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An experiment was initiated in 1959° with the following
objectives: 1) determining the minimum amount of phosphate
fertilizer to be applied at planting time in relation to the total
application without significantly decreasing the early growth or
final yield of roots, and 2) the amount of preplant phosphate re-
quired to best complement the planting-time fertilizer. An addi-
tional objective was included in 1961 in which the method of
placement of the planting-time fertilizer and its interaction with
the amount of preplant phosphate was investigated.

Materials and Methods

This experiment was established at the Monitor Sugar Com-
pany farm located near Bay City, Michigan, on a calcareous
Kawkawlin-Wisner loam soil complex with pH of 7.5. For the
sugar beet crop, four rates of P,0, were broadcast ahead of plant-
ing: 0, 200, 400, and 800 pounds per acre. A basic application
of 200 pounds of K(CIl was plowed under. Treatments were rep-
licated three times in the east-west direction of the field. Superim-
posed on these arcas were three rates of fertilizer: 0, 150, and 300
pounds of 6-24-12 per acre. The 6-24-12 fertilizer contained 29,
manganese and 149, boron. The fertilizers were applied in two
ways: 1) in a band 114 inches to the side and 3 inches below the
seed, and 2) 3 inches directly below the seed. The rows were
planted across the plots where P.0; was broadcast. The planting-
time fertilizer application was replicated three times. Sixty
pounds of N per acre as anhydrous ammonia was applied as a
sidedressing to all plots.

1 Contribution from the Soil Science Department, Michigan Agricultural Experiment
Station, East Lansing, Michigan, and Agricultural Department, Monitor Sugar Company,
Bay City, Michigan, and approved by the Director as Journal Article No. 2932,

2 Professor of Soil Science, Agronomist, Monitor Sugar Company, and Assistant Instructor
of Soil Science, respectively.

2 Davis, J. F., Grant Nichol and Don Thurlow. 1961. The cifect of phosphorus
fertilization and time of application on chemical composition of foliage on vicld, sucrose
content, and percent purity of sugar beet voots. J. Am. Soc. Sugar Beet Technol. 11(5):
406-412,



260 JournaL oF THE A. S. S. B. T.

Plot size was four 28-inch rows by 66 feet. Monogerm beet
seed variety SL.122 > SP5460 was planted April 13. Stand counts
were taken May 11. Plant samples of 100 plants per plot were
taken June 2, 1961, oven-dried at 65 degrees Centigrade, weighed
and analyzed for phosphorus, potassium, and calcium. Petiole
samples were taken at three different dates, July 11, August 3
and September 11. A portion of each sample was extracted with
a 109, sodium acetate in 39, acetic acid solution (1 to 20 ratio
of green tissue to solution) and the percent of phosphorus de-
termined. The remainder of the tissue was dried and analyzed
for total calcium, phosphorus and potassium using a perchloric
acid digestion procedure. The beets were harvested October 10,
and the number, yield, percent sucrose, and percent apparent
purity were determined.

Results and Discussion

The number of plants for the various treatments per 50 feet
of row was as follows: 193 plants where 300 pounds of 6-24-12
fertilizer was applied 3 inches below the seed as compared to 184
plants where 300 pounds was applied 114 inches to the side and
3 inches below the seed. For the 150 pound rate, the number of
plants was 190 and 182, respectively. Disregarding placement
the average number of plants where 0, 150, and 300 pounds of
6-24-12 were applied was 185, 186 and 189 plants per 50 feet of
row.

The effect of fertilizer treatment and the weight and chemical
composition of the plant samples taken June 6 are recorded in
Table 1.

Fertilizer applied at planting time increased the early growth
of the plant, the percent phosphorus in the tissue, and the uptake
of phosphorus. Phosphate plowed down, in general, caused
similar effects. As preplant phosphate was increased, the effect of
fertilizer applied at planting time on the percentage of phos-
phorus in the tissue was decreased.

There was a marked effect of the placement of the 6-24-12
planting-time fertilizer on the early growth and nutrient uptake
by the beets. Fertilizer applied 3 inches below the seed increased
the weight of beets and the uptake of each of the nutrients. How-
ever, there was a trend for the percentage of P and Ca in the
tissue to decrease, although not always significantly so’, where the
fertilizer was applied directly below the seed as compared to
fertilizer applied 114 inches to the side of and 3 inches below the
seed.

¢ Where the term “significant,” applyving to differences, is mentioned, the 5% level is
indicated.



Table 1—~The effect of time and method of application of fertilizer on the weight and chemical composition of sugar beet plants at blodking
time (6-2-G1).  (Monitor Sugar (e., 1961)

0A

a1

Potds 6-24-12
plowed planting Placement? Mutrient on dry Total uptake in
under time of Grams per? weight basis grams
Lbs./ucre fercilizer 160 plants % P S Ca % K o Ca 1N
i o Ll 1021 377 g 242 a 4.14 de Rkt 247
150 Sile 68wl 553 el 213 b 5.53 cde ReiclY SR8
Loder 89.6 <ef 527 1 1.99 bed 5.07 de 204 Jigd
3040 Side 204 ik 5497 ef 214 ab 6.24 ab i A36
Under 52.5 he cdef 185 d 6.75 al: 302 961
200 g 17.2 Kl det 2.1 be 4487 de Rei i 365
150 Side 2r.8 ghij $ abe 2.06 baod 545 ede 178 303
Under 44.2 cde edef 1.99 bed 560 cde 256G Ry
300 Sidle 20.% ghi 2 abe 213 b 595 bed 388 528
Under 817 ab 3 boede 1.88 bed TA% a 565 1166
400 0 o 20.2 jk 624 abe 2.04 bed 1.64 ¢ 126 422
150 Side 303 Tgh L1 abe 2.04 bed 5.27 ode i 518 1.66
Under 45.8 od 603 abad 2.00 bed 505 de 276 916 2.51
300 Side 344 fgh H57 a 1.93 bed 5.93% bod 226 664 2.0
Under 57.5 ab 17 abe 1.99 hed 6.92 ab 355 1144 .48
R0 L 25.4 high 633 abe 1.97 hed 1029 ¢ 161 500 117
150 Side 35.9 B2 ab 204 bod 1.08 de ; 230 RO Y 1.79
Under 560 b 60% abed 2.00 bed 547 cde A58 1.120 5.06
300 Side 40.7 def 622 abe 1.95 bed G4t cde pediki 704 2.21
Under 66.7 a 5895 bed .81 cd 6.97 ab L4096 1,224 4.61
Wide — 1557 1o side of and 37 below seed,  *
Under 37 helow seed.

A data with the same Jiteral postscripts are not significantdy different
from cach other at the 3¢5 lovel.
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Table 2—The effect of time and method of application of fertilizers on the phosphorus composition of sugar beet petioles at three sampling

dates.

{(Monitor Sugar Co., 1961)

PO 6-24-12
plowed planting
under time
= Lbs./acre
. 5 _ﬂ_
150
300
200 0
150
500
400 ]
150
300
800 0
150
300

Placement!
of
fertilizer
Side
Under

Side
Under

Side
Under
Side
Under

Side
Under
Side
Under

Side
Under
Side
Under

7-11-612

-l_’_in_g;&n
tissue

111
097
11
J12
J14

222
225

212 3
238 3

200

245
236

228 :

.220
209
250
L2444
226
205
254

d
d
d
d
d

abe
abe

ab

Total
P

182 ¢

45 d
A70 ed
165 ed
168 ad

202 ab
285 ab
276 b
272 b
269 b

315 a
303 ab
291 ab
283 ab
2712 b

313 a

303 ab
300 ab
287 ab
298 ab

8-3-61

P in grucai Iy
tissue

51

063
059
040
056

046
1316
090
05
113

122
105
127
109
125

BEYE

165
136
Jd41
150

i
hi
hi
i
i

fg
bedelg
gh

efg
cdefg

abcdefg
efg
abodef
defg
abedel

Total
P

A48 ef
162 def
152 ef
123 £
162 def

204
205 cde
224 hed
232 be
233 be

cde

.260 abc
238 be
256 abe
249 abe
270 abe

292 ab
312 a

265 abc
287 ab
256 abc

9-11-61
P ilﬁr;:cu
tissue

102 d
21 d
14 d
125 d
07 d

250 abe
198 ¢

abe
.213 be
213 be

abe
264 ab
263 ab
abe

abc
abe
abe
abe
abc

Total
P

98 cd
87 d
188 d
212 «d
213 o

307 a
247 be
298 ab
205 ab
285 ab

315 a
.270 ab
5283
298 ab
288 ab

307 a
200 ab
306 a
307 a
B317 a

1Side — 115" 10 side of and 3" below seed.
Under — 3" below seed.

.
#All values reported on an oven-dry weight basis. Green tissue extracted with a 109 sodium

green tissue to solution).

Moisture content of green tissue approximated 90%.

acetate in

3% acetic

acid solution (1:20 ratio of

a9a
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Potassium applied at planting time increased the percent
potassium in the tissue and also the total uptake. More potassium
was taken up where the 300 pounds of 6-24-12 was applied than
where the 150 pounds was used. There was a trend for a higher
amount of potassium both percentagewise and total uptake to
occur where the fertilizer was applied directly below the seed
than where it was applied to the side and below the seed, particu-
larly where the higher rate of potash was applied.

There was a trend for the calcium in the tissue to decrease as
the weight of the tissue increased. The percent of calcium in
plant tissue was decreased when fertilizer was applied. The low-
est percentage of calcium was found where the fertilizer was
placed in a band directly below the seed. llowever, the total
uptake of calcium was more dependent on the yicld of the beet
tissue at blocking time than on the amount of fertilizers applicd
either at planting time or when preplanting applications wcre
made.

The phosphorus composition of the petioles (Table 2) in-
creased as the phosphate applied prior to planting increased.
The amount of phosphate applied at planting time did not
appreciably affect the percent of phosphorus in the petioles. The
amount of phosphorus in the tissue decreased from that contained
in the tissue at blocking time for all subsequent sampling dates.
The phosphorus content of the tissue taken September 11 was
about equal to that obtained from the July 11 sampling whereas
the P content of tissue sampled August 3 was lower than that
sampled at any other date. Placement of planting-time fertilizer
did not materially affect the percent of phosphorus in the tissue
at any of the sampling dates.

A larger percentage of the total phosphorus in the plant was
accounted for in the green tissue where a preplanting application
of phosphate was made.

The percent of potassium (Table 3) in the sugar beet petioles
decreased with each successive sampling date. In general, the per-
cent potassium was highest in the petioles of the beet plants where
no planting-time fertilizer was applied. The method of applying
the planting-time fertilizer did not have any definite effect on the
percent of potassium in the petioles. The percent of calcium
(Table 3) in the tissue was lower at the July 11 sampling date
than at blocking time but was higher at the August 3 sampling
date. It then decreased on September 11 sampling date below
that obtained at any other of the sampling periods. The amount
of fertilizer whether plowed down or applied at planting time
did not materially affect the percent of calcium in the tissue.



Table 3~~The effect of time and method of application of fertilizer on the calcium and potassium contents of sugar beet petioles at three sampling
dates (3Monitor Sugar Co., 1961)

PoO 6-24-§2
ploweid planting Placement! 7-11-61° 8-3-61 9-11-61
ander time of Total  Tutal Total Total Total Total
T Lbs./acre fertilizer 1.9 Ca K Ca K Ca
0 0 515 a 1.29 bo 158 abe 399 abc 1.0% abc
150 Side 4.795 abe 186 & 1.36 abed 4.87 abe 1.13 ab
Under 4.77 abc 1.29 be [.44 abed 3.89 abe 41 abe
300 Side 4.86 aby 1.98 be 159 a 4.12 abe 118 2
Under 4.49 abed 1.52 b 1.57 ab 4.349 a .89 abce
200 0 1.35 bed 111 he 358 ¢ 1.2 ¢d 4.10 abc 86 be
1o0 Side 4.22 bed 1.13 be $15% abe i abed 5.51 be B9 abe
Under 1.28 bed 1.14 be 3.87 abe i abed 4.12 abe 87 be
300 Side 432 bed 1.20 be 3.9% ahe 1 abed 4.08 abe 1.01 abe
Under 417 bed 1.18 be 3.92 abe 1 abed 4,83 ub 105 abe
40U a 4.35 bed £.27 be 366 be 1.2% bed 378 abe 03 abe
150 Side 4101 ed 1.21 be 3.649 abe 152 abed 3.74 alsc 1.00 ahe
Lnder 4.01 d 149 be 5.9% abc 1.35 abed 4.22 ab 01 abe
100 Side 419 hed 118 be 5.74 abc 1.41 abed 4.24 ab 1.04 abce
Uniler 3.99 d 118 be A.88 abc 1.98 abod OB ahe % abe
800 0 e - 341 d 1.14 he LG d 370 abe 86 he
150 Side 4.20 bed i1 be 1.25 abed 357 ¢ A0 b
Under 1.04 d 1.10 be 115 d 4.00 abe B4 ¢
300 Side 415 od 1.05 be 1.24 bed T OA07 abhe 87 he
Tnder 4.2 bed 1.02 ¢ 1.24 bed £.15 abce A3 abe
Side — 1147 10 side of and %7 below seed.
Under — $” below seed. .

Al percentage values based on oven-dry weights.
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The number of beets harvested per plot (128 feet of row) was
significantly influenced by fertilizer treatments. The number of
beets per plot where 0, 200, 400, and 800 pounds of P.0; were
plowed under was 119, 124, 127, and 128, respectively. The
number was higher where phosphate was plnwcd under. Similar-
ly, 6-24-12 fertilizer applied at planting time significantly in-
creased the number of harvested beets per plot from 118 where
no fertilizer was used to 127 where fertilizer was used. There
were 127 beets per plot where the fertilizer was placed 3 inches
below the seed as compared to 121 beets for the side band place-
ment (114" X 3”). This difference was significant.

Data in Table 4 show that the highest yield of beets was ob-
tained where the maximum amount of fertilizer was applied. The
effect of planting-time fertilizer was greatest where no preplant
application of phosphate was made. However, there was a trend
for planting-time fertilizer to increase beet yields regardiess of
whether phosphate had been plowed under or not. This effect
decreased as the amount of phosphate plowed under increased.

Table 4.—The effect of time and method of application of fertilizer on the yield, percent
sucrose and percent purity of sugar beets (Monitor Sugar Co., 1961).

P20: 6-24-12
plowed planting Placement® Lbs. gross
under l'-il'lle_ X of Tons Percent Percent sugar
Lbs./acre fertilizer per acre SUCTrose purity per acre
0 0 as 13.2 i 14.5 87.7 8557
150 Side 14.3 hi
Under 17.9 abcdefl 15.0 8.4 4800
300 Side 15.3 fghi 15.4 89.0 4194
Under 17.3 bedefg 14.7 88.9 4522
200 00 i i e . 15.0 ghi 15.2 90.7 4136
150 Side 15.4 fghi
Under 17.0 cdefg 15.3 9kl 4739
300 Side 16.0 efgh 14.3 87.7 4013
Under 16.5 defgh 15.7 91.2 1725
400 0 14.7 ghi 15.4 90.6 4102
150 Side 16.6 cdefgh :
Under 18.0 abedef 14.8 85.5 4545
300 Side 16.8 cdely 15.1 87.4 4434
Under 18.4 abede 15.2 89.2 4989
800 0 . 17.9 abedel 15.6 8.4 4825
150 Side 19.2 abed g
Under 20.0 ab 15.5 89.2 530
300 Side 19.5 abe 15.2 88.1 5169
Under 206 a 15.1 86.9 5406
“Side — 114" to side of and 3" below seed.

Under — 3" below seed.
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There was a marked effect of fertilizer placement on the vield
of beets. Fertilizer placed directly below the seed caused a greater
increase in yield than where it was placed to the side and “helow
the seed. This wend was noted on all areas where different
amounts of phosphate were plowed under prior to planting,

Ferulizers or methods of application did not have a significant
effect on the percent sucrose or percent apparent purity of the
sugar heet roots.

There was a slight indication, however, that as the amount
of phosphate plowed under increased, the percent sucrose in the
beets increased. This increase was from 1459 to 15.69,.

Summary

The effect of time and method of application of fertilizers on
sugar beets was imfestiy"xtcd on a Kawkawhn-Wisner loam soil
complex. Touar rates ol phosphate fertilizer, 0, 200, 400, and 800
pounds of P.0; per acre, were plowed under the hill l)ehnc plant-
ing the heets. Three rates of 6-24-12 fertilizer, 0. 150, and 300
pounds per acre, were app led in rwo methods: ina band 8 inches
below the seed, and in a band 114 inches to the side and 3 inches
below the seed. A basic application of 200 pounds of KCJ was

applied on all plots.

The data can be brieﬂy summarized as (ollows: 1) there was
a marked response of early growth, phosphorus content of tissue
and yield of beets to phosphate application; 2) planting-time
apj )hcatmns of 6-24-12 tertilizer increased early growth of eets
at cach of the four levels of plowed down plmsp wte fertitization,
increased the phosphorus and potassium contents ol plants at
blocking time, but did not increase the phosphorus content in
the petioles of the leaves at any ol the sampling dates; 3) Plant-
img-time [ertilizer placed in a band directly below the seed mark-
edly increased the uzn‘ly growth of the plant over that where the
fertiliver was placed 1144 inches to the side and 3 inches below
the seed. In general, the percent of phosphorus in the tissue at
blocking time was higher where the fertilizer was placed to the
side of the seed than directly below the sced. The phaosphorus
uptake at time of blocking was greatest where the planting-time
fertilizer was applicd in a band dnccr below the seed. Similar-
ly, the uptake of calcium and pummum was highest where the
{ertilizer was placed i a band directly below the seed than when
placed in a band to the side and below the seed. Placing the
planting-time fertilizer in a band direcdy below the sced in-
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creased yields at both levels of application, 150 and 300 pounds
per acre. The increase was least on the plots where 800 pounds
of p 10‘;}) ate bad been plowed down previously; 43 The percenr
of phosphorus in the tissue decreased with the first two sampling
dates, July 11 and August 3, and increased when the peuohs
were sampled on September 11, The data suggest that the per-
cent extractab Ie P in the petioles should not be allowed to fall
much below 0.15 at any ume during the season to insure an
adequate supp|) of P for haghest ylclds 5y The potassium content
of the petioles tended to decrease with cach suceessive sampling
date. However, the calcium content of the petioles was Jower
than that of the beet tissue sampled at blocking time for all three
sampling dates. Tt was higher on August 3 than on \}uly il or
September 11: 6y There was no significant effect on the percent
of sucrose or peucm apparent purity due to the fertilizer applica-
tions: 7y Yield of gross sugay increased as the amount of phosphate
applied mmmsed.




