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INTRODUCTION

Sucrose concentration of sugarbeets (Beta vulgaris L.)
grown in the U.5. varies over a wide range of 10 to 20 percent.
Within a climatic zone such as southern ldaheo, sucrose concen-
tration varies over a narrower but still wide range of 14 to
20 percent. This wvariation in sucrose concentration is due to
many factors that include wvariety (19, 24, 26), nitrogen (N)
level (18, 23), growth patterns of the crop (3, 16, 25, 29),
climatic conditions (1, 22, 28), and other factors that are not
fully understood. Refined sucrose production is based on the
product of root yield and extractable sucrose concentration.
Therefore, it is of prime importance to have practices and condi-
tions that provide adequate root growth while maintaining suf-
ficiently high sucrose percentages and purity for profitable su-

crose extraction and yield.

Sugarbeet quality, mainly due to sucrose concentration,
has been steadily decreasing in southern Idaho as well as other
sugarbeet growing areas of the U.S5. since the early 1950's (2).
This decrease in beet root quality has accompanied an increase
and in some cases, excessive use of N fertilizer for the growth
of this crop (14, 15). However, within seasons between adja-
cent fields where the total available soil and fertilizer N were
similar, large differences have been measured in sucrose 'concen—
tration and root quality. These differences in the quality fac-
tors may be due to differences in time and amount of N uptake,

irrigation levels, cultural practices or other unknown reasons.

A better understanding of the reason for this decrease in suc-
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rose concentration and quality is needed so that a reversal of
this trend can be achieved with increased production efficiency
that will economically benefit the consumer, producer, and manu-

facturer.

The objective of this study was, by the use of data col-
lected at several locations in southern Idaho since 1966, to
identify and evaluate the effect of factors and conditions that
significantly affect sucrose concentration and root quality such
as N application, N uptake, irrigation level, location, year,

and growth patterns during the growing season.
MATERIALS AND METHODS

Experiments on sugarbeets have been conducted since 1966
by scientists located at Kimberly, with experimental plots at
several locations in southern Idaho. The procedures used in
these experiments have been published in numerous articles
since the initiation of these studies. The specific procedures
used for each of these experiments can be found in the article
for the year: 1966 (6), 1967 (6), 1968 (7, 8), 1969 (7),
1971 (15), 1972 (14), 1976 (12), 1977 (11), 1978 (9), 1979 (13),
and 1980 (5). These experiments were conducted on Portneuf
silt loam soil (Durixerollic Calciorthids; coarse-silty, mixed,
mesic) with the exception of some of the plot areas in the 1971
and 1972 studies.

Most of the agronomic practices such as variety, planting
date, and irrigation level were rather uniform between years.
However. wvariation in these practices that caused significant
changes in the sugarbeet growth and yield components are given

in the tables, figures, or the discussion of this information.

In most cases, the sugarbeets (Amalgamated AHI0) were
planted in early to mid-April in either 56 or 61 cm rows and
were thinned to a 23 to 30 cm spacing in early June. Preplant
and mid-June N applications were applied as a broadcast and
sidedress application, respectively, as ammonium nitrate. Later
applications of N were broadcast as urea and moved into the

soil with sprinkler irrigation.

Alternate furrow (every other furrow and alternating
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furrows at each irrigation) or sprinkler irrigation were used.
Previous experiments (10) have indicated that the irrigation
method (furrow or sprinkler) had little effect on root and suc-
rose yields. Experimental areas were adequately irrigated (20)

except where deficit irrigation was intentionally imposed.

The sugarbeets were harvested during the season and in
October by taking 3-m row lengths or by mechanically harves-
ting larger areas of each plot at final harvest in October. All
beet roots were adequately crowned before duplicate or triplicate
root samples (16 to 18 roots per sample) were taken for purity
and sucrose analyses. The sucrose concentration in the beet
roots was determined by the Amalgamated Sugar Company (9).

The beet top, root, and crown samples were dried at 65°C
and their dry weights determined. The dried samples were
ground to pass through a 40-mesh sieve and total N was deter-
mined by the macro- or semimicro- Kjeldahl procedure (4), both
modified to include nitrate. Nitrogen uptake was estimated by
assuming that the N concentration was the same in both the
fibrous and storage roots and the weight of the unharvested
fibrous roots was equal to 25% of the total harvested storage
root weight (21).

RESULTS AND DISCUSSION

Total N uptake by the sugarbeet crop at harvest was
linearly related to the total available N (N;) that was varied
by preplant and seasonal N fertilizer addition at one location
in 1977 (Figure 1), and in 1976. This relationship also applied
when NT was varied by past N fertilizer management (14, 15).
Increasing the N available to the sugarbeet plant from residual
sources or by N addition at any stage of plant growth increased
the plant part N content and the amount of N uptake. Mid-June
and mid-July applications generally increased the efficiency and
amount of N wuptake by the plant as compared with similar
amounts applied preplant. This was probably a result of mini-
mizing the time between N application and N uptake by sugar-
beets which allowed less opportunity for N to be leached out
of the root zone, denitrified, or incorporated into the soil micro-

organisms and their by-products. Mid-August N addition at
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Figure 1. Effect of total available N (Np) on total N uptake (r=
0.99, 0.98, 0.99, 0.96 for preplant, mid-June, mid-July,
mid-August N applications, respectively). Arrow indi-
cates maximum sucrose yield for preplant N.

higher N rates decreased the N fertilizer efficiency {Ef) and

N uptake below those of other treatments which was probably

due to the short time period between N application and cessation

of active plant growth.

The wet root (Figure 2A) and dry root (Figure 2B) sucrose
concentrations and root percent dry matter (Figure 2C) at har-
vest were linearly decreased with increased total N wuptake by
the plants that was varied by preplant and seasonal N addi-
tions. Applying N during the growing season and subsequent
late season N uptake reduced sucrose percentage more than did
the N preplant application. This was particularly noticeable
from the mid-August N application. The assumption can be made
that the decrease in sucrose concentration in the wet roots with
N addition and N uptake by the plant was caused primarily
by a decrease in the dry matter concentration of the Yroots and
by a lesser but still important decrease in the sucrose concen-
tration in the dry matter. Therefore, this relationship between
N uptake level and dry matter concentration was associated with
a strong positive relationship between percent dry matter and

sucrose concentration in the beet roots (Figure 2D).

Sucrose concentration of the dry roots (Figure 3A, B) and
wet roots (Figure 3C, D) during the season was dependent upon
the N fertility level and time the N was taken up by the sugar-
beet. Increasing the N uptake by N fertilizer addition either

preplant or during the season, generally decreased both the suc-
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Figure 2. Effect of: A) Total N uptake on sucrose percentage

in the wet root (r=0.94, 0.91, 0.95, 0.92)% , B) Total
M uptake on sucrose percentate in the dry root (r=0.77,
0.66, 0.64, 0.64)t, C) Total N uptake on percent root
dry matter (r=0.87, 0.85, 0.88, 0.88)t, and
D) Percent root dry matter on sucrose percentage in
the wet root (r=0.92, 0.88, 0.84, 0.90)t. tr value
for preplant, mid-June, mid-July, and mid-August N ap-
plications, respectively. Arrows indicate maximum suc-
rose yield for preplant N.
rose concentration in the wet and dry roots from the time of
application until harvest. When 112 kg N/ha was applied pre-
plant, which was the rate for maximum sucrose yield, the suc-
rose concentration of the wet and dry roots was at legst equal
to that of the check by the end of the season. However, suc—
rose concentration generally was decreased by each increase in
the N application rate and by each delay in its application

time.

Sucrose concentration of the wet and dry roots increased
most rapidly during June and July for the check and for all
preplant N treatments. From late July until harvest, the rate
of increase in sucrose concentration of the wet roots was rather
uniform when no N was applied during this period. The rate

of increase in sucrose concentration of the beets fertilized at mid-
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Figure 3. Sucrose percentage of the dry root (A, B) and wet root
(C, D) as affected by time of sampling, N fertilizer
level, and time of N application in 1977.
season was greater during the latter part of the growing season
than those fertilized earlier. This would indicate that an ex-
tended season through good weather conditions for plant growth
during September and October in the intermountain area or
delaying harvest as long as weather conditions permit should
improve both sucrose yield and concentrations regardless of the
N nutritional status of the crop.

The decrease in the sucrose conceniration with N addition
preplant or during the season was due to a decrease in the per-—
cent sucrose of the dry matter and to a decrease in dry matter
concentration in the wet roots at all plant growth stages at one
location in 1976, 1977, and 1978 (Table 1). A change in suc-
rose concentiration between locations during the same season or
beiween seasons was also due to a change in these two compon-
ents in the beet root at harvest. Although sucrose concentration
of the dry matter influenced the sucrose concentration in the
wet roots, the major changes due to location-to-location, year-
to-year wvariation or N uptake by the plant occurred because
of a change in the dry matier concentration in the beet roots.

High sucrose concentration in the wet roots occurred when both



Table 1. Effect of N fertilizer level and time of sampling on dry matter and sucrose concentrations in sugarbeet
roots in 1976, 1977, and 1978,

N Date Sampled (% 1 day)

Year Level Component 5 July 19 July 2 Aug. 16 Aug. 30 Aug. 13 Sept. 27 Sept. 18 Oct.
Dry Matter 16.9 17.0 16.7 17.8 18.6 19.8 22.2 22.4
1976 Max. Suc. Yd.*t Sucrose, Dryl 59.3 66.1 71.1 73.5 5.0 75.4 71.8 76,6
Sucrose, Wet§ 10.0 11.2 11.9 13.1 13.9 14.9 15.9 17.1
Dry Matter 15.3 14.1 15.5 16.8 17.8 17.7 19.3 20.8
High N Sucrose, Dry 54.1 64.8 66.8 71.3 72.4 73.3 72.8 74.8
Sucrose, Wet 2.3 9.1 10.3 12.0 12.9 13.0 1401 15.6
Dry Matter 14.7 16.6 20.2 19.5 20.8 22.4 23.5 25.2
Max. Suc. Yd. Sucrose, Dry 54,1 62.2 65.9 76.3 72.8 78.1 78.3 75.6
1977 Sucrose, Wet 7.9 10.3 13.3 14.8 15.1 17.5 18.4 19.0
Dry Matter 14.0 15.1 17.8 17.8 18.7 20.1 21.9 23.5
High N Sucrose, Dry 49,1 60.3 65.3 70.6 70.4 71.7 2.4 71.5
Sucrose, Wet 6.9 9.1 11.6 12.5 13.2 14,4 15.9 16.8
Dry Mattex 14,2 17.5 20.4 22.7 22.5 21.9 22.6 24.3
Max. Suc. Yd. Sucrose, Dry 54,2 64.6 70.7 4.6 74.7 77.0 77.3 7.0
1978 Sucrose, Wet 7.7 11.3 14.5 16.9 16.8 16.9 17.5 18.8
Dry Matter 13.3 16.1 18.9 21.8 21.6 20.8 21.6 23.0
High N Sucrose, Dry 53.9 61.8 71.0 74.1 73.3 75.8 77.0 75.2
sucrose, Wet 7.2 10.0 13.4 16.2 15.9 15.8 16.6 17.3

t+Maximum sucrose yield. 1sucrose, %dry wt. § sucrose, % wet wt.

6C
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dry matter concentration and percent sucrose of the dry matter
were high and low levels of sucrose were obtained when both
of these components were low. This may be due to year-to-year
variation or to treatment within any particular year. Excessive
or late additions of N fertilizer and uptake by the plants may
make large decreases in sucrose concentration of the wet root
because there is generally a major reduction in both these com-
ponents in the roots. Therefore, any treatment or agronomic
practice that will maintain a high dry matter concentration and
sucrose level of the dry matter will assure a high quality beet
root for processing.

Sucrose concentration of the wet roots was dramatically
influenced by moisture stress of the plant during the growing
season and at harvest (Figure 4C, D). When irrigation water
was adequate, sucrose concentration increased most rapidly
during June and July and progressed at a rather constant de-
creased rate from late July until harvest. 1f an irrigation was
delayed or stopped, sucrose concentration of the wet roots
started to increase significantly above the control about 2 weeks
after the last irrigation when the surface soil became dry and
the sugarbeet leaves showed signs of water stress. The rate
of increase in sucrose concentration was generally higher
during this initial period of plant stress. Following this initi-
al large increase in sucrose concentration due to water stress,
the rate of increase was similiar to that of the control. The
increase in sucrose concentration above that in the control was
not evident when sucrose concentration was calculated on a dry
weight basis (Figure 4A, B). This indicated that the increase
in sucrose concentration as determined on a wet weight basis
was largely due to dehydration of the roots. This was further
shown in 1978 on all treatments by the decrease in sucrose con-
centration after the water application by irrigation or rainfall
to stressed plants. This demonstrated that irrigation level can
influence the dry matter and sucrose concentration in beet roots
at harvest. However, root quality may be improved by in-
creased sucrose concenfration, but sucrose yield will not be bene-

fitted by this practice.

Total N uptake by the sugarbeets at harvest was linearly
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Figure 4. Sucrose percentage of dry root (A, B) and wet root (C,

D) as affected by time of sampling and irrigation water

treatment in 1977 and 1978 (M,=farm level irrigation,

M2~.1 August water cutoff an\?ﬂ light irrigation 1 Septem-

bér, M,=1 August water cutoff, M4=15 July water cutoff.)
related to N, at each of eight sites in 1972 with the amount
and rate of N uptake varying with site and treatment (Figure
5A). The amount or rate of total N uptake with N fertilizer
(Nr) addition at each site had little relationship with the start-
ing NT values. Sucrose concentration of the roots was also line-
arly related to NT at each of the eight sites with the rate of
decrease with increased NT varying with the site (F‘ig:.lre 5B).
If the slopes of the regression lines for increased N uptake and
decreased sucrose concentration with increased NT are used in
a regression analysis, the rate of decrease in sucrose (S) con-
centration depended upon the rate of increase in total plant N
uptake (Nup} with fertilizer addition [;(a $/8 Np) =0.00055 -
0.0141 (a Nup/c. NF)‘ r = 0.89 or y(AS/bNT) = 0.00083 - 0.0094
{aNup/ﬁNr at 65% N fertilizer efficiency (Ef}, r = 0.89]. There

was very little relationship between the N,, values and the N

T
uptake at the wvarious sites and the starting (check) sucrose

concentration values in 1972 [y(%S) = 17.39 - 0.0018 Np T =
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Figure 5. Effect of total available N (Np) on total N uptake (A)
and sucrose percentage (B) at different locations in
southern Idaho in 1972. Regression line 1is Nt range
for each site. Arrows indicate maximum sucrose yield
N’I‘ level for each site.
0.221. However, a better relationship was obtained between

1971

This would indicate

[y(%8) = 19.66-

that between sites

these components at the different sites in

0.0105 Nup, r = 0.73].
and location, there was a factor or factors other than total N

uptake that was influencing the components that determine su-

crose concentration in beet roots.

When the various parameters that influence sucroses concen-—

tration in beet roots were compared at maximum sucrose vyield,

an excellent correlation generally existed between these com-

the data were obtained at one
(Table 2).

using data from different locations during the same year or at

ponents if location during any

one year If these same parameters were compared

the same Jlocation during different years, correlations were
smaller. However, the better correlations using data at all lo-
cations and years existed between the total N uptake and per-

cent dry matter or sucrose concentration of the wet roots and

between dry matter and sucrose concentration of the wet roots.



Table 2. Relation of total N uptake and percent dry matter (DM), location, and year
tion in sugarbeet roots (average values for all replications used).

to sucrose (Suc.) concentra-

Maximum Sucrose Yield

Treatment

Regression Equation

Y

Regression Equation

r
Toral N uptake (Nup) on root DM, % DM, % on Suc., % wet wt.
1+ ? = 26.73 - 0.0076 N 0.98 f = -11.47 + 1.203 DM 0.99
2% f = 25.49 - 0.0132 Moo 0.64 f = 2.45 + 0.663 DM 0.84
28 Z - 26,43 ~ 0.,0107 Moo 0.71 § -  2.72 + 0.655 DM 0.87
Ly Y = 27.45 - 0.0186 Nup 0.64 T = 3.09 + 0.641 DM 0.95
Total N uptake (NUP) on Suc., % wer wi. DM, % on Suc., % dry wt.
1 f 20,71 ~ 0.0091 o 0.98 ¢ = 26.31 + 1.924 DM 0.95
2 Z = 20.06 - 0.0113 Nup 0.69 ¢ = 87.99 - 0.475 DM 0.23
3 E = 18.84 ~ 0.0074 N 0.65 ¢ = 91,56 - 0.624 DM 0.33
4 ¥ - 20.96 - 0.0131 N 0.68 § = 92.36 - 0.644 DM 0.57
Total N uptake (Nup) on Suc., % dry wt. Suc., % wet wt(S) on Suc., % dry wt.
1 ? = 77.78 - 0.0146 N 0.93 ¢ = 43.85 + 1.643 S 0.98
2 \Af - 79.04 ~ 0.0051 Nup 0.12 ¢ = 63.04 + 0.862 S 0.33
3 E = 76.96 + 0.0046 Nup 0.16 § = 70.64 4 0.479 8 0.19
4 ¥ = 75.96 + 0.0066 Nup 0.23 ¥ - 86.73 - 0.494 8 0.29

tsame year and location.
gDifferent years and same location.

{Samt year and different locations (1971).

§Same year and different locations (1972).

LSSV AHL 40 TYNANOP
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This relationship between N uptake, percent dry matter and
sucrose concentration would indicate that the amount of N uptake
necessary to achieve maximum sucrose yield and its effect on
dry malter concentration was a major contributing factor to the
variation in sucrose concentration in the wet roots at the vari-
ous locations and between different vyears. However, other
factors were contributing to these differences in sucrose concen-

tration.

One of the closest correlations at the different locations
and different years was the effect of percent dry matter on su-
crose concentration. The effect of these factors was compared
in Figure 6. The slopes of the regression lines were essentially
the same in all but one treatment {check, 1972) when percent
dry matter was compared to sucrose concentration during differ—
ent years and locations (Figures 6B, C, D). The slopes of
these regression lines were the same as those obtained at one
location and year by plant water stress and dehydration of the
roots (Figure 6A). The slope of the regression line changed
because of N fertilizer (Nf); therefore, Nf seemed to be the
major contributing factor to the decrease in sucrose concentra-
tion due to the decrease in percent dry matter (Figure ©0A).
This was probably caused by major decreases in both percent
dry matter and percent sucrose of the dry matter with N addi-
tion. Whereas, between locations and years at maximum sucrose
yield, the difference in sucrose concentration can be attributed
more to the change in percent dry matter than to the change
in percent sucrose of the dry matter. However, because the
slopes of the regression lines were uniform and the =slopes of
these lines were less than those for N differences alone, a
factor or factors other than N level are probably major contri-
buting factors to the differences in dry matter and sucrose con-
centration at the different locations and years. Some of these
factors could be irrigation level, time of N uptake due to either
application or scil location of the available N, growth patterns
of the crop, climatic conditions during the season, or insect
damage to the roots early in the season. All of these condi-
tions could either increase or decrease the dry matter in the

roots or delay the N uptake by the plants to a period in plant
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growth where it could have increasing effect on sucrose concen-

tration.
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Figure 6. Effect of percent dry matter on sucrose percentage in
the wet root in: A) Same year and same location with
varying N and moisture levels in 1977, B) Different
years and same location (1966-1979), C) Same year and
different locations (Check and maximum sucrose yield
in 1971), D) Same year and different locations (Check

and maximum sucrose yield in 1972).
Beta varieties, varying widely in their root yield potential

and sucrose concentration, location at two
in 1980 (5)

tween dry matter

were grown at one
and showed an important relationship be-
(Table 3). There

was an inverse linear relationship between root yield and dry

N levels
and sucrose concentration
matter or sucrose concentration in sugarbeet roots grown at farm
level irrigation (Ml} and at mid- to late-season moisture stress
(M3) The the
roots was primarily dependent upon the dry matter concentration

within each N level. sucrose concentration in

within the roots with a lesser but sill important sucrose concen-

tration within the dry matter.
shown, reduced
reducing the percent
of the dry matter.

pendent upon

the sucrose concentration in
dry matter and
Therefore,

the dry matter yield at

Increased N level, as previously

by
the sucrose concentration

the wet roots
sucrose yield was primarily de-

the different irrigation
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Table 3. Effect of root yield on percent root dry matter and per-—
cent sucrose, percent root dry matter on percent sucrose,
and dry matter yield of roots on sucrose yield as af-
fected by N fertilizer level, mid- to late-season mois-
ture stress, and Beta genotype.ft

N LR M1
Fertilizer Regression equation r Regression equation r
kg/ha o] Root Yield (Yd) on Root Dry Matter, %§
196 Y = 41.1 - 0.210 Yd 0.92 Y = 39.1 - 0.197 Yd 0.91
392 Y = 36.3 - 0.154 Yd 0.95 Y = 36.2 - 0.163 Yd 0.93
Root Yield (Yd) on Sucrose, % wet wt. ¥
196 ¥ = 31.2 - 0.163 Yd  0.91 Y = 29.7 - 0.155 Yd  0.89
392 Y = 27.9 - 0.126 Yd 0.94 Y = 26.8 - 0.127 Yd 0.93
Root Dry Matter, % (DM) on sucrose, % wet wt.#
196 ¥ = -0.98 + 0.787 DM ©0.99 ¥ = -1.03 + 0.783 DM 0.98
392 Y = -1.70 + 0.812 DM 0.98 Y = -0.99 + 0.758 DM 0.97
Root Dry Matter Yield (YDM) on sucrose Yieldtt
196§ = -2.10 + 0.848 YDM 0.95 ¥ = -0.37 + 0.753 YDM 0.86
392 Y = 1.39 + 0.654 YDM 0.82 Y= 1,06 + 0.650 YDM 0.77

tTwo commercial, two experimental, two fodder beet, and two fodder
beet-sugarbeet combination varieties included in data. Whole root
(root + crown) harvested for yield determination.

IMI = Farm level irrigation, M3 = 1 August water cutoff.

ssb (Common standard error of the slopes) = 0.011, ‘Sb = 0.009,

#Sb = 0.022, *t3_ = 0.063.

b
water and N levels. This emphasizes the point that the variety
of sugarbeets grown within any climatic zone and N level can
have an influence on the sucrose concentration and yields ob-
tained.

Within any climatic zone, season, and variety, the major
contributing factors that affect sucrose concentration is the a-
mount of N uptake by the plant, the plant growth period of the
N uptake, and the water status of the plant. Petiole NOS-N is
an excellent indicator of the N status of the crop at any time
during the growing season (27). The level and the rate of
change in petiole N03-N reflects the net uptake and N assimila-
tion rates. Therefore, the accumulative effect of both time and
N uptake rate is taken into consideration when petiole N03-N
is used to determine the effect of N on sucrose concentration
and growth patterns of sugarbeets. The N status late in the sea-

son can be predicted from soil and petiole samples (17) or



300 JOURNAL OF THE AS.S.B.T.

petiole samples (6) taken earlier in the season. Sucrose concen-
tration at harvest at one location during the same year (1968)
was shown to be inversely related to the amount of N fertilizer
that was applied preplant (r = 0.99), to the NO,-N concentration
on 21 August (r = 0.96), and to the average (r = 0.99) or inte-
grated average (r = 0.99) petiole NOs—N from 8 July to 21
August (8). In the work described, petiole NO3—N was used to
determine the N status throughout the season at maximum su-
crose yield for sugarbeets grown with adequate water at differ—
ent locations during the same year (Figure 7B) and at the same
location (Kimberly) during different years (Figure 7A). High
sucrose concentration, in every case, depended upon an early
No (peak N03—N concentration) and upon a decline to a low NOS-
N level during the latter part of the growing season. The peak
concentration, No' was attributed to high available soil and
fertilizer N and a low rate of N use by the plant which usually
occurred during the early growth stages. If this peak concen-
tration is delayed due to known or unknown problems in plant
growth, low sucrose concentration in the roots may occur. The
level of NOs—N in the petioles at N0 seems to have little effect
on the sucrose concentration provided that the rate of decline
in petiole N03—N is high enough so that low levels are obtained
during the latter part of the growing season. The critical low
range for N03—N has been established at 1000 ppm (27) and
experience in this area indicated that petiole NO3—N should be
near 1000 ppm by 20 August to maximize yields, sucrose concen-
tration, and purity. A better method of determining the N
status for high sucrose concentration may be the use of the aver-
age or integrated average petiole NOS—N during August when the
maximum sucrose is being partitioned to the roots for storage
EEL ) The integrated average is preferred because it can be
predicted at mid-season using the given equation (Figure 7).
Generally, the petiole NOS—-N concentration during August was
associated with the level of sucrose concentration at harvest
at any one location. However, there was variation caused by

site location.

Maximum sucrose yield was obtained at rather high petiole

NOS-N levels late in the season at some locations where added
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Figure 7. Effect of year (A) and location (B) on the NO,-N concen-
tration in sugarbeet petioles and its effect on sucrose
concentration in the wet roots. +N is the NO3-N concen-
tration at time t, Ng is the concentration at the first
sampling date after the peak occurs, t is any time after
the first sampling date, and C is a constant for any
given treatment or beet field (6)

AR -Ct -Ct s

. (e [2": 1) where N is the integrated average
T 2

(8) petiole NO,-N, t, = 8/1, £, = 9/1.

N was necessary to achieve yield benefits. This was probably
caused by high levels of N being available from residual sources
in the lower soil profiles caused by past management practices
that resulted in N accumulation. This resulted in low sucrose
concentration on all treatments including the zero-N treatment.
Yield benefits were achieved by fertilizer application to a N
deficit surface soil by its effect on early plant growth. In
every case, where the field was prepared for sugarbeets by

growing a grain crop without fertilizer (1968b, 1971, 1977,
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1978), maximum sucrose yield was obtained at low levels of pe-
tiole NO3-N during August resulting in high sucrose concentra-

tion at harvest.

The results of these experiments at several different locations
and vyears showed that sucrose concentration in the sugarbeet
roots was the result of the level of dry matter concentrations
and the sucrose concentration within the dry matter of the
roots. Within any climatic zone, these factors are normally con-
trolled by the effect of N level on plant growth and the irriga-
tion water level imposed on the plants. Optimum N levels
applied early in the growing season will cause early N uptake
and plant growth. Early plant growth will optimize leaf area
early in the season when solar energy is highest. Under these
conditions, photosynthate production will be maximized for the
location resulting in high sucrose concentration and vyields.
Addition of excess N or N uptake late in the season when sucrose
storage is highest, will result in the energy from solar radia-
tion being used for top growth rather than for sucrose storage
causing lower or low sucrose concentration within the roots.
These effects of N on sucrose concentration directly affects the
root and sucrose yields. However, increased sucrose concentra-—
tion within the roots by moisture stress placed on the roots by
limiting irrigations, is basically caused by dehydration of the
roots and has little, if any, effect on sucrose production at

harvest.

In the production of high quality roots, it is extremely im-
portant that fields be selected for the growth of this crop that
have low levels of residual N at all soil depths that are within
the root zone of sugarbeets. Fields where past management has
applied too much N for the crop grown or has leached the N to
lower depths within the profile, should be avoided in sugarbeet
production. Soil testing at all depths within the root zone of
sugarbeets would be advantageous and would locate fields favor-
able for quality beet root production. However, soil testing by
universities commercial consultants, and fertilizer companies
do not normally sample or recommend sampling below 60 cm.

Past cropping and N fertilizer management provides an alternate



VOL. 21, NO. 3, APRIL 1982 303

way to determine the fields that are favorable or unfavorable
for sugarbeet production if the actual soil N levels are not a-

vailable.

Fields where a grain crop such as wheat, barley, or corn
was grown without N fertilizer or under optimum N fertilization
for the crop, have been shown to use up most of the surface
and deep N and if the subsequent sugarbeet crop is fertilized
according to a reliable soil test, high quality sugarbeet roots
should be produced. Whereas, fields where legumes or shallow
rooted crops such as potatoes were grown with N fertilizer ad-
dition, could contain high levels of N in the lower soil profile
and may be detrimental to the production of high quality sugar-

beet roots.

The sucrose concentration in the beet roots has been shown
to be highly dependent upon the total N uptake and the time
the N is taken up by the plant. Within any field, excellent
relationships exist between N uptake and sucrose conceniration
in the roots. However, between fields and years, total N up-
take gives only an indication of sugarbeet quality because of
the effect of residual N and its location within the profile.
Petiole NO3-N reflects the net effect of N uptake and assimilation
rates, and the time that the N is taken up by the sugarbeet.
Therefore, an accurately determined petiole NO3-N for the entire
season by methods proposed should give a predictable indication
of the quality of the beet root at harvest from samples taken
early in the season. However, additional research is needed so
that climatic factors between locations and years, and the
actual N uptake can be considered for more accurate‘ predict-
ability of actual sucrose concentration in the sugarbeet roots

at harvest.
SUMMARY

Data collected at several locations in southern Idaho since
1966 on sugarbeets (Beta vulgaris L.) were used to identify and
evaluate the effects of factors and conditions that significantly
affect sucrose concentration and root quality such as N applica-
tion, N wuptake, irrigation levels, location, year, and growth

patterns during the growing season. Optimum N application
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applied preplant or during the early plant growth stages,
maintains sucrose concentration to a near maximum level for
the season. Excessive and late N fertilizer application and
plant N uptake from fertilizer or residual N sources caused an
increasing proportion of the photosynthate to be wused for top
growth at the expense of sucrose accumulation in the roots.
Increased sucrose concentration caused by irrigation water deficit
results from dehydration of the beet roots and does not increase
sucrose yield. Fields used for sugarbeet growth should be care-
fully selected so that the surface and subsoil contain low levels
of residual N and N should be applied to these fields in a-
mounts needed for maximum sucrose yield as determined by soil
tests. Petiole NOS—N reflects the net effect of N uptake and as-
similation rates, and the time that the N is taken up by the
sugarbeet plant indicating that it can be used to predict su-
crose concentration within the roots at harvest.

LITERATURE CITED
(1) Akeson, W. R. 1981. Relationship of climate and su-

crose content of sugarbeet roots. J. Am. Sugar Beet
Technol. 21:27-40.

(2) Alexander, |. T. 1971. Factors affecting quality.
p. 371-381. In : R. T. Johnson, ]J. T. Alexander, G.
E. Rush, and G. R. Hawkes (eds.). Advances in Sugar-
beet Production: Principles and Practices. The lowa

State Univ. Press, Ames.

(3) Bergen, P. 1967. Seasonal patterns of sucrose accumu-
lation and weight increase in sugar beets. ]. Am. Soc.
Sugar Beet Technol. 14:538-545.

(4) Bremner, J. M. 1965. Inorganic forms of nitrogen.
S C. A." Black ' (ed.). Methods of Soil Analyses.
Part 2, Agronomy 9:1179-1237. Am. Soc. Agron:, Madi-
son, WI.

(5) Carter, ]. N., D. L. Doney, and ]. C. Theurer. 1982.

Potential alcohol production from Beta vulgaris genotypes
as affected by nitrogen level and water stress. ]J. Am.
Soc. Sugar Beet Technol. 21:

(6) Carter, J. N., M. E. Jensen, and 5. M. Bosma. 1971.
Interpreting the rate of change in nitrate-nitrogen in
sugarbeet petioles. Agron. ]. 63:669-674.

(7) Carter, J. N., M. E. Jensen, and S. M. Bosma. 1974.
Determining nitrogen fertilizer needs for sugarbeets from
residual soil nitrate and mineralizable nitrogen. Agron.
J.  66:319-323.



VOL. 21, NO. 3, APRIL 1982 305

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

Carter, J. N., M. 'E. Jensen, B. ']. ' 'Ruffing, 5. M.
Bosma, and A. W. Richard. 1972. Effect of nitrogen
and irrigation on sugarbeet production in southern
ldaho. ]. Am. Soc. Sugar Beet Technol. 17:5-14.

Carter, J. N., M. E. Jensen, and D. ]. Traveller.
1980. Effect of mid- to late-season water stress on
sugarbeet growth and yield. Agron. ]. 72:806-815.

Carter, J.., N.,. C.. H. Pair, ~and D...T. Westermann.
1975. Effect of irrigation method and late season ni-
trate-nitrogen concentration on sucrose production by
sugarbeets. J. Am. Soc. Sugar Beet Technol. 18:332-
342.

Carter, ]J. N. and D. ]J. Traveller. 1981, Effect of time
and amount of nitrogen uptake on sugarbeet growth and
yield. Agron. ]J. 73:665-671.

Carter, J. N., D. ]J. Traveller, and 5. M. Bosma. 1978.
Sugarbeet yield and seasonal growth characteristics as
affected by hail damage and nitrogen level. J. Am.
Soc. Sugar Beet Technol. 20:73-83.

Carter; ']J. N., D. J. ‘Traveller, and' R. 'C. Rosenau.
1980. Root and sucrose yields of sugarbeets as affected
by mid- to late-season water stress. J. Am. Soc. Sugar
Beet Technol. 20:583-596.

Carter, J. N., D. T. Westermann, and M. E. Jensen,
1976. Sugarbeet yield and quality as affected by nitro-
gen level. Agron. ]J. 68:49-55.

Carter, ]J. N., D. T. Westermann, M. E. Jensen, and
5. M. Bosma. 1975. Predicting nitrogen fertilizer needs
for sugarbeets from residual nitrate and mineralizable
nitrogen. J. Am. Soc. Sugar Beet Technol. 18:232-244.

Eolletty RUVWSRL; W. “R¥*SchniehlyVand PG, “Viets, Jr.
1970. Seasonal leaf area, dry weight, and sucrose ac-
cumulation by sugarbeets. J+ Am. Soc. Sugar Beet
Technol. 16:235-252.

Giles, J. F., A. E. Ludwick, and ]J. O. Reuss. 1977.
Prediction of late season nitrate-nitrogen content of
sugarbeet petioles. Agron. ]. 69:85-88. -

Hills, F. J., and A. Ulrich. 1971. Nitrogen nutrition.
p. 111-135. In: R. T. Johnson, ]J. T. Alexander, G.
E. Rush, and G. R. Hawkes (eds.). Advances in Sugar-
beet Production: Principles and Practices. The lowa
State University Press, Ames.

Tamess B, W., B. L. Doney, J. C¢ Theurer, and R. L.
Hurst. 1978. Sugarbeet genotype, N, and soil moisture
availability interactions in components of beet yield and
quality. Agron. ]J. 70:525-531.

Jensen, M. E., D. C. M. Robb, and C. E. Franzoy.
1970. Scheduling irrigations wusing climate-crop-soil
data. J.. Irrig. Drain. Div., Am. Soc. Civ. Eng.
96(1R1):25-38.



(21)

(22}

(25)

(26)

(27)

(28)

(29)

JOURNAL OF THE ASS.B.T.

Kelley, ]. D., and A. Ulrich. 1966. Distribution of
nitrate nitrogen in the blades and petioles of sugarbeets
grown at difficient and sufficient levels of nitrogen.
J. Am. Soc. Sugar Beet Technol. 14:106-116.

Loomis, R. S., A. Ulrich, and N. Terry. 1971. Environ-
mental factors. p. 19-48. In: R. T. Johnson, J. T.
Alexander, G. E. Rush, and G. R. Hawkes (eds.).
Advances in Sugarbeet Production: Principles and Prac-
tices. The lowa State Univ. Press, Ames.

Milford, G. F. and D. ]. Watson. 1971. The effect of
nitrogen on the growth and sugar content of sugar-beet.
Ann. Bot. 35:387-400.

Oldemeyer, R. K., A. W. Erichsen, and A. Suzuki.
1977. Effects of harvest date on performance of sugar-
beet hybrids. J. Am. Soc. Sugar Beet Technol. 19:294-
306.

Storer, K. R., W. R. Schmehl and R. ]. Hecker. 1973.
Growth analysis studies of sugarbeet. Colorado State
Univ. Exp. Stn. Tech. Bull. 118,

Theurer, ]. C. 1979. Growth patterns in sugarbeet pro-
duction. J. Am. Soc. Sugar Beet Technol.  20:343-367.

Ulrich, A. 1950.  Critical levels of sugar beets esti~
mated from analysis of petioles and blades, with special

reference to yields and sucrose concenirations. Soil Sci.
69:291-309.

Ulrich, A. 1952. The influence of temperature and
light factors on the growth and development of sugar
beets in conirolled climatic environments. Agron. .
44,:66-73.

Wyse, R. 1979. Parameters controlling sucrose content

and yield of sugarbeet roots. J+ Am. Soc. Sugar Beet
Technol. 20:368-385.



