HorTSciENcE 31(7):1173-1176. 1996. “true” values or if they are unique to the
instrument or methodology is important when

I 1 1 establishing critical values. If the instrument
TeStIng PetIOIe Sap for N Itrate and used is precise but not accurate, then the criti-
cal values reported would be useful only to
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Abstract. An important aspect of establishing critical sap nutrient concentrations for Petiole sap.

diagnostic purposes is to determine the accuracy of the analytical method used. We

compared a Cardy flat membrane NQ electrode, a Hach portable NQelectrode, and a Materials and Methods

Wescan N analyzer for their ability to determine NQ concentrations in sap of potato . . .
(SolanumtuberosumL.) petioles. The Hach and Wescan instruments require diluted sap, | Nitrate. A 4-yc,ear field study on irrigated
while nondiluted sap can be used with the Cardy. Nitrate-N concentrations in nondiluted ‘RUsset Burbank’ potatoes was used to obtain
petiole sap measured with the Cardy electrode were 90 to 120 #iog higher than the other ~ Sap for testing the N(lectrodes. The study
two methods. Using sap diluted with 0.07& aluminum sulfate tended to lower Cardy NQ Was established at the Sand Plain Research
readings to concentrations closer to the other methods, but made the procedure mord-arm at Becker, Minn., on a Hubbard loamy
complicated for practical use. We also compared a Cardy K electrode with flame emissionS@nd (Udic Haploboroll). Ten treatments com-
spectroscopy for determining K concentrations in sap. Using nondiluted sap with the Prised of four N rates as urea or ammonium
Cardy procedure resulted in K concentrations 200 to 2500 mdg lower than those hitrate ranging from 0 to 270 #gxr* at various
determined by flame emission, depending on K concentration of the sap. Diluting sap withtimes of application were tested. Each treat-
0.075w aluminum sulfate or deionized water for use with the Cardy electrode resulted in Ment was replicated four times in a random-

K concentrations similar to those determined by flame emission. ized complete-block design. Fifteen to 30 re-
cently matured leaves (fourth or fifth from

Among the recent techniques for N and Kalways been a problem for a quick test appliterminal) were collected from each plotat 7- to
management in vegetable crops has been thation. Scaife and Stevens (1983) compareti-day intervals from mid-June until mid-
use of petiole sap analysis to determine suppl&M Quant strips with electrode methods andugust. A total of 240 samples were collected
mental fertilizer needs (Hochmuth, 1994found that NQ concentrations obtained with each year. Leaflets were immediately stripped
Prasad and Spiers, 1984; Scaife and Turnehe test strips were lower than those obtaindd the field and the petioles were placed in a
1984). Sap tests to determine nutrient status ofith the electrode. In that study, howeverplastic baginacooler. Within 6 h of collection,
crops have been used to a limited degree sinddferences in sample preparation may havpetioles were crushed with a Hach press to
the 1920s (Hochmuth, 1994; Jones et al., 1999ontributed to differences in the results. Botlexpress the sap. Expressed sap was stored
Until recently, however, these tests have beghe Hach Company (Loveland, Colo.) androzen in plastic vials until all analytical pro-
considered semi-quantitative, at best. Withitdoriba Instruments (Kyoto, Japan) have comeedures could be performed. From a practical
the past 15 years, advances have been madenarcially introduced portable N@lectrodes standpoint, freezing is not recommended, but
determining sap NQand K in various crops capable of determining N@ plantsap. Horiba because of the many samples to be processed
using Merck (Darmstadt, Germany) EM Quantnstruments has also introduced a portable flat this study, freezing was necessary to pre-
test strips (Coltman, 1987a, 1987b; Coltmamembrane K electrode. The Hach electrodserve the sap. Freezing did not significantly
and Riede, 1992; Prasad and Spiers, 1984)erforms in a similar manner to conventionahffect sap N@concentrations (data not pre-
Critical values for N@levels using the EM electrodes in that the sample must be diluted &ented). After thawing, sap was mixed in the
Quant strips in tomatoed.ycopersicon obtainareading. Vitosh and Silva (1994) haveial, pulp was allowed to settle, and sap was
esculentunMill.) (Coltman, 1988; Huett and shown that sap NQdetermined by the Hach decanted into a clean vial for subsequent NO
Rose, 1988) and potatoes (Williams and MaieN O, electrode is highly correlated with petioledeterminations.

1990) have been established. According thlO, expressed on a dry weight basis. Two instruments designed for NGap
Williams and Maier (1990), EM Quant strips  The electrode introduced by Horiba Instrutests were compared: the Hach N@ctrode
require dilution of the sap and a portablenents, called the “Cardy meter,” has a flatnd the Horiba/Cardy Nelectrode. Nitrate
reflectometer to obtain accurate readings andembrane capable of providing a reading foalso was determined conductimetrically using
strips have to be periodically checked foeither NQ or K concentration in nondiluted a Wescan (nonportable) N analyzer. This in-
variability between and within vials. sap. Researchers using the Cardy,M{@c- strumentwas chosen because itis not sensitive
lon-specific electrodes have been availtrode with nondiluted sap have also shown thab the same interferences often observed with

able for many years; however, portability hasap NQis correlated to petiole N@xpressed NO, electrodes. All N@standards were pre-

on a dry weight basis (Hartz et al., 1993pared with sodium nitrate.

Hochmuth, 1994; Westcott et al., 1993). The For the Hach sap test, 1 mL of expressed

Cardy K meter has been used to establigap was mixed with 25 mL of a 0.076
Received for publication 1 Apr. 1996. Accepted forsufficiency levels of K in petiole sap for egg-aluminum sulfate [A{SO,)-+(H,0),d solution.
publication 25 July 1996. Scientific Journal Seriegyjant Solanummelongenal.) production The electrode was immersed in the solution
Paper no. 22,421 Minnesota Agricultural EXperiyochmuyth et al., 1993). and an mV reading was recorded. Standards
ment Station, St. Paul. Mention of products does not -y ije concentrations of NOand K are with NO-N at 10 and 100 my-, prepared
imply endorsement of this product over similar . . . . .
products by the Univ. of Minnesota The cost Oireadlly obtained using the _electrode methodwith 0.075m alum[num sulfatg background,
publishing this paper was defrayed in part by théliscussed above, no studies have been comere used to calibrate the instrument. Un-
payment of page charges. Under postal regulationducted to determine the accuracy of the me&nown readings were related to NR con-
this paper therefore must be hereby madaheer-  surements taken. Knowing whether the valuesentration (activity) in solution using the Nernst
tisementolely to indicate this fact. obtained with the different techniques are thequation (Skoog and West, 1976).
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SoiL. MANAGEMENT, FERTILIZATION, & IRRIGATION

For the Cardy sap test, a small volume
(=0.1 mL) of nondiluted sap was placed di-
rectly on the electrode membrane and a direct
reading of N@-N was recorded. The Cardy
meter has three scales depending upon the
concentration of the sample. Concentrations
of NO,-N between 0 and 100 can be read to the
nearest 1 mg 1, those between 100 and 1000
are read to the nearest 10.hmg and those
between 1000 and 10000 are read to the near-
est 100 md.%. The instrument was calibrated
with NO,-N standards at 34 and 450 4rg
with a deionized water background, similar to
standards prepared by Horiba Instruments.
Although many sap values were above the
450-mgL-'range, the slope above thisrange is ' ' ’ '
linear up to 2000 mb~* (Horiba Instruments, 0 500 1000 1500 _12000
personal communication). The electrode mem- Wescan petiole sap NOs-N, mg.L
brane (sensor) was replaced with a new mem-
brane atthe beginning of each growing season.

For the Wescan sap test, 1 mL of sap was
mixed with deionized water to a volume of 100 2000 £
mL. Nitrate-N in solution was determined y=1.00x+33
conductimetrically after reduction to NHs- r=0.99, N =960
ing granular zinc (Carlson, 1986; Carlson et
al.,, 1990). Readings from diluted solutions
were related to NON in the sap using a
standard curve. Standards ranged from 0 to 28
mgL~in a deionized water background.

The standard addition technique was used
to evaluate the accuracy of each method. Fro-
zen sap collected over 1 year was thawed,
bulked into one large sample, and then mixed -
thoroughly. Standard additions of )@ at 0@ — ' " i
200, 400, 600, 800, and 10Q@-mL™ sap 0 500 1000 1500 2000
were made by weighing the required amount
of sodium nitrate in a 25-mL volumetric flask
and adding enough sap to bring up to volume.
All NO, determinations were made in tripli-
cate using the procedures described above. An 2000
additional dilution procedure was included for y =0.99x + 91
the Cardy NQ determinations. For the dilu- r=0.99, N =960
tion, 0.5 mL of sap was mixed with2 mL 0.075 4
m aluminum sulfate solution. NEN stan-
dards of 34 and 450 nig'also were prepared
with aluminum sulfate. A small volume of the
mixture was placed directly on the electrode
and a concentration reading was recorded.

Potassium.A 2-year field study on irri-
gated ‘Russet Burbank’ potatoes was used to
obtain sap for determining K concentrations. y
The study was established at the Sand Plain 0 —
R_esearch Farm on a _Hubbarq loamy sand. 0 500 1000 1500 2000
Nine treatments comprised of five K rates as
potassium chloride or potassium nitrate rang- Hach petiole sap NO;-N, mg.L"
ing from 0 to 300 kéna™ at various times of
application were tested. Each treatment Wasg 1. Correlation between the various analytical techniques used for nitrate determination in petiole sap:
replicated four times. Petiole and sap collec- ~a = Wescan vs. Cardy; = Wescan vs. Hacle,= Hach vs. Cardy.
tion were similar to that described for the NO
study. dard K solutions, 150 and 2000 +g, in a prepared with aluminum sulfate, were used to

Potassium determination using the Cardgeionized water background. A few drops otalibrate the electrode. A few drops of the
electrode was compared to conventional metmondiluted sap were placed on the electroddiluted solution were placed on the electrode
ods using an atomic absorption spectrophanembrane and a direct reading of K concermembrane and a direct reading of K was
tometer in the flame emission mode (moddiation was recorded. As with the N@lec- recorded. For K determination using the spec-
3030B; Perkin Elmer, Norwalk, Conn.).trode, the K electrode has three scales, de#ophotometer, sap was diluted 1:100 with
Nondiluted and diluted sap preparations alspending on concentration of the sample. Acwater and Cs at Llg™* was added to suppress
were compared using the Cardy electrode. Aluracy of each scale for K is the same asnization. The emission mode setat669.9 nm
K standards were prepared with potassiurdescribed for N@Q For the diluted prepara- was used to determine K concentration in

2000

1500 A

1000 H

500 A

Cardy petiole sap NO;-N, mg.L"
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500

Cardy petiole NO;-N, mg.L™

chloride. tions, 1 mL of sap was diluted to a volume ofolution. Standards ranged from 0 to 80Lrig
For the nondiluted sap preparations, th&0 mL with 0.075v aluminum sulfate solu- in a deionized water background with Cs.
Cardy electrode was calibrated using two starion. Standards with K at 150 and 2000-hg As with NGO, the standard addition tech-
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nigue was used to evaluate the accuracy @hble 1. Recovery of nitrate added to potato petiole sap by four analytical techniques.
each method. The same procedure was usedte Method
obtain a bulked sap sample. Standard K adqi‘-. - -

tions of 400, 800, 1200, 1600, and 2p@AnL-: itrate Cardy, nondiluted Cardy, diluted Hach Wescan
sap were made by weighing the require

amount of potassium chioride in a 25-m{ML?) (Mgl  (6) (mgl?h (%) (mgL™) (%) (mgt?) (%)
volumetric flask and adding enough sap t 900+ & 875+ 14 882t 17 - 800+ 5
. L 1100+ 0 100 106% 17 96 1092 8 105 1008t 1 104
bring to volume. All K determinations were 45y 130000 100  128%8 102 12823 100 121712 104
made in triplicate using the procedures despo  1533+34 106  152% 14 108  149%2 103 139811 100
scribed above. An additional dilution proce-goo 173334 104  171%8 105  170G:6 102 1594+ 12 99
dure was included for the Cardy procedura000 1933t 34 103 190Q 29 103 1922+ 2 104 180k 17 100
determinations. For the dilution, 1 mL of sapmeant standard error
was mixed with 10 mL water. K standards of
150 and 2000 mb~ in a deionized water
background were used for calibration. A small
volume of the mixture was placed directly on
the electrode membrane and a concentration 8000

reading was recorded. ] y =-0.00008x° + 1.18x + 105
r=0.84, N = 442

Statistical analysed-or both studies, lin-
ear regression using the least squares method
was used to generate the relationships among
the various methods (Steele and Torrie, 1980).
Differences among slopes and intercepts were
determined using 95% confidence intervals.

6000

4000

Results and Discussion 2000 +

Cardy non-diluted, mg.L"

Tuber yield increased quadratically with N
and K fertilizer (data not presented). In these 0 —
studies sap concentrations of N@nd K 0 2000 4000 6000 8000
spanned from below to above the optimum o p
range. Emission, mg.L

Nitrate. A series of correlations among the
three methods for sap N@etermination are
based on 4 years of data covering a wide range
of sampling dates and N fertilizer treatments 8000
(Fig. 1a—c). All three methods were highly
correlated. Slopes of the regression lines com-
paring the methods were not significantly dif-
ferent from unity P < 0.05). The intercepts
were all significantly different from 0 and
from each otherR < 0.05). These results
suggest that the lines are parallel over the
concentration ranges covered and the effects
of method on N@N determination are esti-
mated by differences in the intercept. There-
fore, sap N@N concentrations measured with
the Cardy meter were 118 ¥hg' higher than 0
those for the Wescan and 91 .md higher
than for the Hach. The Hach measurements
were slightly higher (33 mpg™) than those Emission, mg.L"
determined by the Wescan.

Recovery of NQadded to bulk sap ranged

y =1.00x + 153
r=0.96, N = 442

6000 +

4000 +

2000 +

Cardy, Al,(SO,); diluted), mg.L™

; : n
+ T T T T

0 2000 4000 6000 8000

from 99% to 104% for the Wescan methodgig. 2. Correlation between the various analytical techniques used for potassium determination in petiol

100% to 105% for the Hach, 100% to 106% for sap: &) Emission vs. Cardy, nondiluted sap) Emission vs. Cardy, sap diluted with 0.@7&uminum

the Cardy nondiluted sap preparation, and sulfate.

96% to 108% for the Cardy diluted sap prepa-

ration (Table 1). The zero standard errorsoncentrations than nondiluted sap. These re- Potassium.The results with the Cardy K
associated with Cardy readings from nondilutedults support the conclusion that usinglectrode were not as encouraging as with the
sap are due to the fact that when NDis nondiluted sap will, on average, result inNO; electrodes. Nondiluted sap K concentra-
above 1000 mg, the meter is accurate to theslightly elevated values. The question ofions determined by the Cardy meter were
nearest 100 my™. Therefore, the NON  whetherdilution is worth the extra effort needgjuadratically correlated with diluted sap K
concentrations can vary by as much+a® to be considered when deciding on a methatbncentrations determined by flame emission
mgL~ and the reading on the Cardy meteof sap N@N determination. If accurate sap(Fig. 2a). In the range of K concentrations
would be the same. Differences between th8O,-N readings are desired, then we reconstudied, use of nondiluted sap was useful for
Wescan values and the Cardy nondiluted vatmend use of diluted sap. However, this addedietermining sap K concentrations in the range
ues are similar to those found in the 4-yeastep may introduce error and makes the procef 2000 to 3000 mg-* However, use of
study. Hach values were higher than expectature less convenient for field use. The overatondiluted sap underestimated K concentra-
but still lower than those for Cardy nondilutedrecovery of NQ using nondiluted sap was intions (mgL™) by 250 to 1000 when sap K
sap preparation. Diluting the sap for the Cardgn acceptable range, suggesting that the extrancentrations were 3500 to 5000 and by 1000
method generally resulted in lower N effort of diluting may not be necessary. to 2500 when they were 5000 to 7000. Diluted

HorTtScience, VoL. 31(7), DxcemBER 1996 1175

dded Found Recovered Found Recovered Found Recovered Found Recovered

Boooe 9al) BIA 9Z-1 |-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



SoiL. MANAGEMENT, FERTILIZATION, & IRRIGATION

sap K concentration measured by the Cardiable 2. Recovery of potassium added to potato petiole sap by four analytical techniques.
meter corresponded much more closely to the

" . . Method
K concentrations determined by flame emis-

. . ) Cardy diluted Cardy diluted
sion (Fig. 2b), although the Cardy meter c:cmPotassium Cardy nondiluted in water in@0,), Emission

sistently overestimated K concentrations b
y Yadded Found Recovered Found Recovered Found Recovered Found Recovered

=150 mgL~* within the sap K concentration " " o I "
range studied. While the intercept of 1501myg (mgL7) (mgl-) (%) (MgL™) (%) (mgL™) (%) (ML) (0/_0_)

10K ; 0 3967+ 3% - 556759 -  546/+30  --  5512t34 -

was statistically differentfromzerB 0.05), 4o 433366 92  600:0 108 5850:48 96 500421 98
the error over the range of sap K concentraypg 4600+ 0 79 6300£0 92 631743 106  629&28 98
tions studied ranged from 2% to 8%. 1200 4800t 0 69 676770 100 665G 48 99 6692 23 99

Hochmuth (1994) reported petiole sap K600 5100t 58 71 7167430 100 715G 70 105  727%48 110
sufficiency ranges of 2500 to 5000 #og 2000 5367+ 66 70 7550 32 99  756% 47 105 750k 38 99
depending on potato growth stage using thgneant standard error.

Cardy meter with nondiluted sap. Our K con-
centrations for potato petiole sap ranged frometer response can not be determined frobtartz, T.K., R.F. Smith, M. LeStrange, and K.F.

2000 to 5000 mg* (Fig. 2) for nondiluted this study. Schulbach. 1993. On-farm monitoring of soil
sap, but the flame emission data showed that and crop nitrogen status by nitrate selective
the actual values ranged from 2000 to 7000 Conclusions gf;gg?eéégmmun- Soil Sci. Plant Anal.

mgL-t The nondiluted values may still be - )
‘o . . . Hochmuth, G.J. 1994. Sufficiency ranges for ni-
useful, but only for establishing a relative _Inconclusion, the quick tests used to deter-  yate-nitrogen and potassium for vegetable peti-
scale for the Cardy meter. mine NG, and K in petiole sap can provide ole sap quick tests. HortTechnology 4:218-222.
Standard addition of K to bulk sap resulteciccurate readings when diluted sap is useHochmuth, G.J., R.C. Hochmuth, E. Hanlon, and M.
in poor recovery of K (69% to 92%) whenTesting of nondiluted sap with the Cardy NO  Donley. 1993. Eggplant yield in response to
nondiluted sap was used, with lowest recovergeter can resultin N@oncentrations slightly potassium fertilization on a sandy soil. Hort-
at the higher rate of standard addition (Tablaigher compared to methods using dilution, Science 28:1002-1005. _ o
2). Recovery of K added to bulk sap rangegiowever, for practical purposes, the errof!ueth D-O. and G. Rose. 1988. Diagnostic nitrogen

from 98% to 110% for flame emission wheninvolved with using nondiluted sap does not tcl?rgcigggf n§ f(é;g:m:gr)egggz%vi’ﬂgsand cul
sap was diluted with water, 96% to 106% foappear to be large enough to warrant the addgghes 1B B. Wolf. and H.A. Mills. 1991. Tissue

the Cardy K electrode when sap was dilutegffort of dilution. For the K Cardy meter, use  testing, p. 99-104. In: Plant analysis handbook.
with 0.075m aluminum sulfate, and 92% to of nondiluted sap can result in K concentra- Micro-Macro Publ., Athens, Ga.

108% for the Cardy K electrode when sap wagons 200 to 2500 mby~ lower compared to Prasad, M. and T.M. Spiers 1984. Evaluation of a
diluted with water. At concentrations <3000diluted sap, with greatest discrepancy athigher rapid method for plant sap nitrate analysis.
mgL~, dilution may not be necessary; howK sap concentrations. Dilution of the sap is, _Commun. Soil Sci. Plant Anal. 15:673-679.
ever, for potato petioles where sap K concenherefore, necessary to determine accurate sagi'e: A- and K.L. Stevens. 1983. Monitoring sap
trations are often >3000 mg?, the sap should K concentrations. nitrate in vegetable crops: comparison of test

be diluted to obtain an accurate K concentra strips with electrode methods, and effects of
3 time of day and leaf position. Commun. Soil Sci.

tion reading. ) Literature Cited Plant Anal. 14:761-771.

The higher recovery of K with the Cardy i . Scaife, A. and M. Turner. 1984. Plant analysis and
electrode when sap was diluted, either wit¥arison, R.M. 1986. Continuous flow reduction of g5 testing. p. 15-18. In: J.D. Robinson (ed.).
water or 0.0754 aluminum sulfate, may, in ~ Nirate to ammonia with granular zinc. Anal.  pjagnosis of mineral disorders in plants. val. 2.

P - Chem. 50:1528-1531. Vegetables. Chemical Publ.. New York
part, be the result of a reduction in K activity, | b | ick egetables. Chemical Publ., New York.
due to the high ionic strength of nondiluted sap 2 s o R:-M-. R-l. Cabrera, J.L. Paul, J. Quick, angyoog, D.A. and D.M. West. 1976. Fundamentals of

. . R.Y. Evans. 1990. Rapid direct determinationof  gnalvtical chemistry. 3rd ed. Holt, Rinehart, and
(Skoog and West, 1976). In dilute solutions  3ymonium and nitrate in soil and plant tissue Winsyton, New Yorlz/.

(<0.01m), the concentration is about equal t0  extracts. J. Plant Nutr. 21:1519-1529. Steel, R.G. and J.H. Torrie. 1980. Principles and
the activity, assuming unity for the activity Coltman, R.R. 1987a. Sampling considerations for procedures of statistics. 2nd ed. McGraw-Hill,
coefficient. As the ionic strength increases, nitrate quick tests of greenhouse grown toma- New York.
the activity coefficient decreases, which, in  toes. J. Amer. Soc. Hort. Sci. 112:922-927.  vitosh, M.L. and G.H. Silva. 1994. A rapid petiole
turn, will decrease activity. However, the Cardycoltman, R.R. 1987b. Yield and sap nitrate re-  sap nitrate-nitrogen test for potatoes. Commun.
NO,electrode tended to resultin slightly higher ~ Sponses of fresh market field tomatoes to simu-  Soil Sci. Plant Anal. 25:183-190.
NO, concentrations in nondiluted sap com- If\(t)ngsf)egrtlg?ggn with nitrogen. J. Plant Nutr. WesDt_cottt,M.P.,C.J.Rosten,fandtyvl.P. Inskeﬁp.t19_93.
; P : — . irect measurement of petiole sap nitrate in
gg&i?néotf?gu(}ggr(—:s‘aaé)é :L Igg;ﬁ/ig[rmgu\l’éer%oltman, R.R.1988. Yields of greenhouse tomatoes potato to determine crop nitrogen status. J. Plant
2 managed to maintain specific petiole sap nitrate  Nutr. 16:515-521.
have been affected as well, since the molar |gyes” HortScience 23:148-151. Williams, C.J. and N.A. Maier. 1990. Determina-
concentrations of N¢X(0.07 to 0.14) were  cojtman, R.R. and S.A. Riede. 1992. Monitoring  tion of the nitrogen status of irrigated potato
similar to the molar concentrations of K (0.08  the potassium status of greenhouse tomatoes crops II. A simple on farm quick test for nitrate-
to 0.18m). Reasons why the Cardy N@eter using quick petiole sap tests. HortScience nitrogen in petiole sap. J. Plant Nutr. 13:985—
response was not the same as the Cardy K 27:361-364. 993.
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