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Nitrogen has been demonstrated to be the principal limiting fertilizer 
element in sugar beet production on most California soils (5)2. Phosphorus 
and potash have been shown to be insufficient for sugar beet needs on a 
lesser number of soils (5). A number of investigators (1, 2, 4, 7, 10, 11) 
have emphasized the critical aspects of nitrogen fertilization with respect 
to yield and sugar content of the crop. Through their work the reduction 
of yield resulting from an inadequate supply and the lowering of sugar con­
tent accompanying an oversupply has been demonstrated. It is essential 
then that time and rate of nitrogen application should be such that a good 
yield results with a minimal sucrose concentration reduction. The problem 
is further complicated by the fact that field needs vary widely in limited 
areas (1, 11) . It has also been observed that the nitrogen fertilizer require­
ment of a single field may vary considerably in different seasons (6). 

In answer to the problem of efficiently fertilizing sugar beets, with special 
reference to notrogen, Ulrich has proposed and refined techniques utilizing 
petiole analysis (7, 8, 9). The method consists of following the status of 
labile fractions of various essential plant nutrients by chemical analyses of 
dried petioles, plotting such data to obtain curves showing concentration 
changes with time, and fertilizing according to the interpretation of such 
curves. By means of pot and field tests critical concentration levels were 
found, below which plants werc observed to develop deficiency symptoms 
and suffer yield reductions (7, 8, 9). It was suggested and demonstrated 
that the time for fertilization could be indicated by the rate at which the 
concentration of nutrients in the samples taken approached the established 
critical ranges (1, 8). 

The purpose of the more recently completed experiments was to test 
and extend the usefulness of such techniques under field conditions. 

Methods and Procedure 
Replicated field tests were set up with nitrogen rates varying over a 

rather wide range. Each plot consisted of four 2-row beds or six single-
row beds, which were 60 feet long. Two hundred feet of row were har­
vested from each plot for yield determinations. Except for the check plots, 
a basic nitrogen rate was applied to all plots at thinning time or as a pre-
plant application. As the need for supplemental applications was indicated 
by petiole analysis, more fertilizer was added by sidedressing at predetermined 
amounts. Whenever no approaching deficiencies were indicated by the 
analytical results, the supplemental applications were added at the latest 
practical date. 

In one of the tests additional treatments were included in which all 
the nitrogen was applied at thinning time in amounts equivalent to that 
applied to corresponding plots receiving basic plus supplemental applica-
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tions. The nitrogen was supplied as NH 4 NO 3 or as (NH4) 2S04 . In addi­
tion to the plots receiving only nitrogen fertilizer, four tests included plots 
treated with phosphorus or both phosphorus and potassium, which were 
applied with a high rate of nitrogen. The rates applied are given in tables 
which follow. Both the P2O5 and K2O were applied before planting or at 
thinning time by sidedressing as treble superphosphate and K2SO4. 

Petiole samples w rre collected periodically from each plot throughout 
the season and analyzed for NO3-N. Certain of the samples were also analyzed 
for PO4-P and K, but only for selected sampling times. At harvest time the 
beets were dug and yield and sucrose determinations made. 

Results 
Test 1 

The harvest data for Trial 1 are given in Table 1 and three of the 
curves for petiole analyses are shown in Figure 1. 

Table 1.—Harvest Results. Trial No. 1, Davis, Yolo County, 1952. 

Figure 1.—Effects 
fertilization on the 
nitrate-nitrogen con­
tent of sugar beet 
petioles. Trial No. 1, 
Davis, Yolo County, 
1952. 

The curve indicated by the lower dashed line represents the check 
plots. In the case of this field the nitrogen level of the plants was below 
the critical concentration practically all season long when no fertilizer was 
applied. The NO3-N content of the plants which received the 80-pound 



1 T h i n n i n g time. Planted September 25. 

Figure 2.—Effects 
of fertilization on 
N03-N content of 
sugar beet petioles. 
Trial No. 2, Melo-
l a n d , I m p e r i a l 
County, 1952-53. 
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per acre rate, as can be seen from the solid line curve, increased considerably 
after the nitrogen application, but declined rapidly as the season progressed 
and fell below the critical concentration three months prior to harvest. Both 
of these treatments resulted in lowered yields, which was anticipated from 
the petiole data. The remaining curve represents the analytical results 
from beets of the plots to which supplementary 80-pound nitrogen applica­
tions were made when petiole analysis showed an impending deficiency. 
From the data collected the best time for supplemental nitrogen application 
could have been predicted but not the amount to apply. At the highest 
supplemental rate no further significant yield increase was observed, nor 
was there any yield increase from phosphorus or potassium. The petiole 
P and K values were well above critical levels and no response was expected. 

Test 2 
In 1952-53 an experiment was conducted at the Meloland Field Station, 

Imperial County, California. The treatments, application dates, and yield 
data are reported in Table 2 and the petiole analysis curves for certain key 
treatments are found in Figure 2. 

Table 2.—Harvest Results. Trial No. 2, Meloland, 1952-53. 
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In this test the beets responded to nitrogen rates up to 240 pounds 
per acre. There were no significant differences between the single and 
split applications at corresponding total nitrogen rates. The long periods 
of short nitrogen supply of those plots receiving no nitrogen or 80 pounds 
per acre at thinning time accounted for the yield reduction. When 80 and 
160 pounds of nitrogen were applied as a supplement, the period of suffi­
cient supply was extended 2 and 3 months respectively, resulting in yield 
increases. 

Test 3 
One of the tests was located on a field of very high nitrogen fertility. 

The yields of all plots, including check plots, were high and even at har­
vest time the NO3-N concentration of the petioles was in excess of the 
critical level regardless of treatment. Consequently, there were no significant 
differences in yield due to nitrogen applications. Although petioles of beets 
which received supplemental nitrogen showed more nitrogen uptake, the 
difference between such treatments and the check was relatively small at 
all sampling dates. The data for this test are summarized in Table 3. 

Table 3.—Harvest Results. Trial No. 3, Santa Barbara County, 1953. 

1 Planting time. 
2 Calculated using treatment averages for tons beets per acre and percent sugar. 

Test 4 
Experiment 4 illustrates a case in which no response to added nitrogen 

was measured, even though such appeared likely. At the time of supple­
mental application the concentration of NO3-N in the petioles was ap­
proaching the critical concentration. Even though supplemental nitrogen 
was applied June 5 and the field irrigated June 13 the NO3-N content of 
the petioles did not increase appreciably. The petiole analyses correlated 
with the yield data, as indicated in Figure 3 and Table 4. 

Test 5 
In Tests 1, 2, 3, and 4 no response to phosphorus was observed. In 

Test 5, however, both nitrogen and phosphorus applications stimulated 
yields. The yield data, as reported in Table 5, show that nitrogen alone 
increased root yields about 7 tons per acre and when combined with adequate 
phosphorus another 7 ton per acre increase was measured. 
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T a b l e 5.—Harvest Results. T r i a l No . 5, T u l a r e County, 1952. 

1 Planting time. Fertilizer side-dressed 6 inches S inches from row and about 4 inches 
deep. 2 This value is low because the yield of one of the plots in this treatment was exception­
ally low (11.5 tons/acre). 

Figure 4 shows the petiole analyses curves for NO3-N and indicates an 
interesting effect of phosphorus on nitrate absorption. On May 30 the 
NO3-N concentration was found to be higher on the plots which received 

1 Thinning time. 

Table 4.—Harvest Results. Trial No. 4, Santa Barbara County, 1952. 

Figure 3.—Effect 
of fertilization on 
NO3-N content of 
sugar beet petioles. 
Trial No. 4, Santa 
B a r b a r a County, 
1952. 
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nitrogen plus phosphorus at planting time than those which received the 
same amount of nitrogen alone. On July 18 this appeared again in the 
samples taken soon after the supplementary nitrogen had been added. The 
converse phenomenon had been observed by Lorenz and Johnson (3) in 
which additions of ammonium sulfate increased the PO4-P content of tomato 
foliage. In the latter case ammonium sulfate, because of its acid reaction 
in the soil, made more phosphorus available to the plants. In Trial 5 the 
greater absorption of nitrate in the presence of phosphorus may be due to 
faster root development or to increased root activity or to factors not now 
known. 

Figure 4.—Effect 
of phosphorus fertil­
ization of sugar beet 
petioles. Trial No. 5, 
Tulare County, 1952. 

Figure 5 shows the effect of phosphorus fertilization on the PO4-P con­
centration of petioles. Both treatments plotted in this figure received the 
same amount of nitrogen (240 lbs. N/acre) . The phosphate level of the 
plants which received no fertilizer phosphate ranged from 680 to 440 p.p.m. 
PO4-P throughout the season, whereas the phosphate-fertilized plants always 
had a concentration of 1,600 p.p.m. PO4-P or more. This difference ac­
counted for the yield differences measured. 

Figure 5.—Effect 
of phosphorus fertil­
ization on the PO4-P 
concentration of sug­
ar b e e t petioles. 
Trial No. 5, Tulare 
County, 1952. 
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Diagnosis of Sulfur Deficiency 

Dur ing the summer of 1953 a field was observed in which there was a 
large area of chlorotic sugar beets having symptoms indis t inguishable from 
those p roduced by a ni t rogen deficiency. Petiole analysis, however, showed 
that the affected beets were higher in ni t rate-ni t rogen than the more vigor­
ous green beets. It was de te rmined that there was no appreciable difference 
between good and poor beets in potassium or phospha te content , b u t tha t 
the sulfate con ten t of the two varied widely as repor ted in T a b l e 6. Al though 
wide differences in the concentra t ion of SO4-S occurred in petioles as well 
as leaf blades, the la t ter appea r to be bet ter for diagnosis of possible sulfur 
deficiencies. 

T a b l e 6.—Sugar Beet Leaf Analyses, But te County, July 7, 1953. 

After the analyses had been made, small strips of soil with the deficient 
beets were t reated with a m m o n i u m ni t ra te , gypsum, and a m m o n i u m sulfate. 
T h e results of subsequent leaf analyses are found in T a b l e 7. 

T a b l e 7.—Sugar Beet Leaf Analyses, Butte County, August 11, 1953. 

1 Applied to single 4-row strips, July 20, 1953. 

T h e r e was a great improvement in the appearance of sugar beets t reated 
with (NH 4 ) 2SO 4 . T h e deficiency symptoms disappeared, the leaves t u rned 
dark green, and there was a visible growth response. Petioles collected from 
these plants indicated that this growth response was associated with the 
absorpt ion of SO4-S. T h e addi t ion of N H 4 N O 3 d id n o t correct the deficiency 
symptoms and the plants did not make the thrifty growth made by those 
receiving (NH 4 ) 2SO4 . W h e n gypsum alone was added the p lan t s readily 
absorbed SO4-S bu t made no growth response; in fact, they made less 
growth than plants receiving N H 4 N O 3 . 

Reasons for these divergent growth responses can be seen in the da ta 
presented in T a b l e 7. W h e n gypsum was added the sulfur deficiency was 
readily corrected, bu t almost immediately the p lants became deficient in 
ni t rogen and therefore li t t le or no growth response would be expected. 
T h e addi t ion of N H 4 N O 3 kep t the plants well supplied with ni t ra tes bu t 
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they continued to be deficient in sulfur. (NH4) 2SO4 corrected the sulfur 
deficiency and also supplied the plants with sufficient nitrogen for good 
growth. 

These observations illustrate that in many instances leaf analysis can be 
a very effective tool for rapid diagnoses of field problems. 

Discussion 

These trials have provided case histories showing how leaf analysis 
might be used to improve practices in sugar beet fertilization. In each 
instance it was felt that such a technique could have led to better fertiliza­
tion and a better understanding of the fertility problems of the fields studied. 

Tests 1 and 2 illustrated that petiole analysis can be used to demon­
strate impending nitrogen deficiencies and thereby act as a guide to time 
of application. In Test 2 there was apparently no advantage to applying 
the fertilizer in two applications rather than one. The point is raised, 
however, that at the beginning of the season there was no satisfactory way 
to predict with accuracy which of the rates applied would have been best. 
In fact, at mid-season petiole analysis could not be used to tell how much 
nitrogen to apply as indicated by the maximum response to 80 pounds of 
supplemental nitrogen in Test 1, whereas Test 2 required 160 pounds for 
best results. For such fields addition of an amount somewhat less than 
that considered adequate, with supplemental nitrogen applied when indi­
cated by the analytical data, would appear most efficient. The amount of 
supplemental fertilizer to be added would depend on the length of growing 
season remaining and past experience with the field. 

Test 3 represented a field in which certainly no supplemental nitrogen 
was needed or indicated by petiole analvsis. In such fields, i.e., those which 
may be judged to be high in fertility due to past history or the nature of 
the soil, it would probably be best to refrain from applying fertilizer until 
such time as the analyses indicated a need. In the particular field cited any 
fertilizer expenditure was wasted during that particular crop season. 

If petiole analysis had not been used in Trial 4, a false conclusion 
might have been drawn due to the failure of beets to respond to supple­
mental nitrogen applications. The conclusion that the beets did not need 
more nitrogen would have been suggested from the yield data alone. Petiole 
analysis, however, showed that the plants did not absorb the supplementary 
nitrogen in amounts sufficient to affect the yields appreciably. Therefore, 
it may still be possible to obtain yield responses to nitrogen on this field 
if ways can be found to get supplementary nitrogen into the beets. 

Test 5 demonstrated the relationship between both NO2-N and PO4-P 
concentration in sugar beet petioles and the growth of the plants. Leaf 
analyses of such a field would indicate the possibility of improving subse­
quent crops by phosphate fertilization. In all trials, except Number 5, 
phosphate and potassium analysis showed no indications of deficient supplies 
and, since no yield differences arose, the analytical data are not included. 
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Summary 

T h e use of pet iole analysis as a guide to sugar beet p roduc t ion was 
studied th rough a series of tests conducted in several California beet-growing 
districts. Petiole samples were taken periodically from check plots and 
from plots t reated with p rede te rmined basic fertilizer rates. Cer ta in of the 
samples were "analyzed for NO 3 -N, PO 4-P, and K, and curves represent ing 
changes in p l an t content of the nu t r ien t s wi th t ime were constructed. In 
the case of n i t rogen, supplementa l appl icat ions were made when the curves 
indicated an approaching deficiency. W h e n exper iments were conducted 
on high fertility fields, in which no need of supplementa l t reatments was 
indicated, the same t reatments were appl ied at the latest practical date . 

T h e exper iments demonst ra ted that pet iole analysis can be a valuable 
aid in sugar beet fertilization on fields of high or low fertility. It was 
possible to predict from curves cases in which n i t rogen responses could or 
could not be expected, and the time when supplementa l appl icat ions should 
be made. It was also possible to use leaf analysis in improving phosphorus 
fertilization practices, and, as was po in ted ou t in a case where a sulfur de­
ficiency was found, to diagnose still o ther nu t r i en t deficiencies. 
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