the soluble salts in the soil were lessg
than where the commercial mixture A was used, in the second year
the aceumulation of the salts in the surface soil was greater from the
concentrated fertilizer, and in the third vear the salt content of the
plots receiving the two fertilizers was about the same.

In most cnses the amount of salts asccumulated in the soil around
the roots of the plants correlates in o general way with the survival
ol the young plants. There was only » moderate accumulation of
salts in the soil near the plant roots where mixture A, deriving its
nitrogen partly from sodium nifrate and partly from cottonsced meal,
was used. However, the quantity concentrating in the soil was suf-
ficient {o cause death to o small percentage of the plants in this sandy
soil when 1,000 and 1,600 pounds of ferfilizer an acre were applied in
the Jurrow hefore the plants were set. Where only half the nitrogen
was applied with the mixture before the plants were set, the accumu-
lntion of salts was generally less, but sufficient to be fatal to & small
percentage of the plants. There was a greater accumulation of salts
within the root zone of the young plants where fertilizer B was used,
and many plants died. This cccurred whether the fertilizer was not
mixed or was well mixed in the soil. Applying only half the nitrogen
with the mixture before planting did not entirely alleviate the harm-
fulness of the mixture.

Mixture C, which contained 8 per cent of potash derived from
kainit, was more severe on the young sweetpotato plauts than was mix-
ture A, which contained potassium chloride. The amount »f soluble
salts within the root zone of the plants was muech greater {in mixture
C than in mixture A) in the 1920 experiments and somewhat greater
in the 1930 and 1931 experiments. The percentage of plants sur-
viving was generally in harmony with the percentage of salts in the
soil within the root zone of the plants. Plants which survived where
mixture C was used produced well, and the yields generally compare
mfombly with those made with mixtures containing other potash
salis.

The survival of plants where the concentrated mixture D was used
was us great as with mixture A in the 1929 experiment. However, in
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1930 the results were not so clear. Whers the fertilizer was left
unmixed with the soil, there was a greater accumulation of salts in
the plant-root zone, accompanied by a greater fatality of plants in
1930. The salt accumulation the first year was not sufficient to
injure the young plants severely. In the third year, there was con-
siderable injury where the fertilizer was not mixed in the soil and
o slight injury where it was well mixed in the soil.

It should be noted that where each of the four fertilizers was
applied as & side dressing or broadeast on top of the plant row after
the plants had become established in the soil, all plants survived and
8 perfect stand was maintained.

In all three years of the experiments there were more water-soluble
salts in the soil within the root zone of the newly set plants (with the
exception of two instances) where the fertilizers were left unmixed in
the plant row before ridging than where the fertilizers were well
mixed before ridging. Generally there was a greater loss of plants
with a greater concentration of salts in the surface soil. The thorough
mixing of the fertilizers in the soil is Important in sweetpotato grow-
ing on sandy soils, especially when using fertilizers containing large
percentages of readily soluble salts. .

A comparison of yield of sweetpotatoes from the four fertilizers
used on Norfolk loamy fine sand, is interesting. When the fertilizers
were applied before planting, as is the general custom on this soil type
in North Carolina, mixture A gave larger yields than mixture B or C.
The fertilizer having both mineral n.nc% organic nitrogen proved better

than that containin only mineral nitrogen, and the fertilizer con-
taining potassium chloride proved better than the mixture containing

keinit. The general relation hetween these fertilizers also held when
half the fertilizer was vsed at the preplanting application and the
remainder later as a side application. When the fertilizers were
applied as g side dressing or broadcast on top of the ridge after the
plants had become established, this relation did not hol and there
was not & wide varintion in yields from the different mixtures,

In 1929 and 1931 the yields from the use of concentrated mixture
C were generally smaller than the yields from the use of mixture A.
However, in 1930 use of the concentrated mixture gonerally resulted
in higher yields.

Wﬁen e yield data are considered with respect to placement of the
fertilizers and time of application, it is apparent tﬁat the delayed
applications have generuﬁy iven best results, However, these dif-
fered with the composition o%lthe fertilizer and the quantity applied.
The yields from the mixture containing kainit and from that contain-
ing sodium nitrate as the sole source of nitrogen were in most cases
decidedly better where the fertilizers were applied after the plants
had become well rooted. The resulis do not show conclusively
whether best results can be expected from applying the fertilizer
broadcast on top of the plant row or from applying it as o side dressing
after the plants have become established.

Results are given in Table 13 of 12 experiments in which a 4-8-8
mixture was applied under the plant row two weeks before the plants
were set, as compared with those obtained by broadeast applioation
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on top of the ridge two weeks after the plants were set. These
results are generally in favor of broadcasting on top of the row after
the plants have become established. The average yield in the 12
experiments where the fertilizers were applied under the row before
planting was 109 bushels an acre, as compared with 118 bushels where
the fertilizer was applied broadcast on the row after the plants had
become rooted.

TanLe 13—Effect on growth and yield of sweekpolatoes of broadeasling a 4-8-8°
fertilizer mizlure on top of row after planis were sef, as compared lo applying the
same mizture under plents before plants were set

Yield per nere with— ) Yield pet acre with—
Fertilizer| parep; Fertilizer Fertilizer | pepanit Fertijizer
. applien- | ©ATEEIZE | wroadenst . applica- |, FETICT | bropdeast
Yenr tion unfg;pl?sm on top of Year tion umri;;_plzant of: top of
DO acre s Tow, 2 Per ncre g row, 2
weeks be- | o o2 thar weeks Be- 1, opchiner
fore plants plants fxre plants Pinats
wereset | Jloreoly wereset | ore et
Bushels Bushels Pounds Bushels Buahels
B85 10 0 10830 e i, 200 4 a7
97 107 i, 200 a7 117
128 (o] : 1, 00G & 100
154 i) 1, 600 R 1] 119
115 i 1,200 120 HG
119 15

' Percenioges, respectively, of nmmonis, phesphnric neid, and poinsi

CONCENTRATED FERTILIZERS

In a preceding section of this bulletin, are reported experiments
comparing the effects of several synthetic nitrogen and mineral salts.
In these experiments the salts were used in a complete fertilizer con-
taining 20 per cent of plant food and 80 per cent of & filler, either
natural or added. In order to study the effects of concentrated fer-
tilizer on sweetpotatoes, field experiments were made on Norfolk
loamy fine sand in Currituck County, and the results are heie
reported.

The materinls used in preparing the concentrated fertilizer mix-
tures were ammonium phosphate, monopotassium phosphate, potas-
sium nitrate, potassium sulphate, ammonium nitrate, ammonium
chloride, ures, ammonium sulphate, and sedium nitrate. The am-
monium phosphate was a commercial product, containing 14 per
cent ammonia and 60 per cent phosphoric acid. The monopotassium
phosphate was made m the fertilizer and fixed nitrogen laboratory
of the Bureau of Chemistry and Soils at the Arlinfton Txperiment
Farm, Rosstyn, Va., from volatilized phosphoric acid and commercial
potassium hydroxide. It analyzed 52 per cent phosphoric acid and
44 per cent potash. The potagsium nitrate and potassium sulphate
were commercial products purchased on the market, the former con-
taining 16 per cent ammonia and 44 per cent potash, and the latter
containing 50 per cent potash. The ammonium pitrate had a nitro-
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gen content of 42 per cent ammonia, the uren 56 per cent, and the
aminonium chioride 31.5 per cent.

Potassium ammonium phosphate, & mixture of monoammonivm
and monopofassium phosphates, made in the fertilizer and fived
mitrogen laboratory, was also used. The steps in preparing this
mixture are the treantment of potassium chloride with two equivalents
of phosphoric acid at a temperature high enough to expel hydrochloric
acid and form 2 solution of monopotassium phosphate in phosphoric
acid. The excess phosphoric acid is then neutralized with ammonia.
Potassium ammonium phosphate is & complete fertilizer in itself and
possesses excellent physical and mechanieal properties making it
suitable for fertilizer use, It contains 6.5 per cent ammonia, 56 per
cent phosphoric acid, and 17 per cent potash.

In 1926 cottonseed meal was used, to the extent of 10 per cent of
the total weight of the fertilizer mixture, as a partial source of nitro-
gen, to insure satisfactory drillability. Many of the mixtures made
m 1925 had caked and proved difficult to handle and distribute in
the field. In 1927 the cottonseed meal employed as a conditioner was,
however, reduced to 5 per cent of the total weight of the mixtures, as
it had been found thet this quantity was sufficient to keep them in
good drillable condition.

In the investigation with concentrated fertilizers, two mixtures
were used in the first year's experiments. A commercial fertilizer
containing 6 per cent ammonia, 9 per cent phosphorie acid, and 6
per cent potash was used at the rate of 1,400 pounds an acre, and
equivalent quantities of the concentrated fertilizer were used. Tho
so-colled commercial fertilizer was composed of materials used in
commercial-fertilizer mixtures for many years, and its composition
diflered slightly in the different experimenis reported. In the dis-
cussion this mixture is referred to as the older fertilizer, or ordingry
commercial fertilizer,

The fertilizers were prepared eatly in February and stored until
April. The two concentrated mixtures absorbed moisture and be-
came gummy. The physical condition of both mixtures was such
that they could not be applied with u fertilizer distributor. The con-
centrated mixtures which were diluted with sand were also slightly
moist, and their distribution by means of & machine was difficult.

The fertilizers were distributed by hand in the seed furrow, mixed
with the soil by running a plow in the row, then bedded o, and sweet-
potato plants were set 10 days later.

A good stand of plants was obiained, although the s:ason from
the time of setting the sprouts until the sweetpotatoes v.ere dug on
August 30 was unusually dry.  The vines grew normally and the differ-
ences in vegetative growth in the different plots were slight. The
yields are given in Table 14.




36  TECHNICAL BULLETIN 335, U. 8. DEPT. OF AGRICULTURE

TasLe 14 —Effect of concentraled fertilizers! on yield of sweelpolatoes on Norfolk
loawmy fine sand

Ingredients| o
Ferlilizer mixture Ingredients in fertilizer mixture agplied | ) i:lcdmper
per acre

Pounds Bushels
83.4

Ammonium nitrile. ... .
Polassium phosphate
Polnssium nibrate e aiaiaiiaiaaoa

R,

‘.—\mmonium rhosphale, ... oooniaeie cmaaan

{i\‘mmonium phosphate .. e

CFeN______________
PotnssTum sulphate. ool

Total. _ PRm—
Same os B diluted with sundooo.o. - oL

Superphiosphate, .

Potassivm sulphate. oL iaaieiiaeaaas
Sodinm nitrate,

Anumonium solphate. ... o
Drried blood oo oo

301 PP,

Wolertilizez ... ......

1 Ferlilizer used ot the e of 1,000 pounds per aere, 6-9-6 basls,

In 1926, 1927, and 1928 experiments were made on the same soil
type and on the same farm as in 1925. Eighteen hundred pounds an
acre on the basis of 6-9-6 fertilizer was used in 1926 and 1927, and
1,600 pounds of o 4-8-8 mixture in 1928 was used on Y-acre plots.
The experiments were extended to include six mixtures in 1926 and
cight in 1927 and 1928. Tle composition of cach fertilizer 1s given in
connection with the yield data in Table 15.

TabLe 15.—Effect of concentraled end commercial ferlilizers on sweelpolaloes on
Narfolk Ieamy fine sand

I ngredients in lertilizer

0 mAkE— Yield per ngre

Inpredients ina fartilizer 1,800

mixtur 1,600
Igiasot | s o

¥ 4-8-8 used
in 10X
and 1927 | 01928

Fertilizer mixture

Pounda Founds Rushels
Ammoniut phosphate_ ) 5. 0 &
Ammpnium nitrate.... _.
Potassiurm sammanium
Aimccmmme——ananfy  phosphate,
Totassium nitrate
Potnssium sulpbnie.,
Cottonseed menl__........

Total . . cecamaee

Ammmonium phosphnto....

4
Potassium sulpliate.
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TABLE 15.—Effect of conceniraled and commerical fertilizers on sweel polatves on
Norfolk loamy fine sand—Continued

Ingredients in fortilizer

to mmke— Yleld per aers

Fertillzer miztute Tngredients in fertilizer 1,800 1,600

miztura
mduie'ﬁ pounds of
in 1o 4-8-8 used
and 1077 | 0193

Founds Poupds Busheiy | Buakels | Busheis
L, 0140 800. 0
206,48
180.8

Ammoplum suiphate
Dried hlaod
Fillero oo

< 71 D,

Ammonium phosphate

| Ammoninm chicride
Pyt suiphite

Cottonseed menl.

Totnd. o emeremea

Atnmoninm phosphate... .
Ammonium selphate_ .
Potassivm sulphate.
Coltonsecd neal

Tatal

Potassium suiphute.
Coltonveed meal

Potnssium  ammonbim
phosphate.

Potassium nitrate ...
Cottonsead man?

Potpssium  ammonium
phosphnte.

Ammonium suiphate

Potassiem nitrale ...

Cottonseed meni__ ...

Totnl

Ammonium phesphute.. ..
Sodivm nitrste

Palassium sulphute. .
Cuottonseed menl

Tota). ol
Nop fertilirer

! Falf this nmount of cottonseed mea! was used in 1927,

In 1926 cottonseed meal was added in guantities amounting to 10
per cent of the weight of the mixture in each concentrated fertilizer,
and in 1927 and 1928 cottonseed meal amounting to 5 per cent of the
weight of the mixture was added to keep it in o desirable physical
condition. The fertilizers were mixed early in February of each year
and stored until applied in April. A desirable physical condition of
the mixtures was maintained in most of the fertilizers. The treble
phosphate mixture with urea (F) became gummy and the mixture of
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ureg and emmonium phosphate (B) was slightly moist but its condi-
tion was not undesirable. The other fertilizer did not absorb mois-
turc or become caked. All the fertilizers except the treble phosphate-
ureg mixture were applied without difficulty by & fertilizer distributor.
The spplication was made 14 days before the plants were set, and the
fertilizer was well mixed in the soil.

In 1926 the season was agnin very dry, but no severe injury to the
sweetpotatoes was noted. Growth was very slow in the early part
of the summer, and the vines where fertilizer D, containing ammonium
chloride, was used did not make a good growth, nor did they have a
desirable green color at any time during the summer.

In 1927 and 1928 the piants again grew well and appeared thrifty
in most of the plots. Early in the summer of 1927 it was noted that
the plants on plot D, where the fertilizer contained ammonium
chloride, had & pale-yellow color and were growing only slightly better
than those on the no-foertilizer plots. A few plants died. Notes made
on July 25 show the relative stand and condition of the erop. The
data ure given in Table 16.

TasrLe 18.—Condition of svweelpolalo vines on July 25, 1987 and 1998, grown with
concentiraled and comnercial fertilizers

W7 1425

Aren
Fertilizer ininture Caolor of vines eovered
Iy vines

Refative Relative
condilion cotslition
vonsitdering) eonsitlering]  Stand
stomit ang staad nad
AppRNTRNCE RPfICGRNCe

e cent Her eent Per cent Far cent Per cent
24 1 1M} 5

-3
ELE ]
&5

PO { '+ I
Parle groen... ...

In 1926 the largest yields were obtained from the use of con-
centrated fertilizers A and B, which produced 11 and 21 bushels more,
respectively, than fertilizer C. The yields from the use of fertilizers
D, E, and F wero smaller,

In 1927 the commercial mixture C gave larger yields than seven of
the councentrated mixtures. Concentrated mixture I gave the larpest
yield, buf this relation did not hold the following year., In 1928 the
largesé; yvielding plot was that fertilized with the commercial mix-
ture C.

In 1926 and 1928 concentrated mixture F, which contained triple
phosphate and ures, gave s smaller yield by 60 and 57 bushels,
respectively, than did mixture B which had its phosphate derived
from ammonium phosphate and its nitrogen partly from smmonium
phosphate and partly from urea. In 1927 the yields from the two
fertilizers were very close but slightly in favor of mixture B.

Fertilizer D, containing smmonivin phosphate, ammonium chlo-
ride, and potassium sulphate, gave o comparatively low yield each
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year. This was more marked in 1926 and 1927. The disturbing
factor in this mixture is undoubtedly ammonium chloride. In 1928
& lower nitrogen fertilizer was used and the amount of ammonium
chloride was probably not sufficient to exert a retarding eflect. It
was noted that there was no detrimental effect that year on the
young plants when first set, but there was some retardation of vine
growth. This was overcome in the late season, and the yields of
sweetpotatoes fertilized by mixture I compared favorably with
vields from some of the other concentrated mixtures but were not so
good as yields from the commercial fertilizer.

In 1927 an experiment on o somewhat larger scale was made in addi-
tion to those reported in Table 15. The test was carried out on two
Ji-acre plots, one of which was treated with a fertilizer made from
older commercisl materials and the other with a mixture of concen-
trated materials. The fertilizer used in each case analyzed 4-8-8
and was applied at the rate of 1,800 pounds an acre. The fertilizer
was supplied to the cooperating farmer and applied by him with the
fertilizer distributor used in applying fertilizers to his commereinl
crop.

A good stand was obtained in cach Y-acre plot, and a healthy
growth of vines was produced. The vines retained a desirable
dark-green color throughout the growing season. Ninety-eight per
cent of the plants lived on the half acre fertilized with the commercial
mixture and 95 per cent on the half acre treated with the concentrated
fertilizer.

The sweetpotato yields and the composition of the two fertilizers
are Eiven in Table 17. The commercial mixture produced u larger
yield by 16.5 bushels than did the concentrated.

TABLE 17~ Yiclds from two Yi-acre plols of sweetpotatoes fertilized ! with ¢ com-
mcrgat and o concenirated mrxtire, on Norfolk loamy fine sand, Currifuck County,
N.C, 1927

Quantity | Yiel? of
applied Swet-
A acre pototoes

et nere

Kind of lectilizer Composicon of fertilizer

Feunda Pushels
Ammeniutn phosphate..___ ... it 1IN S
Coueentrated \rea. . N

- Potasshim sulplate
Cottonsced menl

Superphosphoue

Bodjum nlirate ...
Ammenium sulphate..
Commercinl_ Flsh sernf -
Coltonseed menl_ ...
Totussfim salphnta
Filler.

! Fertilizer npplied at n rote to equal 1800 pounds per neve of 4 4-F-8 nonlysis.

The addition of sodium nitrute and emmonium sulphate or of
cottonseed meal and tankage to some of the concentrated mixtures
wsed in the preceding experiments did not apprectably improve them
for sweetpotato production. In the experiments reported in Table 18,
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one-fourth of the nitrogen from the synthetic selts in three mixtures,
namely, A, B, and F, was replaced by mineral nitrogen in one case and
by organic nitrogen of vegetable and animal-waste origin in another.
’I?I'lere was no consistent mcrease in swestpotato yield from mixtures
containing the substitutes over the yield from the mixture deriving its
nitrogen entirely from the more concentrated synthetic salts. ‘Lhis
was generally the case whether the fertilizer was all applied before the
plants were set or whether only half the quantity was applied before
planting and half as a side dressing 30 days after planting. The
Yields from the concentrated mixtures were not so great as from
l:n.i.wct.uraﬂal5 C which was composed entirely of the commercial fertilizer
Inaterials,




TaBLE 18.—Effect on sweelpotatoes of .consentrated fertilizer containing. small quantities of mineral and organic nitrogen, on. Norfolk loamy.
Jine sand, Currituck County, N. C. i

Yield per acre with—

Fertilizer applied one-half before planting and | Average
one-half 30 days after plants were set ) yield

Fertilizer

Composition of fertilizer‘ per acre |

Fertilizer applied before plarting

1929 1930 1931 Average 1929 1930 1931 Average

Ammonium phesphate, ammonium “nitrate, | - Pounds Bushels Bushels Bushels Bushels Buashels Bushels Bushels Bushels
and potassium suiphate 626 96 152 119 122.3 129 150 123 134.0 128.1
Same as A-1, except one-fourth of nitrogen was
from sodium nitrate and ammonium sulphate. 667 151 113 1247 124 129 125 126.0 125.3
Same as A-I, except one-fourth of nitrogen was .
from cottonseed meal and tankage 751 184 128 139.7 126 132 132 130.0 134.8
Ammonium phosphate, ures, and petassium )
sulphate 604 165 121 1247 116 137 132 128.3 : 128.5
Same as B-1, except one-fourth of nitrogen was 3
from sodium nitrate and ammonium sulphate. 657 161 108 120.7 109 162 - 109 126.6 123.6
Same as B-1, except one-fourth of nitrogen was
from cottonseed meal and tankage - 741 147 123 122,7 107 138 137 127.3 125.0
Treble superphosphate, urea, and potassium
sulphate 713 149 119 120.0 112 157 115 128.0 124.0
Same as F-1, except one-fourth of nitrogen was
from sodium nitrate and ammonium sulphate. 732 100
Same as F-1, except one-fourth of nitrogen was
from cottonseed meal and tankage 875 112
Superphosphate, potassium sulphate, sodium
nitrate; - ammonium sulphate, cottonseed
mesl, and tankage 132
No fertilizer 0 -

1 Equivalent to 1,600 pounds per acre of 4-8-8 fertilizer.

VNITOEVD HIMON NI STOLVIOALIEMS dOd SHEI?I’IIJRI’&I&

Iy
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Experiments wit\ concentrated fertilizers containing dolomitic
limestone and minor essontial plant foods, such as manganese, copper,
zinc, nickel, and boron did not give consistent results, as shown in
Table 19. Their use resulted In some increases over the use of
concentrated mixtures, but in no case was the yield so large as in
plot C, containing the commercial materials, The soil of the plots
where no limestone was used was acid, having & pH of 5.8 to 6.0.
The minor chemicals were mixed in the fertilizer and applied with the
mixture. Manganese sulphate alone, with the concentrated fertilizer,
and in concentrated fertilizers with zine sulphate, copper sulphate,
nickel sulphate, and boron, gave some minor increases over its check
when divided fertilizer apphcation was made but practically no in-
crease when the fertilizer was all applied before planting.

TasLE 19.—Effect of concendraled feritlizers, conlaining minor essentiol chemicals,
on sweetpotatoes on Norfolk loamy fine sand, Currituck County, N. C

Yield per nero with-—

Ove-hall fertilizer ap-
Ferti- | Feriilizers applied be- plied before plapting
Feriilizer treatmant H2oF per fora plantiog and one-half 30 days
acre 1 ofter plants were set

Aver- Aver-
1938 3831 age 1830 1931 age

Ammonium phosphate, urea, |Pounds |Bushels |Bushels |Bushels | Bushely | Bushets | Bushels |Bushels
and patassium saiphate 604 147 121 134.6 127 132 134.5 134.2
Same o5 B-1, plus manganese
suiphate 2 Gad 143 116 129.5 152 130 4L 135. 2
Same a5 B~1, plus mangpnese
saiphaie, coDpor sulphate,
zinge sulphate, nickel sni-
phate, and boron 2, 1581 135. 5 145 1410 138.2
Aminonivm phasphate, vrea,
potassiaimn  suiphate, and
lirnestone 4 135 126, 5 140 130.0 128.2
Same a5 B-6, plus Toangancse
suiphaie ? i 136 130.0 149 i39.6
Sam gs B-0, plos manganese
sulphate, zine sulphate,
nicke] suiphate, and borond., 145 138 5 120 3.6
Superphosphsie, potassinm
sulphpte, sodium nitrate,
smmeninm suiphate, coi-
tonsaed meal, and tonkage.. 157 167

Mo fertilizer. c e e e 63 .

! Equivalent £o 1,600 pounds per acre of 4-8-8 fertilizer.

1 Manganese sulphate used &b rate of 50 pounds per acre. i .

& Manganese salphate used et rate to add 50 pounds per acre; zine suipbate, copper suiphate, zine sul-
phate, niekel sulphide, nad boron, 3 pennds per acre. i

i Dolomitic lmestone was applied in vhe fertilizer furrow when fertilizers were applied at tate of 500
ponnds per acre.

The dolomitic limestone was applied in the plant furrow two weeks
before the plants were set. The soil during the growing season was
neutrsl to slightly alksline and maintained a pH of 7.0 to 7.4. The
addition of limestone to the soil did not make it more productive of
sweetpotatoes. There was generslly an increase in yleld from the
manganese and the manganese, zine, copper, and nickel on the limed
soil, but the result is not marked, possibly because of the apparently
depressing effect of the limestone.
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DISCUSSION

The yields of sweetpotatoes from concentrated fertilizers were
niot generally so high ag from ordinary fertilizers used as & means of
comparison In this work. In the experiments reported in this bulletin,
2 concentrated mixtures were used in 1925, 5 in 1926, and 8 in 1927
and 1928. In the first year the 2 concentrated mixtures gave s lower
yield than the commercial. In the second year, 2 of the concentrated
mixtures gave g higher yield, in the third year I concentrated mixture
gave a much higher yield, but 7 gave & lower yield than the commer-
ctal mixtures. In the fourth year all 8 concentrated mixtures fell
behind the commerecial.

Concentrated mixture A, consisting of ammonium rhosphate,
potassium-ammonivm phosphate, ammonium nitrate, and potassivm
nitrate, and concentrated mixture B, consisting of ammonium phos-
phate, urea, and potassium sulphate, gave the largest vields of the
concentrated mixtures in 1926 and in 1928. In 1927 two other
mixtures gave larger yields.

Concentrated mixture D, consisting of ammonium phosphate,
ammonium chloride, and petassium sulphate, gave the poorest vine
growth and the poorest yield of sweetpotatoes in 1926 and 1927. In
1928 the yield with this fertilizer was below that with the commercial
fertilizer, but better than with some of the concentrated mixtures,
In the 1928 experiments a lower nitrogen mixture was used snd 85.5
pounds per acre of ammonium chloride were used as compared to 183
pounds mm 1926 and 1927. Ammonium chioride seems to be the dis-
turbing factor in this mixture; the smaller quantities used in 1927
apparently were not sufficient to retard growth.

Although the concentrated mixtures did not give as good yields as
ordinary commercial fertilizer, most of the concentrated fertilizers
used gave good results. The use of small quantities of mineral nitro-
gen or of organic nitrogen of vegetable and animal-waste origin, with
concentrated mixtures containing principally synthetic nitrogen salts,
did not appreciably improve them for the production of sweetpotaioes
on Norfolk loamy fine sund, nor did the addition of limestone or of
minor essential chemicals, such as manganese, copper, zing, nickel,
and boron, cause the fertilizer to produce apprecishly larger yields of
sweetpotatoes on this soil.

SUMMARY

The results of fertilizer experiments with sweetpotatoes made in
North Carolina on Norfelk sandy loam, Portsmouth fine sandy loam,
Cecil sandy loam, and Norfolk loamy fine sand arc given. A study
wos made (1) of fertilizers of different ratios of nitrogen, phosphoric
acid, and potash for sweetpotatoes, (2) of various mtrogen sources,
(3) of various potash sources, (4) of quantitics of fertilizers, (5) of
time of application and placement of fertilizers, in relation to the
plant, a\,ndp (6) of concentrated fertilizers,

The fertilizer requirement as to ratio of nitrogen, phosphoric acid,
and potash differs slightly with the soil type. For Norfolk sandy
loam in the central coastal plain, best resulis were obtained with fer-
tilizers containing a small percentage of phosphoric acid, 3 to 4 per
cent ammonia, and 9 to 10 per cent potash; for Portsmouth fine sand
loam of the central cosstal plain, best results were obtained wit
mixtures containing 3 10 4 per cent ammonia, 3 to 4 per cent phos-
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phoric acid, and 8 to 9 per cent potash; for Cecil sandy loam of the
piedmont section, best results were obtained with mixtures containing
2 to 4 per cent gmmonis, 4 to 6 per cent phosphorie acid, end 7 to 9
per cent potash; and for Norfolk loamy fine sand of the northern
coastal plain, fertilizers giving best resuits contained about 3 per cent
ammonts, 3 to 6 per cent phosphoric acid, and 6 to 9 per eent potash.
The fertilizer requirements for sweetpotatoes, as regards ratio of
nitrogen, phosphoric acid, and potash, of the soil types worked with,
do not differ widely. Commercial fertilizers used for sweetpotatoes
differ greatly in composition. In the larger sweetpotato sections, the
fertilizers generally used contain from 3 to 4 per cent ammeonia, 8 to
10 per cent potash, and about 8 per cent phosphotic acid. The date
obtained in the experimental work, on soils which in previous years
have received fertilizers containing high percentages of phosphoric
gcid, show largest yields with fertilizer mixbures confaining & lower
ratio than & per cent phosphoric acid, to 4 per cent amironis and 8
par cent potash. For virgin soils or soils previously planted to crops
without the additions of phosphbate fertilizers, an 8 per cent phos-
phoric acid mixture would probably be required for best resulfs.

For sweetpotatoes grown on Norfolk sandy loam, Portsmouth fine
sandy loam, and Cecil sandy loam, fertilizers applied ab the rate of
750 and 1,000 pounds &n acre gave better yields than smaller or larger
quantities. The increased yield from 1,000 pounds an scre over 750
pounds was ususlly small and of doubtful economic importance.
For the Norfolk loamy fine sand larger quantities were profitable,
from 1,200 to 1,500 pounds an acre giving best results.

On heavy soil types, synthetic and mineral nitrogen salts gava as
large yields as mixtures of these with organic nitrogen materials. On
Norfolk loamy fine sand, where fertilizers are used at a rate ranging
from 1,000 to 1,500 pounds an acre, a 4 per cent nitrogen mixture,
with nitrogen derived entirely from muperal sources, was injurious
to newly set sweetpotato plants and resulted in poor stands and
reduced yields. It may be concluded that fertilizer for sweetpotatoes
on sandy seils should have its nitrogen derived partly from mineral or
synthetic nitrogen and partly from organic materials.

Potassium sulphate and potassium chloride proved to be satis-
factory sources of potash for sweetpotatoes. The yields produced by
both were practically the same. Kainit as the sole source of potash in
pn 8§ per cent potash mixture, when used at the rate of 1,400 pounds
an acre, caused injury to newly set plants, resultizg in poor stands
and reduced yields. On all the soils worked with, kalnit gave smaller
yields than did potassium sulphate or potassium chloride.

Complete fertilizers containing kainit as the source of potash and
fertilizers containing nitrate of soda as the source of nitrogen caused
injury to sweetpotato plants when applied before the plants were set
in the row and ridged, but no injury was observed when the fertilizers
were applied either as a side dressing or broadcast on top of the plant
row after the plants were well rooted. When the fertilizer was ap-
plied in the plant row before planting, the concentration of soluble
salts in the soil within the root zone of the young plants was sufficient
to kill the plants. This accumulation of soluble salts in the surfnce
soil was not greast where fertilizer confaining potassium sulphate
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or potessium chioride was used or when fertilizer having its nitrogen
denived equally from miners] selts and from organic material was used.
The percentage of dead plants was generally correlated with the
amount of salts concentrated in the soil within the root zone of the
young plants.

Fertiiizers applied broadceast on top of the plant row or applied as 2
side dressing after the plants were well established caused no injury
to young plants and produced larger yields than fertilizers applied
in the row before the plants were set.

Concentrated fertilizers, made primarily from synthetic chemicals,
gave good results with sweetpotatoes on Norfolk loamy fine sand when
applied in thefurrow before setting the plants, if precautions were
taken to apply the fertilizer 10 days before setting the plants and mix
1t in the soil. The yields from concentrated fertilizers were not so
large as from ordinary fertilizer mixtures made from the older mate-
riaﬁ;. The addition of dolomitic limestone or of minor essential

elements, such as manganese, zine, copper, boron, and nickel, to con-
centrated fertilizers did not markedly mmprove them for sweetpotato
production on Norfolk loamy fine sand.
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