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Abst rac t  The objectives of this study were to examine 
the expected response to selection for reducing-sugar con- 
tent after cold storage in three hybrid populations, to de- 
termine whether these populations included clones low in 
reducing sugars, and to investigate the effectiveness of in- 
direct selection for chip colour based on selection of sugar 
content after cold storage. The three hybrid populations in- 
cluded: a random sample of 39 clones of Population 1, 
which was derived from crossing ND860-2 (a clone low in 
reducing sugars) with F58089 (a clone intermediate in re- 
ducing sugars); 40 clones of Population 2, which was ob- 
tained from crossing ND860-2 with Russette (a clone high 
in reducing sugars); and 40 clones of Population 3, which 
was derived from crossing Russette with F58089. Sugar 
content and chip colour were assessed in tubers stored for 
2 months at 4 ~ at Cambridge, Ontario, and at 3 ~ at Ben- 
ton Ridge, New Brunswick. Population 1 had a slightly 
greater predicted response to selection for reduction in glu- 
cose and total reducing sugars than the other two popula- 
tions. This could be attributed to higher heritability esti- 
mates for Population 1, which was a reflection of smaller 
clone x environment interaction mean squares. The greater 
potential advance by selection for fructose, glucose, and 
total reducing sugars, was a direct consequence of its lower 
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means for these traits. Low reducing-sugar clones were 
found in all three populations, indicating their potential use 
for the selection of low reducing sugars. Populations 2 and 
3, however, would require stronger selection pressures and, 
therefore, large population sizes. Expected correlated re- 
sponses for chip colour by selection for fructose and glu- 
cose were similar to, and sometimes exceeded, the ex- 
pected direct responses in all three populations. Indirect 
responses for chip colour by selection for sucrose, how- 
ever, were lower than direct selection responses. These re- 
sults indicate that indirect selection for chip colour, by se- 
lection for either fructose or glucose content after cold stor- 
age, is as effective as direct selection for chip colour. 

Key words Sugar �9 Chip colour �9 Processing �9 Storage 
Selection response �9 Indirect selection 
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Introduction 

Reducing-sugar content (fructose and glucose) is a major 
quality factor in potato processing. The browning of po- 
tato chips is primarily the result of the Maillard reaction 
between aldehyde groups of reducing sugars and the free 
amino groups of the amino acids and proteins during the 
frying process (Talburt et al. 1975), with the amount of re- 
ducing sugars being the limiting factor (Marquez and Afion 
1986). The contribution of sucrose to non-enzymatic 
browning in potato chips has been postulated by some au- 
thors (Shallenberger et al. 1959; Leszkowiat et al. 1990). 
The sugar content in potato tubers, and the consequent chip 
colour, depend on both genetic and environmental factors 
(Stevenson et al. 1954). Tubers of most chipping cultivars 
stored at temperatures below 9-10~ accumulate appre- 
ciable amounts of sugars due to a phenomenon known as 
low-temperature sweetening (Burton 1969; Coffin et al. 
1987). The reducing sugars reach a maximum level after 
about 4 to 8 weeks of cold storage (Schwimmer et al. 1954; 
Burton and Wilson 1978; B arichello et al. 1990). There are, 
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however, some clones which mainta in  a low reducing-  
sugar content  at low temperatures (Coffin et al. 1987; Jo- 
hansen 1987; Colon et al. 1989; Brown et al. 1990; Ehlen- 
feldt et al. 1990). 

The development  of processing cultivars with low lev- 
els of reducing sugars during cold storage is receiving high 
priority in potato breeding programs in North America.  
This is, in part, due to the fact that cultivars resistant to 
low-temperature  sweetening would provide several eco- 
nomic  benefits,  such as less need for sprout inhibitors,  re- 
duced dry matter loss, easy main tenance  of high relative 
humidity,  less pathogen problems, and less chance of chill- 
ing injury during harvest, storage, and transit (ap Rees et 
al. 1981; Coffin et al. 1987). Selection of clones with low 
levels of reducing sugars after cold storage would be fa- 
cilitated by informat ion on the inheri tance of this trait. Very 
little informat ion is available, however,  concerning genetic 
parameters of reducing-sugar  content  of potato tubers 
stored at low temperatures.  Grassert  et al. (1984) observed 
very high heritabili ty (> 0.91) of the reducing-sugars  after 
cold storage for cultivars. For segregating populations,  
Chitsaz (1983) found heritabil i ty of glucose content  at har- 
vest t ime on a clonal mean basis to be low (0.21). 

The objectives of the present study were to examine the 
expected responses to selection for reducing sugars in three 
potato populat ions,  to determine whether populat ions 
would include clones that would meet acceptable levels of 
reducing sugars when stored at cold temperatures (3 -4  ~ 
and to evaluate the effectiveness of indirect selection for 
chip colour based on sugar content.  

Materials and methods 

Hybrid populations derived from crosses among three parents were 
used in this study. The parental clones were deliberately chosen to 
represent a range in reducing-sugar content and other quantitative 
traits (maturity, yield, specific gravity, tuber size, and dormancy). 
F58089 is a regular storage chipping clone, which was developed by 
Agriculture Canada, Fredericton. ND860-2 is a clone that accumu- 
lates low quantities of sugars in cold storage, and was developed at 
North Dakota State University (Johansen 1987). Russette has an in- 
herently high sugar content, and was released by the USDA, Belts- 
ville (Webb et al. 1984). Population 1 was derived from the cross of 
ND860-2/F58089, female and male parent, respectively; Population 
2 was obtained from the cross of ND860-2/Russette; and Population 
3 was derived from the cross of Russette/F58089. The parent clones 
plus seven other cultivars ranging broadly in sugar content (Atlan- 
tic, F58050, Fundy, Katahdin, Kennebec, Norchip, Superior) were 
also evaluated in the experiments as checks. 

Potatoes were grown in two environments: Cambridge, Ontario, 
1990; Benton Ridge, New Brunswick, 1991. At Cambridge, the soil 
was a Fox sandy loam. Fertilizers were applied at the time of plant- 
ing at the rate of 128 N, 64 P and 64 kg ha -[ K. Uniform seed piec- 
es were planted on 15 May and tubers were harvested on 19 Septem- 
ber, 2 weeks after top-killing. Irrigation was applied as needed to 
supplement natural rainfall. At Benton Ridge, the soil was a Carle- 
ton loam and was fertilized at planting time with 145.5 N, 97 P, 
97 K, and 29.1 kg ha [ Mg. Planting was on 21 May and tubers were 
harvested on 4 October, when senescence from the desiccant was 
complete. No irrigation was provided. Pest control and other cultu- 
ral practices were similar to the commercial plantings in the areas. 

Fifty-five randomly-selected clones from each cross were grown 
at Cambridge in 1990, and 100 clones at Benton Ridge in 1991. The 

clones tested at Benton Ridge included the 55 clones tested at Cam- 
bridge. The experimental design was an augmented block (Federer 
and Raghavarao 1975). Clones of the three hybrid populations were 
nonreplicated and randomly distributed in the experiment, whereas 
the ten check cultivars were repeated four times in a randomized 
block design. The experimental unit for clones and check cultivars 
consisted of single five-hill plots spaced at 91.4 cm apart between 
rows and individual plants spaced 25.4 cm apart within a row. A sam- 
ple of 39 clones from Population 1 and 40 clones of Populations 2 
and 3, as well as the replicated check cultivars, were used for sugar 
content assessment. All clones were grown in both experiments. Har- 
vested tubers were stored for 2 months at 4 ~ and 3 ~ 90-95% RH, 
at Cambridge and at Benton Ridge, respectively. 

Samples for sugar assessment and chip-colour evaluation con- 
sisted of three medium-size (57-89 mm diameter) tubers. 

For sugar analysis, a tissue sample from the midsection of each 
tuber of the three-tuber sample was taken, using a cork borer (8 mm 
diameter). The extraction and measurement of sugars (fructose, glu- 
cose and sucrose) followed the method of Wilson et al. (1981), us- 
ing high performance liquid chromatography (HPLC). The juice was 
extracted by grinding a sample of 10 g of tissue in 8 ml of HPLC- 
grade methanol with an Ultra Turrax homogenizer (Type-TP 
18/1059, Janke and Kunkel GmbH and Co. Kg Ika-Werk D7813 Stau- 
fen). Fructose, glucose and sucrose were determined on the basis of 
duplicate HPLC injections of each sample. Quantification of the three 
sugars was obtained from standard curves, using peak heights. 

For chip colour evaluation, five 1-mm-thick slices were cut from 
the midsection and adjacent to the holes left from sampling for sug- 
ars. A total of 15 slices from each sample were cut, washed in cold 
water, dried on paper towel, and fried in hydrogenated vegetable oil 
at about 180 ~ until bubbling ceased. After draining and cooling, 
the chips were scored for colour using Agriculture Canada Chip 
Colour Charts (10- i 00). Readings of 50 or greater are defined as ac- 
ceptable for processing (Coffin et al. 1987). 

For each hybrid population and check cultivars, analyses of var- 
iance for fructose, glucose, total reducing sugar (fructose + glucose), 
and sucrose content combined across environments were performed. 
Analyses of data from check cultivars provided the estimates of the 
experimental error for testing clone x environment mean squares. 
Variance components were estimated by equating appropriate mean 
squares to their expectations and solving for the components. Ex- 
pected mean squares were based on a random effects model for lo- 
cations and clones (Table 1). Genetic variances among clones (6-2), 
genotype x environment variances (6_2), and heritabitities (h a) on a 
plot basis were estimated as: 

h2 = 

6-2 e = ( M c - M c E ) / E  
2 

6-ge = M c e  - M e 

6- 2 = Me 

where Mc=mean square for clones, Mce=mean square for clone x 
environment interaction, respectively; E=number of environments; 

Table 1 Form of analysis of variance and mean square expectations 
for clones within a population 

Source Degrees of Mean Mean square 
freedom a square b expectation c 

Environments (E) E-I 
Clones (C) C-1 M c cr2~+cr2e+E~2 

2 2 CxE (C-l) (E-l) McE cr ~+crg e 
Error ~ 

a E, C are the number of environments and clones, respectively 
b M c  and Mce  are the observed values of the mean squares for clones 
and clone x environment interaction, respectively 
c Cre,2 crg,2 and crg e2 are the components of variance for error, geno- 
~ype, and genotype • environment interaction, respectively 

Mean square from the analysis of variance of the check cultivars 
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Table 2 Combined analysis of 
variance for reducing-sugar 
content after cold storage for 2 
months for ten check cultivars 
grown at Cambridge, Ontario, 
1990, and Benton Ridge, New 
Brunswick, 1991 

Source ~f Fructose (F) 

Mean P-value 
square 

Environment (E) 1 49.85 <0.001 
Cultivars (C) 9 8.90 0.002 
CxE 9 1.11 _<0.001 
Replications/E 6 0.11 0.99 
Error 54 0.13 

Glucose (G) 

Mean P-value 
square 

F+G 

Mean P-value 
square 

55.74 _<0.001 
11.96 0.001 

1.21 _<0.001 
0.13 0.99 
0.17 

210.37 _<0.001 
41.26 0.002 

4.53 0.001 
0.48 0.99 
0.55 

Table 3 Combined analysis of 
variance for reducing-sugar 
content after cold storage for 2 
months for clones of three pota- 
to populations grown at Cam- 
bridge, 1990, and Benton 
Ridge, 1991 

Population 

1. ND860-2/F58089 a 

Source df Fructose (F) Glucose (G) F+G 

Mean P-value Mean P-value Mean P-value 
square square square 

2. ND860-2/Russette 

3. Russette/F58089 

Environment(E) 1 14.85 <0.001 19.45 _<0.00i  63.30 _<0.001 
Clones (C) 38 0.68 _<0.001 0.81 _<0.001 2.94 _<0.001 
CxE 38 0.15 0.24 0.19 0.31 0.66 0.26 

Environment(E) 1 39.99 <0.001 56.53 -<0.001 191.61 <0.001 
Clones (C) 39 1.04 <0.001 1.22 0.002 4.41 <0.001 
CxE 39 0.35 _<0.001 0.47 _<0.001 1.59 <0.001 

Environment(E) 1 18.91 <0.001 28.42 -<0.001 93.70 <0.001 
Clones (C) 39 0.62 <0.001 0.85 _0.001 2.81 <0.001 
CxE 39 0.22 0.02 0.25 0.06 0.86 0.08 

Error b 0.13 0.17 0.55 

a Female/male parent 
b Mean squares from the analyses of variance of the check cultivars 

Me=error mean square from the analysis of variance of the checks; 
dr2=phenotypic variance among clones; 6-~=error variance from the 
analysis of the check cultivars. 

Expected responses to selection (R) were computed as: 

R=ih&g 

where/=standardized selection differential. A 10% selection inten- 
sity was used. 

Estimates of ( l -c0 confidence intervals ((z=10%) of heritability 
and response to selection were based on Tai (1989). For heritability, 
the confidence intervals were calculated as: 

P (L~,<-h2-< UH) > - (1 -m 

LH=[(F/Fv-1)/E]/{ [F/Fu-1 )/E]+I } 

UH = [(f'/Fc-1)/E]/{ [F/Fc- 1)/E]+ 1 } 

where F=Mc/Mce; Fv=Foj2. n[,~2, hi=m-l, n2=(E-I ) (m-l) ,  
m=number of clones; Fc=Fl_oe2, ,~1, n2. For the expected response to 
selection, the confidence intervals were calculated as: 

P (LR<R<_ UR)>_ ( l -a )  

LR=i (Lo) 1/2 (LH) 1/2 

UR=i (Ug) [/2 (LH) 1/2 
2 where L0=(n 1 Mc/Xu) [(F/Fu-1)/E]/(F/Fcr), Xu=Xc~2, nl, 

Ug=(nl MjXL) [(FIFc-1)/EI/(F/FL), XL=XZl-a/2, n l "  

Phenotypic (rp) and genetic (%) correlations among sugars were 
computed from variances and covariances of the traits as: 

rp=MCP12/( MclMc2 ) 1/2 

2 2 [/2 
Fg=(~ 12 / ((~g 1 ~g2 ) 

where MCP12=mean cross-product between traits t and 2; &12=ge - 
netic covariance between traits 1 and 2. 

Direct and correlated responses to selection on a plot basis for 
chipping colour by selecting at 10% intensity for sugar content were 
predicted. 

Correlated response to selection for trait 2 by selecting for 
trait 1 (CR21) was calculated as: 

CR21 =i 6-01 a (6-p1 l)[/2 

where 6-g12=(1/E) (MCPc12-MCPcE12), MCPc12=mean cross-prod- 
uct for clones, MCPcE12=mean cross-product for the clonexenvi- 
ronment interaction; 6-pl 1=(l/E) McI+[(E-1)/E]Mce 1. 

Estimates of (1-~z) confidence intervals (o'~= 10%) on a plot basis 
of expected correlated response were based on Tai (1986, 1989) as: 

P (Lce < CR < UcR) > (1-o~) 

LcR=i [nj X2a/2,nl/(XL)2] 1/2 [O'p[ 2 FLOeI2/(~pll)I/2]/KL 

UCR = i [i~ 1 X2-3 cr/2,n 1/(X u) 2 ] 1/2 [~-; 1 2 - F u  (~e [ 2](~p 11 ) 1/2]/K v 

where r (MCPclz+[(E-1)/E] (MCPcE[2; 8e[2=MCPcE[z; 
Kc=[ I +( E-1)F3e~z,~I,n2]/E; Ku=[ l +( E-1)Fl_3uJ2,nl,n2]/E. 

Results 

C o m b i n e d  ana lys i s  of  va r i ance  for f ructose,  g lucose  and  
total  r e d u c i n g - s u g a r  con ten t  for the ten  check  cul t ivars  
showed  h i g h l y - s i g n i f i c a n t  (P  < 0.01) m e a n  squares  for en-  
v i r o n m e n t s ,  cu l t ivars  and  their  in t e rac t ions  (Table  2). The  
ana lyses  of  va r i ance  for c lones  in  each of  the three  popu-  
la t ions  showed  s ign i f i can t  m e a n  squares  for c lones  as an-  
a lyzed  f rom the fructose,  g lucose  and  total  r e d u c i n g - s u g a r  
con ten t s  (Table  3), i nd i ca t ing  that  gene t ic  va r i ances  ex-  
is ted in  each popu la t ion .  There  were  h i g h l y - s i g n i f i c a n t  dif-  



Table 4 Means, genetic (6"2), genotype x environment (62e), and 
error (6-2e) variance component estimates, with their standard errors 
(SE) for reducing-sugar content (mg g-1 fresh weight) after cold stor- 
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age for 2 months for clones of three potato populations grown at 
Cambridge, 1990, and Benton Ridge, 1991 

Trait Population Mean+SE Variance components 

G• <• ~ 

Fructose (F) 1. ND860-2/F58089 b 0.94 _+ 0.10 
2. ND860-2/Russette 1.54+0.13 
3. Russette/F58089 1.66-+0.10 

Glucose (G) 1. ND860-2/F58089 1.16 +0.11 
2. ND860-2/Russette 1.84-+0.14 
3. Russette/F58089 1.97_+ 0.12 

F+G 1. ND860-2/F58089 2.1 l _+0.21 
2. ND860-2/Russette 3.38 -+ 0.27 
3. Russette/F58089 3.63 +0.21 

0.26+0.08 0.03_+0.04 0.13+0.02 
0.34+0.12 0.22+0.05 0.13+0.02 
0.20 +0.07 0.10+0.05 0.13 +0.02 

0.31 +0.09 0.02+0.05 0.17+0.03 
0.37+0.14 0.30_+0.11 0.17• 
0.30-+0.10 0.08_+0.06 0.17-+0.03 

1.14-+0.34 0.11 _+0.18 0.20+0.04 
1.41 _+0.13 1.03-+0.16 0.20+0.04 
0.97+0.33 0.31 -+0.22 0.20+0.04 

a Component from the variance components of the check cultivars 
b Female/male parent 

Table 5 Point and confidence 
interval estimates for heritabil- 
ity (h 2) and expected response 
to selection (R) for reducing- 
sugar content (mg g 1 fresh 
weight) after cold storage for 2 
months for clones of three pota- 
to populations grown at Cam- 
bridge, 1990, and Benton 
Ridge, 1991 

Trait Population h 2 (CI) a R (CI) 

Fructose 1. ND860-2/F58089 b 0.63 (0.44; 0.77) -0.69 (-1.00;-0.42) 
(F) 2. ND860-2/Russene 0.50 (0.27; 0.67) -0.70 (-1.10;-0.35) 

3. Russette/F58089 0.47 (0.24; 0.65) -0.52 (-0.83; -0.24) 

Glucose 1. ND860-2/F58089 0.62 (0.42; 0.76) -0.74 (-1.08; -0.46) 
(G) 2. ND860-2/Russette 0.44 (0.20; 0.63) -0.68 (-1.13; -0.29) 

3. Russette/F58089 0.54 (0.32; 0.70) -0.68 (-1.04; -0.37) 

G+F 1. ND860-2/F58089 0.63 (0.44; 0.77) -1.43 (-2.07; -0.90) 
2. ND860-2/Russette 0.47 (0.24; 0.79) -1.38 (-2.44;-0.65) 
3. Russette/F58089 0.53 (0.31; 0.69) -1.22 (-1.87; -0.64) 

a Values in parentheses indicate 90% confidence limits 
b Female/male parent 

ferences between growing environments for all three pop- 
ulations. The clone x environment (C• interactions were 
tested by the error mean square from the analyses of data 
from check cultivars (Table 2). They were not significant 
in Population 1 but highly significant in Population 2 for 
all three traits and only significant (P _< 0.05) for fructose 
in Population 3. 

Frequency distributions of clones for both reducing sug- 
ars approximated to normality in Populations 2 and 3. The 
distribution of Population 1, however, was skewed 
(P _< 0.05) towards the low parent, implying multiple gene 
interaction. A ND860-2 standard was used to establish the 
culling level for reducing-sugar content (fructose=0.62, 
glucose=0.89, and total reducing sugars=l.5 mg g-t fresh 
tissue). For fructose, the maximum level was achieved with 
33.3%, 5.0%, and 2.5% selection intensity; for glucose, 
with 33.3%, 10.0%, and 2.5% selection intensity; and for 
total reducing sugars, with 35.9%, 7.5%, and 2.5% selec- 
tion intensity in Populations 1, 2, and 3, respectively. 
Among the low total-reducing-sugar clones, 21.4% in Pop- 
ulation 1 and 33.3% in Population 2 had a sucrose content 
comparable to ND860-2 (i.e., < 1.7 mg g-1 fresh tissue). 
The one low reducing-sugar clone in Population 3 had a 
high sucrose content (2.9 mg g-1 fresh tissue). 

Reducing sugars were observed in significantly-lower 
quantities in Population 1 than in Populations 2 and 3 (Ta- 
ble 4). The means of the 2-year study for fructose were 
39% and 43%, for glucose 37% and 41%, and for total re- 
ducing-sugar content 38% and 42%, lower in Population 
1 as compared to Populations 2 and 3, respectively. 

Variance components calculated from the mean squares 
of the combined analyses of variance (Table 4) showed that 
genetic variance components for both reducing sugars were 
relatively large. The genetic variances exceeded all other 
variance components for the individual and total reducing 
sugars in all populations. Both genetic and genotype x en- 
vironment (G• variance components for the three traits 
were larger in Population 2 than in the other two popula- 
tions. This would be expected as Population 2 was from 
the most divergent parents. 

Heritability estimates derived from variance compo- 
nents are presented in Table 5. Heritability for the three 
traits was moderate, ranging from 0.44 to 0.63. The esti- 
mates for all traits were higher for Population 1 than for 
the other two populations. The confidence intervals, how- 
ever, largely overlapped; therefore, the superiority of he- 
ritability estimates for Population 1 for any trait could not 
be confirmed. 
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The expected selection responses for reduction in fruc- 
tose, glucose, and total reducing-sugar content at 10% in- 
tensity of selection were similar for the three populations 
(Table 5). The predicted response from selection for fruc- 
tose ranged from -0.52 to -0.70 mg g-i fresh tissue, for 
glucose f rom-0 .68  to -0.74 mg g-1 fresh tissue, and for to- 
tal reducing sugars from -1.22 to -1.43 mg g i fresh tis- 
sue. Again, the confidence intervals for fructose, glucose 
and total reducing sugars overlapped among the three pop- 
ulations, indicating a similar genetic advance due to selec- 
tion. Consequently, the means of selected clones for fruc- 
tose, glucose and total reducing sugars, respectively, would 
be much less in Population 1 (0.25, 0.42, and 0.68 mg g-1 
fresh tissue) than in Population 2 (0.84, 1.16, and 2.00 mg 
g-X fresh tissue) and Population 3 (1.14, 1.29, and 2.41 mg 
g-I fresh tissue). 

Correlation coefficients among fructose, glucose and 
sucrose are presented in Table 6. Both phenotypic and ge- 
netic correlations between fructose and glucose were high, 
positive, and consistent across populations. Correlations 

Table 6 Phenotypic (above diagonal) and genetic (below diagonal) 
correlations among sugars from the combined analyses of three po- 
tato populations grown at Cambridge, 1990, and Benton Ridge, 199 l 

Trait Population Fructose Glucose Sucrose 

Fructose 1. ND860-2/F58089 a - 0.97 -0.05 
2. ND860-2/Russette - 0.96 -0.08 
3. Russette/F58089 - 0.92 0.03 

Glucose 1. ND860-2/F58089 0.99 - 0.03 
2. ND860-2/Russette 0.98 - -0.10 
3. Russette/F58089 0.99 - -0.09 

Sucrose 1. ND860-2/F58089 0.07 0.10 - 
2. ND860-2/Russette -0.02 -0.08 - 
3. Russette/F58089 -0.03 -0.08 - 

a Female/male parent 

of sucrose with fructose or glucose were all very low and 
generally negative. 

Estimates of expected correlated response to selection 
on a plot basis in chip colour, by selecting for low sugars 
after cold storage, and direct response for chip colour were 
higher within than combined across growing environments 
(Table 7). Within environments, predicted correlated re- 
sponses for chip colour, by selecting for low sugar content, 
were lower than direct response estimates. Combined 
across environments, however, correlated responses in 
chip colour by fructose and glucose approximated, and 
sometimes exceeded, direct responses in all populations. 
In Population 1, the correlated response estimates for chip 
colour were 9.3 (104%) and 9.4 (106%) by selection for 
reduced fructose and glucose, respectively, compared to 
8.9 from direct selection for chip colour. Selection for low 
fructose and glucose in Population 2 provided gains in chip 
colour of 8.4 (85%) and 8.5 (86%), respectively, compared 
to 9.9 from direct selection for chip colour. Selection for 
reduced fructose and glucose in Population 3 caused cor- 
related responses in chip colour, of 6.3 (83%) and 7.4 (97%) 
compared to 7.6 gained from direct selection for chip 
colour. Furthermore, the 90% confidence intervals for the 
expected correlated response in chip colour, by selection 
for low reducing sugars after cold storage, and for the 
direct response, generally largely overlapped both within 
and combined across growing environments. 

Discussion 

Response to selection can be used to compare populations 
to be included in a breeding program. In this study, re- 
sponses to selection for fructose, glucose and total reduc- 
ing sugars were estimated in order to compare populations. 

Table 7 Point and confidence interval estimates of expected direct and correlated response to selection for chip colour after cold storage 
(3-4~ by selecting for low sugar content in tubers grown at Cambridge, 1990, and Benton Ridge, 1991, in three potato populations a 

Selected Growing Population 
trait environment 

1. ND860-2/F58089 u 2. ND860-2/Russette 3. Russette/F58089 

Fructose 

Glucose 

Sucrose 

Cambridge 1990 l 1.6 (8.7; 16.0) ~ 10.4 (7.8; 14.3) 7.7 (5.7; 11.5) 
Benton 1991 9.1 (6.6; 12.7) 10.8 (8.l; 14.7) 8.1 (5.8; 11.4) 
Combined 9.3 (5.7; 15.1) 8.4 (4.5; 14.3) 6.3 (3.1; 11.3) 

Cambridge 1990 12.5 (9.9; 16.7) 13.0 (10.3; 17.3) 11.2 (8.1; 14.5) 
Benton 1991 9.1 (6.6; 12.7) 10.6 (8.0; 14.5) 8.3 (6.0; 11.7) 
Combined 9.4 (5.7; 15.2) 8.5 (4.8; 14.5) 7.4 (3.8; 13.1) 

Cambridge 1990 6.8 (5.9; 8.6) 0.2(-0.3; 0.8) 1.2(1.9; 2.4) 
Benton 1991 0.3 (-0.6; 1.3) -2.5 (-3.2;-2.5) 0.3 (0.3; 0.4) 
Combined -0.5 (-1.1; 0.1) -1.4 (-2.4; -0.8) 1.2 (1.0; 1.6) 

Chip colour Cambridge 1990 14.5 (11.7; 18.4) 13.8 (11.1; 17.5) 11.8 (9.3; 15.1) 
Benton 1991 10.9 (7.9; 14.6) 12.5 (9.3; 16.3) 11.2 (8.1; 14.8) 
Combined 8.9 (5.6; 12.9) 9.9 (6.6; 13.8) 7.6 (4.5; 11.4) 

a Chip colour: 10=dark, 100=light 
b Female/male parent 
c Values in parentheses indicate 90% confidence limits 
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The data from the three populations indicated that the pre- 
dicted response to selection for reduction in individual and 
total reducing sugars would be large for all populations. 

According to Simmonds (1979), the equation used to 
calculate the response to selection (R=ih#g) implies that 
selection of superior clones depends upon the population 
mean, the selection intensity, the heritability, and the ge- 
netic variance. Heritability estimates for the total reducing 
sugars (0.47-0.63) were lower than that reported by Grass- 
ert et al. (1984) (h2_>0.91) on a mean basis from measure- 
ments in cultivars grown in four locations for 8 years. 
Higher estimates for all three traits were obtained for Pop- 
ulation 1 as compared to the other two populations. This 
can be ascribed to the nonsignificant CxE interaction in 
Population 1 when compared with those in the other two 
populations (Table 3). The heritability estimates, however, 
did not differ significantly among the populations, and 
were high enough to indicate that genetic improvement for 
reducing sugars could be made through selection. 

The slightly greater gain in the reduction of glucose and 
total reducing sugars in Population 1 than in the other pop- 
ulations (Table 5) can be attributed to higher heritability 
estimates, which was a reflection of smaller C• interac- 
tions. The greater potential advance by selection for the 
three traits for Population 1 as compared to the other two 
populations, however, was a direct consequence of the 
lower means. Despite differences in genetic variance and 
heritability estimates for the reducing sugars among the 
populations, the means of fructose, glucose and total re- 
ducing sugars were also determinant factors for a moder- 
ate potential of improvement by selection in the case of 
Populations 2 and 3. 

The frequency of clones with low reducing sugars (i.e., 
equal or less than those seen for the ND860-2 clone) was 
higher than that reported by Ehlenfeldt et al. (1990). Trans- 
gressive segregation for low reducing sugars suggests that 
clones with lower reducing-sugar content than ND860-2 
can be readily developed. The occurrence of low reducing- 
sugar clones in each of the three populations indicates that 
they can all be used for selection for low reducing sugars. 
The difference in frequency of low reducing-sugar clones 
among the populations, however, would require stronger 
selection pressures on Populations 2 and 3 as compared to 
Population 1. 

The phenotypic correlations among traits are influenced 
by both genotype and environment. The genetic correla- 
tion expresses the extent of relationship between genes that 
condition two traits (Falconer 1989). The similarity, con- 
sistency across populations, and close to unit coefficient 
for phenotypic and genetic correlation between fructose 
and glucose, suggests that the variation of these sugars ap- 
pears to be conditioned by the same genetic system. The 
absence of genetic correlations of sucrose with fructose 
and glucose indicate that separate genetic systems control 
their levels. This confirms that reducing-sugar content and 
sucrose content are genetically independent, and indicates 
that simultaneous selection for these sugars is feasible. 

In this study, populations were compared for their abil- 
ity to accumulate less reducing sugars in cold storage, 

ignoring other traits. The choice of a population to be in- 
cluded in a processing cultivar development program, 
however, cannot simply be made on the basis of its perfor- 
mance for specific traits. Several important traits that were 
not part of this work must be taken into consideration. For 
other traits, the ranking of the populations examined may 
be very different. Population 1 had greater potential ad- 
vance by selection for reducing sugars than the others as a 
result of its low initial means. The superiority for reduc- 
ing sugars of Population 1, however, does not imply that 
this population would allow the improvement of other 
traits. On the other hand, Population 2, which seemed to 
have been derived from parents genetically more diverse 
for other traits as compared to Population 1, may have a 
large variation for other traits. Even Population 3, which 
had the highest means and lowest frequency of low reduc- 
ing-sugar clones, should be considered because it was de- 
rived from a cross between two adapted clones. Popula- 
tions 1 and 2 were produced from crosses involving a clone 
(ND860-2) that has some undesirable traits, such as very 
short dormancy, which were introgressed into adapted 
germplasm along with the cold-chipping ability from Sol- 
anum phureja (Ehlenfeldt et al. 1990). Certainly, to select 
clones low in reducing sugars from Population 3 would re- 
quire more effort, but could also provide opportunity for 
making some progress for other important traits. 

Because reducing sugars are negatively correlated with 
chip colour, positively-correlated responses to selection 
for chip quality would be expected in selecting for a re- 
duced sugar content. The predicted correlated response es- 
timates were positive, and were similar to the direct re- 
sponse estimates, suggesting that indirect selection for chip 
colour, based on selection for fructose and glucose, would 
give gains comparable to direct selection. 

The higher predicted correlated responses to selection 
within environment can be explained by the fact that ge- 
netic variances and covariances estimated for the traits 
within environment included genotype x environment 
interactions. 

Results of this study indicated that indirect selection, 
by either fructose or glucose content after cold storage, 
were as effective as direct selection for chip colour. Thus, 
both of the reducing sugars assessed after cold storage can 
be used in screening procedures for chip colour when 
breeding potatoes for processing. 
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