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FOLIAR A1'\ALYSIS AS A DIAGi':OSTIC TOOL AND BASIS 
FOR RECOoJMENDING FERTILIZERS ON Al'INUAL CROPSl 

T. L. Jackson2 

Yesterday afternoon) l'-1oore (6) discussed the b.:::sis for agronomists using plant 
analysis to diagnose plant nutrition problems and predict when plants might respond 
to applications of fet~tilizet~. He emphasized that there are a number of factors 
thC<t affect the nutrient content of a plant, but that \;hen sampling procedures are 
standat·dized and are follo~;ed on all samples taken, meaningful relationships have 
been established betHeen the nutrient content of a specific plant part taken at a 
specified stage of grm.,th and response from fertilizer for many crops. 

FolloHing i'1oore'.s discussion, Lombard (5) outlined specific examples of hoH 
plant analyses have been used to predict response. from application of fertilizers 
on tre.o fruits in '"estet·n Oregon. Lombard and Stebbins emphasized the use of a 
plant analysis 'vith tree fruits Hhere perennial plants grO'~.J in the same area for 
a nur.1oer of years. Plant analysis, under these conditions, can be used to adjust 
the next year 1 s fertilizer applications. 

l-1ost of the field crops, ndrrnally called agronomic crops, and vegetable crops 
are annuals. By the time the crop has iieveloped enough for a sample Hi th a speci­
fied stage of maturity to be collected and analyzed, it is often too late to apply 
fertilizer for the crop that year. This is especially true for phosphorus Hhere 
the phosphorus must be applied at or before planting for efficient use by most 
crops. 

T:1e conditions under Hhich plant analysis can be made on annual crops limit the 
{ of this information to diagnosis and identification of soil fertility problems 
~~ .. ~t arc found in the field for most situations. This information is also· used 
to evaluaLe the adequacy of the fertilizer program that year and to suggest changes 
that should be made on the fertilizer program the next year, if that crop or a 
crop Hi th a very similar fertilizer requirement is going to be groHn on that field. 

One of the most outstanding exceptions is the Hot'k that Dr. Ulrich (12) stc.rted 
in California, where nitrate nitrogen content of sugar beet petioles has been used 
to monitor the nitrogen nutrition status of sugar beets and predi.ct 'ivhen nitrogen 
should oe added during the grol-'ing season. The length of the groHing season is an 
important factor in determining the level of nitrogen that should be maintained in 
sugar beets. He Hould anticipate that the amount of nitrogen that should be 
applied for the production of sugar beets 1wuld be different in centt'al California 
v.J.llc.ys Hhcn compared Hith central I.Jashing;ton al:-eas or the higher elevation areas 
in t.h~~ Sn;tke H.iver Valley ( Eot~ cxnmp lc, 1\vin Falls) 'i·lhcrc. sugnr beets nrc gro\oll"l.. 
'l'hU; lll~\:!n~; thai Lhe opt·.inmm lc.ve1 of: nitTOl'>:~n. t:crt.:i.li%ntion and, in tuen, th(~ 

l)pcimnm Jl~VC'.l or niLXHLC. nitl:og;en Lhnt should be pr~.;scnl·. in the su~nr beet pe.Liolt! 
at a specified stage of growth or number of days a(ter· planting would be different 
for these different areas. 

Tile Vegetable Crops llipartment in Califot·nia (ll) has defined the optimum 
content of N, P, and K for potatoes under their gro~ving conditions. Potatoes are 
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anotih_:.r c.x.:-unp lc Hherc the length of the grmving season and an early versus late. 
s~J.son crop '\'ill need to be evaluated before the nitrate nitrogen levels can be 
used in the Pacific Clortlnvest. This morning, Kunkel (4) emphasized the importance 
t> t planting date and time of hat·vest (and thus the length of the growing season) 
c, "on the optimum rate of nitrogen fertilizer that should be applied for produc­
tion of potatoes. This means that we Hould e"-pcct different optimum levels of 
nitrate nitrogen in potato petioles when the follmving potato producing areas of 
the. Pacific North\\'est are compared: Prosser, Hashington; Othello, Hashington; 
Nadras, Oregon; Redmond, Oeegon; Klamath Falls, Oregon; Ontario, Oregon; Boise, 
Idaho; THin Falls, Idaho; and Idaho Falls, Idaho. These locations represent four 
distinct climatic areas Hherc potatoes arc grm-m. The central \hshington areas 
probably have the longcs t gr01ving season Hi th the highcs t temperatures. These 
1wuld be follm;cd by the southern Idaho area around Boise and Ontario, Oregon. 
The Snake River Valley increases in elevation so that areas around Idaho Falls and 
Pocatello have about the same length of groHing season that the areas around 
Redmond, Oregon and Klamath Falls, Oregon have. This Hide range in the length 
of the grmving season, as 'tvell as the temperatures during the groHing season, 
means that the optimum yield of potatoes that should be anticipated will vary 
tremendously from the. long grmving season ·to the short grmving season areas. 
Tnis also means that th~ optimum level of nitrate nitrogen to' be maintained in 
the petiole of a particular potato plant at a specified stage of grmrth Hill vary 
throughout this area. Potatoes that arc planted the middle of May in areas with a 
cooler groHing season and that are frequently killed by frost the first Heck of 
September Hill have a much loHcr nitrogen requirement than potatoes that are 
plc,ntecl the first Heck of April and arc frosted dm-m or that have the vines killed 
the middle of October. · 

This research work on sugar beets and potatoes from California has given us 
a nlace to start in evaluating the nutritional requirements for these crops in the 
p( fic.NorthHest and certainly reduced the amount of Hork that 1ve will need to do 
to obtain a satisfactory calibration for the optimum nitrogen content of these crops 
in this area. 

Presumably, the optimum levels of phosphorus and potassium nutrition do not 
vc.ry as markedly with length of growing season, so that it takes considerably less 
Hork w conrLrm the critical levels for these nutrients that have been established 
in other areas. 

As ,...,.c examine the literature, ,...,,e find that there is an abundant amount of 
information available on suggested critical levels of nutrients for many plants. 
'?:te largest collection of this information is in the University of California 
publication, "Diagnostic Criteria for Plants and Soils," that has been edited by 
Dr. Chapman ( l). Each chapter in this book Has prepared by a different author and 
reviews the inf01~mn tion thn t is avai lab 1 c on ct~i tic a 1 nutrient: levels by nu t.ric.nts. 
Syrnpdni.;~ nn di.ill';nd:>l i.e t:nchuiqun~; Cot· lJolh :;oi.J ;nld planL nnnlyf~efl Hl'.l'<~ lw.1d nt: t·hL~ 

196L~ and l()t_):i 1\ll~l~LiliJ~S oC l:ho AnH!L'ic;\ll Socic.Ly oJ: Ag1:onomy. 'l'hc information from 
these symposia '''as published as Special Publication 112 fL~om the American Society 
of Agronomy Hi th Part l on soil testing and Part 2 on foliar analysis. These publi­
cations make. an excellent place for any researcher or Extension agronomist to start 
in evaluating optimum levels of nutrients that should be maintained in the crops 
that are grmvn in a specific area. Hith this amount of information available, I do 
not think it \vould be HorthHhile. for me to list another set of critical values for 
the Pacific NorthHe.st. In the. remaining portion of this discussion, I shall try 
and point out those crops from the Pacific NorthHest l-lhere He do have fairly good 
i"( :·ma tion Hhere response from application of ·fertilizer .. has been· related to 'the 
level of a nutrient in a plant. 
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h1c. probably have more information on optimum levels of phosphorus, potassium, 
·"'' 'ittlfut· fot· forage legumes in the Pacific NorthHcst than for any other group 
o~ :ops. Host people have sampled the top half of the alfalfa plant or the leaves 
and petioles of clover at the fit·st blossom. Research work at Oregon State University 
bs sh01.rn that 0.25% P and 1.5% K n;t. this stage of groHth'have gcnctaDJ been adequate 
levels of P 'at\d ... K.· As' literature .is revicHcd (1,. 10), 'it ~S apparent :tha:t .. thesc h<l.Ve 
been faixly· conm1on ·va~ucs. for these ·nutrients ,from .a fairly wide ·rang!?- of conditions, 
for .bot\i nlf.nlfa and clover. 

The Hork of Pumphrey and l'loorc (8) has shoHD that 0.22% sulfur for the entire 
top of the alfalfa plant at early bloom has been an adequate level of sulfur for 
o?timum yield of alfalfa in northeastern Oregon. This work emphasized the impor­
tance of the change· in both sulfur and nitrogen (7, 8) content of alfalfa from early 
in its stage of grmvth through the bloom period. It Has evident that both the 
nitrogen and the sulfur contents of the alfalfa plant decrease as the plant approaches 
bloom and goes on to maturity. This work docs suggest that the possibility of using 
a ni tro!':cn-sulfur ratio should be investigated as a basis for predi.cting optimum 
su)[m· nutrition of this crop and that this value mi[lht be used over a widcor range 
of ma turi. ty than the critic a 1 levc 1 for S su[lges ted. As critical lcve ls ol' sulfur 
for lcgurnc.s are revicHed, it might be logical to suggest a content of about 0.25% 
S 1<hen the top half of a legume plant is sampled at early blossom timc,to allow 
some margin of safety. The work of James et al (2) at Oregon State University 
suggcs ts that the critical level of molybdenum for alfalfa (the top one-half of the 
plant at early bloom) is between 0.3 and 0.5 ppm of molybdenum. This is in good 
agreement with the optimum level of molybdenum suggested for alfalfa by the work 
that Reisenauer did in eastern \<lashington (9). 

lh th all of our forage legumes, He have an example of a situation Hhere the 
crop generally occupies the same field for a number of years.. This means that 
if He are groHing the crop under irrigation) \.Je have the possibility of adding 
fertilizers during the middle of the growing season that could result in an increased 
yield that year and He can use foliar analysis as a basis for adjusting the fertili­
zer program that will be applied the folloHing year for the production of the crop. 

\'e~etable Crops 

Tne Hc.stern Fertilizer Handbook (10) has a list of critical levels that is 
suggested from \vork in the Pacific ·NorthHest for a number of crops. The. most 
recently matured trifoliate leaf of the bean plant, at the time Hhen the third 
or fourth set of trifoliate leaves has developed, has been used to evaluate the 
phosphorus status of the plant Hith a critical level of 0.35% P suggested. The 
critical phosphorus level of sHeet corn plants, when leaf samples are taken at about 
18 inches of height, <-Iould be about this same value. 

Potassium deficiency symptoms on snap beans have generally been evident at 
early blossom tir.\e and samples of the most recently matured trifoliate leaves at 
this stage of gr01-1th have shoHD adequate K values Hi th l. 5% K or above. Tlle index 
leaf of the corn plant (the leaf opposite the first car) at tasseling time has 
been used to indicate the K status of corn plants. Critical values of 1.5% K 
have been suggested. 

Some \.Jork has been completed in attempting to define the critical level for 
~~nc for corn plants in the Pacific Nort\west. This value is probably higher for 
Sl-lee t corn, where uniformity of maturity for mechanical harvest is very impot·tant, 
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th:ll\ it 1cc1uld be for fidd corn. Zinc values of 15 to 20 ppm of zinc on the ir.dex 
'len( of a corn plant taken at tasseling time. have been suggested for sweet corn. 

1-'ork from the Hcstern Hashington Experiment Station (10) has suggested .20% 
.osphatc phosphorus and above 1.2% K from a recently matured leaf taken from canning 

pens nt the 6 to 8 node stage of growth. 

Hark in the Hillamette Valley has provided some basis for suggesting critical 
levels for potnssium, calcium and magnesium on broccoli. This work should be con­
firmed under a wider range of soil fertility conditions before widespread use is 
made of these values in adjusting fertilizer programs. 

Cereal Grains 

Critical levels for phosphorus, potassium, and sulfur have not been established 
for vegetative plants samples taken during the grmving season for cereal grains 
(wheat, barley and oats) or for grass seed crops in the Pacific Northwest. 

Summary 

I believe that it is apparent that there are a number of situations where'"" 
can make use of plant analysis values from properly taken plant samples to diagnose 
the soil fertility problems and adjust fertilizer application programs in the 
Pacific ;.;orthHest. In a number of cases, critical values for several nutrients 
h.J.vc been e.valua ted under Pacific NorthHes t conditions. There. are many situations 
Hhe.re critical le'vels for a number of plant nutrients have. be.e.n suggested in publi-. 
cations such as "Diagnostic Criteria for Plants and Soils" (l). This informa-'c.ion 

lUld b~ used as a basis for starting to define critical levels under Pacific 
J\orthHcst conditions and it could probably be used to help diagnose nutritional 
status of plants Hhen paired samples from reasonably close. heal thy and "deficient" 
fields are compared. I think everyone concerned Hi th these probelms 't·lOuld agree 
that these critical levels need to be confirmed under Pacific NorthHes t conditions 
before 1-1idcspread use is made of them to adjust fertilizer application programs. 

l. Chapman, H. D. ed. 1966. 
of California, Division 
Prcss. 795 p. 
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