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The high cash investment required to grow the sugar beet 
crop mak es it necessary for the grower to obtain high yields if 
he is to make a profit. Good quality is nearly as important as 
yield. Some of the many factors affecting the growth and quality 
of sugar beets behave one way under one set of conditions and 
in quite another manner under other conditions. ·In order for 
man to direct and control effectively the growth of plants to his 
advantage, he must not only know tha t a certain response will 
occur but also why it occurs. 

The objective of this paper is to report some observations on 
factors affecting yield. quality, and nutrient content of sugar 
beets, which have been made in the course of an experimental 
study on a rotation of anum ber of crops including sugar beets. 

Few crops are more sensitive or responsive to the quantity 
and quality of fertilizers provided for them, than sugar beets. It 
has been shown (2) (3) 3 that method o f irrigation and soil mois· 
ture condition affect the availability of plant nutrients and in 
turn the yield and quality of this crop. There is some evidence 
(3) (4) that top: root ratio of sug'ar beets may indicate the 
proper balance of plant nutrients necessary for optimum yields. 
Ch emical analyses of soils and plants have been made in profusion 
in an effort to determine optimum nutritional conditions. A 
number of these factors and their interrelations are discussed. 

Experimental Materials and Methods 
Sugar beets were gTown in a crop rota t ion of cannin !~' peas. 

alfalfa, a lfalfa, pUlatoes and sll!iar beets which were estahlished 
at Logan , Vtah, in 1949 on Millville loam. This is a deep, well­
drained , highly calcareous soil low in soluble salts. Two methods 
of irrigation , sprinkler and furrow, 'with four soil moisture con­
ditions superilnposed on each method were studied (available 
soil moisture remaining in root zone allowed to approximate 
90 (W,,) , 70 (Wa) , 40 (W") , and 20 (W,) percent between 
irriga tions), Soil moisture plots were further subdivided for 
nitrogen and phosphorus fertilizer treatments. Nitrog'en was 
broadcast and harrowed into th e soil before planting: at the rate 

1 Contribution from th e ' Vest.ern Soil and "";lter Mana2'ement Research lhan r.h. Aurirnl­
tural Research Service. Un ited States Department of Agriculture. and Utah Agricu ltural F.x· 
periment Stalion , cooperating. ",Testern Regional Research Project '\IV -29. 

2 Soil Scientist, Logan, Utah . 
3 Numbers in parenthesis refer to literature cited. 
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of 80 pounds N per acre as ammonium sulfate and phosphorus 
a t the rate of 44 pounds of P per acre as treble super-phosphate. 
N itrogen and phosphorus fertilizers ,,,ere applied in 32 combina­
tions to peas, potatoes, and sugar beets. 

The Sa-cbs-Le Dacte ( I , p. 363) cold digesti on of rasped beet 
pulp was u sed as the basis for determining sucrose and purity. 
The m eth od of U lrich (6) was used for nitrate-nitrogen and phos­
phorus. Potassium , sodium and calcium were determined by 
means of th e Perkin-Elmer fl ame photometer. Sodium bicarbon­
ate-soluble soil phosphorus was determined by Olsen 's (5) 
method . 

YlfLD BEE TS = 

IRRIGATION WATER = 


20 -L.S.R. ~ 05 FO R MOIS TUR E I '0 

,. 
,' 8 . Figure I.-Yield of" 

~ 14 

w 
~ 

~ 12 

~ 

~ 10 

~ a 
ijl 
o 
J 
W 
; 

sugar beets as relat· 
ed (0 soil moisture 
condition ma intain­
ed and qualllit)' of 
irriga tion wa tel' 
used, 1956. 

w, 
SOIL. MOISTURE CONDITION 

· Duncan 's multiple ran ge t.es t. 

Experimental Results and Discussion 

Yield of Sugar Beets 

Th e yield da ta a re shown grap hica lly in Figure l. The 
importance of irrigat ion is readily seen by comparing yields under 
soil moisture conditions vV, and vV 2 with \V, and \V. . vVhil e 
yields are closely assoc iated with quantity of irrigat ion water 
applied th ere appears to be no yield adva ntage for quantities 
grea ter than 25 inches (see Table I for information on quantity 
of water used). 

The influence of nitrogen and phosphorus fertilizers on yield 
of sugar beets under sprinkle and furrow irrigation is illustrated 
in Figure 2. \Vhile nitrogen a lone. was of little vall1~ it was 
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significantly advantageous in the presence of added phosphorus. 
This was particularly true under furrow irrigation. Phosphorus 
~ppeared to be of more value under sprinkle than furrow irri­
gation. The reason for this differential response of sugar beets 
to fertilizers under the two methods of irrigation is undoubtedly 
related to the greater nitrogen losses by deep percolation under 
furrow irrigation. It has frequently been observed that nitrogen 
nutrition is better under sprinkle than furrow irrigation. This 
would account in part for the better ph osphorus response and the 
lower nitrogen response under sprinkle than furrow methods. 

Table I.-Yield and Quality of Sugar Beets as Affected by Irrigation and Fertilization 
(1956). 

Treaunent 
Yield Yidc! 

Symbol 
Irrig. 

Interl'al 
(Days) 

Water 
Used 

(Inch) 

Beets 
T I A 

Tops 
T / A 

T / R 
Ratio 

Sucrose 
(PcrCClll) 

Purity 
(Percenl) 

Method of S 10 23 18.93 12.71 .692 17.35 92.75 
Irrigation F 10 26 17 .93 10.32 .589 17.55 93.34 

*LSR al .05 N.S . 1.11 .044 N.S. 0.35 

Soil W, 19 16.1 16.19 11.87 .74+ 16.50 02.01 
'V[oislure 
Condition 

W2 
vI', 

13 
5 

16.6 
25.7 

17 .32 
20.1+ 

12.01 
11.19 

.702 

.562 
17.24 
17.97 

92.63 
93.64 

W, 2.7 40.1 20.07 10.98 .556 18.10 93.88 

LSR at .05 1.67 N.S. .067 0. 39 0.54 

four yea r 
Residu al 
Fertili zer 

0 
P 
N 
NP 

18.30 
18.65 
18.19 
18.57 

11.65 
11.29 
11.63 
11.48 

.652 

.617 

.657 

.638 

17.47 
17.38 
17.48 
17.47 

92.98 
93.25 
93.01 
92.94 

" 

LSR at .05 N.S. N.S. . 033 N.S. N.S . 

One Year 0 17.58 10.95 .635 17.49 92.93 
Residual P 19.28 11.28 .604 17.56 93.53 
Fertilizer N 17 .18 11.45 .684 17.31 92.89 

NP 19.67 12.37 .642 17.45 92.83 

LSR at .05 1.03 0.61 .033 0.20 0.41 

Current 
Fertilizer 

0 
P 
N 
NP 

17.46 
18.98 
17.4 1 
19.87 

10.24 
10.92 
12.04 
12.85 

.597 

.585 

.721 

.660 

17.42 
17.61 
17.42 
17.37 

93.50 
93.57 
92.58 
92.52 

LSR at .05 1.03 0.61 .033 0.20 0.41 

:; 

*DlInCIl1'~ multiple range te:-l. 
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Figure 2.-Yield of 
sugar beets as af· 
fected by method of 
irrigation and cur· 
rent season fertiliza· 
tion, 1956. 

The fact that yields of sugar beets were about 18 tons per 
acre " 'i thout any added fertili ze r indica tes that the soil used in 
this stlldy was not particularly deficient in available nitrogen and 
phosphorus. Nevertheless, 44 pounds of phosphorus per acre 
under sprinklt' irrigation produced an additional yield of 1.8 to 
2.6 tons per acre (see Figure 2). As will be seen subseqllently 
80 pounds of nitrogen also produced increased beel yields or 
about 1Y2 tons of beets under the moist cond itions of treatm ents 
W 3 and VV,. 

The question is frequently asked: How long will fertilizers 
remain effective after application? The answer depends on the 
fertility level and nature of the soil as well as the quantity of 
fertilizer added. t'nder the conditions of this experiment it 
appears that phosphorus applied to the soil the year previous to 
grow ing sugar beets is equally as effective in producing hig'h 
yields as when applied tht' current season. It has been observed 
for a number of years that sugar beet yields have not only been 
higher when phosphorus was applied to the previous crop but 
better phosphorus nutrition was observed in beets from pre· 
fertilized soils than when phosphous was applied in the curren t 
season. The influence of nitrogen and phosphorus fertilizers on 
sugar beet yields when they are applied four years previous, one 
year prev ious, and directly to th e sugar beet crop is shown in 
Fig'ure 3. It is estimated that the four previous crops had removed 
120 pounds nitrogen and 36 pounds of phosphorus per acre more 
than the additions through f.ertilizers, crop residues, and micro­
biological nitrogen-fixation . A yield stimulation would not be 
expected to result from 80 pounds of nitrogen and 44 pounds of 
phosphorus fertilizer under these circumstances. 
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Figure 3.-Yield of 
sugar beets as af­
fected by residual 
and current ly ap­
plied nutrients, 1956. 
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One may be inclined to conclude from the data presented 
in Figures 2 and 3 that nitrogen is of no value under the con­
d itions of this experiment. That such a conclusion is unsound 
is shown in Figure 4. It will be observed that under dry cond i­
tions (VV ,) nitrogen is determined to high yields, and under mod­
era tely dry conditions (W~) it is of no advantage. However, 
under moderately moist soil conditions (''''~ ) and moist soil 
(W4) nitrogen is benefi cial. This is a good illustration of im­
portant moisture fertilizer interactions which are too frequently 
overlooked. Since it was noted in Figure I that it is under soil 
moisture conditions W 3 and VV. that yields are most satisfactory, 
one must conclude that both nitrogen and phosphorus fert ilizers 
are needed if high yields are to be expected. 
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Yield of Sugar Beet Tops 

The relation between top growth and sugar production is 
not well established. 'While it is recognized that top growth 
itself is not a good indication of sugar yields, it is not unrelated. 
Data on yield of tops are presented here for the purpose of in­
dicating nutritional status of the sugar heet plant as related to 
cultural treatments. 
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Figure 5.-Yield of sugar beet tops as affected by method of irrigation 
and soil moisture condition, 1956. 

The data in Figure 5 show conclusively that top yields are 
related to method of irrigation. The yield of sugar beet tops for 
sprinkle vs. furrow irrigation becomes greater as soil moisture 
is increased. As will be seen 'when we examine the nitrogen 
content of plants grown on sprinkle and furrow irrigated plots, 
the increased yield of tops under sprinkle irrigation is probably 
a response to better nitrogen nutrition under sprinkle than fur­
row irrigation . 

The yield of tops is affected by plant nutrients in quite a 
different manner than roots . Although top growth is stimulated 
by phosphorus under the conditions of this study it is affected 
to a much greater extent by nitrogen . This is illustrated in 
Figure 6. It may be of interest to compare the response in root 
yields to applied phosphorus as shown in Figure 3, to the response 
in top yields to applied nitrogen as shown in Figure 6. 
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Figure 6.-Yield of sugar beet tops as affected by residual and currently 
applied fertilizer, 1956. 
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Figure 7.-Yield of sugar beet tops as affected by residual and currently 
applied fertilizer, 1956. 

The data presented in Figure 7 show the effect of residual 
and cUlTently applied nitrogen and phosphorus in various com­
binations on sugar beet top growth. While the graph is a little 
complex it can be readily understood if each line is fi.rst studied 
separately. Looking at the no treatment line one would conclude 
that without phosphorus 80 pounds of nitrogen per acre applied 
to potatoes (F) was effective towards increasing yields of green 
tops. Eighty pounds of nitrogen applied to the current sugar 
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beet crop (H) was much more effective than when applied th e 
prev ious season to potatoes. However , wh en 80 pounds of 
nitrogen was applied to the previous crop (potatoes) and a lso 
to the current sugar bee t crop (FH) there was no top yield 
increase above that obta ined when nitrogen was applied to the 
current sugar beet crop only. Actually th e tendency was to 
depress top yields. 

Forty-four pounds of phosphorus increased top yields s,ig­
nificantly without and with nitrogen treatments. The greatest 
yield increase for phosphorus occurred when 80 pounds of 
nitrogen was applied to the potato crop and an additional 80 
pounds was applied to the sugar beet crop (FH). There is no 
tendency for large applicat ions of nitrogen to depress yield of 
sugar bee t tops as long as the available soil phosphorus is in 
good supply. 

Phosphoru s stimulated top yield with and without nitrogen 
fertilizer. When phosphorus was present in the soil from resi­
dual or currently applied sources current season applied nitro­
gen resulted in greater top grow th than residual nitrogen . Top 
growth was greatest when ava ilable phosphorus was kept high 
and available nitrogen was also high. 

Some of the relations between cu ltural trea tments and sugar 
beet root and top yields have been shown graphicall y in Figures 
1 to 7. In order to conserve space and to facilitate comparisons 
between quality factors (sucrose and purity percentage) and 
nutrient composition of petioles (N O ,,-N, P, K, Na, Ca) with 
yield of roots and tops, data are presented in T ables I and 2. 

Effect of Cultural Practices on Top : Root Ratio 

It will be observed in Table I that the top : root ratios show 
a small but significant range between treatments. The top: root 
ratio under sprinkl e irrigation is higher than under furrow. 
Yields of tops and roots are likew ise higher under sprinkle than 
furrow treatments. Dry plots produce bee ts with a higher 
top : root rat io than moist plots. Here the yield of tops is re­
lated positively and roots n egativel y to top : root ratios. N itro­
gen-fertilized pl ots shov" a higher rat io than plots not treated 
with nitrogen. There appears to be no consistent relation be­
tween yield of roots and top : root ratios as affec ted by residual 
and current season applied fertilizers. These strong positive re­
lations shown between curren t season applied nitrogen fer tilizers 
and top : root ratios suggest that the higher top : root rat ios 
noted in the comparison sprinkle versus furrow irrigation and 
dry versus moist soil conditions may result from increased nitro­
gen nutrition . 
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Table 2 . .........(;hemic:al Ct)nJPQsilioJl 01 Sugar Beet J)etioles as AfI('ckd hy Inigation and 
Fertilization 8/4156. 

Soluble Constitut'nts in Sugar 
Jlt'{'l l"('tioks Sll/5<i (p.p.IlI.) :-;aHCO Sol. 1'. 

, -----~-~...­ in Soil p.p.ln. 
TH,.HnlCnt :\0",:-': I' K :-Ia Ca 

.\Ietliocl of S [i80,') JOI9 39,901 188-1 292" 
Irrig'<ltion 2~!1 927 ·10.817 29137 

~------.....~ 

I.SR ;.:1 .05 1098 :\ ,So :\.S. 1\ .S. :-':.S. :-<.S. 

Soil W, fi 1:~2 II ,S·II fJ:)iH 2922 2R,3fi 

\'lols! ure \\', 7.~l'iH Im7 -11.82,1 H45(l :LH8 28.51 
C'mditloll W" IR(j:1 I lOti 0727 2807' 22,18 

\y, I :11-J ;"')i);) I ::'()(;O 19m 

LSI{ d[ ,05 1(j 77 "~So ,.S. 

fOHr yrar 0 :18'l() !HII 10.2:):~ 7·-t~JO ~H,'1() :2.;J,R7 
Rt:sidual 
F('rlililcr 

P,
,p 

I!IZI 
I:!HI 
39:W 

100'. 
920 
I02~ 

5)9,8~m 

1,6(F) 

:19,860 

785" 
7,:'.20 
7576 

:W82 
:?~I))O 

~~7i) 

2!J.19 
2:),80 
2,).50 

1,,1{ at .O!) 'II :\ .s, L73 
_ ...._.--­

()nc 'car ,',(Ii I H'l~ i~:162 ,)()J9 
Itc'sidn,,1 P 3!){i~ Il~l :~7,()O:j 7710 2!ll 9 27.0!1 
h.TtiH/('r :-; ~17~W I 'i;.u~n'2 2D7:{ 21.nn 

:-;1' !15()O 1092 3S.!lllS 75n 2915 28.21 

LSR 8l .n:; 1201 ~JI 2.UG'i "S, :\ ,s, 1.7:1 

Current () :10:;1 II 7n91 :101:1 21.Gti 
~ea.'wn i' 107 j 3H.7H 8385 27.61 
h'rtilin'r H:lK '11.9fiil 7009 :::!1I0 20,2H 

:\1' ">392 1079 39.0-18 2~Wr. 

I.SR at .05 1201 YI ~.O{jJ 39~) :'\.S. 1. 

Cultural Prankes and Sucrose and 

It has been cSlablisilul lila! nitrogen content of plant tissue 
lS rdated 10 sucrose and purity 
bel'l roots. In almost cvcry instance 'lltt'jJ sucrose 
arc 1m,'. lOp . root ralios are 

The neg;llivc 
content of 

. Cable I 
is lInder conditions of 

'when' the influence of nitnJgcn is relation 
hctwcen SLHT(),SC and purity and petioles 
\lill be subsequelltly. 

1Il 

and 
The 

Nitrate-N 

Suspiciolls 

Content of Petioles and Cultural Treatments 

beet iolcs or 
)lc Cur 

high soluhle content or sligar 
fda! eel if not 

01 lOpS, and low 



SHcrose and to he confirllled when 
showi 

Table 2. under 
, b :\'0,·:\ witll soil moisture ('oneli· 

(\V \VJ, and h ~'O·:\, under conditions of current 
season nitrogcll fertilization positively related to data in Table] 
showing yield of tups. and : root rat io and related 
to sucrose and purity 

Cultural Treatments and Phosphorus Content of 

Phosphurus composition of sugar heet petioles is positi\'ely 
related to of sugar beet roots uneler all treatments stllclied. 

Cultural Treatments as Related to Soluble Potassium, 
Sodium and Calcium Conlent of Petioles 

The rela! ions 01 consequence shown in Table 2 arc the IH"{a 

live ones between phosphorus application and content 
01 i01es. also phosphorus contellt of 
content of petioles. These data indicate that 
phorus has significantly the potassiulll 
beet petioles. soil appears to have depressecl sodiul1l uptake. 
current seasoll applied pi appears to encourage the up· 
take of sodium, and current season aprl nit ro~ren appears to 

sodium uptake. Soluhle calcium c01llposition scuns to 
hc unaffected 01 tllC treatments studied. does it 
appear to he to or quality. 

Cultural Practices and ~aHCo.:-Solllble Phosphorus 

Data showin.u sodium bicarbonate soluhle soil phosphorus 111 

Table 2 wcre obtained rrom soil taken in [he 
or J D57 101 the heel I C);')(i, .\1 soluhk 
soil phosphorus content not different lletwccn ,oil 

treated wilh spri1lkle and furrml' methods cf irri'l'<ltiol1 
and or between soils from dry am] moist riots , \,'" 

W .. \V there is a trend wll ieh the br~cr the beet 
the available content of the soil ror 

cror~. fhis needs further study before any i!c 
conclusions can be drawn. 

The relations bet ween yield of heet roots as Sho\l'll in 'rable 
1 and availahle soil phosphorus in Table 2 for fOllr year rcsi, 
dnal, one year residual, and applied anpcal' 
consistent. SimilarlY, the relation between soluble phosphorus 
in sugar heet petioles and availahle soil IOrtlS for these 
.~aDlc treatments as shown in Table 2 arc ,,,hat one III well 

from the fertilizer treatments. These data appear to sup· 
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the condllsion o[ the author that or !lO 
per six inches of soil, of M;diunJ soluble 

should be considered mInIIllUm vallie for soils similar 
to 'vlillville loam on wh sugar beets arc to he 

grown. 

Summary 

1. {loder «()l1ditioll.~ of a rotatioll of crops including can 
pcas, alfalfa, alfalfa. potatocs. a!ld sligar beets primary attention 
was directed to the etrect of lllcthod of irrigatioll, soil moisture 
cOlldit and fcrtilitlT treatments (both residual and currently 

yield, quality, and Illitritioll of slIg;1l' heets. An 
also made to shem the relation between available 

and and pi content of SlIgar heet 

increased the of 
root ratio. and n l'ogcn content 

dccrca,ccl purity when compared to furrow 

.'1. Increasing me condition favored h 
roots, high sllcrose. pllrll \" and phosphorus contenl or 
and ckcrcascd top g']"owll1, : root ratios, nitrate-n 
and sodium content of 

4. One-year residual phosphorus fertilizer was as dfcctin~ 
in increasing' yiel d or root~, phosphorus (on tent of pet joles, and 
available soil phosphorus as currently applied phosphorlls. Four-
year residual \\'a~ effective in decreasing root 
rat io and in the content of and 
available soil 

5...\ was obsened between current season 
llloisture condition as these affect 

StH;ar beet roots. 

G.. fhe yield of SlIgar beet tops appears 
related to sucrose and purilY percentages and posit 
to 11 i1ra te-ll itrogen content or sugar beet petioles. 

7. ,'\ThiIe the data are not condusiH' they lend 
port to the use of 25 per llllllioll (50 pounds 
inches of soil) or bicarhollate soluble 
minimum le\t'l of available phnsphor\lS for the 
beets on cakar('ollS soils simibr to Millville loam. 
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