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The ideal plant nutrient concentration and balance for sugar 
beet plant tissue has not been proposed. ~dany plant physiologists 
and agronomists, doubl the possibility of establishing stable refer­
ence values for plant nutrient concentration in specific plant 
tissue that will hold even in a restricted climate. 

Much effort has been directed to find the kind and quantity 
of plant nutri ents tha t mUSl be added to soils to obtain high 
yields at high quality sugar beets. During the past forty years, 
sugar beet yields in most areas have shown a gradual increase. 
Cnfortunately, d uring this same period there has been a per­
sistent decline in quality. Even with the marked improvemen t 
in yield of roots per acre, many students of production problems 
feel that yield can be doubled and quality improved. 

Before importan t add itional progTess can be made towards 
increasing yield and quality of commercial sugar bee ts by fertiliza­
tion, it will be necessary to establish standards of reference that 
will sharply distinguish between well-nourished and inadequately 
nourished beet plants. 

Goodall and Gregory (3)3 discusseJ. the relation of yield to 
nutrient supply and uptake and proposed the use of the term 
intensity level. They stated "For each factor in turn there is an 
otJtimum level. Growth is increased if intensity is brought to 
this level and decreased if raised further. " Macy (8) proposed 
the concept of the "poverty adjustment zone" as a mechanism 
which may explain why nutrient com position of plant tiss ue may 
vary and grow th be compensated for, by tbe relatively fa vora ble 
effects of other factors. He further suggested the use of cr..itical 
and minimum percentages as precise values of nutrient composi­
tion which set the upper and Imver limits respectively of "poverty 
adjustment zone." He did not hold th at the critical and minimum 
percentages of nutrients in plant tissu e are invariable. Shear and 
Crane (I I) observed that "ojJtimllm nutritional statvs as reflected 
by leaf analysis is different for each crop and standards of com­
parison must be set up Eor differen t tissues and for each crop." 
They (1943-47) further sta ted "The first and only infallible 
symptom of the deficiency of any element is ev idenced by a re­
duced rate of grow th ." 
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Thomas (13) summarized his conclusions on the application 
of foliar diagnosis as a tool for diagnosing mineral requirement 
of plants by the statement "Soil and plant testing methods are 
necessarily valid only when each is used in a comparative man­
ner and are usable only with a key or reference to some standard." 
Thomas (14) concluded that the use of limiting values of each 
nutrient is inadequate as a basis of ascertaining relatiunships of 
composition to yield. The most effective procedure is one that 
will give not only a quantitative measure of these nutrients 
present in the leaf at the moment of sampling, but in addition, 
an index of the qualitative relations resulting from th eir inter­
actions. Thomas was of the opinion that there was no funda­
mental physiological experimental basis to support the use of 
tissues other than whole active leaves. 

Ulrich (17) combined ~,1acy ' s minimum percentage and 
critical percentage into one value which he identifi.ed as critical 
level. He identified this concentration of plant nutrients by say­
ing "When the nutrient concentrations of the plants are above 
the critical level and remain there throughoul the entire growth 
period, there is very little chance of a response in growth from 
addition of more nutrients." Ulrich, et a1. (18) proposed the 
following critical levels for sugar beet petioles from recent! y 
matured leaves: nitrate-nitrogen 1,000 ppm, phosphorus 750 
ppm and potassium 10,000 ppm. These values were proposed 
for a 2 percent acetic acid extract of oven-dry, finely-ground leaf 
petioles, 

Many students of sugar beel production problems believe that 
the most immediate and significant advance in yield and quality 
of sugar beets can be obtained by improving- the nutritional 
conditions in commercial fields , The authors approached a study 
of this problem with the following assumptions which they ob­
tained from a review of available literature on methods of ap­
praising nutritiunal status of plant: 

1. There is an established casual relationship between 10­

ternal nutrient concentration and plant growth, 

2, The pot culture method in which root temperatures are 
maintained in a manner similar to that found in commercial 
sugar beet fields, provides the most rapid and convenient 
approach to the identification of the optimum mineral nutri­
tion at sugar beets. 

3. Those sugar beet plants 'which make the best growth must 
be the best nourished, An adequate nutrition must be the 
best balanced nu tri tion. 

http:identifi.ed
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4. If there is a well-defined minimum percentage of mineral 
element in plant tissue there must also be an optimum per­
centage. 

A study of the available literature led the authors to select 
the Ulrich (17) technique and a modification of the Thomas 
(13) procedure as the most fruitful methods for diagnosing nutri­
tional status of sugar beet plants. 

ThE' data presented in this paper are the result of an 
attempt to determine which of the two methods under observa­
tion was more suitable as a basis for diagnosing significant nutri­
tional disturbances in sugar beets. .'\ second closely related ob­
jective was to observe the optimum nutrient concentration and 
balance of the three primary plant nutrients, nitrogen, phos­
phorus, and potassium, in sugar beet petioles conducive to high 
yields of roots and sugar. 

~Iethods and Procedure 

While ten nutrient solutions were used in this study, only 
six of these are referred to in this paper in order to simplify pres­
entation of data (Table 1). All of these were modifica tions of Hoag­
land's (6) nutrient solution 1\0. 1. The nutrient solutions were 
made vvith tap water which contained 0, 2, 16, 44 ppm of K, Na, 
Mg and Ca, respectively, and furth er modified by the vermiculite 
substratum which at equilibrum with the water provided 18, 5, 
19, and 46 ppm of K, Na, Mg and Ca, respectively. These con­
centrations were constantly being modified by nutrient solution 
additions, unequal ,vater and plant nutrient withdrawal, and 
chemical precipitation. Ten-gallon cans filled with No. 2 ver­
miculite were buried in soil to within 1 inch of the top rim in 
order to maintain root temperatures comparable to normal soil 
temperatures. Five holes were punched in the bottom of each 
can to provide adeq uate drainage. Twenty sugar beet seeds of 
a commercial monogerm variety, SLC 126, were planted April 
15, 1960. These were thinned June 29, to leave a final stand of 
three plants per ca n . There were ten cans in each treatment 
'which were randomized in each row. The cans were spaced on 
40-inch centers so that each pot had II sq ft of surface. The 
nutrient solutions were prepared similarly all season except for 
treatment Check-N which was reduced in nitrogen to one-half 
normal concentra tion on September 1 and to zero nitrogen 
October 1. One gallon of each nutrient solution was applied to 
its respective can daily, except during hot weather in mid-July 
and mid-August when one and one-half gallons were used. 

Th;)mas (14) believed it incongruous to use plant tissue 
other i:han whole leaf tissue as a basis for characterizing nutri­
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ti onal status of plants. Nevertheless, in order to extend the com­
parison of the l1[rich and Thomas techniques the authors modi­
fi ed the Thomas procedure to include soluble extract of bret 
leaf petioles as well as total composition of leaf blaclrs. 

Quantity and quality factors are ex pressed in this paper in 
terms of milliequivalents per 100 grams of oven-dry plant tisslle. 
To express the intensity of nutrition on a quantitative basis, the 
milliequivalents per 100 grams of N + P + K are summed. The 
quality nitrogen value is expressed as a percentage of the 

N in meq / 100 g X 100 _ T • . T . 

tota l, e.g. N + P + Kin meq / 100g - N qualIty. ,1\ hen leaf 

blades were used , these plant nutrient va lues were expressed on 
the basis of total composition. vVhen sugar beet petioles were 
used, the quantity and quality fa ctors 'were calculated from the 
concentration of soluble nitrogen (N03 - N + organic - N 
+ NH. - N) phosphorus and potassuim in acid extract ( I gram 
petiole tissue oven dried at 70 C, ground to pass 40 mesh sieve 
and extracted with 100 ml solution. ) The general outline of the 
Ulrich (17) tec hnique was used. 

Leaf blades and petiole samples from the most recently ma­
tured leaves werr obtained from each plant every two weeks begin­
ning July 1. These tissues were dried rapidly aL 70° C, ground to 
pass a 40-mesh screen, and examined chemically to determinr 
the concen tra tion of acetic acid soluble nutrients in petioles. 

The 2 percent acetic acid extract (1 gram of plant tissue per 
100 ml of solution) from petioles was analyzed for nitrate-nitrogen 
using the dephenylamine spot plate method. Soluble ammonia 
and organ ic-nitrogen were obtained by the Hillebrand , et al. (6) 
proced ure. Total nitroge n vvas determined in leaf blades by 
Perrin 's (9) method. Phosphorus was determined in both leaf 
bl ades and petioles by Barton's (2) procedure. The flame photo­
meter, direct intensity method, was used for potassjum deter­
minations. Sucrose and purity were determ ined on the sugar 
beet pulp, obtained with the Keil rasp, by the cold water digestion 
Sachs-Le Docte method. 

Experimental Results 

Yield and Quality of Sugar Beets as Affected by 

Nutritional Environment 


The data on the yield of sugar beet roots are presented in 
figure 14. Treatments NH4 , I/, N and Low K, gave root yields 
significantly lower than Check-N treatment, and the Yz Nand 
Yz K treatments showed a strong tendency for reduced grow th . 

f Dunca n's multiple range test for a compa rison of six means at the .05 level of sig . 
nificance is used th roughout this paper. 
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The nutritional environments used in this study exerted as 
much or greater influence on the yield of tops as on roots as 
shown in Figure 2. ''''hen yield of roots and tops are graphed 
in ascending arrangements as in Figures 1 and 2, it will be noted 
that the relative gTowth rates of roots and tops are affected dif­
ferently by different nutrient solutions. However, four treat­
ments giving the lowest root growth also gave the lowest top 
growth. '[he top gTowth from treatment I;2 K was significantly 
greater than from I;2 N, NH4 , Low K, and V. N, 
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Figure I.-Yield of sugar beet roots as affected by nutritional en· 
vironment 1960. 
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Figure 2.-Yield of sugar beet tops as affected by nutritional environ· 
ment 1960. (Fresh weight.) 

The yield of gross sugar may be of greater significance than 
either yield of roots or tops as an indication of the influence of 
nutritional environment on total growth rate, These data are 
shown in Figure 3, Again, four of the five nutritional treatments 
adversely influencing yields of roots were responsible for depressed 
yields of sucrose when compared to Check-N treatment, The 
I;2 N treatment did not depress yield of gross sugar significantly 
below Check-N, however, the trend for this trea tment was strong­
ly in the direction of depression. 
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Figure 3.-Yield of sugar as aHected by nutritional environment 1960. 

Yield and Quality Related to Critical Nutrient Level 
The concen tra tions of the three pr imary plant nutrients, in 

recently matured leaf petioles, are shown in Figures 4, 5, and 
6. It is obvious from the graphical data in Figure 4, th at th e 
nitra te-nitrogen concentration in sugar beet petioles was above 
the cri tical level for all treatments. The 1/4 N treatment reached 
the critical level a t two samplillg periods but ,vas not below it 
at any time. 
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Figure 4.-Seasona l concentration of nitrate nitrogen in sugar beet 
petioles as influenced b y nutrient environment 1960. 

The graphical representation of the phosphorus concentra­
tion in sugar beet petioles as given in Figure 5 shows adequate 
nutrition with respect to this nutrient [or the six nutrient­
cu ltured plants. 

The seasonal potassium concentration in sugar beet petioles 
show n in Figure 6 suggests that all pl ants were well supplied 
with this nutrient. 
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petioles as influenced by nutritional environment 1960. 
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Figure 6.--Seasonal soluble potassium concentration 111 sugar beet 
petioles as influenced by nutritional environment 1960. 

Quantity factor of nutrition in beet petioles-The data in 
Figure 7 for quantity factor for soluble constituents in sugar 
beet petioles are plotted by line graphs and cover the' period 
from July 1 to harvest. The solid horizontal lines represent the 
extremes in seasonal variation for intensity of nutrition for well­
nourished sugar beet plants. These arbitrary boundaries appear 
to serve the useful purpose of separating well-nourished from 
inadequately-nourished plants. The seasonal range is established 
on the basis of the composition of sugar beet plants growing in 
the Check-N treatment (Hoagland's Y2 strength solution de­
pleted in nitrogen to 50 ppm of nitrate-nitrogen from September 
I to October 1 and devoid of nitrogen after October 1). Three 
treatments (Y2 N, NH4 , and ~ N) produced plants with quantity 
below desirable limits. 

Quality factor for nitrogen in beet petioles- The gTaphical 
data in Figure 8 represent the quality factor for nitrogen . It is 
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Figure 7.-Seasonal quantity factor of sugar beet petioles as affected 
by nutritional environment 1960. 
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Figure 8.-Seasonal quality factor for nitrogen in sugar beet petioles 
as influenced by nutritional environment 1960. 

noted that two treatments (~ Nand Yz N) are well below the 
boundary limits. Only the Low K treatment produced plants 
frequently above desirable limits. The ideal for nitrogen quality 
appears to be about 50. However, a seasonal range between 45 
and 55 is characteristic of well-nourished plants. 

Quality factor for jJhosjJhorus nutrition in beet petioles-The 
data in Fig-ure 9 show the phosphorus quality factor in petioles 
from the Check-N treatment to vary from 2.5 to 6 throughout 
the season. The composition of petioles from the Yz K treatment 
is close to these same values. If these are ideal values, it is evident 
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as influenced by nutritional en vironment 1960_ 
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Figure 10_-Seasonal quality factor fOI' potassium in sugar beet pelioi'':s 
as influenced by nutritiona l environment 1960. 

that leaf petioles from treatment 1;'2 N, 14 Nand NH . and to 
some ex tent Low K had excessive concentra tions of phosphorus. 

Qu({ lity fac tor fo r p otassiu m. nutrit ion in beet IJe tio les- The 
data in Figure 10 show the ideal seasonal range in quality fac tor 
£01' soluble potass ium in beet pet ioles of well-nourished plants 
to be uetween 40 and 50. 

Quantity factor of nutrit ion in heel leaf l)larles- Dat'l show­
ing the seasonal quanti ty factor for sugar beet lea f blades are 
given in Figure 11 . 'While the re were differenC' es between trea t­
ments, n one varied widely from the Check-N trea tment. The 
idea l q uantity factor for leaf bl ades appea rs to have a seasonal 
variation betwee n 400 and 500 meq per 100 grams in dry leaf 
blade tissue. 
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Figure ll.-Seasonal quantity factor of sugar beet leaf-blades as 
affected by nutritional environment 1960. 
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Figure 12.-Seasonal quality factor for nitrogen In sugar beet leaf­
blades as affected by nutritional environment 1960. 

Quality factor fOT nitrogen in sugar beet leaf ulades--The data 
for nitrogen qual ity in Figure 12 clearly show that treatments 
V4 N, and Y2 N were low in nitrogen. None of the other treat­
ments can be identified as being out of nitrogen balance. 

Quality factor for phosphorus in sugar beet leaf blades-The 
graphical data in Figure 13 indicate that two treatments, :'\JH .\ 
and Low K, produced plants which contained relatively high con­
centrations of leaf phosphorus. 

Quality factor for IJotassium in sugar beet leaf blades-The 
graphical data in Figure 14 clearly segreg'ate plants from treat­
ments :,\H4' Low K, V4 Nand Y2 N as being too high or too low 
in potassium for ideal growth, relative to treatment Check-No 



52 JOURNAL OF THE A. S. S. B. T. 

LSR AT .05 
DATES TREAT 

I I 
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Figure l4.-Seasonal quality factor for potassium in sugar be~t leaf· 
blades as affected by nutritional environment 1960. 

Nitrogen: Potassium, ratio in beet leaf blades--The data in 
Figure 15 showing the seasonal nitrogen : potassium ratio in 
sugar beet leaf blades indicate that this factor is remarkably sen­
sitive to nutritional disturbances in the sugar beet plant. It is a 
simple matter to identify plants with nutritional disturbances by 
this method, if one can safely assume that the treatment Check-N 
is an ideal nutrient culture for the sugar beet plant. 

Nutrient Quantity and Quality Values-The data in Table 
2 represent a summary of tentative quantity and quality values 
which appear best suited for maximum growth of sugar beet roots 
and yield of sugar. Further study may result in confirmation or 
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Figure I5.-Seasonal nitrogen:potassium ratio in sugar beet leaf-blades 
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modification of these tentative references. It is possible that a 
study of other sugar beet varieties or significant climatic changes 
from those involved in this study might dictate small modifica­
tions or these suggested values. 

Discussion 

The authors have used the t'lrich (17) procedure for a 
number of years as a means of identifying the nutrient status of 
sugar beet plants grown under field experimental conditions. 
It has served a very good purpose under conditions where nutrient 
compositions among plants varied widely. 

Yield data in Figures 1, 2 and 3 show that relatively minor 
variations in available nutrients, nitrogen and potassium, may 
result in significant yield differences. While phosphorus was 
applied to the six treatments in equal concentrations, the pres­
ence of variable concentrations of nutrients other than phos­
phorus, physiological changes in the substrate modify~ng the pH, 
and variable root and top productions resulted in a signifi.cant 
range in phosphorus concentration in plant petioles (see Figure 
5). 

Commercial sugar beets generally will show a wider seasonal 
fluctuation in nutrient composition than did these six nutrient­
cultured beets. Nevertheless, since factors other than available 
nutrients were kept uniform and since significant yield differences 
were obtained among treatments, plant material from this studv 
appeared to be suitable for a comparison of critical level and 
qt,antity-C/uality factor methods. 

It is obvious that the critical level for nitrate-nitro~en shown 
in Fi~ure 4 would have to be raised above 1.000 and probably 
up to 5,000 ppm in order to properly identify plants with the 
m inimum of nitrogen nutritional disturbance which could be 
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Table I.-Nutrient concentration in variolls nutrient solution"s, 1960. 

Parts per million of various nutrients l 

No. Description N03-N NH.-N P K Ca Mg Na pH 

Check-N 
Yo? N Sept. I to Oct. I 
No N Oct. I to Oct. 15 105 15 110 145 50 18 7.0-8.0 

2 Yo?K lOS IS 55 loS 50 18 7.7-8.0 
3 LowK lOS 15 15 205 50 IS 7.6-S.1 
4 Yo? N 70 15 110 145 50 18 7.8-8. 1 
S Vl N 30 15 110 14S 50 18 7.7-80 
6 NH. 75 15 lIO 145 50 18 7.1'0 .0 

1 Minor elements .clded to all nutrient solution s: B - 0.25. Mn 0.2'" Zn .028. 
eu = .01, Mo = .004, and Fe = 4.5 ppm. 

Table 2.-Nutrient quanti!)' and quality values for sugar beet leaf blades and leaf­
petioles which resulted in maximum sugar yields. 

Leaf blades Leaf petioles 

Factors Range Ideal Range Idea! 

Quantity Factor 
med/IOOg 400-500 450 300-500 410 

Quality Factors 
~itro!!en 62-68 65 45-55 50 
Phosphorus 4.8-8.0 6.4 3-7 5 
Potassium 28-32 30 40-56 45 

N:K ratio \.9-2.4 2.15 0.9- 1.4 1.1 

identified as affecting root yield. Th e low yield performance 
of plants gTown in treatment Y4 N as shown in Figures 1, 2, and 
3 is closely associated with, if not a result of, low nitrogen con­
tent of leaf petioles. Present standards of critica l levels(l8) do 
not clearly identify these plants as nitrogen defi cient. 

Critical levels are not helnflll in id entifving nutritional dis­
turbances related to phosphorus in this study. 

It does not appear possible ' to identify any of the petiole 
tissue in Figure 6 as manifestinQ- chemicrd composition symptoms 
of potassium nutritinn<tl disturbance. A review of the data in 
Table I and Fig-ures 1, 2 and 3 would impress one that the reason 
for poor nerformance of plants in Low K treatment must be re­
latf'd to inadequate po t~ ssium, but deficiency of potassium is not 
('viclent in the data in Figure 6. 

The data on quantitv factor, shown in Fig-ure 7, throw some 
doubt on the nutrition<tl <ldequacy of petiole tissue from three 
treatments, viz. lit N . NH, and 1';'; N if the arbitrary bracket 
lin('s are accented as including optimum intensity of nutrition. 

The g-raphical data in Fio-ure 8 lend supnort to the statement 
by Thomas, et aI., (I 6) "Foliar diagnosis can be a more accurate 
index of the effect of a fertilizer than <lre yields." 'While the 
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yield of sugar from treatment V2 N was not significantly different 
from that of Check-N, the quality factor for niti'ogen suggests 
the possibility of slight inadequacy in nitrogen all season. 

The authors do not have clear-cut evidence that a relatively 
high concentration of phosphorus is detrimental to growth of 
sugar beets. It is evident, however, that high quality factor for 
phosphorus is associated with low production performance in 
the case of NH4 and Y4 N treatments in Fig'ure 9. Goodall and 
Gregory (3) in discussing the relation of yield to nutrient up­
take state, "For each factor in turn there is an optimum level. 
Growth is increased if intensity is brought to this level and de­
creased if raised further." 

The data in Fig'ure 10 direct one's attention to the hi2"h 
rather than low relative concentration of potassium with partic­
ular reference to treatments 0 Nand Y; N. Thomas (15) ob­
served in his studies "... when out of physiol02;ical balance 
luxury consumption will occur. Luxury consumption results in 
disturbances of normal metabol ism sufficient to affect gTowth 
and reproduction." . 

In a discussion of the functional aspects of mineral nutrition 
of gTeen plants Pirson (I 0) states "It has not yet been clarified 
whether excess of an element causes disturbances which represent 
direct and specific consequences of this particul<lr excess within 
the cell or whether they are dependent upon the exclusion of 
another element in the simplest case according to the p(lttern 
of competitive inhibition." 

The authors do not know 'whether the rel<l.tively hi'rh nitro­
g'en found in petioles from Low K treatment (Figure 8), <lnn 
high phosphorus in petioles from treatments NH4 • 1 ~ N <lnn 
14 N (Fi(mre 9) were the result or CClme of vield di~turbances . 
Some students of plant nutrition (1 ,4,5.7) believe an excess of 
specific nutrients may be as harmful to q-rowth processes (IS is (I 

deficiency. If this be true, the use of the aualitv factor roncept 
may be a valuabl e tool in diagnosing- nutritional disturhClnces. 

The graphical data shown in Fig'ures lIto 14 were ohtClinpn 
according to Thomas' (13) proposClls with the following- modifi­
cations: (Ai phosphorus and potassium were rnnsidered on the 
elemental rather than oxide basis throu 2"hout. and (E) the aU <l n­
tity fClctor was calculated on the basis of millieauivCllents of eClch 
nutrient per 100 gTams of dry plant t.issue rather thCln percentClge 
of N, P.O v and K2 0 in dry plant tissue. 

The data in Figure ] I do not clearly indicate intensity of 
nutrition as a serious problem in any of the nutrient solution~ 
under observation in this study. This rriterion of nutritiol1ClI 
intensity disturbance may be mOle useful in identifying diAl­
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culties among commercially grown beets than among expen­
mentally grown plants with a limited range in nutritional in­
tensity. 

The quality factors for nitrogen in leaf blades sho'wn in 
Figure 12 emphasize that plant tissues from treatments V4 N 
and Y2 N are inadequately supplied with nitrogen most of the 
season. Conclusions reached from a study of these data are similar 
to those drawn from a study of the petiole data in Figure 8. 

Quality factor data (or phosphorus presented in Figure 13 
indicate that tissues from the two treatments NH4.and Low K 
may have luxury-consumed phosphorus. This is concluded from 
the fact that these treatments gave low production performance 
and therefore that phosphorus at levels found in tissue from 
these treatments was not required [or rapid plant growth. 

Graphical data on quality for potassium are shown in Figure 
14. It is obvious that treatments NH4 and Low K produced leaf 
blades low in potassium and treatments IA Nand Y2 N produced 
tissue high in potassium relative to that found in leaf blades 
from Check-N treatment. It may be of passing interest to note 
that high seasonal potassium values for treatments IA Nand 
Y2 N were clearly se~Tegated in petiole tissue (Figure 10) while 
low potassium values for NH4 and Low K treatments were dis­
tinctly separated in leaf blades (Figure 14). There are some 
discrepancies between the conclusion and interpretations one 
would make from the chemical compositions of petiole and 
blade tissues. In most cases these differences in interpretation 
appear to be in the realm of deg;ree of deficiency or excess rather 
than adequate or inadequate balance. However, the graphical 
data showing quality factor for phosphorus indicate that it is too 
high in leaf blades (Figure 13) and about right in leaf petioles 
(Figure 9). TIl/" authors have no satisfactory explanation for 
this particular discrepancy. 

While Thomas (13) did not propose the use of nitro­
gen : potassium ratios as an essential feature of his foliar dia.e:­
nosis. the authors have included Figure 15 as a supplement to 
the Thomas method. The graphical data in FiQ'ure 15 are cal­
culated from data already available in the development of this 
method. Arbitarary boundary lines are used in Fi~:ure 15 to 
include the eight seasonal values for nitroQ'en : potassium ratio 
of leaf blades from treatment Check-No This gTaphical analysis 
indicates that leaf blade tissue from treatments NH4 and Low 
K is too hiQ'h and from treatments 1;;; N and I,~ N too low in 
N: K ratio. It throws some doubt on treatments lin K. Thus it 
mav b(~ possible to identify a wide l:ange of variation in the 
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nutritional disturbance of sugar beets in one graph, when it is 
certain that only the two nutrients, nitrogen and potassium, are 
involved. 

Conclusions 

The critical level procedure as proposed by Ulrich (17) for 
diagnosing nutritional disturbances in the sugar beet has been 
demonstrated to be a useful tool in commercial fields. In its 
present form and for nutrient culture studies this technique 
appears to lack sensitivity. Pot culture studies revealed that con­
centrations of plant nutrients in plant tissu~ may be consider­
ably above proposed critical levels and yet not high enough to 
support maximum yield of roots and sugar. 

A modification of the Thomas (13) method appears to be 
well suited to the diagnosis of nutritional disturbances which 
adversely influence yield of sugar beet roots and sugar. Not only 
is the quantity-quality technique sensitive as a measure of mini­
mum concentrations which limit plant performance, but it 
appears to be suitable as a device for the recognition of lUXury 
consumption of plant nutrients. 

It appears from this limited study that the essential nutrient 
concentrations in plant tissue responsible for optimum production 
of plant material may be relatively narrow. 

Additional study is needed to determine more precisely the 
influence of season and a wide range in nutrient availability on 
plant performance and composi tion. 
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