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INTRODUCTION

Sugarbeets (Beta vulgaris L.) produce maximum sucrose only
if nitrogen (N) is available in the proper amount at the proper
time. A slight N deficiency during the middle of the growing
season may not be detrimental (4); however, a severe deficiency
will reduce root yield (4, 5}, Low available N late in the grow-
ing season promotes sucrose accumulation and only slightly

reduces root yield (7, 8).

Soil testing for nitrate-nitrogen (NO3—N) content is a proven
and widely used practice in the drier sugarbeet growing areas
(1, 3, 5). For research purposes, soil samples have been taken
to a depth of 0.6 to 1.B m or to & limiting layer (5, 9). In
many situations, a sample to 0.3 to 0.6 m depth is adequate
because the highest concentration of NO3 ~-N is near the surface
(9). Sugarbeets used N to a 135-cm depth in a -permeable, sandy
loam (1) and to 152-cm in a silty clay (11} In Colorado, ferti-
lizer N did not increase recoverable sucrose when soil residual
NO3=N was 120 kg/ha or higher to a 60-cm soil depth (3).
Residual NO:5 ~-N levels were quite variable over short distances

in Colorado fields (12). «

Pullman c¢lay loam, the predominant sugarbeet soil on the
Texas High Plains, 1is very slowly permeable with almost no
leaching even wunder irrigation. Therefore, NO3 ~N accumulates in

this soil if amounts supplied by fertilization and mineralization
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exceed amounts removed by crops. Residual NOS—N amounts of 400
kg/ha to a l-m depth are not uncommon, Sugarbeets grown on
Pullman soil frequently have increased petiole NOsz contents and
top growth in the fall. This effect 1s not due to flushing of
surface accumulated NOB—N into the roct zone by late season rain-
fall (16) as can occur in drier climates (14). Furrow irrigated
sugarbeets on Pullman scil frequently have larger, greener fops
on the lower end of the field near harvest than on the upper end.
The implications of this condition on sucrose content have not been

reported previously.

Personnel at Holly Sugar Corporation soil sample every
prospective sugarbeet field in the Texas High Plains to a 120-cm
depth, take petiole samples for NO34»N determination, and determine
brei NO3 -N (root I\SO3 -N) content at harvest. Because of Holly's
concern for N management, local sugarbeet growers have been
aware of the problem for many vyears. Unfortunately, little
improvement has been made and Texas' sugarbeets consistently

average below 5% sucrose.

The objective of this researcn was to better delineate the
N management problem and determine how to produce high-sucrose

sugarbeets while maintaining root yield.

MATERIALS AND METHODS

?

Ten nitrogen rate trials (experiments 1 to 10, Table 1} were
conducted on Pullman clay leam (i5) at Bushland, Texas, in 1972
to 1979. These trials had four to eight repiications and a mini-
mum plot size of 3 m wide by 9 m long with rows 75 cm apart.
All  data were collected from center rows Ammonium nitrate
fertilizer was agpplied preplant or broadcast and lightly i;dcot'por—
ated prior to thinning. Sugarbeets ('HHIO', 1972; ‘HH23', 1973;
and 'Meno-Hy D27, 1974 to 1979) were seeded in March or April
and harvested in wWovember with a lifter-wheel harvester. The
preczeding crop was winter wheat ex¥cept expeciment 2 ({grain
sorghum) and experiment 3 (corn for silage). From 36 to 80 soil
cores were taken from the plot area of each experiment in
Oecember or January prior to planting sugacbeets. These cores
were taken to depths of 1.8 m the first 2 years and to 3.0 m

thereafter.
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Table 1. Sugarbeet response to residual and fertilizer nitrogen on
Pullman clay loam soil at Bushland, Texas.

Preplant
Experi- Sucrose Optimum Residual NO3_N
ment Yield Nitrogen Depth m Root Suc~
Number Year Responsea Rate” 0-1.2 1.2-1.8 1.8-3.0 Yield® roseC
% kg/ha -—————— kg/ha ——— metric %
tons/ha
1 1972 0 0 174 50 76 14.7
2 1972 14 112 75 35 - 72 16.1
3 1973 27 168 83 38 - 65 17.0
4 1974 26 134 64 101 54 72 14.6
5 1875 91 235 40 29 38 63 17.5
6 1975 42 157 38 174 222 64 15.5
7 1978 148 291 22 11 22 100 17.4
8 1979 134 246 26 13 24 96 17.5
9 1979 7 34 156 177 131 83 15.3
10 1979 13 67 172 38 47 87 17.8

a . . . . .

Percent increase in sucrose yield at optimum nitrogen rate com-—
pared to check. All responses significant at 5% level except
experiments 1 and 9.

b, L
Nitrogen rate that maximized sucrose yield.

< . : 5 . :
Root yield and sucrose % at the optimum nitrogen rate.

in 1975, for experiments 5 and 6, one core was taken from
each plot of all four replications tc depths of 3.0 m before plant-
ing, after harvest, and on five dates during the growing season.
The plots were & m (eight rows) wide and 12 m long. Soil
samples were taken from one side (four rows) of the plot and
yield samples from the other four rows, Peticle nitrate content
was determined by taking 20 petioles/plot from all reps at one

month intervals.

All soil samples were dried, extracted with 0.1 N KCi, and

ppm NO,-N content was determined by autcanalyzer (6).

3

in 1977, root and soil samples were coilected from 10
commercial fields within 50 km of Bushland and two research
fields at Bushland. All fields were watered by graded furrows
with water applied on one end (upper end) and flowing to the
other end (lower end). The commercial fields were 600 to 700 m
long and samples were taken 75 m from each end. The research
fields were 200 and 310 m long and samples were taken 25 m from

5

each end. Sugarbeets from a .9-m? area were harvested for yield
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determination at each sampling site. Soil samples for NO3 -N
determination were taken from the center of each harvest area

to a depth of 1.8 m.
RESULTS AND DISCUSSION

Response to fertilizer nitrogen was dependent on the amount
and distribution of residual soil NOS—N. Sucrose yield was more
than doubled by N fertilization when residual NO3—N was low to a
depth of 3.0 m (experiments 7 and &, Table 1). There was little
response to fertilizer N when residual NO:3 -N exceeded 210 kg/ha

in the 0 to 1.8 m soil profile, provided the NO,-N was properly

3

distributed. In experiments 1 and 10, most of the residual NOS-N
was near the surface and response to fertilizer N was small.
In experiment 6, there was excessive deep NO3-N; however, the
upper 1.2 m profile was low in NO3 -N and fertilizer N was
required to avoid severe early season N deficiency. It appears
that a minimum of 170 kg/ha of residual or fertilizer N must be
available to sugarbeets early in the growing season on Pullman
clay loam soil to avoid early nitrogen deficiency even when there

is excessive NOg-N below 120 cm.

Detailed soil and petiole NO -N samples taken in 1975 help
to explain the problems encountered with residual NO3~N. Sugar-—
beets did not wuse significant amounts of residual NO3 -N  from
deeper than 1.2 m until August (Figure 1). Sugarbeets in the
unfertilized check plots in experiment 6 were visibly N deficient
in late June and grew slowly until late August at which time
top growth greatly increased. In this case, fertilizer N was
needed to maintain growth during June, July, and August even
though there was excessive NO3‘N below 1.Zm. From Auguwst until
harvest in November, NO3 -N in the 1.2 to 2.7 m depth was
utilized (Figure 1). Where deep nitrate was excessive (experiment
6}, petiole nitrate content increased during the fall and sucrose

content was 2.0% points less than with experiment 5 (Table 2).

Sucrose content was more than 2.0% points less in 1979 when
excessive deep residual NO3 -N was present (Table 1). High
sucrose content is possible on Pullman soil if N is properly con-
trolled as evidenced by the fact that sucrose content was 17% or

higher in half of the experiments with concurrent high root yield
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Figure 1. Time course of soil NO3-N under sugarbeets on Pullman clay

loam in experiments 5 and 6 in 1975.

(Table 1j.

Early season root extension of sugarbeets on Pullman Clay

loam 1is probably limited by the dense B22t horizon from 20 to 60

Table 2. Root yield, surcrose %, and petiole nitrate of sugarbeets

grown on Pullman clay loam with 1low residual

nitrate

experiment 5) and high residual nitrate (experiment 6) at

Bushland, Texas in 1975.

Experi-  Applied Petiole NO,-N

ment Nitrogen  Root 3
Number Rate Yield Sucrose 3 July 1 Aug. 4 Sepr. 2 Oct.
kg/ha metric % R el 034731} (103)
ton/ha
5 0 33.244 17.7a 2.0¢ 0.5b 0.7b 0.6b
78 46.1c 17.5a 2.6¢ 0.5b 0.7b 0.4b
157 56.4b 17.4ab 8.0b 1.2b 1.0b 0.9b
235 63.1a 17.5a 15.4a 5.2a 2.0b 1.2ab
314 63.4a 17.2b 19.5a 7.0a 4.2a 2.ba
6 6] 45.0¢ 15.5a 1.6¢c 0.8d 1.5b 10.8a
78 51.5b 15.8a 43¢ 3.1c 1.3b 6.2b
157 63.8a 15.5a 9.9b 4.1bc 2.2b 6.2b
235 63.6a 15.2ab 12.4b 5.4ab 4,6a 10.3a
314 65.0a 14.6b 17.1a 7.8a 5.8a 1l.7a

a s
Treatment means followed by the same letter are not signifi-

cantly different by Duncan's test at 5% level.
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cm. Below 60 cm the soil is more friable. Eck and Taylor (2)
plowed Pullman clay loam to 90 cm to disrupt the B22t horizon.
Sorghum used water to a 2.4~m depth on the modified soil compared
to 1.3 m on the unmodified soil. Sugarbeet root extension in
Pullman clay loam seems to be more rapid after August than before
(Figure 1J. Thus, the physical characteristics of Pullman clay
loam may inhibit the use of deep residual NO3-N until late in the
year when reduced N avaiiibility would be desirable.

Sugarbeet growers on furrow irrigated Pullman soil face
another serious problem with N management. Many fieids are
650 m long and tend to have more residual NO%—N on the lower end
than on the upper end. The ten commercial f{elds sampled in 1977
had twice as much residual NO,-N on the lower than on the upper
end after sugarbeet harvest. i Average sucrose content was 14.2
and 12.8% on the upper and lower ends, respectively (Table 3).
The five worst fields averaged 2.5% points lower sucrose content
on the lower end. In 1978, one 700-m long field had sugarbeets
with 18.3% sucrose on the upper end and 13.5% on the lower end.
Soil  sampling anrd fertilizing a field in four or five segments

would eventually help to alleviate this problem.

esidual
7.

Table 3. Field position effects on sugarbeet performance and

.
nitrate nitrogen remaining at sugarbeet harvest in 197

Field Root Residual

, ; , NO,, ~-Nd
Location Position Yield Sucrose 3
metric % kg/ha
rons/ha
Commercial’ Upper 5la 14.2a 43b
Lower 44b 12.8b 83a
Researcbb Upper 66a 15.6a 25a
Lower 67a 15.6a 28a

a . . .
A mean of 10 commercial fields near Bushland, Texas.

b

A mean of research fields at Bushland, Texas.

“Upper refers to the end of the field where irrigation water was
applied. Water then ran down graded turrows to the lower end.

d, . . . , -
Nitrate-nitrogen in the O to 1.8 m soil profile at sugarbeet
harvest.

The foregoing data indicate two major N management problems
with Pullman soil that are not now being adequately considered.

e most difficult problem exists if excessive NO,-N is present

3
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below 1.2 m. Systematic variability in residual N{33—I‘J level withip
a field will compound the problem. Many fields undoubtedly
have both problems and also significant random variability in

residual ?JQ%—N as well,

Sugarbeets are usually grown in a 5-year or longer rotation

with corn,

wheat, or cotteon The grain crops do nol
reot much below 1% m on Fullman cla loam ard must have
adequate, readily avnuilable N to produce satisfactory vyields.
Therefore, when sug.rbeets are grown in rotation with grain
crops, no remcval cf deep \IO,3 -N can be expected and reducing
systematic variability in surfa\cr? NOA{WN will require rigorous soil
sampling and precisicn fertilization. This program could event-
ually sucread if the occasional sugarbeet crops were relied on to
eventually remove deep NOS’MN and N fertilization were adequately
controlled.  The grower would need to understand why his sugar-
beets had lower than maximum sucrose when the 0 to 1.2 m soil
sample showed no excessive NQ3 ~N. Soil sampling below 1.2m
would be prohibitatively slow and expensive and would not be of
much value since a minimum level of available N wmust be
maintained in the 1.2 m profile for satisfactory growth of all

crops.

Growing alfalfa in a «cropping sequence may be the best

way to remove excess profile NO,-N even though it is a legume.

3
Alfalfa will remove NQQ) ~N from Pullman scil to a depth of 1.8 m
the first year and 3.6 m the second (10). In  Northeastern

Colorade, soil NO, -N content uvnder alifalfa was near zero, lower

3

than under any other irrigated crop (13). Since all NC

34\] would
probably not be removed during the first drying cycle, heavy
irrigation might be required overwinter to rewet the profile and
allow further N03 -N removal. Alfalfa should reduce random and
systematic NO, -N wvariability within a field with less chance of
yield reductio; due to N deficiency. A grain crop might need to
be grown for one year between alfalfa and sugarbeets to reduce
N released by decomposition of the alfalfa. Field research is

needed to determine if alfalfa will perform as suggested,
LITERATURE CITED

(0 Anderson, F d.. & 4. FPetersor, and M. 4 Olsor. 1972,



48

(2)

(3)

(4}

(11}

(12}

(13)

(14)

(15)

JOURNAL OF THE AS.SB.T.

-
Uptake patterns of ]VJN tagged nitrate by sugarbeets as
related to scil nitrate level and time. ]. Am. Soc. Sugar
Beet Technol. 17:42-48.

Eck, H. V. and H. M. Tayler. 1969. Profile modification
of a slowly permeable soil. Soilt Sci. Soc. Am. Proc.

33:779-783.

Giles, 1. F., ]. O. Reuss, and A. E. Ludwick. 1975. Pre-
diction of nitrogen status of sugarbeets by soil analysis.
Agron. J. 67:454-459.

Hills, F. J., G. V. Ferry, A. Ulrich, and R. S. Loomis.
1963. Marginal nitrogen deficiency of sugarbeets and the
problem of diagnosis. J. Am. Soc. Sugar Beet Technol.
12:476-484.

James, D. W., A. W. Richards, W. H. Weaver, and R. L.
Reeder. 1971. Residual soil nitrate measurement as a
basis for managing nitrogen fertilizer practices for sugar-
beets. J. Am. Soc. Sugar Beet Technol. 16:313-322.

Kamphake, L. J]., S. A. Hannah, and ]. M. Cohen. 1967.
Automated analysis for nitrate by hydrazine reduction.
Water Res. 1:205-216.

Loomis, R. S. and D. J. Nevins. 1963. Interrupted nitro-
gen nutrition effects on growth, sucrose accumulation, and

foliar development of the sugarbeet plant. J. Am. Scc.
Sugar Beet Technol. 12:309-322.
Loomis, R. S. and A, Ulrich. 1962. Responses of sugar-—

beets to nitrogen deficiency as influenced by plant
competition. Crop Sci. 2:37-40.

Ludwick, A. E., P. N. Soltanpour, and ]J. O. Reuss. 1977.
Nitrate distribution and variability in irrigated fields of
northeastern Colorado. Agren. ]. 69:710-713.

Mathers, A. C., B. A. Stewart, and B. Blair. 1975. Nitrate
-nitrogen removal from soil profiles by alfalfa. . Enviro.
Qual., 4A:403-405.

Moraghan, J. T. 1972. Water use by sugarbeets in a semi-
arid environment as influenced by populations and nitrogen
fertilizer. Agron. ]. 64:759-762.

Reuss, J. O.. P. N. Soltanpour, and A. E. Ludwick. 1977.
Sampling distribution of nitrates in irrigated fields,
Agron. ]. 69:588-592.

Stewart, B. A., F. G. Viets, Jr., G. L. Hutchinson, W. D.
Kemper, F. E. Clark, M. L. Fairbourn, and F. Strauch.
1967. Distribution of nitrates and other water pollutants
under fields and corrals in the middle South Platte Valley
of Colorado. USDA-ARS 41-134.

Stout, M. 1964. Redistribution of nitrate in soils and its
effects on sugarbeet nutrition. J. Am. Soc. Sugar Beet
Technol. 13:68-80.

Taylor, H. M., C. E. Van Doren, C. L. Godfrey, and ]. R.
Coover., 1963. Soils of the Southwestern Great Plains field
Station. Tex. Agr. Exp. Stn. MP-669.



VOL. 21, NO. 1, APRIL 1981 10

(16) Winter, S. R. 1975. Influence of nitrogen placement and
source on surface nitrate accumulation and sugarbeet pro-
duction. J. Am. Soc. Sugar Beet Technol. 18:343-348.



