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In recent years much has been learned concerning the re
sponse of sugar beets to changes in environment. Ulrich (9)2, 
in a controlled climate facility, has shown that low night tempera 
tures coupled with nitrogen deficiency can result in beet roots 
with 18% sucrose. This response is also apparent 'with sugar 
beets grown in pots outdoors ; plants which had been nitrogen 
deficient for 6 to 8 weeks during an early fall gro'wing period, 
produced as much total sucrose as comparable plants well supplied 
with nitrogen (5). Both the above studies involved growing 
sugar beet plants in vermiculite and watering with culture solu
tion. In such a system it is p ::;s5ible to bring about a hig;h degree 
of nitrogen defi ciency as evidenced by a rapid decrease in growth 
rate of tops and roots within three weeks after nitrogen was re
moved from the culture solution. 

Under field conditions lesser degrees of nitrogen deficiency 
are likely, depending on the balance between nitrog'en demand 
(plant growth) and nitrogen supply (rate of nitrification and the 
nitrogen status of soil into which roots are extending). Early 
experiences with nitrogen fertil ization of sugar beets in Cali
fornia, however, also indicated that fairly sham nitrogen defic
iency responses were obtained. This reflected the low residual 
nitrogen fertility of the soils at that time (6, 7) . Under such 
conditions the length of the deficiency period prior to harvest 
appeared to be the most important factor in determining the 
quality of the harvested crop. · This picture appears to. have 
:changed as the result of the great increase in the use of the 
nitrogenous fertilizers on field crops in California. More recent 
experiences with fields of hi ~l"h residual nitrogen fertility (3, 
and Loomis and Worker, unpublisbed) have indicated that sharp 
nitrog'en deficiencies are not obtained under such conditions and 
that degree of deficiency may be as important as the length of 
deficiency. 

This paper concerns the results from the first of a series of 
field experiments designed to assay the degree of nitrogen de
ficiency in several California soils and to relate the degree of 
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deficiency to diagnostic techniques. The experiment was con
ducted in it field ()r commercial sligar beets in Kern County. III 
this area sugar beets arc usually planted in late winter (January 
a nd J'ebruary) and harvested in midsummer Ouly and A.llgust). 
CrGps usually produce excellent root yields (20 to 35 tons per 
acre) but with lOll' slIcrose concentrations (12 to 14(.;0 . 

Procedure 
The field selected ' ·I·as Oll Hespf'ria fmC' sandy loam. The 

sugar beet variety Spreckels 202H "'as planted in :lO-ineh single
roll' beds in early .January, 19G1. Four rates or nitrogen (0 , 80, 
!(iO and 320 pounds i'\ per acre) and five dates or harvest evfay 
24, June IG, July Ii, 27, anc! .\ugust 17) ,,-cre arranged in a splil
bl ock c1esihJ11 ( I). -"itregen rales were main plOlS randomized in 
a 4 X 1 Latin square and dales of harvest were subplots 60 feet 
long X 4 rows ,vide. The subplots were randomized the full 
length of each column of Plain plots. Oil March 7, shortly after 
thinning', 80 pounds or -" per acre were applied to all except 
control plots . On April 8, HO and 1GO pounds -" per acre were 
applied, esta blishing the lGO- and 240-pollnd rates, respectively; 
on June 7 an additional HO pounds were applied to the plots 
"hich had alrcClcly received 240 pounds to estClhlisb the 320
pound rate. The object was to provide :'\ levels that would allow 
plants to become deficient at different times and to maintain 
cne level where plants would remain adequately supplied all 
season. FertiliLer nitrogen " 'dS applied as ;Imm(lllium sulfate 
except on .June 7 when ammoniulll nitrate was used. Starting 
VIarch 20, 1;) to 20 petioles 01 recently matured leaves were 
coll ected at two-week intervals from the center two rows of 
each subplot and oven-dried for subsequent analysis for 1'\0:-:\: 
(2). At each ha rves t, beets of the center 50 feet of the two 
center rem's of appropriate suhplots were harvested. Fresh vI'eights 
of roots and tops were d etermined and two samples of Lj roots 
each were taken for tare and sucrose determinations. 

To determine "days of nitrogen deficiency prior to harvest," 
=-~O ,-:\ val lies of eac h subplot ,"ere plotted attainsl dates. The 
number uf days below 1000 ppm :'\0 .. --" (dry basis) were 
averaged for replicates of the same nitrogen level and date 
of harvest. 

Results 
Table 1 gives the mean ~O •. -;-.: concentration In petioles for 

several sam pIing cia tes of su hplots of each harvest and means for 
top yield, root yield and percent su crose in 1'00ts for subplots 01' 
the respect ive harves t dates. Tn general the plants showed de
ficiency symptoms, and the concentration of NO :-:\! Teacbed the 



Table I.-EUcct of niu-ogen f·cnilization on growth of sugar beets, Sucrose concen tra tion of roots and on nitrate-niu-ogcn concentration oC >I>
-.:)

petioles of recently matured leaves. Values af'e means of four replications. ex:> 

Fertilizer 
nitrogen t 

(pounds/ 
ppm (dry wt. basis) NO,·N in petioles 

Tons/ acre 
fresb wI. % 

Sucrosc 
acrc) 4/8 4/22 5/5 5/ 21 6/ 3 6/ 16 7/ 6 7/ 26 8/16 Tops Roots in roots 

Plots harv'ested May 24 

0 1880 62 100 130 4.6 5.5 13.9 
80 12900 3810 160 160 12.7 9.8 14.0 

160 12500 6540 1300 650 19.6 10.2 12.2 
320 13100 7300 3430 1820 22.4 9.5 12.1 

PbhS han'cited June 16 

0 1880 140 110 90 130 240 6.8 11.8 15.2 
80 12900 2770 160 130 130 210 13.5 17.0 15.5 

160 13500 6170 1530 520 520 270 21.9 18.6 14 .2 
320 13200 7220 1630 1640 1100 2240 29.6 19.4 12.7 

Plots hanested July 6 

0 1010 120 120 170 190 280 250 8.5 15.3 15. 1 
80 14500 3000 140 240 240 220 160 12.8 21.4 15.2 

160 14800 5900 1320 990 550 850 420 23.4 23.0 14.1 
320 12700 6470 2560 2450 1040 3210 3650 29.8 24.2 UI.O 

I'lots harvested July 27 

0 890 190 130 230 200 240 230 540 8.7 17.4 14.5 
80 14200 2770 180 270 260 260 150 200 13.0 26.2 14.2 

160 15100 5240 910 920 320 440 290 560 19.4 30.0 13.4 
320 13100 7000 1530 1450 1270 3500 30 10 1700 25.8 30.5 12.4 

I'lots harvested August 17 '---< 
0 

0 1030 190 110 180 160 200 300 1500 1910 5.6 19.0 1-1.7 c 
~ 

80 14100 2680 180 230 210 650 200 540 1020 9.2 27.5 14.7 z 
160 13400 6050 1520 640 440 340 400 700 500 12.5 32.3 13.6 > 

t'" 
320 13600 6670 2700 2060 1280 

LSD , 5% : Among N levels for same harvest date 
3140 2800 2200 1580 16.9 

4.4 
31.3 

4.1 
12.7 
0.8 

9 
Among harvest dates for same N level 

Error (c) mean squarcs 
3.1 
5.09 

3.4 
1.99 

0.8 
0.269 

>-l 
!I: 
M 

F values: N x Harvest dat~ 
N levels 

4.1 8" 
75 .62 · • 

6.59" 
18.41 " 

0.78 
128.62" 

;..... 

Harvest dates 10. 36" 111.89" 14.52·· ~ 

~ 
1 March 7, 80 pounds of N / acre appli cd to " II but O-N plots. April 8, 80 pounds and 160 pounds of N applied respectivcly to 160 Nand 320 N 

plots. June 7, 80 pounds of N applied to 320 N plots. ~ 
, ,. Va lue exceeds that required for the 5% and I % level of significance respectivel y. ~ 

• 
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critical level, about 1,000 ppm (10), in early April for O-N plots, 
about May 3 for plants of 80 N plots and about May 15 for 
plants receiving 160 N. Plants fertilized with 320 N remained 
green and the N Og-N content of their petioles remained above 
the critical level throughout the season. 

An anomalous situation arose in connection with three sub
plots harvested on August 17. The NOs-N concentration in 
petioles of one of the O-N subplots increased rapidly from 325 
ppm on June 23 to 670 on July 6, to 5570 on July 26 and to 
6830 on August 16. Similarly, the concentration of N 03-N in 
two subplots of the 80 N rate rose from an average of 230 ppm 
on July 6 to 905 on July 26 and 1865 on August 16. The reasons 
for these increases cannot be precisely explained but were prob
ably due to a sudden increase in soil nitrification in these plots. 
The result was a reduction in the sucrose concentration in the 
reots of plants harvested from these plots on August 17 and, 
therefore, a somewhat lower average sucrose concentration for 
the 0 and 80 N rates of this harvest date than would have been 
the case otherwise. 

As top and root production indicate (Table 1) there was a 
marked response to nitrogen fertilization . Of particular interest 
is the rapid rate of root growth despite nitrogen deficiencies. As 
Figure 1 indicates, plants that were unfertilized grew at the rate 
of 1.1 tons of roots/acre "veek from June 16 to July 27; those 
receiving 80 pounds of N/acre grew at the rate of 1.5 tons/acre 
week. Plants receiving 160 and 320 N had the same root growth 
during this period of ca. 1.8 tons/acre week despite the fact that 
plants of the 160 N rate were nitrogen deficient throughout the 
harvest period while those of the 320 N rate were not.. 

:o~"/oc,, KERN co. 1961 
ROOIS, Fresh Weigh! 

30 
N1'<la3Z0 

Y: 7.IO+3.24X -OJO 242 

20 

10 
• No 
o Neo 
4 N160 e 320 

24M oy 16 June 6July 27July 17Au9· 
Harvest dole 

7 10 1 3wee~s 

Figure I.-Root growth as influenced by nitrogen fertilization and 
time of harvest. N I GO Ilnd 3 20 are means of the combined nitrogen treatments. 
X in regression equations is the week of harvest. 
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2.-Sucrose cont.ent of b(~Cl roots reI,!tcd to time of harvest._ 
fertiiization and duration of prior to harvest. 
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Figure 3.-Weekly mean temperatures, Kern County Airport. Data of 
U. S. Weather Station. 

processes. The degree of the shift in this growth-storage balance 
is dependent upon many factors. Thus, the increase in sucrose 
concentration is dependent upon the length and degree of the 
deficiency, root size, and the amount of photosynthesis, as well 
as the temperature regime under which the response is studied. 

In pot experiments, where the degree of the nitrogen defic
iency can be controlled, extreme val-ues may be obtained. MCLxi
mum sucrose concentration is usually obtained within 6 to 8 
weeks after the beginning of the nitrogen deficiency and increases 
in sucrose have been found to be inversely proportional to the 
initial root size (4). The present field trial typifies the kind of 
nitrogen deficiency responses which are commonly observed on 
fields with high residual nitrogen. Under these conditions the 
sugar beet plants continue to make rapid root growth indicating 
that although they are deficient in nitrogen the degree of defic
iency is slight, and the pl~nts appear to be receiving a high per
centage of the nitrogen that they require for maxim"um growth. 
The results of the present trial clearly indicate that the degree 
of deficiency is as important or more important than the length 
of the deficiency period under such conditions. This is par
ticularly evident in the fact that roots of the nitrogen deficient 
plants of the 160 N rate grew as rapidly as did those fertilized 
with 320 N. 

At present such a situation can be assessed only by observing 
nitrogen deficiency responses, i.e., by measuring crop growth. 
Soil analysis procedures which would predict the nitrogen supply
'ing power of a soil, or the rate at which nitrogen might be 
supplied do not exist. While plant analysis, utilizing the average 
content of nitrate nitrogen in a group of petioles, serves admir
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Another important observation relates to the magnitude of 
the increases in sucrose concentrations which were observed. 
The plants which received zero and 80 N became nitrogen 
deficient in April and the small roots rapidly increased in 
sucrose concentration to over 15%; whereas plants of the 160 N 
plots which became nitrogen deficient in mid-May with a much 
larger root size, and with tops and roots growing at a more rapid 
rate attained a lower maximum of 14.2%. It appears that after 
June 16 temperature had an overriding effect and the combina
tion of rapid root growth and reduced photosynthetic surfaces 
prevented further gains in the sucrose concentration of nitrogen 
deficient plants. 

Summary 

A field experiment involving four rates of nitrogen fertiliza
tion and five dates of harvest was conducted to determine how 
long sugar beets should be deficient in nitrogen prior to harvest 
to attain high sucrose concentrations. The sucrose content of 
roots did not exceed 15.5% even though some plants were defic
ient for 139 days prior to the last harvest on August 17. 'With 
an onset of nitrogen deficiency, maximum sucrose contents were 
reached in from 4 to 6 weeks. The failure to attain high sucrose 
concentrations in roots was related to high temperatl;~es, rapid 
rates of root growth and reduced photosynthetic surfaces of 
nitrogen deficient plants. 

Midseason nitrogen deficiences were readily detected by 
petiole analyses. However, there was little or no effect of such 
a deficiency on the rate of root grmvth indicating that the plants 
were taking up most of the nitrogen they needed for maximum 
root growth. Such results indicate the desirability of modifying 
current procedures or finding a new diagnostic tool to more 
accurately reflect the degree of nitrogen deficiency. 
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