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In the desert valleys of central and southwest Arizona and 
southern California sugarbeets are planted primarily in September 
and October although some acreage, mostly where replanting is 
necessary, is planted as late as November. Stand establishment is 
usually more difficult in early September than in later plantings 
because of high temperatures and high soil salinities in these areas 
(2,4)3. August plantings, although advantageous for early harvest 
(6, 8), are limited because of the need for a 30-day beet-free period 
during the year to prevent carryover of virus yellows diseases (7). 

Harvest of beets in these desert areas extends from late April 
through July. Root yields are generally low when harvest is earlier 
and root quality tends to decline when harvest is later than mid­
July. Harvest is completed by the end ofJuly to allow for the 30-day 
beet-free period before planting starts the following season. For ef­
ficient factory operation in these areas, it is desirable to harvest and 
deliver beets daily over as long a period as possible. Stockpiling of 
beets for extended periods as is done in cooler areas is not possible 
in the fall-planted areas of Arizona and California. 

The proper management of nitrogen (N) fertilizer is a major 
factor in maximizing the production of sugar. Supplies of N must 
be readily available during early and mid-season to promote root 
and top growth. However, beets must become deficient in N prior 
to harvest to obtain maximum sucrose concentration. Hills and Ul­
rich (5) concluded that petiole N0 3-N concentration should be 
below 1000 ppm for 4 to 6 weeks before harvest. 

For both successful stand establishment and efficient factory 
operation, it would be desirable to delay planting until late Sep­
tember or later and encourage rapid growth so that good yields 
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could still be obtained early in the season. The objective of this 
study was to determine the effect of delayed planting dates and 2 N 
rates on sugarbeet yield and quality on different harvest dates. 

Materials and Methods 

Sugarbeets were grown during 1973-74, 1974-75, and 1975-76 
on Laveen loam at the University of Arizona Agricultural Experi­
ment Station, Mesa, Arizona. The cultivar used, US H9B, produces 
excellent yields but generally lacks sufficient bolting resistance for 
September plantings in central Arizona. Four planting dates in 
September and October were compared each year. Sugarbeets were 
planted on 30-inch beds and seedlings were thinned to 8 to 12 
inches apart. Soil moisture was supplied by furrow irrigations. 

Nitrogen fertilizer was applied at rates of 20 and 100 lbs per 
acre. Each year, the plot area received a preplant application of 20 
lbs of Nand 38 lbs of P per acre as 11-48-0 fertilizer. An additional 
80 lbs of N per acre (as ammonium nitrate) was sidedressed on one­
half of each planting-date plot in January. Prior to planting, soil 
samples were collected in one foot increments to a depth of four feet 
and were analyzed for N0 3-N content as described by Bremner (3). 
There were approximately 170, 220, and 130 lbs of residual N per 
acre in 1973-74, 1974-75 and 1975-76, respectively. Petioles were 
collected at harvest and analyzed for N0 3-N concentrations with a 
nitrate-specific ion electrode using the procedure described by 
Baker and Smith (1). 

Plots were sampled on three dates corresponding to early-, 
mid-, and late-season commercial harvest periods. On each date, 
beets from 28 feet of row per plot were harvested and root yield, su­
crose concentration, and sugar yield were determined. One sample 
of 8 to 10 roots per plot was analyzed for sucrose concentration by 
Amstar Corporation, Spreckels Sugar Division. The expeI,;imental 
design was a split-split plot in randomized complete blocks repli­
cated six times. Main plots were planting dates, sub plots were N 
rates, and sub-sub plots were harvest dates . 

Results and Discussion 

Root and sugar yields were high each year ; however, yields 
were unusually high in the 1973-74 season (Tables 1, 2 and 3). The 
outstanding crop produced that year may have been due, in part, to 
the occurrence of above-normal temperatures during the winter 
and spring seasons, although favorable temperatures also occurred 
in the 1975-76 season without a similar effect on yield. This was 
probably due to a combination of factors including insufficient N 
and a light to moderate western yellows infection in the spring. 
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rTable I.-Effect of planting date, N rate, and harvest date on root yield, sucrose concentration, gross sugar yield, and petiole N03-N in 1973­
t-o74. .0 

ZRoot Yield Sucrose Concentration Gross Sugar Yield Petiole N03-N 0 
Harvest Date Harvest Date Harvest Date Harvest Date 

Planting N 
Date Rate May June July May June July May June July May June July >

'" ~ 
I,hs N / A Tons / Acre % Tons/Acre ppm r 

...... 
Scpt.7 20 33 .6 40 .7 50 .8 15.95 17.17 17.03 5 .36 6.99 8 .65 310 350 820 c.o 

100 35.2 43 .6 50 .3 14.82 17 .02 16.77 5.22 7.42 8.44 00440 910 -..J 
~ 

Avc . 34.4a 1 42.2a 50.6a 15 .39a 17 .10a 16.90a 5 .29a 7.21a 8.55a 380 440 870 

Sept. 21 20 30.5 38.6 50.2 15.50 17.1 5 16.68 4.73 6 .62 8 .37 350 360 730 
100 32.5 43.0 48.8 14.52 16.43 16.77 4.72 7.06 8.18 800 610 940 

Ave . 31.5ab 40 .8a 49.5a 15.01a I6.79a 16.73a 4.73ab 6.84a 8 .28a 580 490 840 

Oct.5 20 29.7 38.2 49 .3 14.40 16.75 16 .68 4.28 6.40 8.22 670 410 870 
100 39.6 48.5 13.68 15 .02 15.97 4.05 5.95 7 .75 1670 720~ ~ 
Ave. 29.7b 38.9ab 48 .9a 14.04b 15 .89b 16 .33ab 4 .17b 6.18b 7.99a 1170 570 930 

Oct. 20 20 25.2 38 .1 44.3 13.27 15 .33 16.12 3.34 5.84 7.14 1810 1230 1030 
100 36.3 44.1 12.62 14 .92 15.13 5.42 6.67 1420 1670 1280~ .1.12 
Ave. 25 .7c 37 .2b 44 .2b 12.95c 15 .13b 15.63b 3.32c 5.63b 6.91 b 1620 1450 1160 

Statistically PD** N x HD* PD* * HD** PD** HD** 

significant HD** N** PDxHD** 

effects 2 


lPlanting ciate means within a harvest date c~lumn followed by the same letters are not significantly different at the 5% level , according to Duncan's 
Multiple Range Test. 
2*, ** = F ratio exceeds the .05 and .01 probability levels , respectively. 
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Table 2.-Effect of planting date, N rate, and harvest date on root yield, sucrose concentration, gross sugar yield, and petiole N03-N in 1974­
75. 

Root Yield Sucrose Concentration Gross Sugar Yield Petiole N03-N 
Harvest Date Harvest Date Harvest Date Harvest Date 

Planting N 
Date Rate May June July May June July May June July May June July 

Lbs N / A Tons / A ere % Tons / Acre ppm 
Sept. 10 20 27.5 36.4 38.4 14 .65 14.55 14.97 4.02 5 .29 5 .76 640 510 430 

100 1§.1 40.9 38 .7 14 .20 14.22 14.35 4.08 Llli ~ 890 800 470 

Ave. 28.1a 1 38.7a 38 .6a 14.43a 14.39a i4.66a 4.05a 5.54a 5 .66a 770 660 450 

Sept. 23 20 24.7 39.1 37.1 14.48 14.32 14.68 3.57 5.62 5.46 710 680 410 
100 27 .5 37.3 39.8 13.48 13.85 14.38 3.69 5.16 1190 790 360~ 
Ave . 26.Ia 38.2a 38.5a I3 .98a 14.09a 14 .53a 3.6Sa 5.39a 5.59a 950 740 390 

Oct. 20 23 .0 36.8 41.6 12.60 12.78 14.20 2.89 4.69 5.90 1640 880 440 
100 23.2 37 .0 40 .3 12 . 12 126~ 13.52 2.81 4 .68 5.43 2260 1420 440 

Ave. 23 . 1b 36.9ab 41.0a 12.36b 12 .72b 13 .86a 2 .85b 4.69b 5 .67a 1950 1150 440 
I---< 
0 

Oct. 21 20 16 .8 32.3 36.9 12 .33 11. 72 13 .15 2.06 3.80 4.87 2210 1920 560 c:: 
;:0

100 18.6 36 .1 40.4 12.32 11.92 12.68 2 .29 4 .29 5.12 2550 2300 1350-- -- Z 
>­Ave . 17.7c 34 .2b 38.7a 12.33b 11. 82b 12.92b 2.18c 4 .05c 5.00b 2380 2110 960 r 
0 

Statistically PD** HD** PD** HD** PD** HD** 'Tl ...,
significant N** PD x HD** N** PD x HD** N x PD* :r: 
effects 2 tT1 

~ 
lPlanting date means within a harvest date column followed by the same letters are not significantly different at the 5 % level, according to Duncan 's Vl 

Multiple Range Test. Vl 

2*, ** = F ratio exceeds the .05 and .01 probability levels, respectively. t:O 
;., 
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Table 3.-Effect of planting date, N rate, and harvest date on root yield, sucrose concentration, gross sugar yield, and petiole N03-N in r 
1975-76. ~ 

,0 

Root Yield Sucrose Concentration Gross Sugar Yield Petiole N03-N Z 
0Harvest Date Harvest Date Harvest Date Harvest Date 

Planting N 
Date Rate May June July May June July May June July May June July ;:t> 

'i;) 
;:0 

LbsN/ A Tons / A CTe % Tons / AcTe ppm r 
......

Sept. 11 20 24 .0 29.4 32.6 15.4 7 17 .05 16.78 3.71 5.01 5.46 380 730 520 <D 
-J100 27.2 35.8 39.5 14 .38 16.25 16.33 3.92 5.8 1 6.45 510 650 540 a:J 

Ave. 25.6a 1 32.6a 36.1a 14.93a 16.65ab 16.56a 3.82a 5.4 1a 5.96a 450 690 530 

Sept. 23 20 23.1 30.4 31.8 15.07 17.25 16.12 3.48 5.24 5.12 380 700 590 
100 28.2 34.6 42.2 13.70 17.00 16.33 3.88 5 .87 6.89 460 540 640 

Ave. 25.7a 32.5a 37.0a 14. 39a 17.1 3a 16.23a 3.68ab 5.56a 6.01a 420 620 620 

Oct . 7 20 23.6 30.4 32.8 13.30 15.47 15.98 3:12 4 .69 5. 24 630 520 640 
100 24.9 32.6 35.6 13.07 16.57 16.07 3.26 5.40 5.73 560 560 500 

Ave . 24.3a 31.5a 34.2a 13.19b 16.02b 16.03a 3.19b 5.05a 5 .49a 600 540 570 

Oct. 22 20 17.6 24.1 26.8 12.27 15.38 15.27 2.17 3.67 4.10 790 510 470 
100 20.6 27.0 33.6 !2 .73 15.03 14.5 3 2.60 4.06 4.88 1100 810 500 

Ave. 19.1 b 25.6b 30.2b 12.50b 15.21c 14.90b 2.39c 3.87b 4.49b 950 660 490 

Statistically PD** HD** PD** PDx HD* PD** HD** 
significant N** N x HD** HD** ,\1*" N x HD** 
effects2 

IPlanting date means within a harvest date column followed by the same letters are not significantly different at the 5% level, according to Duncan's Mul­
tiple Range Test. 

2* , ** = F ratio exceeds the .05 and .01 probability levels , respectively. 


N) 
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There were no significant differences between early and late 
September plantings in root yield in any of the years. Beets planted 
in early October generally produced yields comparable to those 
planted in September when harvest was in June or July. Late Oc­
tober plantings did not yield as much as earlier plantings in two of 
three years. 

Root growth rates during the harvest season were similar for 
the various planting dates except in 1974-75. In that year, growth 
rates for October plantings were markedly greater than those for 
September plantings. For example, root yield for the late October 
planting increased 21 tons per acre during the harvest season corn­
pared to 10.5 tons per acre for the early September planting. Pos­
sibly, the lower root growth rates of September plantings in 1974-75 
were due to the high incidence of bolting (Table 4). 

Table 4.-Effect of planting date and N rate on the production of bolters. 

Bolting Percentage 1 

Planting N 
Date2 Rate 1973-74 1974-75 1975-76 

Lbs N I A 

Sept. 9 20 17 48 5 
100 22. 44 1­
Ave . 21 46 6 

Sept. 22 20 10 40 1 
100 14 2£ 1.. 
Ave. 12 38 

Oct. 6 20 2 29 0 
100 2 ..1 ..Q. 
Ave. 2 19 0 

Oct. 21 20 0 0 0 
100 .Q 0 -.9.. 
Ave . 0 0 0 

lCounts were made each year in mid-May . 
2Average planting dates for 3 years. 

Sucrose concentrations for the September plantings did not 
differ significantly between different harvest dates. Beets planted in 
early October generally were lower in sucrose concentration than 
those planted in September when harvest was in May and June, but 
not in July. Sucrose concentration of beets planted in late October 
did not approach that of beets planted in early or late September on 
any of the harvest dates. 

The lower sucrose concentrations in late October plantings 
were probably related to high N levels at harvest. In 2 of 3 years, 
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late October plantings were not deficient in N on any harvest date. 
In contrast, September plantings were generally N deficient by 
May. 

There was no consistent pattern of sucrose accumulation 
during the three seasons. In 1973-74 and 1975-76, sucrose concen­
tration of September plantings increased between May and June but 
remained constant or decreased by July. October plantings showed 
similar patterns except that there was a tendency for sucrose con­
centration to increase late in the season. In 1974-75, a year charac­
terized by a high level of residual N, overall increases in sucrose 
concentration between May and July harvests were small. The level­
ing off or decline in sucrose concentration between June and July in 
early plantings was associated with such factors as high air tempera­
tures, N deficiency, and reduced leaf areas. 

In this study, high sucrose concentration was not dependent on 
a cessation of storage root growth. Substantial increases in sucrose 
concentration occurred concurrently with rapid root growth in the 
first half of the 1973-74 and 1975-76 harvest seasons. The increase 
in sucrose concentration in these years appeared to be associated 
with a period of restricted top growth prior to harvest. Apparently, 
the N supply in the soil during these harvest seasons supported only 
limited top growth, but was adequate for moderate root growth. In 
1974-75, excessive N was available throughout the spring, resulting 
in high rates of both root and top growth; hence sucrose concentra­
tion was low. 

Sugar yields were unaffected by delaying the planting until late 
September. Early October plantings generally resulted in the same 
sugar yields as September plantings when harvest was in June or 
July. Sugar yields of late October plantings were lower than those of 
September plantings on all harvest dates. 

Nitrogen rate had a significant influence each year on sucrose 
concentration, root yield, or both. However, only in 1975-76, when 
residual N was low, did the N rate significantly affect the produc­
tion of sugar. In that year, the addition of 80 lbs of N per acre in 
January increased yields. 

The date of planting had a marked effect on the production of 
bolters (Table 4). In 1973-74 and 1974-75, when bolting was exces­
sive, early plantings had a higher incidence than late plantings. 
Late October plantings did not produce bolters in any year. The 
low percentage of bolting in 1975-76 was partly attributed to mild 

•winter temperatures. 
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Summary 
The influence of planting date, nitrogen rate, and harvest date 

on root yield, sucrose concentration, and sugar yield of sugarbeets 
was studied for three consecutive seasons in central Arizona. 

Delaying planting from early September to late September did 
not significantly affect yield or sucrose concentration, regardless of 
the harvest date. Early October plantings generally produced yields 
and sucrose percentages similar to September plantings when 
harvest was in June or July, but not in May. Sucrose concentration 
and sugar yields of late October plantings did not approach those of 
September plantings on any of the harvest dates. 

Nitrogen rate had a significant effect on sugar yield in only one 
season. Delaying the planting date from early September to late 
September or October resulted in reduced bolting. 
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