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For decades the sugarbeet plant has been studied to learn 

about its growth processes and how they interact with the 

environment t o influence sucrose yie l d . Growth studies 

ha ve also been used as a way to discover inefficiency in 

sugarbee t production and to deve l op techniques and cultural 

practices that can be used to remedy such inefficiencies. 

Plant phys iologist s have mainly used pot cultures In the 

greenhouse, growth chamber, or phytotron in their sugar­

beet growth experiments. Much of the research has been 

done with a limited number of commercial varieties, with 

little attention given the effect o f genotype. Agronomists 

have conducted field trials testing cultural practices 

such as the effects of fer tilization, irrigation, and 

planting dens i ty. Sugarbeet breeders have continued to 

follow routine methods f or the development of commerc ial 

varieties bas e d upon t h e ir combining ability and performance 

for root yield, sucrose content, and pest resi s tance. 

They have con s istantly struggled with the apparen t inverse 

relationship between root yie ld and sucrose content. 

Breeders have directed little effort toward selecting a 

particular type of leaf canopy or internal root struct ure 

that is more efficient in partitioning of photosynthate to 

growth and to sucrose storage in the root. Physiologists 
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and geneticists are now becoming aware of the need for 

team research to study the variation among genotypes and 

to develop principles, methods, and models for the selection 

and breeding of superior cultivars. 

The purpose of this paper is to: 1) summarize some of the 

general characteristic patterns of growth and sucrose 

accumulation that have been observed in sugarbeet as a 

summer crop in a temperate region and 2) to present data 

we have obtained in recent years on growth and sucrose 

accumulation patterns in inbreds and hybrids, and the 

relationships that exist between inbreds and their 

hybrids f or t hese characteristics . 

General Growth Pattern 

Early scientists such as Bouillene et al. ( 3 ) and van de 

Sande Bakhuyzen (31) distinguished three phases of growth 

in the sugarbeet: leaf formation from emergence until 

the end of July, root formation or tuberization during 

August, and storage, or ripening, through the rest of 

the season . Watson and Selman ( 39) agreed that early 

growth is dominated by the f ol iage and later development 

by the root, but they were unable to distinguish a 

separate phase for sucrose storage in the root. 

Leaves and petioles have the first priority for metabolic 

products during seasona l development of a plant as l o ng 

as conditions favor vegetative growth. During the first 

few weeks of growth, leave s and petioles constitute the 

main part of the plant and account for most of the plant 

dry matter (34, 10, 21, 33) . At about 6 weeks, the root 

begins to accumulate dry matter more rapidly than do 

petioles and leaves combined . From that point on, the 

root shows an accelerated linear accumulation throughout 

the season, while the dry matter content of blades and 

petioles tends to accumulate at a constant rate. This is 

illustrated with data from a test of 24 hybr ids and inbreds 

grown at Logan in 1 974 (Figure 1). This suggests that 
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f i gure 1. 	 Seasonal accumulation of dry matter for blades, 
petioles, and roots o f 24 genotypes . Logan, 
Utah. 1 974 . 

the earlier th e l eaf c anopy de ve lops , the better the 

chance f or h i gher s uc ros e product ion because the root , 

rather than the fo l iage , rece i ves the bulk o f the photo ­

synthet ic a ss imilat e f or a l onger period . 

Leaf Area 

Leaf area has be~n one o f the Gain p arameters to meas ure 

growth in plants. According to Storer et al. (33), it 

appears t o approximate photosynthetic produc tion as well 

as any measureab le leaf attribute. 
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As early as 1947, Watson (36) observed that leaf area was 

a main constituent in determining sugarbeet yield. Others 

have substantiated that root yield was correlated with a 

rapidly developed, large leaf area index (LAI) (12). 

Several workers (4, 14, 15, 16, 19, 21, 32, 33, 37) have 

noted the distinct pattern of leaf area increase and 

decrease during the growing season. 

A typical seasonal change in leaf area in the northern 

hemisphere with N fertilization to maximize sucrose 

production is shown in Figure 2. It is a typical 
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Figure 2. 	 General pattern of seasonal changes in leaf 
area. See Wat son ( 37), Campbell and Viets (4), 
Hodanova (15), and Storer et al. (37) .. 

logarithmic growth curve maximizing midway in the growing 

season ; it then decreases because as the older leaves die, 

their leaf area is not entirely replaced by that of the 

newly formed leaves. 

In the northern latitude s under normal N fertilization, 

plants usuall y reach their maximum LAI In the latter part 

of July or the first part of August, then decrease until 
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harvest. The rate of decrease in leaf area after the 

maximum is 	dependent upon nitrogen availability. With high 

rates of ni t rogen, the l eaf area does not decrease as 

rapidly as 	illustrated in Figure 2. 

Go odman (14) collected data at s even locations in Engla nd, 

using two varieties, and found signif i cantly different 

leaf areas for l ocations but similar seasonal growth 

patterns at all locations . We have observed t he same 

general l eaf area growth curves in divers e inbreds and 

hybrids as observed in various o pen - po llinated variet i es 

studied by other s cientists ( Figures 3 and 4). There 

were d i fferences between genotypes and between years for 
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Fi gure 3 . 	 Sea s onal pattern of leaf area for i nbreds at 
Lo gan , Ut ah . 
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Figure 4. 	 Seasonal pat t ern of leaf area for h ybrids at 
Logan, Utah. Each curve represents the mean 
of f i ve hybr id s of the indicated pollen parent 
crossed to the same cytop l asmic mal e sterile 
f emale p a rents . 

dat es when the max imum leaf a re a was reached , but. the 

growth pat t erns remained re l atively similar for all o f 

the genotypes during different growing seasons. 

Significant difference s in l eaf area were observed between 

inbreds and betwe e n hybrids. Some hybrids showed leaf 

growth similar to the mean of their parent inbreds. Others 

exhib it ed heterosis for leaf area. For e xample, L53 

inbred has the sma lles t canopy of the inbreds we s tud i ed 

(Figure 3) . However , in hybr i d comb i nat i ons , it produced 

large leaf are a s (F igure 4 ). It appears that leaf area 
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is a mUltigenic character governed mainly by nonadditive 

genet i c ~actors. ~hese data and data from other unpublished 

experimenTs d emons trate tha-t the total seasonal leaf area 

of a hybrid in t h e field cannot be accurately predicted 

from the lea f area o~ its parents. 

from the literature , we would conclude that l ea f area 

indexes of 3 to 4 in August are nearly optimal f or sugar­

beet growth (10, 13, 14, 32, 33, 37). However, no leaf 

area is optimal from year - to-year (33). Goodman (14) 

pointed out that an increase in root yield has been 

associated with an increase in LAI up to 5.5. He suggested 

that, beyond an LAI o f 4, the added canopy may contribute 

to total olant dry matter yield because of the foliage, 

but the leaves on the average are so deficient for 

maintenance carbohydrate that they do not contribute to 

root growth and sugar accumulation. 

One of the most likely ways t o increase sucrose y ield wou l d 

be to develop varieties that r e ach their maximum leaf 

areas early in the growing season and thereafter do not 

surpass the LAI for optimum growth. This partitioning of 

assimilate to the roo t and the early establishment of a 

large sink size in the root are necessary for h i gh sucrose 

yield. 

In a 19 76 test at Logan, leaf areas o f nine inbre ds gave 

a correlation of 0 . 80 ** with root weight at the July 21 

harvest date. The correlation coefficient for leaf area 

and root we i gh t of six h yb r ids developed from the se inbreds 

was 0.60**. Campbell and Viets (4) reported that the 

correlation between LAI and root we ight approached 0.90** 

by the end of June but dropped to 0. 30 at harvest. Thus, 

meaningful relat ionships must be defined, and selection 

fo r leaf area should be made early in the growth season 

while the canopy is be ing fo rmed . 
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Leaf area is greatly i n f luenced by environmental f ac tors. 

Wats on , et a l . (38) r eported thatleaves expand more in 

moist years t han in dry years , a nd that s hading decreases 

leaf size. Nit rogen fe rtil izer increases leaf growth 

and als o delays maximum l eaf c anopy development until the 

l ast o f August (6 , 9, 33 ). Milford and Thorne ( 25 ) found 

that c o ld tempera tures l ate in t he growing sea s on resulted 

in plants having slight ly s ma ller l eaf areas, and halv i ng 

light intensity had lit t l e effect on leaf area. Lenton 

and Mil f ord ( 18 ) r eported that increas ed photoperiod in 

c ontrol l ed e nv ironme nts increased leaf area 47 %; however, 

leave s were thinne r and had dry weight production similar 

t o sugarbeets grown in a normal environment. 

Leaf Number 

The number o f leave s on a p lant continually increases in 

a linear manner throughout the growi ng s e ason for all 

genotypes. We have observ e d simi l ar growth pat t erns for 

both inbreds and hybrids ( Figure s 5 and 6). Significant 

differe nc es in l eaf number a nd het e rosi s occur for this 

c haract er. However , leaf number is r e latively unaffected 

by cul tur al practic es or environmental f actors (3 8 ). 

Canop y Type 

The mUltiplic ity o f canopy type s in sugarbee t further com­

plicates the problem of sele cting the mos t efficient 

plant s fo r breeding and product ion. Much of this 

variation has not been critic ally studie d because 

s cientists have u sed commerc ia l varieties in t he ir growth 

s t udies , a nd mo st o f our commcr c i nl varieties are quite 

similar in canopy type . 

Foliar geometry o f l eaf plac ement, horizo nt al or erect 

growth habit, di fference s in light-absorbing capacit y , and 

phot o s ynthetic eff iciency could all af f ect production. 

Miyaura e t al . (27) have reported that erect and horizontal 

canopy types are d i ff erent in their transition from one 

stage o f development to a nother during the growing season. 
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Figure 5. 	 Se as onal pattern o f le a f accre tion f or inbreds 
at Logan, Ut ah . 

Loomis a n d Williams ( 22) reported that leaf a ngl e distri ­

butions are quite d ifferent from different strata in the 

canopy, and a s ingle mean angle f or each stratum would 

be a poor re presentat ion of canopy morphology. So far 

we have f a iled to develop reliable t e chniques that c an 

be used as s ele c tion c r iter ia fo r the most e ffecti ve 

canopy type f or s ugarbe e t s . Some attempts to study the 

effec ts of the canopy ha ve been made b y defoliat ion or 

decapitation o f the terminal bud (5, 8, 11 ) . These 

practices have resul t e d in decreased r oo t yield and 

sucrose production . Early lea f remova l stimulated the 

remaining l eaves t o increas e in size at t he expense o f 

root growth; lat e removal of leaves also reduced s ucro se 
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Figure 6 . 	 Seas onal pattern o f leaf ac cret ion for hybrids 
at Logan, Utilh . 

content . Gemma (11) estimat e d that l eaf removal caused 

a 40% dec rease in cell number ~nd a 50% decrease in the 

width of vasc u l a r ring s in the r oo t . 

Plant Densit y 

Plan t density exper i me nts have been ano ther means ot 

study i ng the partition ing o f assimi l ate for growt h . I t 

is well established that plant den s it y affe ct s production 

(4, 6, 7, 1 3 1 Increas ing plant density increases l eaf 

growth per unit area, decrease s the root/shoo t ratio and 

root y ield, and i ncreases sugar percentage (17, 20, 24) . 

Sucrose yields seem to be optimal at a plant population 

of about 30 , 000 p l ants p~r acre. I n 1 974, we compared 

thre e genotypes ha v i ng di ff ere nt canopy structure in 

6 -i~ch , 1 2-inc h, and 24 -i nc h spacings in 22 -inch rows in 



353 VOL. 20, NO.4, OCTOBER 1979 

the field. One genotype had a prostrate growth habit 

with leaves on, or near, the soil surface. A sec ond 

genotype had an extremely erect growth habit, and the third 

genotype was intermediate between the other two. The 

erect and semi-erect canopy types tended to be less erect 

in the wider spacings, but the growth habit of the prostrate 

genotype remained unchanged. The interaction of genotypes 

x density wa s not s igni f icant. Al l three canopy types gave 

t he highest yield at the same density and had similar 

sucrose contents. Data f rom a 1976 study also demonstrate d 

that plan t density affects sugar production, but canopy 

types of di ff erent growth habit s howed little interaction 

with plant den s i ty . Similar r esult s have been observed 

by Loach (19). 

~oot - shoot Ratio 

The root/ s hoot r a tio of a plant is an indicator of the 

partitioning of assimilate to the top verses the root. 

This ratio f ollows a linear pattern during the growing 

season (Figure 7). Early planting incre ases the root/shoot 

ratio since l ower temperatures t e nd to limit leaf growth 

(17). Loach (19) demonstrated that cultivars with a 

larger root/shoot ratio maintained more rapid assimilation 

rates during the later stages of gro wt h. It was hypothe ­

si z ed that the plants were able to maintain faster rates 

of a ss imilation because they had larger roots in which 

to ,;tore sucrose . Some varieties with relatively large 

root/shoot r at ios produce as much total dry matter as 

others wi th less lea f a rea (Watson, 37). In our experi­

ments, the be s t r elationship betwee n sucrose co~tent, or 

yield and root/ shoot r a tio, occurred early in the gr owing 

s eason . 

Root Deve lopment 

According to Artschwager (1), the s ugarbee t root is 

der ived from a s er i es of concentric cambia developed at 

a very early stage. He s uggested t hat a l l of the vascular 

rings of the root are developed concurrently and just 
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Figur e 7. Roo t / shoot ratio of 24 genotypes. 

expand wit h growth . Milford ( 23) r ecently concurred that 

r i ngs d e velop together and not sequentially. Our re search 

a l s o support s thi s conc lus ion. 

The sugarbee t root beg i ns an accelernted growth about 6 

weeks after germina tion a nd continues to accumulate dry 

matter linearly throughout the growing season (Figure 1). 

Root growth occur s by both ce l l div i s ion and cel l enlarge ­

ment, and ind i v i dual varieties may differ great l y in the 

proportion o f each of these two processes. 
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Vascular Rings 

It is generally assumed that high-sucrose types have many 

narrow vascular rings, whereas hi gh-root-y ield type s show 

the oppos ite pattern. This was first suggested by Roemer 

(30) and Pack (28). Pack observed a correlation of 0 . 30 

for s ucrose content and ring dens ity and suggested that 

ring density could be used by breeders as a selection 

criterion for high-sucrose l ines. Artschwager (1) no t ed 

that l arge ring number, high r ing density, broa d vascular 

zones, narrow parenchymal zones, well developed phloem, 

absence of lignification in the sugar sheat h and white 

tis sue color were all indicative of a high-sucrose content . 

However , he cautioned that the relative influence of 

thes e traits on sucrose can differ with the genetic 

material, and systematic study would be required to define 

the effect for a given selection. He f ound no relation­

ship with the size of the central core, nor a consi s tent 

relationship between the number of vascular bundles in 

the root and sucrose production. He also conclude d that 

the shape of the root has little cons istent relationship 

to its internal structure . 

In a 1974 study at Logan, 24 inbreds and hybrids were 

harvested five times during t he growing season, and the 

vascular ring numbers and ring widths determined . Well­

developed ring numbers i ncreased on the average from 

seven on July 28 to lIon October 15, t he date of f i na l 

harvest. The re lative growth rate of the ring s showed 

that they grew in a parallel manne r at qui te similQr 

rates during the season (Figure 8) . Ring s dec reased 

in width from the centra l core outward . Ring widths were 

influenced by different plant densities; however, geno­

types showed similar patterns of behavior. Milford and 

Watson (26) found that the heav ier roots of nitroge n­

fertilized beets had the same number of rings as roots 

grown with low nitrogen, but r oot enlargement was due 

to increased width of individual rings. The number of 

cells was not affected, but mean cell volumes were 40 % 
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l arger i n t he high-n i trogen p l an t s . 
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Figur e 8 . 	 Seasona l change in rin g width for 24 genotypes 
o f s u gar be et a t Lo gan, Ut a h . 1 974. 

I n our st udies we have significant pos i t i ve c orrelations 


of ring wi dth with root y i eld and negat i ve c orre lat ions 


o f ring wi dt h with sucros e c o ntent . An example of these 


co r re l at ions i s given in Table 1 for 18 hybrids gr own 


at Logan in 1 976 . 
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Table 1. 	 Correlation coefficients for vascular ring 
width with root weight and sucrose percent 
f or 18 hybrids at three harvest dates. 

Root Weight 	 Sucrose %
Ring 

No . H2 H3 H4 H2 H3 H4 

11 0.13 0.77·'n·, 0.74""": -0. 24 -0.67-:"" -0.30 
2 
3 
4 

0.62 ,', 
0.71";;" 
0.66··d , 

0.74";;" 
0.64,·d, 
0.71··d , 

0.80··..·• 
O. 79-:d , 
0.68,·d, 

-0.57 ,'n', 
-0.6 3-:"-: 
-0. 64··d , 

-0.69,·d, 
-0.42 
-0.41 

-0.32 
-0.27 
-0.18 

l Rings were numbered from central core outward. 

Cell Siz e and Cell Volume 

Milford (23) recently made a detailed anatomical study of 

the vascular rings of the sugarbeet root. He found that 

the mean cell volume within both parenchymal and vascular 

zones of t he root were larger in each succes s ive ring 

from the center outward. However, the vascular zon es 

contained two to thre e times as many cells as the 

adjoining parenchyma. Cell s e nlarged less with each 

successive ring outward. Expanding parenchymal cells 

increased six to eight times in volume and 10 to 15 

times in number from June to September. Vascular cell 

vo lume remained constant and cell number increa sed 10 

to 30 times during thi s growth period. The par e nchymal 

tissues had lower s ucrose concentrations than the vascular 

zone " composed of s maller cells. Water per cell and 

non-sucrose dry matter per cell were directly proportional 

to cell volume. He concluded that sugar concentration 

In the root lS determined o n the basis of the relative 

proportions of the two types of tissue in the root. 

Pilot studies in our laboratory have also indicated that 

cell size is highly correlated with sucrose content. 

More research needs to be done to study root growth at 

the cellular level. 
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Roo t Di ameter 

Gemma (11) r eported that r oot d iameter was h i ghly cor re ­

lated wi th r oo t weigh t : O. 8 2 ~'d: for s u bar beet , O. 84,'d: for 

f o dd e r beet , a nd 0. 75 ** f or char d . He o b serve d tha t 

r oot diameter was al so cor relat e d with t h e n umber of 

rings in t he r oot : 0. 8 0** in s ugar beet , 0 .5 2** in f odder 

bee t, and 0 . 79 ** in chard . Pack ' s ( 29 ) corr e l at i on was 

0. 86* * for root d i a meter and y i eld . At Logan, our root 

d i a me t e r d nd yield correlat ion s have varied from 0 . 60 ** 

t o 0. 80 ** ( See pape r by D. L . Doney i n this symposium ) 

Sugar Ac c umu l a tion 

Se v c r a l o f our stud i es at Lo gan ha v e de mon s t r ated t ha t 

s ucrose ac cumul a tion i n t h e roo t begin s v e ry early i n t he 

seedlin g stage of developme nt and occ urs co n c urren t l y 

wi th root growth . On a f r esh we i ght basis , s ucrose con ten t 

l nc rease s in a n a l mo st line ar ma tt e r d urin g t h e growin g 

season ( Fi gu re 9 ). Our re s u l t s are support ed by t ho se of 

D. M 

~ 

2 
w 
U 
a: 
w 
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w 
(f) 

o 
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u 
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JUNE JULY AUG S E P T OCT 

Figur e 9 . Sea sonal changes in sucrose acc umula tion, fresh 
weight ( F .W.) and dry mat te r ( D. M.) b a s i s . 
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Bergen (2), Gemma (1 1 ), Goodman (12), Follet t et al. (18), 

Mil ford (2 3 ), and Watson and Selman (39). Sucrose percent 

of the root dry matter shows the most rapid rate of ac c umu­

lation during June (Figure 9). The rate is decreased 

s lightly in July and then remains relatively constant until 

harvest. This is in contrast to previous concepts (35) 

that sucro s e does not accumulate until the root is f airly 

well developed, and results from residual photosynthate no t 

required for growth. 

Inbreds and hybrid s f ollow s imilar linear patterns of 

sucrose accumulation, with the highest rate of accumulation 

occurring early in the season (Figures 10 and 11). 

Signi f icant d i f f erences were noted between inbreds and 

between hy brids , and in a few cases heterosis was observed 

f or sucrose percent. Since sucrose content is inheri ted 

mainly in a n addit ive manner, the sucrose content of 

most o f the hybr i ds wa s equal to t heir mid-parent mean. 

Correla tion o f s uc r o s e in inbred s wi t h sucrose in hybrids 

was 1]. 91~·:~·:. 

Usually inbre d s , or hybr id s , high in sucrose at the 

beginning of the s ea s on we re also hi gh at the end of the 

season. Those low in s ucrose remained low during the 

e nt i r e growt h per i od. The high-sucrose inbred L19 was 

an exc ept ion s ince it had a lower sucro s e content than 

s ome inbred s a t t he f ir s t harves t in Jun e and a more 

r a p i d rat e o f sugar accumulation than all other line s 

during the r emainder o f the se a s on . This sugge ~ts that 

there may be di ff erent genetic a nd physiological mechan­

i s ms governing the amount s o f photosynthate proportioned 

for sucros e ac cumulat ion in L19 than in other inbreds. 

The L53 inbre d a pparent ly receives a greater proportion 

of photosynthate for sucrose storage during t h e early 

stages of development, and L19 receives an increased 

st imulus for sucrose accumulat i on about 40 days after 

thinning. The same relationship is evident on a dry­

matter basis. At the first harves t in 1976, the percent 
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Figure 10. 	 Seasonal change in sucrose accumulation for 
six inbreds, Logan, Utah. 1976 . (Fresh 
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dry matter of L53 was 67% and of L19, 64%. At the final 

harvest, L19 had 2% higher sugar in the root dry matter 

than L53 (L53, 57% and L19, 59%). Other inbreds shown 

in Figure 10 averaged 60% sucrose in the dry matter for 

the first harvest and 55% for the final harvest. L~ght, 

soil conditions, temperature, moisture, and nitrogen 

could affect the control mechanisms. We need more research 

in these areas. 

Sucrose percentage generally has a correlation of 0.7 to 

0.8 with dry matter of the root. Differences in sucrose 

percentage on a fresh-weight basis often appear to be 

reflections of water content of the cells rather than 

sucrose per se. When sucrose content is determined on a 



361VOL. 20, NO.4, OCTOBER 1979 

18 

-:6 

15 

?F 
14 

Q,) 

(/) 13 
o 

C,) 12 
~ 

en 
11 

10 

9 

8 

7 

6 

7/5 8/8 9/12. 10/17 

Ha r vest nritP. 

Figure 11. 	 Seasonal change in sucrose accumulation for 
hybrids, Logan, Utah. 1978. (Fresh weight 
ba sis) 

dry-we ight basis , there is often little difference between 

varieties. Bergen (2) compared a high yield with a high 

sucrose type variety and f ound that, although the varieties 

showed consistent significant differences on a fresh­

weight basis, the differences were significant o"n a dry­

weight basis for only the last harvest. Goodman (13) 

and Follett et al. (10) reported similar results. 

Plant breeders genera l ly select for high sucrose on a 

fresh-weight basis. More meaningful selection might 

result if breeders made their selections on a dry-weight 

basis, 
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Summa ry 

There are consistent pattern s of growth of leaves and roots 

of sugarbeets and fairly consistent patterns of sugar 

accumulation during the sea son. These may be altered by 

environmental factors, cultural practices, or genotypes; 

however, the patterns remain relative l y con s istent. Leaf 

area increases rapidly for all genotypes until the last 

part of July, or first part of August (approximately 80 

to 90 days after emergence), and the n decrease s during 

the rest of the season. Leaf numbers, root/shoot ration, 

dry matter, r oot diameter, the number and width of vascular 

ring s in the root, and s ucrose accumulation on a fresh-weight 

ba s i s have linear patterns of d evelopment. On a dry-matter 

basis, the pattern of sucrose accumulation i s curvilinear, 

with the greatpst rate o f accumulation occuring mid-season. 

Significant diffe rence s are noted between inbreds and 

hybrids for all growth characteristics. Heterosis occurs 

for some genotypes for all characters. Inbred and hybrid 

performance are not well r e lated, except for additive 

factors such as sucrose accumulation. 

Ba sed on growth patterns, i f we were to characterize an 

ideal beet, it would include the following: 

1 . 	 Early d e velopment of maximum leaf are a to LAI 3 

to 4, then longer leaf duration. 

2. 	 Smal ler leaf numbers and leaf orientation that 

favors more effective light utilization by the 

canopy with vertical leaves in the upper part 

of the canopy strata. 

3. 	 Plants with l arge root/shoot r at i os - early In 

the season. 

4. 	 High sucrose percentage in the dry matter of the 

root. 

S. 	 Roots in which cell multi p lication dominates over 

cell expansion for a longer development period. 

6. 	 Large number o f develo ped r ings in the root with 

broad zones of vascu lar ti ssue and narrow bands 

of parenchyma . 
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Growth and sucrose accumulation patterns demonstrate that 

selection of genotypes for opt imum sucrose produc tion is 

not an easy task. No single, nor group of, growth factor( s ) 

have yet proved to be a good index of genotype performance. 

However , recent studies suggest that the opportunity for 

improvement may be more effectively realized in the early 

stages of growth than we have previously supposed. Sugar­

beet geneticists and physiologists need to work as a team 

to develo p new selection techniques to identify genotypes 

tha t part ition photosynthate more efficient l y for plant 

growth and s ucrose accumulation. This appears to be the 

most promising approach to attain new genotypes having 

both high yield and h igh sucrose content . 
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