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1'HE USE OF SUGAR BEET PETIOLES AS
INDICATORS OF SOIL FERTILITY NEEDS

By ROBEHT GAHDNEH and D. W. ROBERTSON

Soil investigators are continually confronted with the demand
for rapid methods of determining fertility deficiencies of the soiL
Many tests have been devised for this purpose. None have been en
tirely satisfactory under all soil conditions. The need for a reliable
test for phosphate deficiency has been the most acute and has re
ceived the most attention. By far the greatest effort in the search
for ra pid tests has been centered on chemical analysis of the soiL
A comparatively small nurnber of investigators have studied the pos
sibilities of using rapidly growing plants on soil samples in the labor
atory or greenhouse as indicators of fertility needs. A much small
er number have studied the chemical composition of the plants grow
ing in the field as a means of detecting soil deficiencies. Until re
cently, most of those who have attempted to determine fertility needs
from plant composition have relied on total analyses and the re
sults were not promising, due to the fact that there is not a wide
difference in total composition between plants grown on soils of dif
ferent productiveness. Recently, a number of investigators have stu
died the relationship of the inorganic constituents in the conducting
tissues of' the plants to soil fertility, and have found a high correla
tion.

A study of the plant as a measure of soil fertility offers, in many
ways, a distinct advantage over a study of the soiL If the plant is
able to maintain a high concentration of nutrients in its conducting
tissues, there can be no doubt that the soil is comparatively well sup
plied with these nutrients in an available form. Any direct soil
analysis, on the contrary, always involves an assumption that the
amount of nntrients extracted, by whatever method used, is propor
tional to the amount the plant is able to withdraw. So little is known
of the mechanism and forces which the plant uses in extracting plant
food from the soil that very little can be predicted regarding the
value of a soil test until it has 'been thoroughly tried out by compar
ing with fertilizer trials in the field.

1\ second serious weakness in the soil ana lysis, whieh the plant
analysis avoids, is the question of proper sampling. There is no way
of knowing what relative importance should be given to the surface
and subsoil when taking soil samples. Neither surface nor subsoil
l'epre~ents the entire feeding zone of the plant. The plant samples
represent the feeding zone without raising the question of its extent.

The theoretical considerations regarding the value of using the
plants in the field as soil indicators are well supported by the re-
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sults of several recent investigations. Work with a variety of crop«
has shown a very close agreement between the inorganic constituent,
in the plants and the supply of these coust ituents in an available fo1'n1
in the soil. .A.. mong the crops studied were corn, oats, tomatoes, let
tuce and lemons. The works of En1111ert (2, 3, 4, 5) of Ken tucky,
Pettinger (8, 11) of vVest Virginia, Thornton (9, 10, 11) of Indiana,
and Chapman (1) of California, all strongly support the idea that
the soluble mater-ial in the plant tissues reflects to a high degree the
readily available supply of these constituents of the soil.

The use of commercial fertilizers is not yet extensive ill Colo
rado, consequently, there is a lack of information on the economical
use of them in this state. There is considerable evidence that phos
phorus is a limiting growth factor on many farms, but the use of
commercial phosphate does not give consistent results and often fails
to give response where benefits are most expected. The soils are gen
erally alkaline and highly calcareous. The soil tests which have given
good indications with the neutral or acid soils of the East are 'not
reliable under these conditions. .1\. method involving an alkaline ex
tract, reported by Hockensmith, et al (7), has been found to detect
the soils distinctly high and distinctly deficient in available phos
phorus with fair certainty, but the method will not detect s111a11 dif
ferences. This leaves many fields in a doubtful zone.

MATERIALS AND lVIETI-IODS

The results presented in this bulletin were obtained in connection
with two fertilizer experiments using sugar beets as the test crop.
One of the experiments was a study of the effect of manure on the
soil and crop; the other was a study of the tolerance of sugar beets
to nitrates. The manure experiment included 12 treatments, repli
cated 4 times, or a total of 48 plats. The nitrate experiment included
13 treatments, also replicated 4 times. 'I'he treatments are given in
Table 1.

SOIL AND PLANT SAMPLING.-Samples of the soil and samples of
leaf petioles were taken periodically during the season. Each time
the soil was sampled, :3 cores of soil were taken per plat to a depth
OJ~ ;3 feet b~y sections, as follows First, G inches; second, 6 inches;
third, 12 inches; and fourth, 12 inches. The samples for analysis
were air-dried over a screen and ground in a hammer mill.

The plants were sampled by collecting ten leaf petioles from beets
taken at random from each plat. Petioles £1'0111 comparatively mature
leaves were chosen and sections of 2 or ~3 inches in length cut fronl
about the middle portions. These were sealed in envelopes to reduce
drying, taken to the laboratory and prepared for analysis as soon
as possible.



TECI-INICAL BULIJETIN No. 14

Table l.-Soj] 'I'reut mcnt s.

5

Treatment
No.

1\~:lnure

.:\I:llwr,'

Manure :3
~I:lnnn' 4

~I:l nure 5
Muuu re ()

~I:lJlure

Manure' S
Manure n
1\1:1 uure 10

Manure ]1

Manure 12

Nitrate 1

~itrate 2
Nitrate
Nitrate
Nitrate 5
Nit ru t e n
Nitrate 7

Nitrate 8
Nitrate
Nitrate lO

Nit rn te 11
Nitrate 12

Nitrate 1').)

IVIaterial

Orec'n mu n u re (peas)
Or('(I}] inn u u re (millet)
Wr-l l- rot tr.d ruu nu rr
Well-rott orl manure
Wel l-r'ot.tc-d manure
'':,rl'l]-rnttvd mu n u re
~trawy manure
~trawy manure'
~~~ rn wv mu n u r«
Strawy manure
N (I t rea tme nt
Fallow 10:1;3

~() t rr-a t rue nt
CaCb*
Ca(~O:1)~*

Ca(NO:J)2*
Ca( NO:~)~*
Ca(N03)2*
Ca(N03)2*
Ca(N03)2*
Ca(NOa)2*
Ca (NOa)2*
Ca (NO:~12*

SCa(NOa)2*
tTrehle super-p ho sphato

Trl'l)Je s uper phoaphntr-

Rate
per ;}cre

]0 tons
10 to ns
]0 tons
10 t.ons
]5 to us
15 tons
1;-) tons
1fi t ons

NOLl('

24,80~ lb.
592 lb.

1,7H4 lh.
5,40n lb.

Hi.1~':~ n..
:38:3 lb.

1,184 lb.
:~,R~8 lb.

10,800 lb.
:-t!.:3(if) lh.

f>,400 lb.
fi· 2:W lb.
G.22fi lb.

Time applied

!i'all IH33
Fall In:1:3
Spring In:3:3
After ba r lev H):3:3
11'all HJ~33

Spring HJ34
Spring IDa:3
After barley 19:33
I~' a 11 1fI::~:1

Spring 1D34

l/~ .l u nr- fi, l;2 .Iune 30
.111llP o
.l u n e G
June I;

.l u n e G
]/~ JUlie n. ~.~ .Iu ue 30
~,~ .Iune n. ~~ June 30
]i~ June (l. V;: JUlle 30
li~ June 6, ~~ June 30
1~ .Iuno G. 1~ June 30

.l u ue 6

.I n no 6

*ClIInlll(Il'('iaI grudcs.

80IL ~t\.NALYSIs.-'rhe soils were tested for available phosphorus
by the potassium carbonate method of Hockensmith, et al (7), and
for nitrate nitrogen by the d iphenylamine method. The method of
carrying out the nitrate test was to weigh 10 grams of soil into 20 cc.
oi' 0.1 percent silver sulfate solution. The mixture was shaken 2 or
~i times at intervals and allowed to stand over night. One drop of
the supernatant solution was placed on a spot plate and -! drops of
cliphenylan1ine reagent added. 'I'he nitrate content was estimated
f1'o111 the color intensity. The reagent was prepared by dissolving
0.1 gram of diphenvlamiuc in 50 ceo of concentrated sulfuric acid.
'I'he accnracy of the method is lunch higher than would be expected
h'0111 this type of test. When the concentration of nitrate nitrogen
in the solution is not greater than 12 or 15 p.p.m. a little experience
enables the operator to estimate the nitrogen to within 1 or 2 p.p.m.,
whieh is near the Iimits of aecuracv ordinarilv obtained with the
])eVarela's Alloy Method. .. ..

PLANT ANALYSIs.-Each sample of petioles was placed in a
bunch on a block and enough thin cross-section slices shaved off to
Inake a 2-gram sample. The sample was placed in 20 cc. of distilled
water. shaken ·2 or 3 times at intervals and allowed to stand 12 or 24
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hours. For the phosphorus determination, 1 cc. of solution was drawn
off and diluted sufficiently so that the color could be read in n IIellio'e
Comparator. In most eases, 1 cc. of the solution to 20 ce. of water
gave about the required dilution. The color was developed by adding
3 drops of molybdate solution, followed by 1 drop of stannous chlor.
ide solution. The reading was taken when the color approximated
the maximum intensity, which was usually within 30 seconds. 'I'he
molybdate solution was prepared by dissolving' 25 grums of ammonium
molybdate in 200 cc. of water at 60° C., and adding to 800 cc. of ..ul
furic acid prepared by diluting 28 ce. of arsenic and phosphorus free
concentrated sulphuric acid. The volume finally was made up to
1000 cc.

The stannous chloride solution "vas prepared by dissolving 25
grams of S·nC12 . 2H20 in 100 cc. of concentrated HCI and making up
to 1000 cc.

Since the analyses reported in this bulletin were made, it has
been found that better results are obtained if the molybdate reagent
is prepared according to the method given by Zinzadze (12), using
molybdic oxide instead of ammonium molybdate. The reagent is pre
pared by adding 6.02 grams of C. P. anhydrous 1\'Io03 to 120 cc. of
concentrated H 2S04 (sp. gr. 1.84) and heating wh ile stirring until
dissolved. The volume is made up to 800 cc. with distilled water
after cooling. The stannous chloride used with this reagent is pre
pared by adding 1.02 grams of SnCl2 . 2H20 and 5 cc. of concentrated
IICI (sp. gr. 1.18) to 200 cc. of distilled water. In making the test
1 cc. of the molybdate reagent and 0.2 cc. of the stannous chloride
solution are used. The stannous chloride solution must be discarded
if it becomes cloudy or yellow. It will keep longer under a layer
of mineral oil.

The nitrate and potash tests were made on portions of the ex
tract diluted to the desired concentrations. The same procedure was
followed for the nitrate determination as was described for the soil
extract. Thornton's rapid procedure (10) was followed for the pot
ash tests, using an aliquot of the extract as in the phosphate and
nitrate tests.

ACCURACY OF THE METHODS AND ANALYSIS OF 1'HE DATA.-lVlost

methods of approximate analysis are subject to rather obvious sources
0-[ inaccuracy, and the above methods are no exception. There ~s
al"rays a very large sampling error in the field when collecting SOlI

and crop samples. The final results, in spite of the laboratory pre
cision, may be no more accurate than the accuracy of soil sampling.
The most effective way of reducing the sampling error is to increase
the number of samples. An estimate of the total error) including the
error of field sampling and of laboratory analysis, was obtained from
the statistical analysis of the data. This error which is high in both
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the soil and plant results probably could be lessened by increasing
the number of samples and reducing the laboratory error.

Gr-inding rather than slicing the samples, no doubt, would give
a more complete extraction of nutrients. However, it was found that
grinding increased the organic material in the extract and interfered
with the color development. Emmert's method (5) of grinding with
charcoal, and filtering, probably would improve the color develop
ment. Allowing the solutions to stand 12 to 24 hours is a possible
source of significant error, particularly in the case of nitrates, due
to biological changes, However, we found that under the conditions
prevailing the change was negligible.

The experiment was laid out in randomized blocks so that vari
ance due to treatment and replications could be removed in calculat
ing the standard error and Fisher's (6) "z n values. The mean val
ues of each treatment, the difference of each treatment from the
check, the difference required to be signifieant by the 5 percent
point, and the" Z" values for the experiment are given.

Table 2.-Estimated Error of Sampling and Analyzing Soil and Petioles.

Phosphorus

Soil Petioles

Cores per S. E. in Petioles per S. E. in
Xo. Samples sample percent No. Samples sam p lc percent

- ---------~-- _ ..-

1 3 32.2 10 17.7
2 :3 22.H 10 12.H
3 3 18.6 10 10.0
4 3 16.1 4 10 8.9

10 ;3 10.2 10 10 5.(;
--------

Nitrate Nitrogen

Soil Petioles

Cores per S. E. in Petioles per S. E. in
No. Samples sample percent No. ~ample.s sample percent
-----

;) 23.7 10 47.4
~ ~ 1GA ... 10 ;)3.6
3 3 13.7 .... 10 27.4
4 :J ll.n 4: 10 23.7

10 3 7.5 10 10 15.0

Table 2 gives the average standard error per plat and the esti
mated standard error which would have been obtained by increasing
the Rumber of samples. This was obtained by dividing the standard
deviation by the square root of the number of samples.
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EXPER.IlHENTAL R,ESULTS

The ability of the beet-petiole test to detect differences in avail
able phosphorus is shown in Table 3. It can be seen from the I' Z"
values that each t.ime the test was made during the season there were
significant differences due to treatment. When all of the three tests
made are included, the I. Z" value is very high and all of the yard
manure treatments except one are significantly higher than the eileck.
'lhe results are very striking when compared with the soil test which
has a very low "Z" value. Even for the a verage of the season where
6 samplings in all or 72 borings for each plat were made, the 14 Z"
value is below the 5 percent point. The table indicates that the soil
test was unable to detect the small differences in available phosphorns
found in the soils of the experiment. 'I'ho differences were very
readily c1eteetable by the plant test.

Tables 3, 4 and 5 indicate that the soil-test values are not strictly
proportional to the phosphates taken up by the plants. The soils of
the two exper-iments before treatment were quite different in avail
able phosphorus according to both tests. 'I'his is shown by the results
from the cheek plats. The manure treatments increased the phos
phate's in the beets to a higher level than was found in the
beets of the check plats on the nitrate ser-ies. However, the
soil test indicated that there was much rnore available phosphorus
in the untreated plats of the nitrate series. The phosphate in the
petioles was apparently very much decreased by the nitrate treat
merits. probably due to the fact that the nitrate tr-eatments greatly
increased vegetative gro,vth and resulted in a heavier drain on the
soil. Phosphate ill the petioles and yield of sugar were signifieantly
lower than the no-treatment for the three highest nitrate plats. The
average phosphate in the petioles from the manure-treated plats was
very much higher than the average phosphate from the nitrate plats.
The order was reversed in the soil. It is apparent that plants gro,vn
under generally favorable conditions may need a greater supply of
available phosphorus than plants grown under unfavorable conditions.
Testing the plants should give a measure of the relative supply of
available nutrients compared to the plant needs and should furnish a
means of detecting which particular nutrient is the limiting factor
much more directly than soil analysis.

Usuallv tests for fertility needs are made for the purpose of de
termining ~hether or not to ~pply commercial fertilizer. It is natural
to assume that if the test indicates a deficiency, the condition could
be remedied by merely adding the deficient element in the form of .a
commercial fertilizer. The data in Tables 3 and 4 indicate that this
assumption is not wholly justified. Treatments 12 and 13, Tables
4 and 5, consisted of more than 5,000 pounds of treble sup~rpbosphate



Table 3.-Water Soluble Phosphorus in Ber-t Petioles and Potassium Carbonate Soluble Phosphorus in the Soil of Manure-Treated Plats.

Potassium Carbonate
'Vater Soluble P in Petioles (p.p.m.) .Availa ble P in Soil (average for season) (p.p.m.)

May 22 J'uly 10 Sept. 6 Season 0"-6" 6"-12" 1~"-:?4" 24"-:36"
Treat-
ment P D P D P D P

:'01
P D P D P D P D

1 147.5 -7.5 8--1.8 29.5 77.3 4.3 102.2 -!-0.·1 2.3 39.-1 2.8 25.7 -0.6 25.1 -{).1
2 127.3 -27.7 6.3.0 7.7 84.5 11.7 fJl.5 -2.7 37.2 -0.9 31.0 -1.1 26.2 -0.1 24.1 -1.1
3 175.5 20.5 99.5 44.2 fJ2.0 19.2 122.2 28.0 42.2 4.1 34.1 2.0 26.9 0.6 24.9 -{).3
4 185.0 30.0 98.3 43.0 100.2 27.4 128.0 33.8 40.5 2.-1 36.2 4.1 25.1 -1.3 22.7 -2.5
5 187.3 32.3 99.0 43.7 83.8 11.0 123.0 28.8 42.0 3.9 35.8 3.7 25.4 -1.0 24.2 -1.0
a 152.5 -2.5 90.8 33.5 79.2 6.4 107.5 13.3 42.6 4.5 34.-1 C)t'l 26.7 0.-1 2-1.2 -1.0.... 0

7 172.8 17.8 106.3 51.0 79.0 6.2 124.0 29.8 4~).6 5.0 :):1.1 1.0 26.0 -{1.3 23.8 -2.0
8 211.0 56.0 107.3 52.n 112.0 :{~',2 143.2 4D.0 47.5 9.4 37.8 5.7 25.9 -0.4 25.3 0.1
9 196.5 41.5 102.5 47.Z 128.8 56.0 142.2 48.0 46.1 8.0 35.8 3.7 26.8 0.5 23.1 -2.1

10 174.0 19.0 88.5 33.2 104.8 32.n 122.5 28.3 45.0 6.9 36.6 4.5 26.4 0.1 23.0 -2.2
11 155.0 Ck. 55.3 Ck. 72.8 Ck. D4.2 Ck. 38.1 Ck. 32.1 Ck. 26.3 Ck. 25.2 Ck.
12 137.0 -18.0 66.3 1I.n 7n.5 n,7 04.2 0.0 ~~~~. :1 0.2 ;J,;LD 1.8 20.1 -0.2 23.4 -1.8

z== .42 z== .48 z== .GO Z == .06 Z o»» Z -.10 Z -.82 Z -.24.r.)'.

Ds==37,4 Ds==:J,O.a Ds==2G,4 Ds == 22.2 Ds== D.H Ds== G.1 D8== 3.;) Ds== 3.2

5 perc'ent point== .4 (This applies to 'I'ables 3-7)

Note: P ==Phospborus. D==DifferE'ncp from no t rvatment plat.
Ds==Differc--nce for s ig n l f'Ir-a n co (2xS. F. of a diffE'fPllce),

Z==F'ish<'r's "Z" test for stg niftca nce.
Ck.==.:'I (I t 1"1':1 t rue n t .



Table 4.-Water Soluble Phosphorus in Beet Petioles in Nitrated and Phosphated Plats.

Phosphate P Nitrate N

June 20 Sept. 3 June 20 Sept. 3

'I'reatmsnt P D P D N D N D

1 138.5 Ck. 113.0 Ck. 945 Ck. 88 Ck.
2 100.5 -38.0 76.0 -37.0 578 --.367 48 -40
3 136.3 -2.2 98.8 -14.2 1260 315 270 192
4 126.8 -11.7 89.8 -23.2 1418 473 283 195
5 92.0 -46.5 72.0 -41.0 1733 788 825 737
6 101.5 -37.0 71.3 -41.7 1733 788 660 572
7 103.0 -35.5 101.8 -11.2 1155 210 108 20
8 132.3 -6.2 90.0 -23.0 1470 525 318 230
9 128.0 -10.5 78.8 -34.2 1418 473 495 407

10 101.5 -37.0 64.5 -48.5 1733 788 770 682
11 114.5 -24.0 73.5 -39.5 1680 735 770 682
12 148.5 10.0 98.0 -15.0 1943 998 660 517
13 141.5 3.0 123.3 9.3 890 -105 40 -48

Z = -.08 Z= .72 z== 1.02 Z= 1.50
Ds==57.8 Ds=24.6 Ds==415.8 Ds=185.0



'I'a b le 5.-Potassium Carbonate Soluble Phosphorus in the Soil of Nitrated and Phosphated Plats.

June 28, 1934 August 24, 1£)34

0"-6" 6"-12" 12" -24" 24"-36" 0"-6" 6"-12" 12"-24" 24"-36"
Treat-
ment P D P D P D P D P D P D P D P D

1 80.5 Ck. 6.5.0 Ck. 49.5 Ck. 42.5 Ck. 60.8 Ck. 45.8 Ck. 36.3 Ck. 32.5 Ck.
2 ss.o 2.5 73.8 8.8 57.0 7.5 42.0 -0.5 81.3 20.5 78.5 32.7 38.5 2.2 32.5 0.0
3 73.8 -11.7 53.0 -12.0 :37.:3 12.2 33.0 -0.5 127.3 66.5 95.3 49.5 52.0 15.7 37.0 4.5
4 92.0 11.5 73.8 8.8 54.8 5.3 41.8 -0.7 105.0 44.2 64.8 19.0 35.5 -0.8 32.5 0.0
5 75.0 -5.5 49.3 -15.7 37.3 -12.2 37.0 -5.5 66.3 5.5 51.8 6.0 35.3 -1.0 37.3 4.8

6 80.0 -D.5 64.0 -1.0 48.8 -D.7 38.8 -3.7 72.0 11.2 52.5 6.7 34.8 -1.5 30.5 -2.0

7 75.3 -5.2 57.3 -7.7 44.8 -4.7 45.5 3.0 105.3 44.5 70.0 24.2 44.8 8.5 39.0 6.5
8 85.5 5.0 60.0 -5.0 42.0 -7.5 39.5 -3.0 00.8 00.0 M.O 8.2 29.3 -7.0 2G.8 -5.7
9 79.8 -0.7 64.3 -0.7 47.3 -2.2 37.5 -5.0 81.8 21.0 !lS.5 22.7 29.0 -7.3 36.5 4.0

10 86.3 5.8 57.5 -7.5 :~7.3 -12.2 37.5 -5.2 112.5 51.7 91.5 45.7 45.0 8.7 43.8 11.3
11 &3.5 3.0 60.8 -4.2 52.0 2.5 39.3 -3.2 66.5 5.7 41.5 -4.3 32.5 -3.8 28.8 -3.7

12 186.0 105.5 110.5 45.5 fj7.3 17.8 47.0 4.5 134.5 73.7 64.8 19.0 37.3 1.0 31.8 -0.7
13 166.0 85.5 79.3 14.3 54.8 5.3 49.5 7.0 115.5 55.0 82.5 36.7 62.5 26.2 55.8 23.3

z= 1.21 Z= .37 Z= .20 Z = .12 Z = .08 z= .09 Z .36 Z = .29
Ds= 30.2 Ds=30.5 Ds=20.fj Ds=I1.7 Ds=68.5 Ds=52.9 Ds=17.8 Ds=15.9
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per acre. The phosphate in the beet petioles "vas increased much less
by this high treatment than by the manure treatments which con
tained in most cases less than 50 pounds of phosphorn., per acre.
'I'he slight increase of phosphate in the plants due to this high phos
phate treatment would indicate a very low availability of the treble
superphosphate after being added to the soil. A higher availability
Blight have been obtained by placing' the fertilizer deeper in the soil,
but the soil test showed that some of the phosphate had penetrated
into the second foot.

NI'rRATEs.-The soil tests for nitrates are much more accurate
than the available phosphorus tests, since the nitrates are readily solu
ble and easily extracted. However, a low supply of nitrates in the
soil does not necessarily indicate a shortage in the plants. The soil
may show a low concent ration when t}l~~) nlant-, are still abundantly
supplied. This is shown in Tables 6 and 7. The soil was practically
exhausted in nitrates by A 11gust 30, but there was still an abundant
supply in the plants on September 6. 'I'he nitrates in the nitrate plats
receiving treatments 3, 4, 7 and 8 were reduced so 101N in the soil by
.A. ugust 24 that they were not significantly higher than the no-treat
mcnt plats, but all of the treated plats except the one receiving the
Iowest treatment were much higher in the petioles than the check
plats. The check plat gave a significantly' lower yield of beets due
to nitrate shortage than the other plats, even thongh the soil tests
did not detect a difference. The shortage was clearly indicated in
t he plant test.

AVAILABLE POTASSIU~I.-There i~ little evidence that potassium
i.;.; a Limiting faetor in any of the Colorado soils. Potassium, how
ever, is often high enough in beets to injure the qual ity of the crop.
The rc1 p id test described by Thornton (10) was applied to one set of

T'a b le (j.-Soil Nitrates in Manure Plats 0"-3ti".

- -- - - - --- - - ----~--- -------------- ---------------~--------------

Z = .49
Ds==2.04

Treatment

1

:3
4
5
(j

7
S
9

10
11
12

April 19
N D

s.a 0.7
H.:3 2.7

12.2 3.2
8."1 o.()
8.7 0.3

11.5 2.5
11.1 2.1
10.() l.G
8.2 0.8

10.:3 1.:3
0.0 Ck.

12.2 3.2

August 30
N D

October 10
N D

Season
N D

7.0 -0.1
4.3 -0.2
ti.-:l --0.7

G.U -1.2

6.8 -B.a
7.5 0.4
n.5 -0.5
H.S -0.:3

5.8 -1.:3
7.:i 0.2
7.1 Ck.
7 'J 0.1

Z = .30
Ds=1.S6



Table 7.-Nitrate Nitrogen in Beet Petioles and Soil in Man ure Plats.

Nitrate Nitrogen in Petioles (p.p.m.) Nitrate Nitrogen in Soil (Season) p.p.m.

May 22 July 10 Sept. 6 Season 0"-6" 6"-12" 12"-Zi" 24"-:36"
Treat-
ment N D N D N D N D N D N D N D N D

1 1,178 -82 llOD 55 550 110 943 28 9.0 1.1 9 ,-, 0.2 5.6 -D.5 G.1 -0.2
2 1123 -137 6.33 -414 330 -110 688 227 5.6 -2.3 5.2 -3.8 3.1 -3,4 4.2 -2.1
3 1205 -55 1017 -28 243 -197 839 -76 8.5 0.6 9.1 0.1 6.0 -D.5 GA 0.1
4 1185 -75 825 -220 320 -120 779 -136 D.H -1.3 8.7 -0.3 6.3 -0.2 5.7 -D.6
5 1125 -135 G88 -357 288 -152 70f) -20G 8.0 0.1 8.2 -O.S 6.3 -D.2 5.9 -D,4
() 1125 -135 900 -55 495 55 86S -47 H.8 1.9 10.1 1.1 6.7 0.2 5.8 -0.5
7 1200 0.0 605 -440 468 28 778 -1:37 9.0 1.1 8.9 -0.1 5.1 1.4 5.3 -1.0

8 1335 75 715 -3~:W 330 -100 803 -112 10.2 2.3 S.G -D,4 5.7 -D.S 5.3 -1.0

9 1178 8'-' 495 -550 258 -182 639 -276 9.0 1.1 7.9 -1.] 4.n -1.0 4.1 -2.2( -
10 1043 217 605 -4-10 348 -92 659 -256 8.1 0.2 8.0 -1.0- 7.1 0.6 n.i -D.2
11 12fjQ Ck. 1045 Ck. 44-0 Ck. D15 Ck. 7.9 Ck. 9.0 Ck 6.5 Ck. 0.:3 C1\:.
12 1368 108 H08 -U~7 413 -27 89H -19 10.3 2.4 9.3 0.:3 G.9 0.4 5.5 -D.S

z= .05 z= .61 z= .13 z= .35 Z .15 Z .34 Z = .49 Z = .03
Ds=2..5.3. Ds=345. Ds=213. Ds=2D5. Ds=3.S8 Ds=2,48 Ds=1.96 Ds=2.06



Table 8.-Nitrate Nitrogen in the Soil in Nitrated Series.

Treatment .June 28 August 24

0"-6" 6"-12" 12"-24" 24"-36" 0"-3W' 0"-6" 6"-12" 12"-24" 24"-36" 0"-36"

1 14.8 12.8 7.3 7.5 10.0 7.8 4.0 2.5 2.5 3.7
2 24.0 21.5 5.5 3.0 11.7 13.5 9.0 8.5 8.3 9.5
3 24.1 14.0 13.3 6.5 12.9 5.5 4.3 4.5 3.8 4.4
4 66.0 41.0 13.3 9.5 21.2 8.3 3.5 3.3 5.3 4.8
5 113.0 89.5 20.5 18.5 46.3 46.0 38.3 68.0 26.0 45.4
6 687.5 225.5 72.2 50.2 189.3 277.0 176.0 259.5 243.0 242.9
7 11.5 10.3 5.0 3.5 6.5 11.3 6.0 6.0 4.3 6.4
8 41.5 16.0 9.3 6.8 15.0 7.0 4.3 3.5 4.8 4.7
9 111.0 32.0 13.5 8.5 32.0 9.0 39.0 54.5 12.5 30.3

10 317.5 115.0 25.0 17.3 92.0 118.5 102.0 231.0 138.0 159.7
11 642.5 210.5 40.0 28.5 165.0 160.0 163.0 302.0 378.0 280.5
12 275.0 93.5 15.0 10.3 71.5 106.0 42.3 34.5 18.5 44.1
13 6.5 4.5 5.0 3.3 4.6 3.8 3.0 2.0 2.8 3,4

Average 179.6 68.2 18.8 13.3 52.1 59.5 45.6 75.4 65.2 64.6



TECHNICAL BULLETIN No. 14 15

petioles taken in the late summer from each of the experiments. The
test did not show any significant differences between treatments but
did show a very large difference between the beets on the two experi
ments. 'I'he soluble potash was nearly twice as high on the manure
series as on the nitrate series. The lowest test would be classed abun
dant by Thornton's standards. The results indicated that testing the
plants is a practical method of estimating available potash.

TI-IE IjINE BETvVEEN SUFFICIENrr AND DEFICIENT SOILs.-The re
sults indicate that 100 parts per million or less of either phosphate
phosphorus or nitrate nitrogen in the petioles is below the optimum
for sugar beets. The manure series of plats gave a significant phos
phate increase in the petioles due to manure treatments which was
highly correlated with beet yield. I t is reasonable therefore to as
sume that the level of available phosphorus in that series is below the
optimum, but the soil is very productive so there cannot be a great
deficiency. Therefore, the level observed in the beets of the check
plats on this series during the season probably is near the line between
deficient and sufficient soil. There is a difference at the different
elates of sampling. The test showed 155 p.p.m. at thinning time, May
22; 55.2, -Iuly 10; and 72.8, September 6; or an average of 94.3.

If these values were converted to milligrams P 205 per cc. of eell
sap, they would be close to the 0.2 milligrams of P 20~ per cc. of eell
sap which Petting-er (8) gave as the approximate line between high
and medium-yielding corn plats. Pettinger (8) gave 100 p.p.m. ni
trate nitrogen in the cell sap as deficient and above 300 p.p.m. as
sufficient. Our results indicate that these values would hold for
sugar beets.

SUMMARY

.1-\ comparison of sugar beet petiole analysis with the potassium
carbonate soil test in a sugar beet plat experiment showed the petiole
test to be much more efficient in detecting the differences ill avail
able phosphorus due to the manure treatments than the potassium
carbonate soil test.

'I'he petiole test seemed to be sufficiently accurate to give a reli
able indication of phosphate needs of the soil.

A comparison of the effects of applications of treble super-phos
phate and manure on the composition of the plant extracts indicated
that rnanure much more efficiently increased the available phos
phorus.

. The results of the exper-iment showed the test to be applicable
In determining nitrate and potash needs.
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