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Introduction 
Much research has been done on the sugarbeet in trying to 

solve problems of obtaining high-quality, high-yielding crops. 
The effect of too much )\.: on the quality and yield of sugar
beets is one of these problems. 

The increased use of commercial fertilizer by growers em
phasizes that sugarbeets are being grown increasingly under 
conditions that may have excessive N. N fertilization increases 
the production of tops and the amount of ::--J in the leaves, 
while storage of sucrose may remain unchanged or decrease 
(9)." The maintenance of top gro'wth at the expense of storage 
root formation and sucrose content of the roots may also be 
seen in the changes in dry weight of the tops, the fresh and dry 
weights of th e blades of living leaves (16), leaf area and its dura
tion and sucrose content of the roots (3). 

The degree to which nitrogen affects sugarbeet growth can 
be influenced by genotype (8). Sucrose percentage can be in
creased on high-fertility soils by breeding varieties of sugarbeets 
adapted to grmving under these conditions (10). Since excessive 
fertility, especiall y N in soils, decreases quality in sugarbeets; 
breeding of varieties that will maintain sucrose percentage under 
such conditions is one promising possibility (6,10). 

Measures of the efficiency of a sugarbeet's growth are the 
direct physical measurements of its we ight, leaf area, or some 
other factor. These methods are simple in principle but provide 
valid measures of the effects of treatment on the growth patterns, 
efficiency, and even the nutritional status of the sugarbeet. 
The results reported here are from a field study of leaf area. 
dry weight accu mulation, and sucrose accumulation through
ou t a growing season as affected by ni trogen fertilization and 
variety. 

1 Co ntriblltion [rom Colorado Ag-ricultural Experiment St8tion . fort Collins . Colorado. 
and "Iorthe m P lains firanch , So il allCl 'Water Conservation Reseorch Division, Agricultural 
Research Serv ice, U . S. Department of Agriculture. This work was supported in part bv 
funds from U. S. Steel Corporation and T he Fertili zer Institute , Sc ient ific Journal Se ries 
1554. 

2 GTadu a te Rest'arch Assisto l1t ( now Research So il Scien tist , 1:. S. Department of 
.'\g riculture, Vlandan, N. Dak.); Professor of Soil s, Colorado Sta te Cniversity; and R esea rch 
Soil Scientist , U. S. Department of Aqricu ltu re, fort Collins, Colorado. 

3 Numbers in parentheses refer to lItera ture cited. 
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vVe will use the following terms, abbreviations, and accepted 
defmitions throughout this paper': 

Leaf area is the area of one surface of the leaf blade(s). 
I,eaf area index (LAI) is the ratio of leaf area to ground 

area. 
Leaf area duration (LAD) is the sum of the 'weekly average 

LAI's expressed as weeks. 
1\et assimilation rate (1\ AR) is the increase in total dry 

plant weight per unit of leaf area per unit time expressed as 
g/ m 2/day. 

Materials and Methods 
Sugarbeets were grown in a field experiment at the Agronomv 

Research Center, Fort Collins, Colorado (40 0 35'N) on a non
saline, cal careous Nunn clay loam. The soil was adequatelv 
fertile for production of sugarbeets since the commercial variety 
produced 24 tons per acre ,vithout N fertilization. The experi
ment was designed as a factorial with three nitrogen rates and 
two varieties randomized in each of four replications. C:oncf'n
trated su perphosphate 'was broadcast in the spring and disked 
into the surface soil at the ra te of approximately 05 Ibs of P 
per acre. Nitrogen, as Uran ', was applied in bands after emer
gence and before thining. The nitrogen rates were 0, 100, 
and 200 Ibs of :\T pe, acre. 

The experimental plots were furrow irrigated 5 times dur
ing the growing season: June 8, June 29, July 12 , .August 1, 
and .'\ugust 24. Approximatdy 2 inches of 'water were applied 
per irrigation ; percipitation added an additional 2. 6 inches of 
watf'r for the same total period of time. 

The varieties were: I) the monogerm variety distributed 
locally in 1962 (commercial variety), and 2) a yellow-rooted high
tonnage experimental variety (hybrid variety)G. . Both varieties 
were planted in 20-inch rows on April 4 and thinned in mid
May. The stands for both populations should have b<:en the 
same after thining; because of differences in germination of the 
two varieties, the commercial variety was spaced in the row at 
the averagf' rate of 123 and the hybrid variety at the average 
of 10 I beets per 100 fee t of row. Stand differences are not con
sidered serious because of thp distinctly different characteristics 
of the two varieties. Also, previous researcb (13) with a com
mercial variety showed no significant differences in yield or 

4 Metric units will be used in this paper where tiley are th e accepted form of a 
measurement and the English equival ent is not. 

'3 2% total nitrogn by weig h t; 16.;; % from urea anel 15.5 % from NH,;\I03. Trade and 
company names are given for th e reader's ben','fit and cia not imply endorsement or pre
[e renti al treatment of any product by the U . S. Department of Agri culture. 

o An F!! hyb rid between a C.MS varieL)' h('lving a broad genetic base and the yellm\' 
stock beet .'\ 58 ·:,. Obtained from LeRoy Powers (deceased), Principal Geneticist, Sugar 
Crops Section, Agricul tural Research Service, 'C. S. Departmen t of ,\gTiculture. 



VOL. 16, No.3, OCTOBER ]970 237 

qualtiy of roots for stands of 92 and 133 beets per 100 feet 
of rovv. 

The experimental plots were harvested 10 times during 
the growing season: June 8, June 25, July 5, July 15, 
July 31, August 15, August 30, September 13, September 27, 
and October 11. A harvest consisted of removing 13 consecu
tive beets in each plot and computing the ground area from 
row length harvested timf's row spacing. The harvested areas 
were randomized so that harvested beets had normal competition 
with other beets. 

The beets were separated into leaf blades, crowns plus petio
les, and roots. The leaf blades and crowns plus petioles were 
dried at 150 F and weighed. The rooLs were washed free of 
soil, and green and dry weights were taken. The sucrose con
tent of the roots was determined by a polariscopic method 
similar to that outlined in A.O.A.C. (1). Extractable sucrose 
percentage and yields of extractable sugar per acre were cal
culated by the methods of Dexter eL al. (5) ror beets from the 
final harvest only. A standard factory loss constant of 0.3 and 
molasses purity of 62.5 were assumed in the calculations. Thin 
juice purity was determined on the beet pulp by The Great 
vVestern Sugar Company. 

"t\.t each harvest one beet per plot was chosen randomly to 
correlate leaf area with dry leaf weight. The leaf blades were 
separated from the petioles, placed on blueprint paper, flattened 
with a pane of glass, and exposed to sunlight. The area of the 
leaf image on the developed blueprint was determined with a 
planimeter and correlated with the dry weight of the leaf. Plot 
leaf areas were calculated from the total dry weights of the 
harvested leaves. 

Total solar radiation was measured at a station about 3 miles 
from the experiment with a 16-junction Eppley pyrheliometer. 
Soil temperature was measured with a recording thermometer 
placed at a 6-inch depth within the row, 5 feet inside the field, 
and air temperature was measured by the Colorado State l Tni_ 
versity weather station located about 4 miles from the experi
ment. Solar radiation and temperature data for the experiment 
were averaged for periods coinciding with the interval between 
harvests. Both air and soil temperatures ,vere expressed as 
the means of the daily maxImum-minimum for each growth 
period. 

Results 
The solar radiation, air and soil temperature during the 

season averaged for the intervals between each harvest are 
shown in Figure 1. The maximum mean solar radiation occurred 
during the period ending]uly 5; thereafter, there was a steady 
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decline. The mean of the daily maximUm-mInImUm air tem
peratures reached a high plateau for the period ending July 
5, and remained there through August before decreasing. Soil 
temperatures in the field at a 6-inch depth reached a maximum 
at the same time as radiation and then decreased through the 
season. 
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Figure I.-Radiation and temperature pat~erns for the 1962 grow
ing season. 

Leaf Area Index 
Leaf area index (LAI) is the ratio of leaf area to ground 

area. :'\ itrogen fertilization increased LAI significantly over 
that of the non fertilized plots from mid-July until the last of 
September. The highest values of LAI reached during the season 
were 5.9 for the commercial variety and 4.9 for the hybrid 
variety; these values were obtained on :\f fertilized plots dur
ing the last half of July. Average values for the check plots of 
both varieties were never more than 1.5 units of LAI less than 
the l'\ treated plots. The average difference for the season be
tween the check plots and the ~ treated plots was about 0.5 
LAI unit. LAI, averaged for the season, was about the same 
for the plots fertilized with 100 and 200 lbs. of :\l /acre . The 
average values for the three nitrogen rates are shown in Figure 
2. Final harvest values are given in Table 1. 
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The maximum values of LA1 were reached about 2 weeks 
after the maxima in radiation and soi l temperature. This vvas 
probably a lag period while the newly initiated leaves were 
expanding. 
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Figure 2.-Effect of variety and date of harvest on leaf ar,ea index. 

That L\1 decreased only very slowly for 2 months after 
reaching a maximum may be attributed to the rate of initiation 
and production of new leaves continuing at a rate nearly equal 
to the dying of shedding of old leaves. The high 0: and K 
fertility levels of the soil probably aided in preventing senescence 
of existing leaves (18). The abrupt decline of LA! during 
the last part of September and into October correspqnds with 
rapid declines of petiole nitrate, temperatures and solar radia
tion. Average NO,-N in the petioles of the commercial variety 
decreased from 4700 ppm on .\ugust 13 to II 00 ppm on Septem
ber 20; the decrease for the hybrid variety was from 7800 to 
1900 ppm. Leaf area development has been reported to depend 
more on N supply than on weather factors (3). The decrease 
in petiole nitrate from late August to early October supports 
this concl usion. 

To understand leaf area trends , a detailed study of the num
ber of leaves per beet and average area per leaf was initiated 
for the last five harvests on one randomly selected beet per 
plot . The statistically significant results were as follows : a) 
the number of leaves per beet increased from the sixth through 
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Table I.-The effect of N fertilization and variety on yield, quality and root/top ratio of su:prbeets at fin a l harvest. 

Commercial variety Hybrid variety 

Check 
100 lb. 
N / acre 

200 lb. 
N / acre Average Check 

100 lb . 
N/acre 

200 lb. 
N/ acre Average 

Fresh roo t yield , to ns/acre ("P ) 24 .2 25. 1 23.1 24. 1 32.6 37.2 36.2 35.3 
Sucrose content, ':"'0 ('N) ("P) 17.7 16.7 16.0 16.8 13.2 12.2 11.9 12.4 
Extractable sucrose, <;;, ('N) (HP) 15.6 14.2 13.2 14.3 11.1 9.9 99 10.3 
Extractable sugar yield , tons/acre 3.8 3.6 3. 1 3.5 3.6 3.7 3.6 3.6 
Jui ce p urity, ~o 94 .3 92.4 9J.l 92.6 91.5 90.8 91.8 91.4 
Leaf area index 2.2 1.7 2.1 2.0 2.2 2.1 3.1 2.1 
Leaf area duration ,' ( "N) (" P ) 65.0 72.5 75.8 7 1.1 47.3 54.5 58.1 53.3 
Top dry weight, tons/acre (" P ) 2.8 3.4 3. 1 3. 1 1.6 2.0 2.2 1.9 
Root dry we ight, tons/acre ( UP ) 6.0 6.0 5.4 5.8 6.2 6.8 6.5 6.5 
D ry matter in pu!p , c;:, ("P) 
R oot-top, dry wei ght ra tio ("P) 

24.7 
2.1 

23.9 
1.8 

23.1 
1.8 

23.9 
1. 9 

19 .2 
3:9 

18.1 
3.4 

17.9 
3.0 

18.4 
3.4 

'-< 
'0 
c: 

Total dry weig'ht, tons/acre 8.8 9.4 8.5 8.9 7.8 8.8 8.7 8.4 7-' 
Z 

Significant at the I % level. ;.. 
r' 

Sigolficant at t he 5j~ level. o 
N Significance is a result of N fe rtili za tion. "'1 

P Significance is a resu lt of genetic population . 
Summation of LU for all weeks. 

--I 
:t 
C'l 

>
'!' 
'!' 

t:P 
:l 
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the ninth harvest; b) average area per leaf decreased; c) the 
commercial variety had more leaves per beet than the hybrid, 
but no difference in average area per leaf; and d) ~ fertiliza
tion increased the average area per leaf, but not the number 
of leaves per beet. 

Leaf Area Duration 
Leaf area duration (LAD) is the sum of the weekly average 

LAI's. As seen in Table 1, mean values at final harvest ranged 
from 47.3 to 75.8 '''leeks over a period of 18 calendar weeks. 
Both N fertilization and variety effects were highly significant. 

LAD and dry matter production have been shown to be 
highly correlated by Power, et al. (11 ) in grmvth chamber work 
on barley. They noted that a linear relationship of yield to 
LAD was little affected by soil temperature, P fertilization, or 
stage of development. Campbell and Viets (3) and Goodman 
(7) have noted that increases in LAD from treatments are off
set by smaller NAR's. The decline of NAR related to increase 
in LAD was attributed to self-shading of leaves. In England, 
the limit of useful LAD has been reported to be about 36 
weeks measured over a period of about 18 weeks (7). 

A plot of total dry weight as a function of LAD for the 
growing season is shown in Figure 3. Excellent linear correla
tions can be obtained by fitting the data in two sections for 
each variety. There was a significant difference in regression 
between varieties but not among N-rates. Intersection of the 
linear fits for early season and late season occurred at a LAD 
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Figure 3.-Relation between green leaf area and total dry weight 
of sugarbeets from all harvests (June 8 to October II). 
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o[ 21.3 for the commercial variety and 17.6 for the hybrid. 
These observations indicate that a high rate of dry matter 

production associated with high early summer radiation and 
limited leaf area occurred during the early part of the gTuwing 
season. A lovver rate of dry matter production began around 
mid-July and continued until final harvest. The relationship 
of dry matter production and LAD appeared to be independent 
o[ N fertilization . Radiation and possibly temperature would 
be expected to affect the relationship (14). However, their 
effects appear minimal, possibly because of insufficient duration 
and intensity of the fluctuations of radiation and temperature. 
The change in the relationship of dry matter production to 
LAD after the July 15 harvest may be related to physiological 
change or "maturing" of the sugarbeet in response to increased 
storage demands. This possibility is enforced by data shown in 
Figures 4 and 5. Around July 15 the roots accounted for nearly 
one half of the total dry weigh t, and reduced root succulence 
had commenced. Other plant characteristics which correspond 
to the July 15 harvest are maximum LAI's and leaf weights, 
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a significant drop in NAR, and a cessation of rapidly Increas
ing leaf succulence. 
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of variety and date of harvest on dry matter 

Net Assimilation Rate 
Net assimilation rate (NAR) is the increase in total dry plant 

weight per unit leaf area per unit time expressed as g/m'/ day. 
Calculation of N AR was based on the assumption that dry 
weight accumulation was a linear function of leaf area index 
during the time between harvest dates (12). 

Rate of N application did not affect NAR for a variety, so 
only the average values for the three nitrogen rates, as shown 
in Figure 6, will be discussed. Discussions of LAI and dry 
weight in this section are also limited to the average values 
for the three nitrogen rates. 

Bodlaender (2) reports that temperature and light intensity 
influence development and yield. The results of tIJis study 
show that maximum NAR, 8.9 for the commercial and 10.8 
for the hybrid variety, was obtained at about the same time 
as maximum radiation. LAI was between 1.9 and 3.6 while 
::\:AR was maximum; however, NAR was only slightly lower 
for the July 15 harvest when LAI was 4.2 for the hybrid and 
5.5 for the commercial variety. The hybrid beet had the highest 
?\,AR until the September 13 harvest, at which time NAR was 
negative. The NAR for the commercial variety was negative 
at the September 27 harvest. Then NAR for both varieties in
creased until the final harvest. 

The high values of I\AR through the July 5 harvest result
ed from high early season radiation brightly illuminating a 
rapidly expanding, yet small, LAI. NAR was still high at the 
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July 1:> harvest even though LAI had reached a maximum and 
total radiation was beginning to decrease; this was possibly due 
to a more erect orientation of the young succulent leaves allow
ing more light penetration into the canopy. 
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Figure 6.-Effect of variety and date of harvest on net assimilation 
rate. 

The period from July 31 through August 30 and possibly 
to September 13 was a period in which ;\AR was significantlv 
lower than the previous period. LAI ranged from 5.2 to 3.2, 
providing adequate leaf surface to utilize incoming light. Top 
weights remained relatively constant and dry weight accumula
tion in the roots increased at a constant rate. The decreases 
in root weights and total dry weights for the two varieties at 
the September 13 and 27 harvests (Figure 8) were not significant. 
Watson (17) and more recently Campbell and Viets (3) have 
noted considerable variation of NAR measured in the field. 
vVe noted such variation primarily in September and October. 
In contrast to prior harvests, the values of NAR for the last 
three harvests were so variable that a more detailed sampling 
of the plots would have been required for proper interpretation 
to be made. 

NAR was higher and LAI was smaller for the hybrid than 
for the commercial variety through most of the season. Good· 
man (7) noted that large leaf areas during the season are offset 
by smaller net assimilation rates. This led him to conclude 
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that optimal root and sugar yield depend on the largest possible 
proportion at the leaf area being brightly illuminated and the 
smallest possible proportion being shaded. 

Other possible explanations of the higher values of NAR 
for the hybrid beet are: a) the hybrid beet may have been able 
to increase the rate of photosynthesis because the large roots 
provided a better sink for assimilation (15) or, b) leaf orienta
tion differences allowed more effective light utilization by the 
canopy of the hybrid (4). 

DTy jl1atteT Accumulation 
Nitrogen fertilization caused a significantly greater dry 

weight of the crown plus petiole section through most of the 
season. .'\. trend of more dry weight accumulation could also 
be noted in the leaf and root sections of both populations. 
In general, the high nitrogen treatment gave the larger total 
dry weight yields. The higher nitrogen treatments resulted in 
the sugar beet accumulating a larger proportion of dry material 
in the tops of the plants than in the roots. Variety interactions 
with ~ supply on dry matter production were not significant, 
therefore, only averages for :\i rates are discussed. 

The seasonal accumulation of dry matter by the blades, 
crowns plus petioles, roots, and total dry weight of the two 
varieties are shown in Figures 7 and 8. The tvl'O varieties showed 
similar seasonal trends f:or each plant part, but the blades and 
crowns plus petioles of the commercial variety 'Neighed more 
than those of the hybrid for all harvest dates. The reverse was 
generally true for the dry weight of the rOOls. There was littl e 
difference between the two varieties in total dry weight, thus , 
the root-top ratio was greater for the hybrid throughout the 
season. 

Figure 7 shows the dry weight of the leaves reached a high 
on July 15 at the same time as LAI (Figure 2). Leaf area began 
to decline in mid-July (Figure 2) but leaf weight remaiped rela
tively constant (Figure 7), indicating a progressive increase in 
leaf weight to leaf area ratio or thickening of the leaves. Cam p
bell and Viets (3) and Storer, Schmehl and Hecker (14) have 
also noted leaf thickening as the season progressed. In addi
tion Campbell and Viet (3) obtained linear correlation coeffi
cients of over 0.9 for the ratio of LAI to commercial top weight , 
leaf blade weight , or petiole weights with little effect caused 
by treatment. Leaf thickening and the crowns and petioles 
growing relatively heavier are assumed to be among the physiolo
gical changes associated with "maturing" of the sugarbeet as 
the season progTesses. 

The petiole plus crown section did not attain maximum dry 
weight until about August 30. The decrease in dry weight from 



246 JOURNAL or THE A, S, S, B, T, 

1.5 

!!! 
u 
o 
"
>
>
i§ 1.0 
W 
3 
w 
o 
<l: 
--' 
CD 
> 0,5 
a: 
o 

• Commercial 

o HybrId 

~ 2.0 
<!) 

W 
3 
z 
3 1·5 
o 
a: 
u 
(/)

:3 1.0 
a. 
~ 
o
Ei 0.5 
a. 
>a: 
o 

8 25 5 15 31 15 30 13 27 II 
~ JULY AUG. SEPT, OCT. 

Figure 7.-Effect of variety and date of harvest on dry w~ight of 
blades and crowns plus petioles of sugarbeets. 

August 30 to final harvest was not significant for the commercial 
variety, but was for the hybrid. 1\0 environment responses other 
than a seasonal increase in dry weight were observed. 

The roots sho'wed general increased dry weights throughout 
the season. Dry weights of the roots of both varieties were still 
increasing at the final harvest and may have increased ·more if 
harvest had been delayed , 

Total dry weight accumulation patterns reflect top grovvth 
in early season and root growth from about midseason on, 
Therefore, interpretations for early season total dry weight ac
cumulation will be similar to the interpretations for dry top 
weight accumulation and late season interpretations will be 
similar to those for dry root weight accumulation. 

Sucrose Formation. 
There was no significant difference in total sucrose accumula

tion in the root per unit ground area (sucrose production) be
tween nitrogen fertility treatments for the season. The lack 
of response to applied nitrogen resulted from the relatively high 
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field. Treatments which gave 
contents. As a Tesul t, 

were the same for all 
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Photosynthetic Efficiency 
DeWit (4) has outlined a method for calculating theoretical 

photosynthetic rates in leaf canopies. We obtained standard 
values of daily total photosynthesis under very clear and over
cast skies for Fort Collins (40 0 35 'N) by interpolation from Table 
6 in de'Vit 's report. These values were in turn used to calculate 
photosynthetic efficiencies of both varieties for the observed 
radiation conditions. From June 9 to October 11, the com
mercial variety increased in total dry weight approximately 8.5 
tons per acre or 39 .4% of devVit 's theoretical photosynthesis of 
21.5 tons per acre. The hybrid increased 8.2 tons per acre of 
37.9% of deWit's theoretical ph()tosynthesis. Cam pbell and 
Viets (3) obtained a photosynthetic efficiency of 30.2% of the 
21.7 tons per acre theoretically possible at Huntley, \1ontana 
from June 1 to October 5 using the same methods of calculation. 
De'Vit's methods do not take into account continuous losses 
of dry matter by respiration which may be particularly high 
from midseason on as plant mass becomes high. The process 
of root exudation of organic compounds ·would result in dry 
weight losses also unaccounted for in the deWit model. Loss 
of unmeasured dry ·weight because ()f the dying and shedding 
of leaves and petioles from mid-July on would give low total 
dry weight estimates, as would the loss of the smaller roots dur
ing beet pulling. Such losses were not estimated in this study, 
but they would be expected to be significant for sugarbeet crops 
when considered over the entire growing season. 

Discussion 
The eHects of l\' fertilization and variety on yield, quality, 

and root-top ratio for the last harvest are summarized ih Table 
I . N fertilization significantly decreased percent sucrose in the 
green root, root-top ratio, and percent purity; leaf area duration 
was increased. Al though N fertilization did not inc};ease ex
tractable sugar yield, this does not mean that N fertilization 
is not needed in less fertile fields. 

The hybrid variety outyielded the commercial variety by 
an average of II tons of fresh roots per acre. The hybrid pro
vided a larger root system and stored as many tons of sucrose 
per acre as the commercial variety, but with a smaller LAI and 
top weight. The commercial variety accumulated a higher per
centage of dry matter and sucrose in its roots; the differences in 
percentage sucrose were accounted for by extra moisture in 
the hybrid root. vVhen the sucrose content of the roots of the 
two varieties were calculated on a dry w·eight basis, there was 
no significant difference between the two varieties in extractable 
sugar yield. 
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Figure 9 shows the beets were accumulating sucrose at a 
significant rate at the time of final harvest and possibly should 
have been grown longer. Methods or varieties developed to 
extend the season earli er into the spring to utilize high early
season radiation and the higher N AR's which occur in early 
season should he considered. Root-top ratios and percentage 
dry matter in the root pulp appear to offer very useful criteria 
for determin ation of sugarbeet performance and should be used 
in conjunction with measurement of sucrose production , LAD, 
and dry weight production. 

Recent!y, Campbell and Viets (3) stated that it did not 
appear that LAI need exceed 3 for the season and 2 at harvest 
in the Rocky Mountain region. Storer, et al. (14) stated that 
optimum LAI at Fort Collins, Colorado ,vas between 3 and 4. 
This study appears to substantiate their work. The maximum 
values of N .\R for the season were obtained while LAI was 
between 2.1 and 3.5 . However, N :\R vvas greater than 6 
g/ m2/ day when L\I was between 4.2 and 5.5 on the July 15 
harvest. This indicates that early season leaf canopies have 
potentially higher optimum LAI's. Young leaf canopies and 
high radiation were involved in all cases where )JAR exceeded 
6 g/ m"/ day. Where LAI and NAR were both high, leaf erect
ness probably allowed better light penetration into the leaf 
canopy and is a genetic trait probably useful in a breeding pro
gram. Leaf number was significantly less for the hybrid variety, 
with average leaf size approximately the same as the commer
cial variety. N fertilization significantly increased leaf size but 
not the number of leaves. The leaves of the hybrid produced 
nearly as much total dry matter and significantly more dry 
root weight. Therefore, fewer and / or smaller erect leaves may 
allow better light utilization and provide a su perior leaf canopy 
by reducing self-shading. 

The use of deWit's model for calculating photosynthetic ef
ficiencies, provides a very useful tool for comparison of yield 
and radiation differences occurring between localities and/ or 
years. The photosynthetic dfiriency of beets grown at Fort 
Collins, was higher than that of those grown at Huntley, J\:lon
tana for growing seasons having nearly equal potential for 
theoretical total photosynthesis using deWit's model. 

In conclusion, the data from this study have pointed to 
several poss ible genetic traits that might be used to obtain super
ior varieties of sugarbeets. l\1ethods of studying those traits in 
the field have also been discussed. Varieties grown in the 
future should be adapted to high fertility soils. Future varieties 
should also produce a large root-top ratio and high dry matter, 
sucrose, and purity percentages in the roots. Methods for ex
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tending the growing season earlier into the spring and later 
into the fall appear to have a potential for increasing yields. 

Summary 
Effects of variety and N fertilization on the leaf area index 

(LAI), leaf area duration (LAD), n et assimil ati on rate (NAR), 
dry weight production, and sucrose production were measured 
on irrigated beets at Fort Collins, Colorado. Solar radiation and 
air and soil temperatures were measured throu gh the season. 

Maximum values of N AR occurred at the same harvest 
as maximum values of mean solar radiation and soil tempera
ture ; maximal values of LAI and dry blade weight per unit 
ground area were reached about two weeks la ter. 

:\let photosynthesis was calculated to be 38 to 39% of the 
theoretical total photosynthesis for the climatic conditions. 

~ fertilization increased LAI, L.\D, and the dry weight of 
crowns plus petioles, but had little effect on :l'.:AR. Nitrogen 
decreased the sucrose percentage sign ificantly and tended to re
duced the ratio of roots to tops and purity of the thin juice. 

The two varieties studied sh owed similar gTow th patterns 
through the season. The commercial variety had higher values 
of LAI, LAD, dry blade weight, dry crown plus petiole weight , 
percent sucrose, and percent dry matter in the roots. The hybrid 
variety had higher fresh root yield, dry root yield, and root/ top 
ratio; there were no significant differences in total dry weight 
and sucrose production between the two varieties. 

Litera ture Cited 

(1) 	 ASSOCIATION OF OFFICIAL ACRICLLTLRAL CHEMISTS. 1955. Methods 
of Analysis. 8th Edition . 1008 p. 

(2) 	 BODLAENDER, K. B. A. 1963. Influence of temperature, radiation and 
photoperiod o n development and yield. The Growth of the 
Potato. Proc. 10th Easter School Agric. Sci. l'niv. Nottingham. 
pp. 199-210. 

(3) 	 CAMPBELL, R . E. a nd F . C . VIETS, J R. 1967. Yield and ~ugar pro
du ctio n by suga r bee ts as a ffected by lea f area variations induced 
b y stand dens ity a nd nitroge n fertilization . . \gron. J. 59 : 349-354. 

(4) 	 DEVVIT, C. T. 1965. Photosynthesis of lea f canopies. Institute for 
Biological an d C hemical R esearch on Field Crops a nd H e rbage . 
Wageningen . Agric. R es. Rpt. No. 663. 57 pp. 

(5) 	 DEXTER, S. T. , M . G. FRAKES, and F. V\i. SNYDER. 1967. A rapid 
and practical method of determining cxtractabk white sugar as 
may be app li ed to th e evaluation of agronomic prac tices and 
grower deliveries in the sugarbeet industry. J. Am. Soc. Sugar 
Beet Techno!' 14(5): 433·J54. 

(6) 	 FOI.l.ETT, R. H. , W. R. SCHMEHL, and L. POWERS. 1964. Effect of 
genetic popUla tion a nd soil fertility level on tIle chemical com
position of sugar bee t tops. Colorado State Univ. Agr. Exp. Sta. 
Tech. Bu!. 79. 1i5 pp. 



252 JOURNAL OF THE A. S. S. B. T. 

(7) 	 GOODMAN, P. J. 1966. F.EEect of varying plant population on growth 
and yielJ of sugar beet. Agr. Prog. 41: 89-107. 

(8) 	 HILLS, F. J., L. M. BURTCH, D. M. HELMBERG, and A. ULRICH. 1954. 
Response of yield-type versus sugar-type sugar beet vanetIes to 
soil nitrogen level s and time of lnrvest. Proc. Am. Soc. !'ugar 
Beet Technol. 8 (1): 64-70. 

(9) 	 LEFEVRE, G. , an d G. HIROUX. 1955. Type of nitrogen and potassium 
fertilization of the sugar beet. France lnst. Nat' l. Recherche 
AgTon. Ser. A. Ann. Agron. 6: I 035-1 053. Abstracted in Chemical 
Abstr. 54: 7033 (1960). 

(10) 	 P AYNE, ;'1'1. G., L. POIVERS, and E. E. REMMENGA . 1961. Some chemi
cal-genetic studies pertaining to quality in sugar beets (Beta 
vuLgaris L.). J. .\m. Soc. Sugar Beet Tecllno!' II (7): 610-628 

(II) 	 POWER, J. F., W. O. \ 'VILLIS, D. L. GRL."ES and G. A. REICHMAN. 
1967. Effect of soi l t:omperature, phosphorus, and plant age 
on growth analysis of barley. .'\gron. J. 59: 231-23'1. 

(12) 	 RADFORD, P. J. 19fi7 . Growth analysis formulae - Their use and 
abuse. Crop Sci. 7: 171-175. 

(13) 	 SCHMEHL, \IV. R. , R. FINKNER, and J. SWINK. 1963. Effect of nitrogen 
fertilization on yield and quality of sugar beets . J. Am. Soc. 
Sugar Beet Techno!. 12(6): 538-544. 

(14) 	 STORER, K. R ., W. R. SCHHEHL and R. HECKER. 1970. Quantitative 
gr:nv th studies with sllgarheets, B ela vuLgaris. J. .\m. Soc. Sugar 
Beet Techno!. 16 (In press). 

(15) 	 THORNE, G. N. and A. F. EVANS. 1964. The influence of tops and 
roots on net assimilation rate of sugar beet and spinach beet 
and graEts between them. Ann Bot. (N.S.) 28: +99-508. 

(16) 	 VLRICH, R. 1954. Growth and development of sugar beet plants 
at two nitrogen levels in a controlled temperature gTeenhouse. 
Proc. Am. Soc. Sugar Bee t Tech no!. 8(2): 325-338. 

(17) 	 WATSON, D . .J. 1952. The physiological basis of variation in yield. 
A.dv. Agron, 4: 101 -145. 

(18) 	 WATSON, D. J. 1956. Leaf growth in relation to crop yield. Butter
worth's Scientific Publication. London. pp. 151-167. 


