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Growth and Nitrogen and Phosphorus Uptake of
Sugarbeets in Central Arizona

J. M. Nelson, J. L. Abbott and T. C. Tucker

University of Arizona

Nitrogen (N) and phosphorus (P) are the two most important mineral
elements affecting sugarbeet production in Arizona. Of these two ele-
ments, N has the greatest influence on yields. Sugarbeets grown with
inadequate supplies of N generally have a high sucrose content and purity,
but root yields are reduced. Excessive supplies of N limit sucrose con-
tent and purity and consequently reduce sugar yield. Therefore, the N
fertilization rate must be optimized with regard to sucrose content as
well as root yield.

A knowledge of the growth pattern and nutrient requirements of sugar -
beets is essential to a better understanding of the fertilizer require-
ments for maximum sugar production. The objective of this study was to
determine the seasonal patterns of growth and N and P uptake of sugar -
beets.

Procedure

Seed of the variety US H9B1 was planted on 30 -inch, single -row beds
on September 25, 1975. The plot area received a preplant application of
200 lbs per acre of 0 -45 -0 fertilizer (39 lbs of P per acre). Nitrogen
application rates were 0, 100, 200 and 300 lbs of N per acre. On October
31, plots of the 100 lb per acre N treatment received 100 lbs of N per
acre and plots of the 200 and 300 lb per acre N treatments received 100
and 200 lbs of N per acre, respectively. An additional 100 lbs of N per
acre was sidedressed on plots of the 300 lb per acre N treatment on
January 22, 1976. The N fertilizer used was ammonium nitrate. Soil
samples collected before planting and analyzed for N and P indicated
that the top six feet of soil in the test area contained approximately
175 lbs per acre of residual N and 19 lbs of residual P. The top four
feet contained 137 and 17 lbs per acre of residual N and P, respectively.

Plots were sampled monthly from mid -December to mid -July to deter-
mine root and top yields. Root and top samples collected on each har-
vest date were dried and analyzed for total N and P. Total N uptake
was determined by micro -Kjeldahl and nitrate ion electrode procedures
and total P by the Murphy -Riley method. Values reported as N and P up-
take for the roots do not include the N and P in fibrous roots left in
the soil at harvest. Fibrous roots are estimated to constitute 25% of
the total harvested root weight. Petiole samples were collected on each
harvest date and analyzed for NO3 -N. Nitrogen treatments were replicated
six times.



Results

Root and Top Production

Accumulative fresh yields of roots, tops and the whole plant are
shown in Tables 1 -3. Root yields increased from just over two tons per
acre in December to over 40 tons per acre in July. The period of most
rapid root growth was between March 15 and May 14 when root yields in-
creased an average of 21.3 tons per acre. Roots continued to increase
in size through July 14.

Top growth was rapid from January 14 through April 15. During June
and July, when maximum air temperatures are commonly high, the older
leaves began to dry and disintegrate and could not be recovered at har-
vest. Consequently, top yields decreased during the final two months of
the study. Top yields are not reported for July but were very low.
Both root and top yields were significantly reduced when beets were not
supplied with N fertilizer.

N Uptake

Accumulative N- uptake of roots, tops and the whole plant is given
in Tables 4 -6. In mid -December, 83 days after planting, N- fertilized
beets had taken up an average of 79 lbs of N per acre. By the start of
the commercial harvest season, mid -May, total N uptake for N- fertilized
beets had increased to 289 lbs per acre. Values reported for total N
uptake for June (Table 6) are misleadingly low because of the defoliation
of tops. More realistic values for June, based on N in tops in May, are
shown in Table 11.

Beets in the highest N treatment tended to use the greatest amounts
of N. Nitrogen uptake was significantly reduced where beets were not
supplied with N fertilizer. Beets not fertilized were able to obtain
170 lbs of N from the soil by mid -May. When 100 lbs of N per acre were
provided, 248 lbs of N per acre were taken up during the same period.
Thus, 78 lbs of the 100 lbs of N supplied as fertilizer were recovered
in sugarbeet tissue. Lesser percentages of fertilizer N were recovered
in the higher N treatments.

Larger amounts of N were recovered from tops than from roots. This
was because top yields were generally higher than root yields and tops
contained a higher percentage of N than roots. In May, beets receiving
100 lbs of N per acre produced 29 tons of tops per acre containing 164
lbs of N. If tops of this crop were removed from the field at harvest,
the potential N fertility of the soil would be reduced by 164 lbs per
acre.

P Uptake

Accumulative P- uptpke,of roots, tops and the whole plant is given
in Tables 7 -9. Adequate amounts of P were available to plants in all
plots in this experiment.` Nitrogen fertilized beets had taken up nearly
six lbs of P by mid -December and from 27 to 31 lbs by mid -June (see
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Tables 9 and 11). The highest yielding N treatment generally resulted
in maximum uptake of P. Where no N fertilizer was applied, total P up-
take was reduced over 20 percent.

Sugar Production

Root yields, sugar yields, sucrose percentages and N and P uptake
for May, June and July harvests are reported in Tables 10-12. Sugar and
root yields were significantly increased by the application of N fertil-
izer. Near maximum sugar yields were produced with the addition of 100
lbs of N per acre. Beets in the 100 lb per acre N treatment used 248 lbs
of N and 26 lbs of P per acre to produce a root yield of 34.7 tons per
acre in May. If the N needed for fibrous root production is considered,
about 270 lbs of N were required by the crop.

Sucrose percentages tended to be reduced as the N rate was increased.
Petiole analysis indicated that beets in all except the highest N treat-
ment were deficient in N by mid- May.

Summary

In the 1975-76 season a study was conducted to determine the seasonal
patterns of sugarbeet growth and N and P uptake. Nitrogen application
rates of 0, 100, 200 and 300 lbs per acre were compared.

Top growth was rapid between February and April while the most rapid
root growth occurred somewhat later, between mid -March and mid -May.

Root yields, sugar yields and N and P uptake were reduced when beets
were not supplied with N fertilizer. Beets yielding 34.7 tons of roots
and 5.2 tons of sugar per acre in mid -May used 248 lbs of N and 26 lbs
of P per acre.

Table 1. Effect of nitrogen application rate and sampling date on root
yield.

N Date Sampled
Applied 12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(LLbs /A) Roots (Tons /A)

0 1.3 al/ 2.6 a 4.8 a 8.8 a 18.0 a 26.4 a 32.0 a 36.1 a

100 2.1 b 3.8 b 7.9 b 12.4 b 22.8 bc 34.7 b 39.3 b 44.3 b

200 2.2 b 3.9 b 8.2 b 13.9 b 21.0 b 35.9 b 45.3 c 47.6 bc

300 2.3 b 4.0 b 8.4 b 13.7 b 25.0 c 37.1 b 44.6 c 48.6 c

1 /Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.
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Table 2. Effect of nitrogen application rate and sampling date on fresh
top yield.

N

Applied
Date Sampled

1.2/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(Lbs/A) Fresh Tops (Tons/A)

0 2.6 al/ 4.0 a 8.4 a 12.8 a 18.7 a 18.4 a 14.1 a

100 5.7 b 7.4 b 16.4 b 20.7 b 28.7 b 29.0 b 22.0 b

200 6.4 b 8.8 c 19.8 c 24.7 c 31.2 b 33.6 b 26.6 b

300 6.4 b 9.4 c 21.6 d 28.5 d 41.2 c 44.4 c 32.1 c

1 /Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.

Table 3

N

Effect of nitrogen application rate and sampling date on whole -

plant fresh weight.

Date Sampled
Applied 12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(Lbs /A) Whole Plant Fresh Weight (Tons /A)

0 3.9 al/ 6.6 a 13.2 a 21.6 a 36.7 a 44.8 a 46.1 a

100 7.8 b 11.2 b 24.3 b 33.1 b 51.5 b 63.7 b 61.3 b

200 8.6 b 12.7 bc 28.0 c 38.6 c 52.2 b 69.5 b 71.9 c

300 8.7 b 13.4 c 30.0 c 42.2 c 66.2 c 81.5 c 76.7 c

1 /Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.

- 38 -



Table 4. Effect of nitrogen application rate and sampling date of N uptake
of roots.

N

Applied
Date Sampled

12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(Lbs /A) Protein N -Roots (Lbs /A)

0 7 a1/ 17 a 22 a 35 a 51 a 62 a 75 a 75 a

100 14 b 28 b 41 b 54 b 74 b 86 b 100 b 109 b

200 15 bc 29 b 45 b 70 c 71 b 102 bc 127 c 131 c

300 17 c 29 b 46 b 73 c 107 c 112 c 128 c 152 d

/Means in columns followed by the same letter are not significantly dif-
ferent'at the 5% level by Duncan's Multiple Range Test.

Table 5. Effect of nitrogen application rate and sampling date on N uptake
of tops.

N

Applied
Date Sampled

12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(Lbs /A) Protein N -Tops (Lbs /A)

0 25 al/ 41 a 57 a 93 a 110 a 107 a 96 a --

100 58 b 78 b 119 b 154 b 166 b 164 b 148 b

200 66 b 100 c 139 c 183 c 184 b 193 b 172 bc

300 66 b 103 c 155 d 219 d 256 c 241 c 200 c

!/Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.



Table 6. Effect of nitrogen application rate and sampling date on total N
uptake (N uptake of whole plant).

N Date Sampled
Applied 12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(Lbs/A) Protein N (Lbs/A)

0 32 al/ 57 a 78 a 128 a 160 a 170 a 171 a

100 72 b 107 b 160 b 208 b 240 b 248 b 248 b

200 81 b 129 c 184 c 253 c 256 b 290 c 299 c

300 83 b 132 c 202 d 290 d 363 c 353 d 328 c --

1 /Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.

Table 7.

N

Effect of nitrogen application rate and sampling date on phos-
phorus uptake of roots.

Date Sampled
Applied 12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(Lbs /A) P -Roots (Lbs /A)

0 1.1 a1/ 2.0 a 2.3 a 2.6 a 7.8 a 10.9 ab 12.6 a

100 1.6 b 2.7 b 3.5 b 3.7 a 9.4 a 12.4 c 13.9 a

200 1.5 ab 2.7 b 3.0 b 3.2 a 7.5 a 11.1 bc 13.4 a

300 1.6 b 2.8 b 3.1 b 3.4 a 8.7 a 9.8 a 12.9 a

1 /Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.
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Table 8.

N

Applied

Effect of nitrogen application rate and sampling date on phos-
phorus uptake of tops.

Date Sampled
12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14

(Lbs/A) P-Tops (Lbs/A)

0 2.2 a/ 3.1 a 4.7 a 6.7 a 9.0 a 9.4 a 9.2 a

100 4.1 b 5.4 b 8.4 b 9.9 b 12.2 b 13.2 b 12.7 b --

200 4.3 b 6.6 c 9.3 bc 11.4 bc 12.0 b 14.9 b 14.9 b --

300 4.4 b 6.6 c 10.0 c 12.1 c 16.3 c 18.1 c 15.3 b --

/Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.

Table 9. Effect of nitrogen application rate and sampling date on total
phosphorus uptake (P uptake of whole plant).

N

Applied

Date
12/17/75 1/14/76 2/13

/amp1154

/15 5/14 6/15 7/14

(Lbs /A) Total P Uptake (Lbs /A)

0 3.3 al/ 5.1 a 7.0 a 9.3 a 16.8 a 20.3 a 21.8 a --

100 5.7 b 8.1 b 12.0 b 13.6 b 21.6 bc 25.6 b 26.6 b --

200 5.8 b 9.3 bc 12.3 b 14.6 b 19.5 ab 26.0 bc 28.3 b --

300 6.0 b 9.4 c 13.1 b 15.5 b 25.0 c 27.9 c 28.2 b --

I /Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.



Table 10. Effect of nitrogen application rate on yield, sucrose content
and N and P uptake for a May 14 harvest.

N Yield Total Uptake
Applied Root Sugar Sucrose N P

(Lbs /A) (T /A) (T /A) ( %) (Lbs /A) (Lbs /A)

0-1/ 26.4 a2/ 4.3 a 16.3 a 170 20.3

100 34.7 b 5.2 b 15.1 a 248 25.6

200 35.9 b 5.6 b 15.5 a 290 26.0

300 37.1 b 4.8 ab 13.0 b 353 27.9

-/Residual N as NO -N in top 4 and 6 feet of soil was estimated at 137
/and 175 lbs /A, respectively.

4 Means in columns followed by the same letter are not significantly
different at the 5% level by Duncan's Multiple Range Test.

Table 11. Effect of nitrogen application rate on yield, sucrose content
and N and P uptake for a June 15 harvest.

N Yield Total Uptake/
Applied Root. Sugar Sucrose N P

(Lbs /A) (T /A) (T /A) ( %) (Lbs /A) (Lbs /A)

0.-
1/

32.0 a?/ 5.3 a 16.7 a 182 22.0

100 39.3 b 6.4 b 16.2 ab 264 27.1

200 45.3 c 7.1 c 15.8 b 320 28.3

300 44.6 c 6.6 bc 14.7 c 369 31.0

./Residual N as NO3-N in top 4 and 6 feet of soil was estimated at 137
/and 175 lbs /A, respectively.

4. Means in columns followed by the same letter are not significantly
/different at the 5% level by Duncan's Multiple Range Test.

3/Total uptake values are based on the N and P in tops on May 14 plus
the N and P in roots on June 15.
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Table 12. Effect of nitrogen application rate on yield, sucrose content
and N and P uptake for a July 14 harvest.

N

Applied
(Lbs /A)

Yield
Sucrose

( %)

Total Uptake/
Root

(T /A)

Sugar
CT /A)

N

(Lbs /A)

O1-/ 36.1 a?/ 6.0 a 16.6 a 182

100 44.3 b 7.1 b 16.1 a 273

200 47.6 bc 7.7 b 16.1 a 324

300 48.6 c 7.2 b 14.8 b 393

?/Residual N as NO3 -N in top 4 and 6 feet of soil was estimated at 137
and 175 lbs /A, respectively.

?/Means in columns followed by the same letter are not significantly
/different at the 5% level by Duncan's Multiple Range Test.
Total N uptake values are based on the N in tops on May 14 plus the
N in roots on July 14.

Table 13. Effect of nitrogen application rate and sampling date on
petiole NO3 -N.

N Date Sampled
Applied 12/17/75 1/14/76 2/13 3/15 4/15 5/14 6/15 7/14
(Lbs /A) NO3 -N (ppm)

0 3190 a1/ 2280 a 3210 a 2670 a 580 a 580 a 570 a 500 a

100 5240 b 3830 b 3480 a 2600 a 760 a 830 ab 520 a 460 a

200 6160 c 4900 c 3910 a 3770 b 1590 b 1020 b 670 a 550 a

300 6310 c 5450 c 5470 b 4860 c 2320 c 1980 c 730 a 460 a

1 /Means in columns followed by the same letter are not significantly dif-
ferent at the 5% level by Duncan's Multiple Range Test.
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