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INTRODUCTION 

The development of crop simulation models is a 

holistic approach to describing the relationships between 

crop growth and environment. Prior research is the 

primary source of information; then, building on the pub­

lished research, experiments are conducted that supply 

both additional information in areas found lacking and the 

data needed to test and validate the model. This manu­

script reports the results of a field experiment conducted 

to obtain data for seasonal growth components of sugar-

beet. A companion study was conducted to determine the 

loss of dry matter by leaf senescence during the growing 

season (Lee, 1980) . The results of these field studies 

then were used to develop a conceptual crop growth model 

for sugarbeet (Lee, J.983). 

Field (Carter and Traveller, 1981; Hou ba , 

1973; Storer et al., 1970; Loach, 1970; and others) have 

shown that dry matter accumulation in sugarbeet is depen­

dent upon the level of N fertilizer and date of planting, 

but little information is available on total dry matter 

production, which includes dry matter lost from leaf sene­

scence, for sugarbeet grown under field conditions .• 

METHODS AND MATERIALS 

Great Western Mono Hy A2 sugarbeet seed was planted 

and grown under commercial-type culture on the Colorado 

State University Agronomy Research Center near Fort 
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Collins, Colorado, in 1977. The soil, a Nunn silty clay 

loam, was calcareous, nonsaline, and contained 1. 5% 

organic matter. A soil fertility analysis of the experi­

mental area, previously in corn, indicated no limiting nu­

trients other than N. The equivalent of 27 lb PIA, as 

concentrated superphosphate, was broadcast and harrowed 

into the soil in the spring to ensure that P was not 

limiting for the c~op, Roneet® herbicide was broadcast 

and harrowed preplant into the surface soil at a rate of 4 

lb active ingredient per A. When powdery mildew became 

evident in mid August, the plot was sprayed with elemental 

S. 

Three preplant N treatments were imposed by adding am­

monium nitrate (33% N) fertilizer on April 14 to give the 

following rates of N : (NO) no-N control; (N 1 ) 100 lb N/A, 

the optimum level as determined by the sOli test; and 

300 lb N/A. The fertilizer was broadcast and har­

rowed into the surface soil. The main plots of the ex­

periment were planting date, April 22 and May 12, which 

were split for N rate to give a split-plot design. The 

main plot size was 12 rows wide and 33 ft long, with a 

22-in between row spacing. 

Initial soil moisture and several light rains gave 

good germination for the April 22 planting. At the time 

of the second date of planting, the surface soil was dry 

so there was no germination until after the first irriga­

tion, May 27 . For data analysls of this study, the May 27 

irrigation date is designated as the second planting date. 

The six treatments were replicated four times to give 24 

plots. The beets were hand-thinned to about a 10-in 

spacing in late May and mid-June, for the early and late 

planting dates, respectively. After the first furrow ir­

rigation on May 27 to ensure germination of seeds of the 

second planting, subsequent irrigations were on June 23, 

July 14, August 25 and September 16. 

Dry matter production - At approximately 2-week inter­

vals during the growing season, 3 consecutive plants per 

plot were harvested to measure growth components. Alter­
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nate rows were selected during the season to maintain con­

tinuous and uniform competition for each harvest through­

out the season. The first harvest of beets for the April 

22 planting was June 14 while the first harvest of the May 

27 planting was June 28. Harvest dates for the measure­

ment of dry matter were June 28, Ju ly 12 and 28, Au gu s t 9 

and 23, September 7 and 27 and the final harvest on 

October 18. At each harvest the row length containing the 

harvested plants was used to calculate the production 

area. An additional 5 plants from a companion leaf-sene­

scence study in the same plot (Lee, 1980) were harvested 

October 18 for measurement of root yield and quality. 

After the plants were harvested, they were washed with 

distilled water and separated into blades, petioles, 

crowns and roots. Fresh weights of the components were 

recorded. Subsamples of each plant part were dried at 

65°C to determine dry matter production. Root samples ob­

tained by rasping were analyzed for sucrose beginning July 

28 and for purity beginning September 7. 

Leaf area index - (LAI) is the unit of leaf area per 

unit field area. At each harvest the leaves (blades + 

petioles) were clipped from one representative plant per 

plot. The blades were then placed on blue-print paper and 

exposed to sunlight for a few seconds. Later development 

of this paper in ammonium hydroxide gave the outline of 

the leaf. The exposed area was cut and weighed. Leaf 

area then was determined by using the calibrated 

weight / area ratio of the blue print paper. After- expo­

sure, the leaf samples were oven-dried and weighed to ob­

tain a leaf area to leaf dry-weight ratio. The LAI was 

calculated from the total blade dry matter production 

of a treatment for a known harvested area. 

Sucrose percentage and thin juice purity - Sucrose 

content of the fresh root was determined by the U.S.D.A. 

Sugar Laboratory, Fort Collins. Thin juice purity was 

also determined by the U.S.D.A. Sugar Laboratory using 

clarified extract of brei as outlined by Carruthers and 

Oldfield (1961). 
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RESULTS AND DISCUSSION 

Final harvest results 

The yield and quality of the roots for the final har­

vest (October 18) are summarized in Table 1. Although 

this study focused on dry matter accumulation, the yield 

and quality parameters assist in the definition of produc­

tion levels. 

Table 1. 	 Effect of planting da t e and nitrogen l eve l on sugarb eet 
yield and quality at harve st , Oct obe r 18. 

Root yield (T/A) Sucrose ( % ) Puri ty U~ ) Gros s 
N level Plan t ing d a t e Sucro se 

lb/A April 22 May 2 7 ~lean* * ~lea n ** ~Iea n ** T/ A 1 / 

0 (NO) 18 . 5 12 . 2 15 . 4 19 . 2 98.0 3 . 55 
100 (l\J 1 ) 
300 U.J 3 ) 

27 . 7 
27 . 6 

1 5 . 5 
17 . 3 

2 1.6 
22 . 5 

18. 5 
17. 0 

9 7 .3 
95 . 2 

5 .1 2 
4 . 6 9 

11ean ** 24 . 6 15 . 0 19.8 18 . 2 96.8 

**Nitrogen l e vel means for y i eld, pe r ce n t a g e s uc ros e and per c en ta ge 
purj ty, and p l ant ing d a t e mean s f o r yie l d \.Jere s i g r, ifi c a nt a t t he 
o 01 probab i l ity leve l. Plan t i ng d a t e x N i.nt er a c t io n s and p lall t Lng 
date means f o r s uc r ose o r pu r i t y \.Je r e no t s ig ni fi can t a t t he 0 . 0 5 
level. 

l/Gross sucrose ca l c ula ted fo r the Apri 1 ;72 pldn t i ng . 

The yield wa s s ig n i ficantly1 affected both by the 

planting date and N fert i l iz at i on. Reet s planted April 22 

averaged 24,6 T/A , wh il e beets planted May 77 averaged 

1500 T/A, for th e Apr i l 22 plJntjng, the beets developed 

a leaf canopy ear li er i n the season wh i ch provided a 

larger photosynthet i c area for a Jonger period of t i me . 

Increasing level s of N i ncreased yields, The mean y i e l d 

for the control ( NO) for the two planting dates was l 5 .4 

T/A compared to 2l . 6 T / A f or N1 and 22.5 T/A for Nl. The 

planting date (D) by N interact ion (D x N) for yield WLlS 

not s i gn i f i cant. 

The date of planting had little effect on sucrose con­

tent or purity of the roots at fjnal harvest The higher 

N fertilizer leve l s wh ic h jncreased yjelds also produced 

large top gr owth b ut with a co ncomittant decrease in suc ­

rose cont e nt f rom 1 9 . 2% f or Nn to 17.0% f o r N3 ' A lar g er 

l / Unle ss oth e r\.J i s e stated 1J reported differences in treatment cf­
fects are sign i ficant at the 5% or greater level of probability. 
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leaf area produces more photosynthate, but if N is exces­

sive, the carbohydrate is used in forming amino acids for 

growth rather than being stored in the root as sucrose. 

In a similar way, an increase in N level decreased juice 

purity. The purity for NO was 98.0% compared to 97.3% for 

N1 and 95.2 % for N3 . The D x N interactions for neither 

sucrose nor purity were significant. Gross sucrose was 

highest for the combination of the April 22 planting and 

the N1 rate (Table 1). 

The imposed planting date and N treatments gave a wide 

range in yield and quality of roots from which to develop 

a growth model. 

Yield, sucrose and purity over the growing season 

The main effects of planting date (D), N level (N) and 

seasonal harvest date (H), and the first order interac­

tions D x Hand N x H for yield of roots, were signifi ­

cant. The D x H interaction is illustrated in Figure 1. 

Except for the June 28 harvest, beets planted in April 

were higher yield i ng at each harvest throughout the season 

than beets planted in May. The final yield for the April 

22 planting averaged 24.6 TI A compared to 15.0 TIA for 

the May 27 planting (Table 1). 
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Fi gure 1. The planting da te by ha r ves t dat c CD x H) int e r ac ­
t i o n f o r r oo t yicld. 

The significant N x H interact i on for yie l d of roots 

is shown in Figure 2. Until September 7 there was no dif ­

ference using Tukey's HSD for mean separation (Kleinbaum 
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effect of the added fertilizer N appeared earlier in the 

season for the April planting than for the May planting . 

The quality factors, su cr ose and th i n -juice pu ri ty , 

were determined for the fin a l 6 harvests for sucrose and 

the final 3 harvests for purity . The data were analyzed 

with seasonal harvests as the second split in a split-

split plot analysis The main effect means are composed 

of all data for 6 harvests for sucrose analysis and 3 for 

purity, The analysis of variance revealed that the main 

effects of planting date, N, harvest date, and the flrst 

order interactions D x Hand N x H were significant for 

sucrose, but only the main effects of N and harvest date 

were significant for thin-juice purity, 

As with root yield, the first order interactions for 

sucrose content (D x Hand N x H) were significant at the 

1% level. These interactions are shown in Figures 4 and 

5. Until the last harvest, the April planting was higher 

in sucrose than the May planting, The NO and N1 treat­

ments were higher in sucrose than N3 throughout the 

growing season . 

Only the main effect of ~ and harvest date were sig­

nificant for the thin-juice purity, At the final harvest 

NO had an average thin-juice purity of 98.0% compared to 

95.2% for N3 (Table i). The average thin-juice purity in-
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Figure 4. The effect of planting date on percentage sucrose 
during the season. 
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creased linearly fr om 93.5 % on September 7 to 96.8 % on the 

October 18 harvest , The date of planting did not affect 

thin-juice purity differentially over the period from 

September 7 to October 18. 

Beginning with the July 28 harvest, gross yield of 

sucrose was calculated. The analysis of the suc r ose pro­

duction ove r the growing season showed the main effects of 

planting date and harvest date were signif icant at the 1% 

level and the mai~ effect of N was s ignjficant at th e 5% 
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marked effect of planting date. Sucrose production in­

creased approximately linearly after July 28 for both 

planting dates . The D ~ H first order interaction was 

not significant as with the Yleld (Figure 1) , probably be­

cause data from the two earlier sampling dates were not 

available for analysis . There was no indication that 

sugar production by the later planting would have 

approached that of the early planting if harvested later 

than October 18 .. 

The recommended N rate (Nl) produced the highest yield 

of sucrose for each harvest date . Final gross sucrose 

averaged for the two planting dates was 2.96, 4.00 and 

3.83 T per A, respectively, for the control, 100 and 300 


Ib N levels, respectively. 


Leaf area j-nde~ iLAl) 


The main effects of N and harvest date and the first 

order D x H interaction were significant at the 1% level 

for LAI while the main effect of planting date and the 

first order interaction N x H were significant at the 5% 

level. 

The average LAl for the April 22 planting over the 

growing season was 2 . 2 comp ared to 1 75 for the May 

planting Increasing the N fertilizer increased the 

average seasonal LAI from 1.4 for NO to 2 and 2.5 for N2 

and N3. respectively . Seasonal development of LAl 

averaged for all treatments showed LAl increasing to a 

maximum of 2 ,8 on August 23, t hen decrea si ng to 1 . 2 on 

October 18. 

The D x H interaction (Figure 7) avera g ed for N rates 

shows that the April planting had a greater LAI than the 

May planting for all harvests through September 27. Al­

though beets from both planting dates reached a maximum 

LAl by late Ju ly, plants in the April planting maintained 

a higher LAl ov er a longer tjme During the 1977 growing 

season a week of cool rainin g weather occurred just prior 

to the July 28 sampling. The occasional heavy rajns as ­

sociated with the storm fr o n t caused damage to the leaves, 

The lower LAls on Augu s t 9 reflect th e lo ss of leaves p lu s 
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the slowing of growth during that period of time. By the 

Augu st 23 sampling the plants exhibited a new flush of 

leaf growth associated with the return of sunny, warm 

days. 

The effect of N on LAl over the growing season 

averaged for planting date is illustrated in Figure 8. 

The N1 treatment reached a maximum LAl of 3.4 on July 28 

then decreased progressively the remainder of the season. 

The NO had ma x imum LAl of approximately 2 .1 on July 28 and 

Au gu st 23 , then decreased to the final harvest. The N3 
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treatment maintained a LAI of 3.0 or above for about 2 

months (July 28 to September 27), then decreased to the 

Octoher 18 harvest. The N3 level maintained a higher leaf 

area over the season than did Nl or NO' When summed over 

the season, and expressed as leaf area duration from June 

28 to October 18, the LAI days weLe 167, 250 and 295 for 

NO, N1 , and N3' respectively 

The photosynthetic capacity of a plant over the 

growing season is critical in the production of the eco­

nomic yield component. The final root yield and the 

amount of sucrose stored lS a function of how soon the 

canopy is established and how long it is maintained. From 

this research the maximum economic yield, was attained 

with the 100 Ib N treatment for the early planting (Table 

1) < Yields were less for both NO and N3 ,. If a LAI of 2.8 

is used as the optimum : NO did not attain this level while 

N3 maintained this LAlor above for approximately 2 months 

to late September< The LAI of 2.8 or above for Nl was 

maintained for about one month, then decreased after late 

August. The sucrose percentages associated with these 

data (Table 1) indicate that when N exceeded 100 Ib/A, 

photosynthate producec by the leaves apparently was being 

channeled into increased growth of leaf and crown tissues 

rather than being stored as sucrose in the root. 

Dry matter productlon Qi living plant tissue 

The sugarbeet plant consists of four distinct tissue 

types: the blade, the petiole , the thickened spherical 

stem or crown and the root. Throughout the growing ·season 

approximately bi-weekly harvests were used to follow dry 

matter production by each of these living plant parts, In 

addition, the dry matter lost from leaf (blade + petiole) 

senescence was follow e d in a companion experiment con­

ducted in the same plots (Lee, 1980) . 

The analysis of va ria nce of each of the four plant 

parts is summaLized in Table 2 for significance of the F 

test The ma in effect of N l~vel and harvest date were 

significant at the 1% level for each plant part and for 

total dry mat te r. Planting date had a 5% or higher level 
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Table 2 Summary analysis of variance for 
production by Jiving plant parts. 

Blade PeLiole 
-­ ---­ ..-----­ .----­----­---­- ---
PJantLlg dat e (D) " 

Rel-J 
:\1 ** ** 
D x N 
Har vr::: st (H) 

,,) S 
;';* 

NS 
** 

D x H ** ** 
j\l x H * ** 
D x N x H \)S i'iS 

components 

Crown 

* 
~S 

** 
:JS 
** 

** 
NS 

of dry 

Root 

** 
~; S 
** 
NS 
** 
** 
** 

* 

matter 

Tota] 
plan t 

** 
\S 
** 
l'\ S 
** 
** 
** 
1\)S 

KEY : NS Not Significant 
# Signi f icant F-TesL at 10% level 
* Signi f icant F-Test at 5% level 

** Signi f icanL F-Tesl at 1% level 

of significance for each dry matter parameter except a 10 % 

level for petioles 

The effects of N on d r y matter production over the 

season and the N x H interactions averaged for two 

planting dates are shown in Figure 9 for the blades, 

petioles, crowns. and roots . For NO and Nl the dry weight 

of the living blade tissue increased over the growin g 

season (Figure 9a) to a maximum in mid to late Au gus t , 

then decreased as the result of increased sene sc ence , 

With N3 dry matter accumulation in the blade tissue con­

tinued to late September . 

The effect of N treatment over the season (N x H in­

teraction) for the petiole tissue ( Figure 9b) was s imilar 

to the blade dry matter product jon. Maximum dry matter 

production for NO and N1 averaged for both d a.t e s , was 

Au gu s t 2 3 ~ By increasing N to 300 lb/A (N3) the maximum 

dry weight was not attained untjl September 27. All N 

treatments lost dry matter lh e latter part of the sea so n 

a s the rate of l e af s e nescence i ncr ea sed. 

Unlike the blade and petiole ti s sues, the cr own dry 

matter continued to increase throu g hout the growjng sea s on 

in response to N (Figure 9c) . Unt i l September 7 no sjg­

nificant difference could be shown (Tukey's HSD) among 

the three N treatments. On Septemb e r 7, crown dry mat t er 

production for N3 wa s sign i ficantl y greater than NO' By 
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the final harvest the dry weight of crown tissue for N3 

was significantly greater than either NO or N1' The NO 

and N1 treatments were not different for the final har­

vest date. 

As with crown tissue, dry matter production of root 

tissue increased throughout the season (Figure 9d) . By 

September 27 dry matter production of Nl was greater than 

NO but did not differ from N3 . 

As others have also observed (Carter and Traveller, 

1981 ; Houba, 1973; and Storer, Schmehl and Hecker, 1970) 

when the level of available N exc eeds an optimum, dry 

matter partitioning shifts to production of more leaf 

tissue at the expense of structural root tissue and carbo­
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hydrates storage. From our research the optimum N was the 

100 lb/A rate for both planting dates. The significant D 

x N x H interaction for root dry matter (Table 2) indi­

cated that the partitioning between top and root was de­

pendent on both planting date and level of N fertility. 

Total seasonal dry matter production and the parti ­

tioning between components, including the dry matter lost 

to leaf senescence, are summarized in Table 3 for Nl at 

the two planting dates. Total petiole and blade dry 

matter production was greater during the early part of the 

season for the early planting. By late August and there­

after there were only small differences between planting 

dates in leaf dry matter production. Leaf senescence and 

crown and root dry matter production was greater through­

out the season for the April planting. 

By holding the number of days after planting constant, 

the effect of different climate regimes on dry matter par­

titioning can be studied by using more than one planting 

date. Three time periods, 89, 124, and 145 days after 

Table 3. 	 Seasonal dry matter production for two planting dates at 
100 lb N/ A rate. 

Dry matter production, T/A 
Senescent Total 

Da te Blade Petiole leaves Crown Root production 

Apr 22 CD1) 
June 28 0.50 0.33 0.01 0.06 0.25 1. 15 
Ju l y 12 0.64 0.40 0.09 0.16 0.97 2.26 
July 28 0.79 0.60 0.25 0.29 1. 94 3.87 
Aug 9 0.86 0.73 0.41 0.39 2.74 5.13 
Aug 23 0.91 0.83 0.65 0.48 3.70 6.57 
Sept 7 0.89 0.85 0.97 0.55 4.71 7.97 
Sept 27 0.72 0.71 1. 49 0.56 5.93 9.41 
Oct 18 0.33 0.27 2.15 1. 25 6.92 10.92 

May 27 CD 2 ) 
June 28 0.032 0.005 0.000 0.002 0.004 0.043 
July 12 0.27 0.083 0.000 0.025 0.12 0.50 
July 28 0.61 0.34 0.104 0.11 0.45 1. 61 
Aug 9 0.76 0.55 0.24 0.20 0.64 2.39 
Aug 23 0.88 0.98 0.45 0.41 1. 91 4.63 
Sept 7 0.65 0.73 0.73 0.35 2.09 4.55 
Sept 27 0.73 0.68 1. 21 0.36 3.09 6.07 
Oct 18 0.67 0.63 1. 83 0.73 3.90 7.76 
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planting, were selected to study if dry matter partition­

ing between the plant parts was independent of planting 

date (Table 4). This analysis was based on the data in 

Table 3 . For the two harvest dates of July 19 and 

September 13 data were calculated by assuming a linear re­

lationship between harvest dates. 

The data show that the partitioning pattern among the 

living plant parts was nearly independent of planting date 

when compared for the same number of days after planting. 

The early planting always had a higher percentage of dry 

matter partitioned to the roots than the later planting, 

bu t the later planting lost leaves at a faster rate. At 

89 days after planting the LAl was similar for both 

planting dates, namely 2.54 and 2.55. By 124 days after 

planting , the late planting had lost 20% of the dry matter 

through leaf senescence and had a LAl of 1.95 compared to 

the early planting beets which had lost 10 % of the dry 

Table 4. 	 Dr y matter partitioning of living plant tissue among leaves, 
crown s and roo ts, and root dry matter and percentage suc rose 
for three se lected periods after planting.* 

Days a fter planting 

Plant 
part 

89 
Planting date 

Apr 22 May 27 

124 
Planting date 

Apr 22 May 27 

145 
Planting date 

Apr 22 May 27 

-- ­ - ------------Partitioning percentage--------------- ­
Leaves 40 40 26 23 18 17 
Senescent 

leaves 6 10 10 20 14 2 4 
Crowns 8 9 8 7 7 9 
Roots 46 41 56 51 61 50 

--------------------Leaf area index-------------------­
2.54 2.55 3.02 1.95 2.27 1 . 37 

------------Root yield - T dry matter per A----------- ­
1.46 1.91 3.70 3.09 5. 32 3.90 

--------------------Percent sucrose------------------- ­
N.D. 1. 01 12.0 15.0 15.5 17.8 

--------------------Harvest date**---------- - --------- ­
July 19 Aug 23 Aug 23 Sept 27 Sept 13 Oct 18 

* Data are for the 100 lb N rate. 

** Harvest date for se lected periods af ~ er planting. 
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matter through leaf senescence and had a LAI of 3.02. 

When one studies only the partitioning of dry matter be­

tween living ti ssue components and neglects the dry matter 

lost through leaf senescence, the partitioning of dry 

matter was affected more by the number of days after 

planting than by the difference in climate caused by the 

35 days between planting dates. 

Root dry matter production and percentage sucrose for 

the same days after planting (Table 4) were, however, 

markedly affected by planting date. Root dry matter was 

higher for the May planting 89 days after planting. For 

124 and 145 days after planting, root dry matter was 

greater, but percentage sucrose was less, for the April 

planting. The dynamics of effective leaf area, ?s dis­

cussed above, being sustained over a longer period and the 

minimization of dry matter lost through leaf senescence 

accounts in part for the differential root dry matter pro­

duction and sucrose storage. These effects were also 

caused in part by solar radiation and temperature, dry 

matter production being related to accumulated solar ra­

diation and sucrose to mean air temperatures prior to 

sampling. 

Total leaf dry matter production 

To obtain total leaf dry matter production throughout 

the growing season, i. e. the sum for living and senesced 

tissue, dry matter lost through leaf senescence was 

fo ll owed in a companion study conducted simultaneously. 

Dry matter loss was followed by collecting senesc~d leaves 

from a fixed set of plants throughout the season (Lee, 

1980). Living leaf tissue was obtained in the present 

study by sacrificing (harvesting) plants at appro x imately 

2-week interva l s during the season. This resulted in dif­

ferent sets of plants being sampled for the data points as 

the season progressed. To combine the two data sets, 

growth equations were developed using regression analysis 

to express the response of the leaf components to the 

treatments over time. Selection of growth equations was 

based on the statistical criteria of a significant F-test 
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and a R2 greater than .80. The best-fit growth equation 

was a second degree polynomial. These equations are 

valid only from the first sampling date of June 28 to 

final harvest on October 18. 

The data computed for the components of total leaf 

production over the growing season are summarized in Table 

5 for the three levels of N fertility (averaged for 

planting dates). Increasing the rate of N increased the 

total leaf production as would be expected. The addition 

of 300 lb N/A produced over 4 TIA of leaf dry matter by 

the final harvest on October 18, compared to just under 3 

TIA for Nl and just under 2 TIA for NO. Differences among 

N treatments over the growing season for dry matter loss 

Table 5. 	 Living leaf (blade + petiole) dry matter accumulation and 
cumulative dry matter loss from leaf senescence, and total 
leaf production over the growing season for three levels of 
N, averaged over two planting dates. 

Leaf production components throu g h t he season, T/A 
Living leaf We i ght lost Total leaf 

Date dry weight (leaf senescence) dry weight 

Check NO 
June 28 0.26 0.012 0.27 
July 12 0.56 0,049 0.61 
July 28 0.83 0.16 0.99 
Aug 9 0.95 0.27 1. 22 
Aug 23 1. 02 0.43 1. 45 
Sept 7 1. 01 0.63 1. 64 
Sept 27 0.83 0.89 1.72 
Oct 18 0.50 1. 35 1. 85 

Nl' 100 lb/A 
June 28 0.43 0.004 0 . 43 
July 12 0.70 0.045 0.71 
Ju1y 28 1. 17 0.18 • 1.35 
Aug 9 1. 45 0.33 1. 78 
Aug 23 1. 80 0.55 2.35 
Sept 7 1. 56 0.85 2.41 
Sept 27 1. 42 1. 35 2.77 
Oct 18 0.95 1. 99 2.94 

N3' 300 lb/A 
June 28 0.37 0.005 0.37 
July 12 0.87 0.055 0.92 
JuJy 28 1. 37 0.21 1. 58 
Aug 9 1. 66 0.39 2.05 
Aug 23 1. 88 0.67 2.55 
Sept 7 1. 99 1. 05 3.04 
Sept 27 1. 94 1. 69 3.63 
Oct 18 1. 63 2.51 4.14 
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followed a pattern found earlier in leaf production 

(Figure 9a). Increasing the N level increased the living 

leaves and concurrently increased the dry matter loss from 

leaf senescence (Figure 10). 
1800.-----------------------------------------------------------, 

1600 [ill No 

<l: 1400 0 NI 

...... 

'" ~ N3 
D 1200 

1000 
'"0 
...J 800 

.. 
-0 

600 

::E 

>­ 400 

0 
200 

0 
June 28 July 12 

Figure 10. 	 The 
on 
for 

Dry matter loss 

July 28 Aug 9 

Harvest 

Aug23 

Date 

Sept7 Sept27 Octl8 

seasonal effect 
dry matter loss 
date of planting. 

of 
by 

three 
leaf s

levels of 
enescence 

nitrogen 
averaged 

through leaf senescence for the two 

planting dates are summarized in Figure 11. The April-

planted beets lost more dry matter by leaf senescence 

throughout the growing season but the relative differences 

decreased as the season advanced. 
1400.-----------------------------------, 

1200 

<l: 
......:e 1000 

II> 
0 800 
...J 

600~ 
0 

::E 

400 ~ 
0 

200 

0 ~ 

28 12 28 9 23 7 27 18 
JUN JUL AUG SEPT OCT 

Harvest Date 

Apr. 22 

May 27 

~.

::::::1-

E~ III!II 

L ~l ~ Ii! 
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matter loss by leaf senescence averaged for three 
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Regression analysis was used to summarize the parti­

tioning of dry matter among individual plant components 

over the growing season for the April 22 planting and 100 

lb N (Figure 12). Living leaf dry matter maximized about 

September (Table 3) as N became limiting for the re­

mainder of the season. Crown dry matter was parallel to 

the root production as would be expected since crown 

tissue is a thickened spherical stem. Root dry matter, 

which consists of structural tissue and non-structural 

carbohydrate, continued to increase to the October 18 har­

vest. 

Planted Apr 22 

100 Ibs N/A 
12 .5 

<l 10 .0 ...... 
I­

7.5 
CIJ 

~ 5 .0 
>­

0 
2 5 

a 
28 12 28 9 23 7 27 18 

Jun Jul Aug Sep Oct 

Harvest Date 

Figure 12. Components of dry matter production over the 
growing season for the April 22 planting and 100 
lb N rate. 

The final root yield and level of sucrose storage are 

a function of the photosynthetic capacity of the plant 

over the growing season. The partitioning percentages be­

tween living tissue components for multiple plantin~ dates 

could not explain the observed yield and sucrose storage 

differences based on the same number of growing days for 

two planting dates and the same level of N fertility. 

When the effective leaf area and the dry matter losses 

from leaf senescence were included in the system, then the 

allocation pattern between tops and roots for increasing 

yields became clearer. Climate is another factor which 

also must be included in the system since the solar radia­

tion and air temperature patterns influence both the life 

span of leaves and the carbohydrate partitioning. Evi­
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dence from this research supports previous observations 

that the early establishment of the canopy is important. 

In addition, the results show that high yields and high 

sucrose percentages required a sustained LAI above 2.5 for 

abou t 45 days and a minimization of dry matter loss from 

leaf senescence. 

SUMMARY 

A commercial-type field experiment was conducted on 

the Colorado State University Agronomy Research Center to 

obtain dry-matter growth components needed to develop a 

crop simulation model for sugarbeet growth. The imposed 

variables were planting date and N fertility level. 

Components of growth were measured at approximately 

2-week intervals from late June to final harvest, October 

18. Dry matter production of blade, petioles, crowns and 

roots, leaf area index, and yield and quality components 

were determined. 

The crop production envir o nment was very good for the 

Fort Collins area. Maximum gross sugar production ( 5 . 12 

T / A) was attained with 100 lb N / A (the soil-test recommen­

dation) for the April 22 planting. A later planting (May 

27) reduced gross sugar 46%. 

Regression analyses were used to develop the seasonal 

total dry matter production relationships. 
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