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INTRODUCTION 

Present and future world shortages and increasing 

petroleum costs have stimulated the search for alternate 

renewable and nonrenewable energy sources. Sugarbeets (Beta 

vulgaris L.) and sugarcane (Saccharum spp.) have high poten­

tial as a feedstock for conversion to alcohol as a practical re­

newable energy source. Sugarbeets have many desirable char­

acteristics such as: storage of 40 to 50% of their dry matter 

as fermentable sugars (6, 7, 15); a small nitrogen (N) require­

ment per unit of sugar produced (2, 5, 7); a range of related 

Beta vulgaris genotypes which may be used to increase yield 

potential (7, 8); use of by-products as a cattle feed or conver­

sion to methane (6, 7); and wide adaptation within the U.S. 

(19) . They can also be stored up to 6 months in cool areas, 

all of which make them a primary feedstock source for alcohol 

production. 

In the development of new sugarbeet cultivars for sucrose 

production, high sucrose concentration with low levels of impuri­

ties including non sucrose sugars in the harvested root has been 

emphasized to maximize extractable sucrose. Fodder beets, which 

in contrast have higher root yields, high impurities, "and low 

sugar concentration, have been grown extensively in Europe as 

cattle feed. Many of the disadvantages to fodder beets as a 

refined sucrose source are not important if they are to be used 

for alcohol production. Although low in sugar concentration, 

the high root yielding fodder beet may have the potential to 
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yield more fermentable sugars per hectare than can be obtained 

from commercial sugarbeet varieties. 

Soil tests have been developed to assess the residual N 

and provide a basis for calculating N fertilizer application 

levels needed to maximize the product of root growth and extrac­

table sucrose concentration of commercial sugarbeet hybrids (2, 

5, 9, 10, 11). However, little is known concerning the N re­

quirements of other genotypes for situations where total fermen­

table sugar production is of primary importance. 

The sugarbeet water requirements have been studied exten­

sively and reviewed by Jensen and Erie (12). Recent studies 

show that irrigation water level can be reduced below present 

day practices during the growing season with very little effect 

on sucrose yield (3, 4, 18, 22). The areas of the western U.S. 

where many beets could be grown for alcohol production may have 

limited irrigation water. 

The objective of this study was to evaluate the fermentable 

sugar yield potential of several genetically diverse Beta vulgaris 

genotypes (sugarbeet and fodder beet types) grown under moder­

ate and high N levels and normal and mid- to late-season soil 

water deficit and plant water stress and to determine their N 

and water requirements. 

MATERIALS AND METHODS 

An irrigated field experiment was conducted on Portneuf 

silt loam soil (Durixerollic Calciorthids; coarse-silty, mixed, 

mesic) near Twin Falls, Idaho in 1980. This soil has a weakly 

cemented hardpan at the 50- to 60-cm depth that has little effect 

on water movement when saturated but may restrict root penetra­

tion. The area used was cropped to barley (Hordeum vulgare 

L.) the previou.s year an.d wa.s deficient in N (2) and phosphorus 

(P) (21). 

Two adjacent experimental areas (irrigation treatments), 

each involving six replications of a split-plot design with two 

N rates as main plots and eight Beta vulg aris genotypes as sub 

plots, were used. The N treatments were broadcast preplant 

as ammonium nitrate at 196 and 392 kg N/ ha on plots 17.9 m 

wide by 7.6 m long. Phosphorus was applied uniformly at 56 

kg P/ha. The fertilizers were incorporated with the upper 10 
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cm of soil as the seedbed was prepared. 

The N fertilizer rates used were established by the use 

of the sugarbeet N requirement equation developed by Carter 

et al. (2, 5). 
(5.5 + 0.5) - (Cl.nN + Cl.mN - 5 Rs) [1 ] YE n m 

E
f 

where N is the N fertilizer/ha needed, Y E is the expected maxi­f 
mum yield, 5.5 + 0.5 kg of N is the N required to produce a 

metric ton of crowned fresh roots (root minus crown), Cl.nN 
n 

is 

the available N0 -N in the soil depth sampled, Cl.mN is the a­
3 m 

vailable mineralizable N in the soil depth sampled, Rs is the 

straw in metric tons/ha, and E is the efficiency of applied Nf 
fertilizer. 

Eight Beta vulgaris genotypes (Table 1) were planted in 

four row plots on 8 April 1980. All genotypes were planted in 

56-cm rows that had previously been marked and treated with 

aldicarb at 2.24 kg of active ingredient per hectare to control 

lnsects. The genotypes were thinned to a 23- to 30-cm within-

row spacing in early June. 

Two irrigation levels, M1 and M3 (3), were used. The irri­

gation times and amounts are summarized in Figure 1 for the 

following treatments: 

Adequate irrigation based on previous experi­
ments. Irrigation dates were based on estima­
ted soil moisture depletion (13) and irrigation 
durations depended on the amount to be ap­
plied. 

M3 - No irrigation was applied after the soil pro­
file was filled with water on 1 August: Irri­
gations were the same as Ml before 1 August. 

A light irrigation was applied to both irrigation levels 

about 10 days before harvest. Every other row irrigation was 

used throughout the season. The net amount of water applied 

was determined using an equation previously reported (3). 

The soil water content in the 0- to 30-cm depth was deter­

mined gravimetrically at various times between 30 July to 6 Octo­

ber. One access tube located within the center rows of each 

of the genotypes on two replications (196 kg N/ha) near the 

upper and lower part of each irrigation treatment and a calibra­

ted neutron probe were used to measure the soil moisture in 
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Table 1. Description of Beta vulgaris genotypes used in this experiment. 	 o 

r 
Common 
Name 

Seed 
From 

Curly 
tOE t Germ 

Description 2 
9 

GWD2 

AH10 

LHY-1 

U. S. 

U.S. 

U.S. 

XX 

XXX 

XXX 

mono-

mono-

multi-

Commercial hybrid, Great Western Sugar Co. 

Commercial hybrid, Amalgamated Sugar Co. 

Logan high yield expo hybrid. 

~ 
o n 
d 
==1"l 

" 
LHS-1 U.S. X multi- Logan high sucrose conc. expo variety 

~ 
t-> 

Monorosa Netherlands X mono- Diploid high yield hybrid fodder beet! 

Monoblanc Netherlands X mono- Triploid high yield hybrid fodder beet§ 

Pajbjerg Korsroe Denmark X multi- Polyploid high yield fodder beet 

Rota Germany X multi- Diploid open p o llinat e d fodd e r beet 

t 	 X = highly susceptible, XX = partial resistance, XXX highly resistant. 
2n sugarbeet x 2n fodder beet. 
2n sugarbeet x 4n fodder beet. 

'-' 
N .... 
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IRRIGATIONS AND RAINFALLtTreat ­
ment to 30 June I July I AUQ. I Sept. I Oct. Totol 

mm 

Rainfall 
1 
2 

f 1 
1330 

f 
I 46* 

MI 211 
f 

70 
f f f 

70 70 180 
f 

70 70 70 
t 

79 890 

M3 211 
f 

70 
f f f 

70 70 180 
1 

79 680 

t Arrows above quantity of water refers to application dote. *After I August. 
Figure 1. Irriga tion water applied and rainfall. 


the 30- to 230-cm depth at the same time intervals as of those 


taken for the 0- to 30-cm depth between 30 July to 6 October. 


Petiole samples consisting of 25 of the youngest fully­

mature leaves were selected at random from each plot of the Ml 

irrigation treatment on 21 August. The petioles were cut into 

0.5-cm sections, dried at 650 C, ground to pass through a 40­

mesh sieve, subsampled, and analyzed for N0 -N, using a nitrate
3

specific ion electrode (17). 

Root and top samples were harvested manually from three 

uniform 3-m row sections from the center rows of each plot be­

tween 14 to 21 October. Root samples that included the crown 

were brushed free of soil, weighed, and triplicate root samples 

consisting of 10 to 12 roots were taken for total sugars, sucrose, 

purity, dry matter, and N analysis. A representative top sample 

was taken from a composite of the three row sections for dry 

matter and N analysis. All fresh tissue was weighed before and 

after drying. Extra root samples were taken from the genotypes 

AHI0 and GWD2 to determine the yield of crowned roots (root 

minus crown). 

Total sugars, reducing sugars, and sucrose were determined 

by the Sugarbeet Research Laboratory at Logan, Utah, using the 

following methods: sucrose concentration was determined by the 

Sach - Ie Docte cold digestion procedure as outlined by McGinnis 

(16), reducing sugars (glucose and fructose) were quantified 

colorimetrically in the filtrate obtained for sucrose analysis 

using dinitrosalicylic acid reagent. Total fermentable sugars are 

the sum of sucrose and reducing sugars. Dry matter in the beet 

roots was determined by drying brei samples collected at the 



329 VOL. 21, NO.4, OCTOBER 1982 

time of sugar and sucrose analyses. 

Samples from the tops and roots (root plus crown) were 

dried at 650 C and dry weight determined. The dried samples 

were ground to pass a 40-mesh sieve and the total N was deter­

mined by the semimicro-Kjeldahl procedure modified to include 

nitrate (1). Nitrogen uptake was calculated by assuming that 

the N concentration was the same in both the fibrous and storage 

roots and that the weight of the unharvested fibrous roots was 

equal to 25% of the total harvested storage root weight (4). 

RESULTS AND DISCUSSION 

The growth patterns of the various genotypes were very 

similar throughout the growing season. The main differences 

were in early and late top growth and the position of the 

storage roots in relation to the soil surface. From field obser­

vations during !:lid-june to mid-july, the earliest and greatest 

top growth ws observed for Pajbjerg Korsroe, Monoblanc, and 

Rota; followed by GWD2 and Monorosa; and smallest by the AH10, 

LHY-1, and LHS-l. The genotypes established complete cover 

of the soils surface by the leaf canopy in the same order during 

early to mid-july. Plants at the higher N level had a larger 

leaf canoy at all growth stages on all genotypes as compared 

with the lower N treatment. The fodder beets (Pajbjerg Korsroe 

and Rota) started to turn yellow in mid-August on the lower 

N treatment indicating a N deficit. This was particularly notice­

able on Rota where only the younger leaves were green at both 

N levels by the end of the season. Leaf canopy was reduced 

on both N levels and all genotypes by mid- to late-season mois­

ture stress as compared with the normal irrigation. I~ sugar­

beet types, only the crown of the storage root is above the soil 

surface. The genotypes Monoblanc, Pajbjerg Korsroe, and Rota 

had 40 to 60% of the storage root above the soil surface at har­

vest. This could have adverse effects on harvesting the whole 

storage root for alcohol production using present day farm e­

quipment. 

The genotypes varied widely in their root yield, and suc­

rose and total sugar concentration at both N levels (Table 2). 

The fodder beets (P ajbjerg Korsroe and Rota) gave significantly 

higher root yields, lower sucrose and total sugar concentrations 

as compared with the sugarbeets (GWD2, AH10, LHY-1, and LHS­



~ 

Q

Table 2. 	 Interaction means for each genotype at each N level and N level means for root yield, sucrose (% and 
~ 

yield), total sugar (% and yield), and potential alcohol yield; mt metric tons, kl kilol Hers. 

Beta vulgari 5 Root Yield Sucrose Total Sugars Alcoholt 

Genotype 196t 392f 196 392 196 392 196 392 196 392 196 392 


- ­ mt/ha - ­ % - mt/ha­ - ­ 70 - ­ -mt/ha­ - kl/ha­
GWD2 79.5 . ­ 85.2 18.2 .­ 16.9 14.5 14.4 18.4 "k 17 .1 14.6 14.5 8.72 8.67 

AH10 74.3 .­ 80.3 18.2 " 16.6 13.5 13.4 18.3 ok 16.8 13.6 13.5 8.13 8.05 

LHY-1 83.1 86.1 18.5 " 17.2 15.4 14.8 18.6 " 17.4 15.5 15.0 9.23 8.92 

LHS-1 67.7 " 74.5 20.3 .­ 18.6 13 .8 13.8 20.5 ..,~ 18.8 13 .9 14.0 8.27 8.33 

Monorosa 88.4 .­ 100.9 15.2 .­ 14.1 13.5 14.2 15.4 'k 14.2 13.6 >'c 14.4 8.10 * 8.56 

Monoblanc 102.3 " 110.5 14.3 "k 12.7 14.7 14.0 14.5 " 12.9 14.8 14.2 8.84 8.49 

Pajbjerg Korsroe 121. 5 " 134.9 11.6 " 10.9 14.1 14.7 11.9 " 11.3 14.4 >'c 15.3 8.60 >'c 9.10 

Rota 116.4 " 138.2 10.2 " 9.1 11.9 12.5 10.5 " 9.4 12.2 >'c 13.0 7.29 ~c 7.77 

LSD (0.05) 3.8 3.8 0.5 0.5 0.8 0.8 0.5 0.5 0.7 0.7 0.45 0.45 

Interaction " 	 NS NS "k " " 

N effect means 91.7 " 101.3 15.8 " 14.5 13 .9 14.0 16.0 ok 14.7 14.1 14.2 8.40 8.49 

" Significant interact ion at p = 0.05, between N level means significant difference between means at p = 0.05. 
0 

t 1.68 kg sugar/liter alcohol (14 lbs/gal). 	 ~ 
~ 
"2

kg N/ha. 	 ~ 
r" 
0 
""l.., 
::c 
t'l 
~ 
ill 
ill 

:-.= 
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1) . The fodder x sugarbeet hybrids (Monorosa and Monoblanc) 

were intermediate in root yields, sucrose and total sugar concen­

trations. This negative correlation between root yield and suc­

rose or total sugar concentrations resulted in similar yields of 

total sugar and potential alcohol production at both N levels. 

The highest potential alcohol production came from the experi­

mental sugarbeet hybrid LHY-1, followed by the fodder beet hy­

brid Pajbjerg Korsroe. The lowest potential alcohol production 

was the highest root yielding genotype Rota, an open- pollinated 

fodder beet. 

The fodder beets had the highest reducing sugar concen­

tration on a dry (Table 3) and fresh root basis, but in no case 

did they exceed 0.5% on a fresh root basis. Total sugar concen­

tration on a dry weight basis and root dry matter concentration 

were highest on the sugarbeets and lowest on the higher root 

yielding fodder beets with intermediate levels on the fodder x 

sugarbeet hybri ds. Total dry matter production was similar be­

tween the two divergent types (sugarbeets and fodder beet types) 

except for the nonhybrid fodder beet, Rota, which was signifi­

cantly less. The proportions of the total dry matter in the tops 

and roots indicated that fodder beets partitioned less photosyn­

thate to the tops and more to the roots than sugarbeets. These 

data also indicated that the fodder beets partitioned the photo­

synthate in the roots differently than sugarbeets with less going 

for sugar storage. 

The parameters that make up total sugar yield for the 

various genotypes were compared in a regression analysis at 

both N and water levels in Table 4. There was an in~erse lin­

ear relationship between root yield and dry matter or total sugar 

concentration in the roots at both irrigation levels within each 

N level. The total sugar concentration in the fresh roots was 

primarily dependent upon the dry matter concentration within 

the roots with a lesser but still important total sugar concen­

tration within the dry matter. Increased N level reduced the 

total sugar concentration in the fresh roots by reducing the per­

cent dry matter and the total sugar concentration of the dry 

matter. There was no effect of irrigation level on the total 

sugar concentrations in the fresh and dry roots or the dry mat­



~ 
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Table 3. 	 Interaction means for each genotype at each N level and N level means for reducing sugar and total 
sugars as a percent of dry matter, root percent dry matters, and top, root, and total plant dry matter 
yields; OM = dry matter. 

Reducing Sugars Total Sugars Root Dry Matter Yield 
Beta vulgari s 
genotYEe 

% of OM 
196t 392t 

% of OM 
196 392 

Dry Matter 
196 392 

TOEs 
196 392 

Roots 
196 392 

Total 
196 392 

"/0 metric tonslha 
..,,, .-	 .­GWD2 	 0.57 0.68 75.7 74.7 24.3 22.8 5.0 7.4 19.3 19.5 24.3 26.9* 

-;, .-	 .­AH10 	 0.64 0.70 74.1 72.1 24.7 23.3 5.7 7.8 18.4 18.7 24.1 26.5 

* 
 .-	 , ,( 
LHY-1 0.60 0.67 75.2 74.6 24.8 23.3 4.8 6.8 20.6 20.0 25.4 26.9 

.-	 j~ ..,,: ..,~LHS-1 0.61 0.76 75.2 73.3 27.3 25.6 4.9 6.9 18.5 19.0 23.4 26.0 

Monorosa 0.67 0.83 75.1 73.4 " 19.4 4.1 6.1 18.1 19.6 22.2 25.7.- 20.5 .- -k .-

Monoblanc 0.85 1.31 74.9 73.0 19.3 17.7 4.2 6.2 19.8 19.5 23.9 25.6.- "k 	 . ­* 
.- .- .­

.- .- "k 

Pajbjerg Korsroe 2.44 2.63 73.2 70.6 16.2 16.0 3.5 4.5 19.7 " 21.6 23.2 26.1 

Rota 	 2.22 2.81 73.0 " 70.3 14.4 13.4 3.0 4.0 16.7 18.5 19.7 ," 22.6* 
LSD (0.05) 0.11 0.11 2.4 2.4 0.5 0.5 0.3 0.3 1.1 1.1 1.2 1.2 

Interaction 	 "k NS .- NS .- NS 

N effect means 1.07 ··k 1.30 74.6 .­ 72.8 21.4 .­ 20.2 4.4 ..,1:; 6.2 18.9 o'c 19.6 23.3 ..,\: 25.8 0 
* Significant interaction at p = 0.05, between N levels means = significant difference between means at p = 0.05. ~ 

~ 
2. 

t kg N/ha. ;I> 
t"" 
0 
""l 
-l::c 
t"l 
;I> 

'" '" == ~ 
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t e r concentration of the various genotypes. Therefore, total 

sugar yield was primarily dependent upon the dry matter yield 

at the different irrigation and N levels. 

Table 4. 	 Ef fec t of root yie 1.d on percent dry mat ter and perce nt 
total sugars, percen t root dry matter on percent total 
sugars, a nd dry matter yield of roots on total sugar 
yield as affected by N fertiliz e r l eve l, and mid- to 
late-season moisture stres s. 

N M1 	 M3 

Fertilizer Regr ess ion eguation r Regression eguation r 

kg/ha Root yield (yd) on % Dry Mattert 

196 y 41.1 - 0.210 yd 0.92 Y= 39.1 - 0.197 yd 0.91 
392 Y 36.3 - 0.154 yd 0.95 Y = 36.2 - 0.163 yd 0.93 

Root yield (yd) on 10 Total Sugar! 

196 
392 

y 
Y 

31.1 
27.8 

- 0.160 yd 
- 0.123 yd 

0.91 
0.94 

Y = 
Y= 

29.7 
26.6 

- 0.154 yd 
- 0.123 yd 

0.90 
0.93 

% Root Dry Matt er (OM) on 10 Total Sugad 

196 y =-0.41 + 0.770 OM 0.99 Y =-0.65 + 0.773 OM 0.98 
392 Y =-1.12 + 0.794 OM 0.98 y =-0.31 + 0.736 OM 0.98 

Dry Matter Yield, Roots (YOM) on Total Sugar Yie ldf 

196 
392 

y =-1.47 + 0.826 YOM 
Y = 1.20 + 0.676 YOM 

0.96 
0.85 

y
Y= 

0.30 
0.69 

+ 0.725 YOM 
+ 0.683 YOM 

0.89 
0.82 

tS (Common standard error of the slopes) = 0.011, !Sb = 0.009,
b 

§Sb = 0.021, fSb = 0.055. 

Nearlyall the measured factors were affected by increasing 

the N level on all genotypes (Tables 2, 3). High N levels in­

creased root yield and reducing sugars but decreased the concen­

trations of sucrose, total sugar and dry matter. This resulted 

in little difference in total sugars and potential alcohol pro­

d uction between the two N levels except for the fodder beet 

types. 

Genotype x N interactions were largely due to the differ­

ence in N treatment effects on the fodder and sugarbeet types. 

The fodder beets (P ajbjerg Korsroe and Rota) showed a much 

greater root yield increase and a smaller decrease in total sugar 

concentration at the higher N level than sugarbeets. This re­

sulted in significant increases in total sugar and potential alco­

hol production for the fodder beets at the high N level; whereas 

the sugarbeets showed no differen~e at the two N levels. 
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The genotypes produced more dry matter under the high 

N level with the tops generally showing the gre atest increase. 

The fodder beets yielded significantly more root dry matter at 

the high N level; whereas the sugarbeets produced essentially 

the same root dry matter at the two N levels. There was very 

little difference between the sugarbeet hybrids for total dry 

matter production at the high N level. The increased dry matter 

production caused by the higher N levels was mainly partitioned 

to top growth in the sugarbeet types; whereas in the fodder beet 

types the extra dry matter and growth was equally divided be­

tween the tops and roots. 

The N requirement for maximum fermentable sugars and 

potential alcohol production for the various genotypes, using 

data from the optimum irrigation level (M ), were evaluated in1
Table 5. Previous experiments (5) have shown, because of the 

linear decrease in sucrose concentration with increasing total 

available N (NT)' that maximum sucrose yield was obtained at 

a NT value that was slightly less than required for maximum 

root yield. The same criteria should apply for total sugar yield 

on the various genotypes. The large increase in root yields 

that occurred for most genotypes with increased N rate indicated 

that maximum sugar yields would probably occur somewhere be­

tween the two application rates of 196 and 392 kg N/ha. 

The two N application levels were calculated using a 

measured an N + am N value of 146 kg N/ha and the upper limit n m 
of 6 kg N/metric ton in Equation [1] as the optimum N rates for 

a yield of 57 metric tons (mt) of crowned roots (root minus 

crown) per hectare for the genotype AH10 if a N fertilizer effici­

ency (E ) of 100 and 50% was obtained for the 196 and 392 kgf 
N/ ha rates, respectively. From past experiments (2, 5) , an 

average E of 65% has been determined and used. However, inf 
this experiment E for AH10 was found to be 75% at both N rates.f 
The maximum root yield for the crowned AHlO roots of 71 metric 

tons/ha was found to be considerably above that used to deter­

mine N application rates. If the measured root yield for 392 

kg N/ha level is used to determine the N requirements per metric 

ton of roots, the required kg N/metric ton would be 4.8, 5.6, 

6.2, and 7.6 for the 50, 65, 75, and 100% Ef , respectively. Past 



VOL. 21, NO.4, OCTOBER 1982 335 

experimental work has shown the 5.5 ..::. 0.5 kg N/metric ton is 

the optimum N rate for maximum sucrose yield. However, the 

average N requirement using the actual root yield of the 196 

and 392 kg N/ha fertilizer levels for AH10 (roots minus crown) 

at 75% would be near 5.3 kg N/ metric ton (Table 5).Ef 
The total N uptake for the various genotypes was quite 

similar and averaged 258, 274, and 260 kg N/ha on the 196 kg 

N/ha rate and 400, 429, and 411 kg N/ha on the 392 kg N/ha 

rate for the sugarbeet, fodder x sugarbeet, and fodder beet 

types, respectively. Although total N uptakes were similar, 

a greater proportion of the N was found in the roots of the fod­

der x sugarbeet and fodder beet types as compared with sugar­

beet types (Table 5). The N uptake used to produce a metric 

ton of sugar was significantly greater at the 392 kg N/ha level 

than at the 192 kg N/ha level. However, there were no signifi­

cant differences between genotypes in N uptake per metric ton 

of sugar produced except for Rota at the 192 kg N/ha level. 

Similarity between the total N uptake by the various genotypes 

indicated that the N necessary for maximum total sugar yield 

would also be similar. This is further verified by the petiole 

N0 -N in late August (Table 6). The critical low range for
3

N0 -N has been established at 1000 ppm (20) and experience
3

in this area indicates that petiole N0 -N should be near 1000
3

ppm by late August to maximize yields, sucrose concentration 

and purity of sugarbeets. 1 n the present work, the petiole N0 ­
3 

N concentration in late August was found to be quite similar 

between the various genotypes at each N level. Based on past 

experience, the 196 kg N/ha rate was found too low i~ petiole 

N0 -N and 392 kg N/ha rate in slight excess for maximum sucrose
3

and total sugar yields. This would indicate that the same 

criteria used for determining N needs of sugarbeets may be ap­

plicable to fodder x sugarbeet and fodder beet types. 

If the sugarbeet N requirements are applicable to fodder 

x sugarbeet and fodder beet types as they appear to be, the 

average kg N/metric ton value at 75% N fertilizer efficency for 

the two fertilizer rates (196 and 392 kg N/ha) in Table 5 should 

be used in Equation [1] to determine the N needs to maximize 

sugar production for the various genotypes. The E value inf 



Table 5. Nitrogen available per metric ton of beet roots, percentage of the total N uptake in the tops and roots, ~ 
c:I\ 

plant N uptake per metric ton of roots, and plant N uptake per metric ton of sugar as affected by N 
fertilizer level and efficiency, and genotype on the M1 irrigation level; mt = metric tons, R = roots, 
S = sugar. 

Soil t & Fertilizer N Plant N UEtake 
Beta vulgari s 100% t 75/0t TOEs Roots TO~S & Roots 
genot:iI~e 196§ 3<12~ 1<16 3<12 AVB· 19ti 3g2 19ti 392 19(5 39 19(5 }92 

kg N/mtR 10 -kgN/mtR- - kg N/mtS­

GWD2 4.1 6.1 3.5 5.0 4.3 33 38 67 62 3.0 4.8 16.5 27.5 

GWD2f 4.6 6.8 3.9 5.5 4.7 3.4 5.3 

AH10 4.5 6.4 3.9 5.3 4.6 36 41 64 59 3.4 4.9 18.3 29.0 

AH10'11 5.2 7.6 4.4 6.2 5.3 3.9 5.7 

LHY-1 4.0 6.1 3.5 5.0 4.3 32 41 68 59 3.2 4.2 17.2 23.9 

LHS-1 5.0 7.0 4.3 5.7 5.0 31 37 69 63 3.7 5.1 17.7 26.7 

Monorosa 3.7 5.2 3.2 4.2 3.7 22 27 78 73 3.0 4.2 19.6 30.4 

Monoblanc 3.2 4.7 2.7 3.8 3.3 27 31 73 69 2.5 3.6 17.2 27.8 

Pajbjerg Korsroe 2.8 3.8 2.4 3.1 2.8 23 22 77 78 2.2 3.2 18.6 28.1 

Rota 2.9 3.8 2.5 3.1 2.8 17 20 83 80 2.2 2.6 21.4 28.0 

t Residual N0 -N and mineralizable N = 146 kg N/ha. tN fertilizer efficiency. § kg N/ha.3
, Crowns removed for yield . determinations. 



Table 6. Petiole N0
3

-N as affected by N fertilizer level and genotype. 
< o 
r­
~ 

Beta vulgaris 

genotype 

Petiole N0
3

-N (21 August)t 

196 kg N/ha 392 kg N/ha 

ppm 

Beta vulgaris 

genotype 

Petiole N0
3

-N (21 August)t 

196 kg N/ha 392 kg N/ha 

ppm 

'2 
9 
!" 
o 
C"l 

~ 
GWD2 110 2180 Monorosa 100 1680 ==t"l 

::z= 

AH10 210 t 2070 Monoblanc 110 2360 ~ 
LHY-1 280 1960 Pajbjerg Korsroe 250 2560 

LHS-1 360 2100 Rota 110 1570 

t Ml irrigat ion leve 1. tCheck plots=100 ppm. 

~ 
-.l 
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sufficient number years establish root yield 

root 

N 

test for potentials are 

a slightly 

early 

irrigations are to estab­

a 

Soil remainder be maintained 

at a favorable level allow sufficient growth and maintain 

to 

of the fodder x sugarbeet 

sugarbeets so 

it water geno­

types would also similar. However, the 

in 

by the beet may vary their evapotrans­

rates during part as with 

types. 

There were no N-by-water or genotype-by-water interactions 

in this experiment. 

water stress 

on to reduce the 

yield 

and matter concentrations at 

sequently, total sugar potential alcohol 

reduction in total 

yield compares 2% 

1977 (3), 1978 (3), and in 

irrigation becomes 

from comparing yields and yield reductions between 



level and moisture level means tor root yield, 
0 
~ 

cotal sugar (% and yield), potential alcohol yield, root percent dry matter, and total plant dry matter '" 
yields; OM = dry matter, Yd = Yield, mt == metric tons, kl = kiloliters. 2 

Table 7. Interaction means for each genotype at each moisture (M) r­

~ 
.:t>. 

Beta s 0 
("J 

genotype --l 
0 
:= 
M 
::e 

GW02 ~ 
AH10 79.8 " 74.8 17.6 17.5 14.0 13.1 8.37 " 7.81 24.1 24.0 26.3 24.4 

LHY-1 87.0 " 82.3 18.1 17.9 15.8 14.7 Y.40 8.76 24.1 24.0 26.9 25.3 

LHS-l 73.0 69.1 19.9 19.4 14.5 " 13.4 8.62 7.98 26.1 26.8 25.0 24.4 

Monorosa 98. " 90.8 14.7 15.0 14.4 13.6 8.58 8.08 19.7 20.1 24.7 " 23.3 

Monoblanc 112.0 100.8 13.7 13.6 15.3 " 13.7 9.14 ,'r 8.18 18.3 18.7 25.7 " 23.8 

Pajbjerg Korsroe 131. 8 124.5 11.6 1 .6 15.2 14.5 9.06 8.63 15.9 16.4 24.9 24.4 

Rota 130.2 " 124.4 9.9 10. 12.8 12.5 7.63 7.43 13.7 14.1 21.3 .0 

.05 ) 4.7 4.7 0.5 0.5 0.9 0.9 0.53 0.53 0.5 0.5 1.3 1.3 

er 

M effect 

* Significance interaction at p 0.05; between M level means = significant difference means at p 0.05. 

...'" 
'" 
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years caused by water stress, that yield reductions increase 

as root and sucrose yields increase. Significant yield reductions 

caused by water stress only occurred duri ng years or on fields 

where the root and sucrose yields were higher than average. 

Water use by the sugarbeet fodder x sugarbeet, and fod­

der beet types was quite similar under each irrigation treatment 

( Figure 2A). When adequate soil water was present, evapo­

transpiration (ET), estimated from water depletion of the profile 

10 

8 

>. 
c 
"0 
...... 6 
E 
E 

4 
w 
~ 

2 

0 

A MI M3 
.-0 Sugarbeets' 
.- --0 Fodder)( Sugarbeet Hybrids' 
._.-6 Fodder Beet" 

• 
Figure 2. Measured soi 1 

water cont e nt and evap­
otranspiration, mean 
reference ET, and esti­
mated field c apacity 
for 1980 [Estimated 
field capacity deter­
mined at 0.33 bar. 
Mean (3-day) reference 
ET (alfalfa) determined 
by methods of Wright 
(23)J. tSugarbeets 

800 
B 

E 
E 
ri700 
w 
~ 
~ 
...J600 
(5 
(f) 

500~1 

=GWD2, AH10, LHY-1, 
and LHS-1; Fodder x 
Sugarbeet hybrids= 
Monorosa and Monoblanc; 
Fodder beets=Pajbjerg 
Korsroe and Rota. 

using average neutron probe measurements for the upper a"nd lower 

parts of the field on each genotype, followed a rather consistent 

pattern and was similar to those found in 1977 and 1978 (3), 

and 1979 (4), as compared with the potential or reference ET 

(alfalfa, Medicago sativa L.) as determined by ]. L. Wright 

using described procedures (23). Evapotranspiration generally 

decreased after water cutoff on all genotypes as the soil water 

was depleted and as the potential ET decreased because of lower 

solar radiation and air temperatures. Evapotranspiration in­

creased after significant effective rainfall on the water cutoff 

treatment because of the increased surface water. Compared with 



341 VOL. 21, NO.4, OCTOBER 1982 

the normal irrigation treatment, the water stress treatment re­

duced total ET by 134 mm when all genotypes were averaged. 

The available water in the profile on the water cutoff 

treatment decreased steadily on all sugarbeet and fodder beet 

types during August and September without either irrigation or 

significant rainfall (Figure 2B). The water used for ET came 

mainly from above the hard layer when irrigation water was 

adequate. However, as the surface soil dried and approached 

the wilting range on the irrigation water cutoff treatment as 

much as 70 to 80% of the water used for ET came from the hard 

layer and below (60 to 230 cm). The total available water in 

these silt loam soils between the estimated field capacity (0.33 

bar) and the maximum extraction (about 10 bar) is about 260 rrun 

(3). The average total water used by the genotypes between 

the estimated field capacity and maximum extraction in this ex­

periment was 230 mm of water on the irrigation water cutoff treat­

ment. This demonstrated that 230 mm of available water was 

present in this soil and that an additional 30 mm of water may 

become available. Past research with sugarbeets has shown 

that very little reduction in sucrose yield can be expected by 

August water cutoff if soil profile is filled with water about 

August on soils where the usable soil water reservoir is at 

least 200 mm. 

This experiment showed that the different genotypes act 

similarly under mid- to late-season moisture stress. All geno­

types were able to use effectively the soil water below the hard 

layer probably by root penetration of the hard layer through 

small cracks or holes made by roots from previous crops having 

a stronger rooting system such as alfalfa. Mid- to late-season 

water stress reduced the irrigation water use by all genotypes 

an average of 24% as compared with the normally irrigated areas 

with very little total sugar yield reduction. The drought toler­

ance of the genotypes would allow their growth for alcohol pro­

duction on land areas of marginal value for most food crops 

due to limited water for irrigation. 

The results of this experiment showed clearly that the 

higher root yielding fodder beet types had no fermentable sugar 

yield or other advantages over the higher yielding commercial 
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late-season water stress and showed an average 7% total sugar 

yield reduction. The results showed that despite the higher 

root yields, fodder beet types had no sugar yield or other ad­

vantage over the better sugarbeets. Current high yielding 

sugarbeet hybrids are recommended as feedstock source for alco­

hol production. 
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