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The extensive studies in Europe 011 the influence of nitrogenous 
fertilizers applied to sugar beets have resulted in the general con-
elusions that excessive quantities of nitrogen depress the sugar con-
tent of the beets, delay " r ipen ing" at harvest time, cause excessive 
top growth, and increase the "harmful nitrogen" content of the 
beets. In contrast to an excess of nitrogen, a deficiency resulted in 
low sugar-beet yields. 

Under the climatic conditions prevailing in Berkeley, California, 
beets growing in pots were found frequently to he low in sugar when 
they were in a stale of vigorous growth at the time of their harvest. 
Similar observations have been made in the field when beets had 
received large applications of nitrogenous fertilizers, or when beets 
followed several years of alfalfa. In contrast to the fields with an 
excess of nitrogen, preliminary studies have indicated that the low 
yields in many areas in California have been caused by a deficiency 
of nitrogen. Apparently, from these observations neither an excess 
nor a deficiency of nitrogen is desirable for efficient beet-sugar 
production. 

In order to study the relationship of nitrogen to the formation 
of sugar, it is necessary to have some index of the nitrogen status of 
the sugar-beet plant. Such an index must be readily determinable 
and must indicate the supply of nitrogen available for growth. 
Recent work by Gardner and Robertson (5) has shown the suit-
ability of the diphenylamine test for estimating the nitrate content 
of sugar-beet petioles. This test was applied in the present investi-
gation, not only to the petioles but also to the blades of leaves taken 
from the outside and center portions of the sugar-beet plant. Since 
nitrates are reduced readily within most plants, the possibility re-
mained that the total soluble-nitrogen content of the leaf portions 
(outside blades and petioles only) would indicate better the nitro-
gen status of the plants. Similarly, the total and insoluble-nitrogen 
contents of these plant portions were determined in order to establish 
their value in diagnosing nitrogen deficiencies. 

Part of this study was conducted with beets grown in nutrient 
cultures of known nitrogen content while others were grown in 5-
gallon and 33-gallon pots of Metz silty clay loam to which different 

1 Conducted by the Division of Plant Nutrition, University of California, in 
cooperation with the Spreckels Sugar Company. Assistance was furnished by the 
personnel of the Works Project Administration, Official Project No. 65-1-08-91-B-10. 

2.Jiuiior Soil Chemist, Division of Plant Nutrition, Experiment Station, Univer-
sity of California. 
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amounts of ammonium sulfate were added. The influence of nitro-
gen on the sugar content of the beets was ascertained in all cases. 

Analytical Methods.—Sugar percentages (3) (1) and purities 
(2) were determined by the Sprockets Sugar Company at Wood-
land, California. Nitrates were estimated by the spot-plate method 
with diphenylamine reagent after decolorizing the water extract 
with a carbon black that neither absorbed nor released nitrates. 
Soluble nitrogen (non-protein nitrogen) was ascertained by extract-
ing the ground plant material with 2,5 percent trichloracetic acid 
(6) while the insoluble (protein nitrogen) remained in the residue. 
The total nitrogen in the original plant material, and in the ex-
tract, was estimated by the Kjeldahl method after reducing the 
nitrates with iron (7). Since the sum of the soluble and insoluble 
fractions agreed with the total nitrogen value when each was ana-
lyzed separately, the insoluble nitrogen was determined by differ-
ence. 

Sugar Beets Grown in Nutrient Solutions 
Procedure.—Sugar-beet seed (U.S. No. 15) was planted in Oak-

ley blow sand on March 22, 1939. Thirty-five days later (April 26) 
when the beets were in the early four-leaf stage, 12 plants taken at 
random were transplanted to each 40-liter tank. Each plant was 
supported separately with cotton by a one-hole cork, the cork being 
cut concentrically to permit its gradual removal as the beet root 
expanded. The nutrient solutions which were replicated three times 
each (see table 1) were aerated with air by means of sintered glass 
aerators (4). Since the solutions tended to become alkaline with 
time, these were adjusted with 1N H2SO4 to a pH range of 6 to 7. 
On May 28 ammonium nitrate was added to all of the tanks in order 
to renew the nitrogen supply of the nutrient solutions which had 
become depleted in all instances except the 1.0N treatment. 

On each harvest date the four largest plants in each tank were 
removed. The leaves of each plant were separated into outside and 
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inside leaves. The inside leaves included all of the center leaves up 
to the " f i r s t m a t u r e " leaves, while the green ones r ema in ing were 
classified as outside leaves. The leaves of each g roup were separa ted 
into blades and petioles and then dr ied rap id ly in an oven at 80° 
to 90° C. 

The dr ied p lan t mater ia l was ground to pass the 40-mesh sieve 
of a Wiley mill, and then analyzed for n i t ra te , soluble, insoluble 
and total ni t rogen. The beets (secondary roots were d i sca rded) 
were dried with a towel, weighed, and on the following day were 
analyzed for sugar and pur i ty . 

Results .—The plants on the f irs t harvest date , J u n e 1, 1939, 
were green, and in an active s tate of growth. The leaves for al l of 
the p lants were approximately of the same green color, even though 
there were marked differences in the growth of the tops a n d roots 
(table 2 ) . These results indicate t ha t a good green appea rance of 
sugar-beet leaves is no sign of an abundan t supply of n i t rogen , a n d 
tha t a high level of ni t rogen at the s ta r t is conducive to r a p i d g rowth 
under favorable conditions. 

The "beets remaining af ter the J u n e 1 harvest r ap id ly depleted 
the available supply of ni trogen, and on J u l y 4 all of the p l an t s 
except those in the 1.0N solutions were deficient in n i t rogen . Those 
in the 1.0N solutions were still growing vigorously a n d cont inued 
to do so unt i l the time of the second harvest on J u l y 14. On this 
date the same leaf separat ions were made whenever possible, as on 
J u n e 1. However, in the 0.1N and 0.2N t rea tmen t s , so m a n y of 
the outside leaves had tu rned yellow or had dr ied up t h a t only one 
leaf separation was possible, namely, the remain ing outside leaves 
were included with the center leaves. On the following d a y the 
solutions were changed to the 1.0N solution in all of the tanks , and the 
remain ing beets were allowed to cont inue their development . W i t h i n 
a few days ( J u l y 17) all of the beets had sent out new roots a n d by 
J u l y 21 not only the root development was extensive, bu t the tops 
had become green and were showing signs of growth. One week 
later ( J u l y 28) the remaining beets were harvested in the same m a n -
ner as previously. 

The relat ionship of ni t rogen to the sugar content of the beets 
is demonstrated by the results obtained on the var ious harves t dates . 
The sugar percentages on J u n e 1 decreased as the n i t r a t e content of 
the nu t r i en t solutions (table 2) and of the outside petioles ( table 3) 
increased; the range in sugar content being from 8.6 to 6.2 percent . 
The same relat ionship held t rue for J u l y 14 (tables 2 and 3) when 
the beets in all cases except those in the 1.0N solutions were defi-
ni te ly deficient in ni t rogen. The sugar percentages increased 
th roughout the t rea tments d u r i n g the 6-week period, and a t the 
same time the range of values was extended from 13.7 percen t for 



Table 2.—Summary of results for sugar beets grown in nutrient solutions. 



Table 3.—Summary of nitrogen analyses of sugar beets grown in nutrient solutions. 
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the 0.1X, to 9.9 percent for the 1.0N treatments. The purity co­
efficients likewise decreased as the nitrogen content of the original 
solutions increased. 

When the nutrient solutions were changed to the 1.0N treat­
ment on -July 13, the new growth which started almost immediately 
decreased the sugar percentages and purities on July 28 to approxi­
mately the same levels for all of the treatments. The largest de­
creases took place in the beets which had been deficient in nitrogen. 
The renewed growth drew upon the sugar reserves to such an extent 
that the photosynthetic activity of the leaves could not maintain 
the sugar content of the beets above 7.7 percent sucrose. 

The nitrogen fractions of the various plant parts (tables 3 
and 4) reflected to different degrees the nitrogen status of the sugar 
beets at the time of their harvest. The nitrate content of the out­
side petioles (table 3) for June 1 indicated the nitrogen status of 
the plants better than any other nitrogen fraction or any other plant 
part, except possibly the nitrate content of the inside petioles 
(table 4). The percentage increase in the nitrate percentages for 
the inside petioles (0.10 to 0.78, or a 780 percent increase) was 
greater than for the outside petioles (0.32 to 1.65, or 515 percent) 
but the differences between the treatments were significant for 
fewer treatments than for the outside petioles. The differences in 
the nitrate content of the outside blades (table 3) for June 1 were 
not significant, while the results for the inside blades (table 4) 
were erratic. 

Table 4.— Summary of nitrate analyses of inside petioles of sugar beets 
grown in solution cultures 

The nitrate analyses of the outside petioles for the remaining 
harvest dates (July 14 and 28, table 3) were again in accord with 
the condition of the plants. On July 14 there was still an appreci­
able quantity of nitrates in the outside petioles of the 1.0N treat­
ment, which had plants still growing vigorously, while in the petioles 
of the plants of the remaining treatments, which were nitrogen 
deficient, nitrates were not present. The blades (table 3) for the 
same date likewise reflected the nitrogen status of the plants, but to 
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a lesser extent. On the final harvest date (July 28), the nitrate 
values for the outside petioles were not significantly different from 
one another which would be expected from the fact that all solution 
cultures had been changed 2 weeks earlier to the 1.0N level. The 
nitrate content of the blades varied significantly, but the variations 
were not related to the previous supply of nitrogen in the nutrient 
solutions. 

The values for the remaining nitrogen fractions (table 3) were 
in some instances correlated with the nitrogen status of the plants, 
but when this correlation occurred the differences for the soluble, 
insoluble, and total-nitrogen values resulting from the treatments 
were not nearly so great as for the nitrate determinations. The 
insoluble (protein) nitrogen of the outside petioles could not be 
correlated with the fertilizer treatments, even for the first harvest 
date, when the very large differences in the nitrate content occurred. 
The significant differences in the insoluble-nitrogen content of the 
outside petioles and blades on July 28 could not be correlated with 
the nutrient treatments. 

Sugar Beets Grown in Metz Silty Clay Loam—(5-gallon pots) 
Procedure.—Sugar beets were planted on May 15. 1939, in 5-

gallon pots containing 45 pounds of air-dry soil (Metz silty clay loam) 
which in previous experiments had been found to give large in­
creases in yield when supplied with nitrogen. The pots, which were 
galvanized-iron buckets painted on the inside with black asphaltum 
varnish, were provided for drainage with a 3-inch hole covered with 
an inverted china saucer. The drainage water was caught in a 
2.6-ii1er milk pan, and returned to the soil prior to the next water­
ing. This prevented the loss of nutrients, particularly nitrates, 
from the soil. 

As soon as the cotyledons of the sugar-beet seedlings were fully 
developed, the plants for each pot were decreased to approximately 
12 in number. On June 3, when the plants were in the late two-leaf 
and early four-leaf stage, one series of pots (N) was given 10 grams 
of aTrimoiiium sulfate, a second series (2N) was given 20 grams of 
ammonium sulfate, while a third series was left untreated. 

On June 13, just, 30 days from the time of planting, when the 
beets were in the six-leaf stage, five pots from each treatment were 
harvested. Since the beet leaves for the first harvest date were 
small, they were not separated as in subsequent harvests into out­
side and inside leaves before making the blade and petiole separa­
tions for the nitrate determinations. Likewise, the beet roots were 
too small for sugar analyses, and were discarded after they had 
been weighed. For comparative purposes, however, the beet and top 
weiglits were placed on a four-beet basis, since the number of plants 
in the remaining pots were reduced to four on the following day. 
Thereafter, five pots were harvested from the untreated and (N) 
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and (2N) t r ea tmen t s a t app rox ima te ly 30-day intervals . In the 
case of the u n t r e a t e d pots , these were harvested for the t h i r d and 
Iast t ime on Augus t 10. On Augus t 10 another 10 grams of ammo­
nium sulfate were added to par t of the (N) series. These are desig­
nated as the ( N + N ) series. 

Resul ts .—The resul t s for the 5-gallon-pot experiment summar­
ized in table 5 again favor the analysis of the outside petioles for 
nitrates as a means of eva lua t ing the n i t rogen s ta tus of the sugar-
beet plant . The other p lan t p a r t s could be used if necessary, bu t for 
sensitivity and ease of sampl ing, the outside petioles are preferable 
to the inside petioles and blades, or to the outside blades. 

The re la t ionship of the n i t r a t e content of the outside petioles 
of sugar beets to the i r sugar percentage, beet yields and top growth 
is given in f igures 1 to 3. F i g u r e 1 shows that the n i t r a t e content 
of the (2X) beets is h igher t h a n the (X) t reated beets for the first 
harvest da te on J u n e 14. On the nex t harvest date , J u l y 13. the 
(2X) beets have a much higher n i t ra te content than the (N) beets, 
and this is reflected in the lower sugar percentage of the (2N) beets. 
On Augus t .10, when the n i t r a t e percentages are very low for the 

T a b l e 5.- Summary of resul ts of s u g a r b e e t s prrown in Metz s i l ty c l ay l o a m 
( 5 - g a l l o n p o t s ) 

All treatments were replicated five times except in the untreated pots of August 10, 
which had 3 replications. 
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(N) and (2N) beets, the sugar percentages are identical. The ad­
dition of another unit of nitrogen to the (N) beets (N+N) resulted 
in an increase in the nitrate content of the petioles and a significant 
decrease in the sugar percentage. The nitrate content of the (N+N) 
beets continued to depress the sugar content until the last harvest-
dale, October 5, when all of the sugar percentages were practically 
identical. 

The purities of the sugar beets (table 5) followed nearly the 
same pallern as the sugar percentages. A minor difference occurred 
on August 10, when the purity of the (2N) beets was still significantly 
less than the (X) beets, while there was no difference in their sugar 
percentages. Another difference occurred on September 7, when 
the sugar percentages of the (X) and (2X) treatments were sig­
nificantly different from the (N+X) treatment, while the purity 
coefficients were not. 

The relationship of the nitrate content of the petioles to the 
sugar-beet yields (figure 2) is of interest. On July 13, the much 
higher nitrate content of the (2X) beets did not result in a higher 
yield, but on the next harvest date, August 10, the effect of the 
higher nitrogen supply upou the yields was considerable as shown 

Figure 1,—Relationship of nitrate content of outside petioles to sugar per­
centages. N equals 10 grams of ammonium sulfate per pot; N + N designates the 
addition of a second unit of N on August 10. 
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Figure 2.— Relationship of nitrate conteur of outside petioles to sugar-beet 
yields. X equals 10 grams of ammonium sulfate per pot ; X + X designates the 
addition of a. second unit of N on August 10. 

by the average yield of 445 grams for the (2N) beets as compared 
to 304 grams for the (N) beets. Thereafter, the differences result­
ing from the greater nitrogen supply became even greater; a yield 
of i)6o' grams was obtained on September 7 for the (2N) beets in 
comparison to 589 grams for the (N) beets. When another unit of 
nitrogen was added to part of the (N) beets on August 10, the 
effect of the nitrogen on the yields was not appreciable until Sep­
tember 7. The beet yields for the (N+N) treatment were still 
increasing on the last harvest date (October 5) and apparently 
would have reached ultimately the yields for the (2N) beets. Unfor-
tunately, 1 he supply of beets at this point was exhausted and addi­
tional yields could not be obtained. It is significant, however, that 
by waiting until the nitrate supply in the outside petioles became 
depleted before, adding nitrogen, valuable growing time was lost 
which could not be made-up readily, if at all. 

The growth in tops (figure 3) tended to follow the nitrate 
content of the outside sugar-beet petioles. There was, as in the case 
of the beet roots, a lag in growth in comparison to the nitrate supply, 
but this lag was not as great as for the beet roots. The maximum 
fresh weight for the tops of the (N) beets occurred on July 13 and 
thereafter there was only a slight decrease up to the time of the 
last harvest on October 5. The beet roots (figure 2) on the other 
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hand continued to increase rapidly from July 13 to August 24, and 
then more gradually to the date of the last harvest. The fresh weight 
of the tops for the (2N) beets on August 10 reached a higher maxi­
mum than the (N) beets on July 13. After August 10 the decrease 
in top weight was gradual but at a greater rate than for the (N) 
beets. In contrast to the top growth the (2N) beet roots (figure 2) 
grew very rapidly from July 13 to September 7, and thereafter 
increased more slowly. When another unit of nitrogen was applied 
to the (N) beets on August 10, the tops (figure 3) started to grow 
almost immediately, and these reached a new maximum on Septem­
ber 7. The beet roots (figure 2) reached their maximum rate of 
growth between September 7 and October 5, and since it was impos­
sible to obtain additional data, the growth rate thereafter could not 
be observed. 

Sugar Beets Grown in Metz Silty Clay Loam—(33-gallon pots) 
Procedure.—Metz silty clay loam in 33-gallon containers (gal-

vanized-iron garbage cans painted on the inside with black asphal-
tum varnish, and on the outside with aluminum paint) was planted 
to sugar beets on March 14, 1939. The beets were thinned to four 
plants per pot when they reached the four to six-leaf stage. On May 
16 these were fertilized with ammonium sulfate. The treatments 

Figure 3.—Relationship of nitrate content of outside petioles to top growth. 
N equals 10 grams of ammonium sulfate per pot; N + N designates the addition 
of a second unit of X on August 10. 
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were replicated six times and were as follows: Untreated, 27.8 (N), 
55.6 (2X), and 111.2 (4N) grains of ammonium sulfate per pot. 
In the case of the (4N) treatment, one-half of the material was 
applied on May 16 and the other half 4 weeks later. The first lot 
of beets was harvested on August 1, and as in the 5-gallon-pot 
experiment, the same leaf separations used for nitrate determina­
tions were made. To one-half of the 12 (N) pots remaining on 
August 1, another unit of nitrogen (N) was added, and the others 
were left untreated. The beets in these pots were harvested on 
August 15), and the results for the two harvest, dates are given in 
table 6. 

Results.—On June 17 the untreated beets showed a pronounced 
nitrogen deficiency, while the beets receiving different amounts of 
nitrogen were green, and had made approximately the same growth 
in all cases. At the time of their harvest, on August 1. the (N) 
beets wore distinctly deficient in nitrogen, the (2N) beets were much 
larger and had greener leaves than the (N) beets, and the (4N) 
beets were greener and considerably larger than the (2N) beets. 
The results from the August 1 harvest, which are summarized in 
table 6. follow the general pattern observed in the series with the 
5-gallon pots. The larger the amount of ammonium sulfate applied 
to the soil, the greater the nitrate percentage in the outside petioles, 
and the lower the sugar percentage of the beets. The addition of 
another unit of (N) to the (N) treated beets retarded the accumu­
lation of sugar significantly, but the effect was less after 2 weeks 
than in the corresponding treatment in the 5-gallon, pots. The 
smaller decrease in sugar percentage in the 33-gallon pots may be 
inherent in the containers, or the result of a difference in weather 
(e.g. cooler weather would retard both the formation of and the 
absorption of nitrates). 

Discussion 
The general conclusions which may be drawn from the nutrient-

solution experiments, and from the 5 and 33-gallon-pot experiments 
concerning the influence of nitrogen on sugar formation are the 
same regardless of the technique employed. In the solution experi­
ments the nutrients supplied to the beets may be controlled care­
fully, which is a distinct advantage over soil cultures, particularly 
when the gradual formation of nitrates from the organic matter in 
the soil could be enough under some conditions to depress the sugar 
percentage of the beets. In spite of this possible difficulty, and 
even though the main beet roots in the smaller pots were curved 
near the tips when they reached the bottom of the container, the 
results from the 5-gallon pots proved to be comparable with those 
from the 33-gallon pots. The curved beets in the 5-gallon pots were 
not constricted at the point of curvature, but in fact the gradual 



* Replicated 6 times. N=27.8 grams of ammonium sulfate per pot. 

Table 6.—Summary of results of sugar beets grown in Metz silty clay loam (33-gallon pots) 
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tapering of the beefs continued to the tip even around the elbow of 
the curve. From the viewpoint of experimental costs, the smaller 
pots are certainly preferable over the more expensive 33-gallon pots. 

Although the results from the present experiments have shown 
that nitrogen depresses the sugar percentage of the beet, it is not 
to he inferred that all sugar beets high in nitrogen will be 1OW in 
sugar, or that beets deficient in nitrogen will always be high in 
sugar. In some environments beets high in nitrogen may also be 
high in sugar, and likewise in another environment beets low in 
nitrogen could be low in sugar. The conditions which would favor 
the storage of sugar by heels, even when the nitrogen supply is high, 
would occur in localities where sunlight is intense, the days warm to 
hot, and the nights cool. Under these conditions photosynthesis 
would be at a maximum, and respiration would be at a minimum, 
thus resulting in the formation of sugar faster than it can be utilized 
to form new tissues (leaves and roots), even when large amounts of 
nitrogen are available for growth (other nutrients are assumed to 
be adequate). Beets low in nitrogen under these conditions would 
be very high in sugar. 

The conditions which would not favor the storage of sugar 
would occur in localities with high day and night temperatures. 
Under these conditions, photosynthetic activity could be at a maxi­
mum, and yet the high temperatures would increase respiration to 
such an extent that the sugar percentage would be maintained at 
a very low level, even 1 hough the nitrogen supply was also low. If 
the nitrogen supply is high, tissue formation may be so rapid as to 
result in beets with a sugar percentage approaching zero. 

Under most circumstances beets which are high in nitrogen 
would he lower in sugar content than comparable beets which are 
low in nitrogeu. Sugar beets which are both high in nitrogen and 
sugar content wouhl grow rapidly, and would continue to do so as 
long as the nitrogen and carbohydrate supplies were maintained, or 
until some other factor became limiting. At harvest time the sugar 
content of the heels would be a function of growth, leaf area, light 
intensity, temperature, etc. The final equilibrium between these 
factors, with its many possible variations could account for the 
high and low-sugar areas in the United States, and for the high and 
low-sugar years which occur. 

Summary 
Sugar beets were grown at different levels of nitrogen in nutri­

ent solutions and with Metz silty clay loam in 5- and 33-gallon pots. 
These were harvested at different stages of development to observe 
the relationship of yield, sugar percentage, and top growth of the 
beets to the nitrogen content of the blades and petioles taken from 
the center and outside leaves of the sugar-beet plant. 
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Of the nitrogen fractions (nitrate, soluble, insoluble, and total) 
which were determined only in the nutrient-solutions experiments, 
the nitrate content of the outside petioles reflected the nitrogen 
status of the sugar-beet plants better than for any other nitrogen 
fraction or leaf portion. In the other experiments in which nitrates 
alone were determined, the best indication of the nitrogen status of 
the plants was given by the nitrate content of the outside petioles. 

Whenever the nitrate content of the outside petioles was high, 
the sugar percentage of the beets was lower than in corresponding 
beets in which the nitrate content was low. A nitrogen deficiency 
produced beets with a high sugar-percentage, while an excess re­
sulted in beets with a low sugar-percentage. 

When the nitrate content of the beets was high, and the growing 
conditions favorable, rapid top growth took place, and continued 
until the nitrogen supply was depleted. Thereafter the growth of 
the tops as measured by their fresh weight decreased gradually while 
the root weights increased rapidly at first, and then more slowly 
until the time of the last harvest. 

In order to obtain maximum sugar formation, a large supply 
of nitrogen must be available continuously early in the season. The 
available nitrogen must be utilized completely at the time of harvest, 
otherwise beets of a relatively low sugar-percentage will be obtained. 
By carefully controlling the nitrogen supply, beets both high in 
yield and in sugar percentage may be grown. 
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