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INTRODUCTICH

~ Over a century ago Von Lieblg establish@d the fact
thet soil is the source of mineral nutrients for plants.
Since that time there have been innumerable investizations
searching for factors that govern plant development and
composition with particuler reference to complei soil re-
,lsticnshipé. Nany early investigators establishe& thé fact
that plants vary greatly in composition and concluded that .
evaluation of sralytical dats &ealing with_plsnt composition
was precluded bocause of s0 many influencling factoré-(sei.
bost of these data were concerned with enalyses of the total
plant Including stems, leaves, and fruit (156).

More recently a method using only the physiologically
actlve portion of the plant in & "follar analysis” hes been
more succesaful for indicating plant nutrient status than
the method of totallanalysia. This method 1is based on
quantitative measurements of nﬁtrlent elements present in
the leaf et the moment of sampling. Interpretations of
enalytical date are made 1in terms of "intensity” or ceritical
concentration and in terma of relative content or "balance”
of the nutrient eleménte determined. |

Plant tisasue teats were introduced simultaneocusly with
the development of "foliar analysis” and tissue teatipg has-
also been usedhcxtenaively for diegnosing nutrient reguire-
. ments of plants. The theoreticel basis for this method
rests on the extrection of unassimulated Lnorganic_coﬁstitu~

ents from plant tissue which 1s primerily concerned‘with
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nutrient translocation. These determinations are roughly

 gquantitative and test results ere interpreted relative to

" the preasence or absence of nutrient icns in sufficlent

quantity to insure optimum plant growth. |
Although both of these methods have reeeivedvvidoé
spresad applieation'aa'diagnoatic'aids,'thera is still-ﬁ-"
difference of'opinion'as ﬁo what part of the plsnt should
be sampled énd'at what*phyaiological stage~the-planta"

should be sampled for analysis. 'Thero is controversy a8

-to whether the\soluble”f?aétlon 1sgn better index of nu-

tritional status than the total quantity of elements pﬁe-_
sent. It 1s questioned whether différenooafare sufficiently

~large to overcome ssmpling orrora and if it is possible to

state absolute ocritical concentrations for each nutrient
under different soll and olimatic conditions.

- This investigation wes underteken to compare feliagu
analysis and gréah‘tigauo testing for diegnosing nutrient
deficiencies in plants grown in greenhouse and fleld éxper-l
iments on s0il types of widely differing fertiiity level.

-4 chemical study wes made of chenges in the soil hut-
rient status of fertilizer-rotation field experimental

plots following seven continucus years of experimental work.

Plsnt tissue testing and folier anslyais were used to de-

termine the nutrient atitua of one orop, corn, in these

rield'oxperiments-during‘thef19§7_and‘1948 growing seasons

and these results were correlated with ssil analysis and

erop yleld.



Se

REVIEW OF LITERATURE

Tlagnosis of plant nutritionallstatus by mesns or:A
chemlcal enalysis has been an object of study since the
earlynhiatory>of agéiculture chemistry. As the complexify
. of the §rpbiem became more and more spparent, dotailad;
investigations tended to-divide into two separate pheses.
Phyaicglwand chemicaluatudies.of the scil were mado-t0 ~
éetermine how improvements could be made to producermnre
deairable plant growth. Fhysioclogical studies: of the plant
itsélf/vere made to deternsine its needs for maximum growth
and production. | | _ - ,wﬂ

. In recent yeararqttemptszhave been made to correlate
results of plant tests.end soil tests with a view of in-
creasing crop production by detecting end eliminating
certain nutrients as fectors which mey limit, plant growth.
Toward this end folisr analysis and green tlesue testing
techniques have been introduced es qxporimentnl aids along
with acil;te-ting,‘doficiency symptoms, pot cﬁlturea end
field plot procedures for interpresting the complex relations
of soil fertility and crop ylelds.

Goodall end Gregory (15) have presented a detetled
review of literature eoncérned-nith;chemical composition
of pleants as an ;ndex»or'nutritionulbatatua. ‘They peoint
Qut chenges in concepts prevalent 1in past-investigntiona
conéorning.totil plant snalysis as an‘indlcgtion of so0ll
fertility and furthoimoée;«thoy,ompbaaizé the caution

necessary in using the results of soll sanalysis as absolute



.

critera for plant needs. These investlgators propose an
integration of ee;l gnelyéis,”plant analysis, and field
experimentation as a means to attein practical solutions

to'plant nutritional problems.

 Folisr Analysis: "Foliar analysis® e8s & mesns of de-

termining the nutritionsl status of plants was suggested

by Lagatu snd ¥sume (21) in 1924. This method of approach

has since been utilized by meny workers and haes been ape-
pliéd‘to‘both‘perennial‘and annual plants. The princibals‘
of sampling and analytlcai procédure bave been adapted |
without major change but controversy now exists as to the
interpretation of dats frcm’theﬁe procedures. S
Lundegardh (23} presents the fundamental theory of
this 6oncept as being based on the fact that runctianing
aséimiluiing leaves_abe "laborstories of nutrition®. Their
coﬁpoéition reflects the nutritlionsl status of the plant
at the moment of éampling a8 lntluencgd-by &ll factoréior
soll and climate which govern plent growth. |
Thomes (42) has modified the original procedures and

has adapted them for aéveral horticulturel and agronomic

crops. Th;a worker recognizes two factors in 1nterpre£at-

ing such andlyseé. Firat, the quentity or ”1nténsi£y”

of an element mey be of s;gﬁiriéance and eriticsl concen-
trationa mayAbe establiéhed'for optimum growth. ééco#d,
the ratio of nutrientb.preaeﬁt or "quality" may be govern-
ing plant development. Thomas utilizos a aystém of ﬁ;th-
ematicsl 1nterpietation of the ratilo 6£.nutrieﬁts preaent

in terms of millizram equivelents, Both 1qterpretations
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sssume that the limiting factor in plasnt growth will be
reflected in follar analysis ss g funetion of absorption
end utilization of nutrient elements. It is pointed out
by Thomas that the valldity 6: any syatem of anélysia’ 
applied to dynamic syatems as those of plants and soila
sre neeesaarilg comparative in nature. '

| ﬁlrieh (50) has omphaeized that foliar analyaos do
not rsflact the nutritional status of ao*ls but rether
the whole oomplex of environmental ractors whleh influence
plant growth. Gomposition of leaves and changea 1n their
compoaition durlng grovth provides diroct 1nformation ‘on
the nutrition ot plants.\ He further proposes thia method

as mégnaﬁbr‘determinlng'”critieal cdnéentbatibna” or nﬁ.

.gfiéﬁépbiémonté. He painta out that sensitivity Of plant

testa dependa apcn the part of the plant analyzaé, the.
partioular fraction of.ngtrlent datermined, end the pos-
ition on the plant f£rom which ssmples are éqlected;fv“h;s
worker rqbortalvefy qaﬁfaféétory‘reshlté'wibh roifkr‘éﬁe
slysis in deﬁermihing-thé potassium needs of giaéga;%}

" ﬁaéy (26) has proposed qunntitatiﬁe meaaurem&nt df
minersl nutrients in planta ns 8 criterion for the nutri
tiva status or plants. Al atatod by Macy “Sufficiency
of a nutrient is a function of its per eent content in'
the plant. Thia is interpreteu to mean that there is
a criticul per cent ror each nutrient above this content
there is luxury eonsumpéioﬁ, below this poirt there 1s

poverty adjustment” of the plant to a deficlent state

where s "m&nimum percenta ;8 s resched. This minimum:
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value rezults in the mppesrence of deficieacj symptoms,
senescence, end finally death of the plent.

nghtingale (30) recoznized thaet varistions in the
critical concentrations of nutrients in plants were :
influenced by envirOnmertal factors of light, teyperature,
and moisture. He evolved 8 system of testing for pine-
apple plants in which conaideration was given to these |
environmentul eonditions. This method wes used for de-
termining Optimum nitraﬁen—carben ratios within plants
at critical stesges 1n thelr dev910pment. ‘ |

Shear, Crane, and ﬁyers (38} have proyosed nutrient-
alement balance 8s a fundamental concept in plant nutritlon.
The prinﬁlpal idea 1nvolved is that any element aa it de- .
creases or 1ncraa:aa rrom 1ts concentration at Optimum
1ntenslty nay arfeot plant growsh.v The maximum,growth
possible within the new limlts of supply of that element
cen result only when the ccnventratlons ef all elements‘
have been brought fnto balance at the new level of 1n-
tehsity determined by that partiéular elément.

These workers, utlillizing follsr analysis as means
df determining this belance of elements have carriod out
1rtonaive 1nvestigations on tung trees giviné considera-
tion to the nutrient elementa nitrogen, potassium, phos-
rhorus, magnssium and calcium. ¥o attempt was made to
utilize the concentrstion of these elements in terms of
chemical equivaients 88 dild Thomas (44). It 1s pointed
cut thet the stage of plant develophent end position of
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the leaf sre important factors to consider in sampling
for snalysis.
Tyner {48} utilized a‘met&ed of follsr snalysis for
nitrOgen,zphcspharua and potassium on s basal leaf of
2 _ éorn (zes maizo} and pfopbsed “critical“ concentrations
; of these elements for mhximum yield besed on a lérge number
".of sample plants grown in seven different experimental
areas. Leaf samples were taken once during the growing

seaaon when plants were in full tessel and silk.

~Plent Tissue Testlgg:' A system of tlasue testin@‘
proposed by Hoffer (20) has been extersively applied sa

an ald in the 1nterprotation of field plot results. The
tests sre made'on-extfgcts of fresh tiszue from poréiops
'of the plant eénsisting largely of conducting tlssue.

The conépmtrntiona of unaaéimilated élements sre determin-

ed semiquantitatively iIn this procedure and these teste
are considered to give 8 measure of the current rate of

nutrient uptake. The interpretation of these tests 1s

cor.cerned witﬁ the plant avsorption of elements rather
than the utilization of nutrients as in the caese of follar
§ analysis. Th@,theoretleai bﬁais, testing prdceduré; and

| methods of:npplyiné results of green tiaaﬁe tests have;

been discussed in detail by Scarsetb“(37}.

Some of the idess of Hoffer were later extended by
Thornton (47) whc modified. the Purdue soll testing Pf°~

cedure for making plant tissue tests. Other workers, who

A

i
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have developed simllar testing systems are Emmert (13),
Carolus (6), Hester {19}, end Cook and ¥illar (11). These
methods differ mainly in the nature of the extraction -
solution end in the pasrt of the plent utillzed fpé testing.

Emmert (13) end Carolus (6) utilized 2% acetic acid
ektfacts of plent tissue for meking the tests. According
to Carolus the concentration of a nutrient in such an
extract represented the éurrent balarice between its ab-
sorption and utiligation. He quotes 1limiting values for
the potato plant below which deflclency 1s to be suspeéted
énd found that these valués changed dﬁriﬁg the course of
plant devélopmont. '

"Heétet‘(IB} has described e aystem of tissue testing
utlliziug an acetate buffer~aolutipn in which tomato stems
were extraéted.ip a.mechanical cocktell mixer. He proposes
values for defiéiancyvhnd.normnl rangés for the ccnteht
of nitrate-nitrogen, phosphate-phosphorus, and potassiﬁm
but recommended mnking a comp#risan of the compoaitioh
of the best and the poorest plants in a field rather than
relying on limiting values. p

Thornton (47) uses the testing resgents in making
~ tissue extractions for potassium and phospherus. lsdmplol,
of tissue are trested with diphenylamibq-sulphuric acid
reagent for an qstimatibn of unessimilated nitrate-nitro-
gen. Finely chopped tissue from terminel growtk 1s ex-
tracted with a solution of emmonium molybdate 1n CG.1N HCl

solution for phoaphorus. Finely chopped tissue from a




middle part of the plant 1s extracted with a solution of
sodlum cobaltinitrite in ascetic acid for e potmsslum test.
~ Cook and ¥illar {11} use the ssme portions of tbé
. plant for'teating as Thornton but the extractions are made
in distilled water utildizing the reagentu-ot Spurway (40)
for the actual chemlcal tests. Arbitrary values of blank,
low, medium, high, ané &ery high ere glven these test
results and 1nterpretaﬁigna of the tests are based on
theso'vaiuea'&n conjugtlon with plant deficieﬁcy symptoms
and soll tests. ‘ o , .v. t
Harrington (18) has mads a comprehensive study or”
factors which inrluence the relisbility of plant tissue
testa. He fqund'thai thé composition of fresh plent
tissue was greatly influenced by soil type rogardioaslﬁf
fertilizer treatm&nt; The age of the plent, when sampled,

had considerable effect on the test results. Concentra-

tions of 5nlublé”nutriont elements in the plants dgcrgased
with maturity in ell ceses. This writer concludes that
the composition of the conducting tissue of the petiole

or stem, 1s a reliable guilde to changes in current nutrient
status. He found greater differences between types of
tissue on the same plaht than between plents having differ-

ent fertilizer treatmenta.
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PLAN OF STUDY

This investigation was undertaken with tho idea of
producing plants differing wldely in their nutrient content
by modifying the soll conditions and to compare r'bliar"v o
analysis end grean tissua testing as mesns for diagnaaing
these differencea. ‘

Theae two mnthods wero applied to plants’ preducod
1n the groenhouse 1n solls or éirferent fertility lovela
‘and also to planta grown on one soil type under fleld
eonditiona. These metheda were alsc compered on a aoriea '
of rbtation-fertili;er_expgrimenta.

The planiof study included the following:

I. Description of soll tyyea‘uaed |
IT. CGreenhouse experiventa for comparative analytical studies

A. Fhysical gnd chamical provarties of soils used 1n
greenhouse exporiments

1. Particle aize diatribution
2. Aggregste analysis

3. Base exchanse capaclty

4. Soll vreaction, orgenic matter content, adsorbed
phosphorus,- oxchangeable caleium, potaaalum,
magnesium, hydrogen, snd manganese

- Bs The preduction of corn (Zea maize) plants of dirferent
" nutrlent status in the greenhouse on Miami, conover,‘
Brookston, and Plainfield soll types

1. Soll treatments equivalont to spplications of
2000 pounds of 10-80-20 fertilirzer per acre 1n
‘the rolloving sombinationa
a. No treatment (check)

b. 10"‘ 0- 0 (R}

{
]
3
3
i
b
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6. 0-20-0 (P)
d. 0- 0-20 (K}
6. 1020~ 0 (xp)
£. 10- 0-20 (EK)
; ge 0-20-20 (P%)
5 B 10-20-20  (NPK)

- 2. Results of foliar analysis and plant tissue
toazing from two orops on the same soila

3. Yield dats (dry weights)
4. soil pH after plant growth
c. The production of white boen plants of dirferont'
nutrient stetus in the graenhoune on ¥laml and
Granby soil types v
1. Soil treatmanta ecuivalent to the tollowlng
a. No treatmsnt

b. 2 tons 03003 per acre (Granby) 4 tons
‘ Cac05 per acre (Eiami : ‘

. G 500 pounda Hn804 per acre on both aoil fypes

- de 1000 pounds 10-20-20 fertilizer per acre
on hoth 0011 types

2. Results of follar anelvsia and plant tiséue
testing of t'o erOps on the same soll

3. Yield data (dry woightl)
4. Soll pH after plsnt growth ;
" D. The production of corn and whilte bean plants def~
folent in megnesium with en unbalancod nutrient
solution.

P;:gog’gj;:'i‘fgﬁizﬁﬁi;“:‘;’"&2‘%135’éi3§n3°'€8:€!§é‘:=

A. nasoriptlon of 801l type, t0p03aaphy and previous
eropping ,
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Fertiliger treatments applied et the rate of.lOOO
pounds per acre

1. ¥o treatment {cheek)

2. 10- 0- 0 - (m)
3. 0-20=-0C | (P}
4. 0-0-20 (K}
. 10-280-0 . - (NP)
6. 10- 0-20 - (§K)
7. 0-20-20 . (#R)
§. 10-20-20 “(NPK)

Co

D.

Results of roiiﬁrrqnﬁlysis andvplant tissue tests

Yield data (cdrh~grain and fodder yields)

Chemical 1nvaat13ations of fertllizer-rotntion field
oxporlmenta

A.

B.
c.

D.

E.

F.

ﬁeaeription of fiold experimenta

thmical 1nvest1gations ef s0ll samples taken at
the start and after seven years

Results of plant tissue testa, foliar nnalyaia :
study, and crOp yields for 1847 -

Results of plant tissue testa, foliar analyals
study, and erop vields for 1948 '

Greenhouse atudy of two crops grown on soil from

the riald plots after thﬁ 1947 gseason

Nitrificetion studiea of aoil from fleld plota
for 1948




 EXPERIMENTAL . PROCEDURE

beacriptloh of Soils Uaed*

Fivo 3011 typoa were used in tna greenhouae atudioa.
These types repreaent rive different fertility ]evela so ;
selected as to repreaent extremoa 1n nutrlent contone
organic mattor, aoil reaotion, ana toxturo. |

| Viami _xg_a ‘This sotl type occurs on level to gently
.rolllng tOpogrnphy a8 rayish-brown mollow granulated aandy
1oam or loam. The plow 1ayar 1a undarlain by palo-yellov
or gray leached material. At depths ranging from 8 to 15 |
inches thia 1ayer gradea into brown oompaot grltty coarsely
granular cley loam to deptha of 36 to 40 inchoa. The lub- "
ltratum 1a comparntlvely hard gray or pale-yollow clayoy :
ealcareoua glncial till oontnining largo amounta of rroo |
caleium carbonate. Tho surfact 1nyera aro uaually alight
to'atrongly'dcld. Drainngo 18 uaunlly good, the aubsoil
‘although éuffiéiehtly friable for root penetrntion and
| dev010pmant, 18 highly retentive of moisture and 1a ono of
‘tho best heavyfupland soils for oultivated cropa.: Thiu
3011 was collected rrom the R L. Cook farm, Olinton county,
near Déwitt, MIchigan. | | |
~ Conéver _xg__ ‘A 8011 type intermediate between Mlami

——————

end Brookston occurring on gently a10p1ng and ncnrly lovol N

*Eaeontially aeoording to Vbntdh. J. O.,. Agriculturnl
" land oclasaification and lend types of uichlgan, ¥ioh.
Exp. Sta. Specinl Bul. 213 (lst rov.) 1941 .
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topography as derk grayishébrown mellow loam to depths of

4 to Glinohea. Thig is underlain by pale-yellow or gray"

friable gritty loam somewhat mottled at lower depths and

at 10 to 16 inchea'gradaq tntOrmodOrntely’compaet~but,pe§o-
) ~ trable clay of coar;elyfgranulgr structure. The gubs;ratum
cona;ata of a heavy ciay calcarous drifrt t9 awdépth{ofvcevornl
feet. Internal dreinage is 1¢pe:rcet to poer but whqh art-
irficial dralnage is provided is one or‘che'man;productivo
soils for ge@orﬁl crops;v-Thiaf0011‘typo?wns'eolloqted;from
the R. L. Cook farm, CIIQton-Ooﬁnty,~hear Dewitt, ¥ichigan,

iBroOkatonigxggﬁ»Thls soil type Qqcﬁvs;On very smooth

level topography as a 6qu‘gr§yrto noaily~blaokjm§1101]gr;nu1ar
plow soil to a depth»of 8 to 12 inches. Ehc}aubsdlliiafheavy
textured, ginyfor yﬁilbw!oh-gréy'oohoient oluycyvmaterial
4 to 8 inches thiok, beneath which 1s a steel gray or bluish-
gray moro*piaatiq stlckyv01-§'plightly‘mott;ed'vithfyollow ~

and rust brown., The substratum consists of massive olaygy

. glaclal till contalning abundant free lime. Thlq_sbil was

obtained from the Lee Ferden fhrm, Saginaw Gounty, no@r
Chesaning, ¥ichigan. | - .
Plainfleld Type: This soil type occurs as dry yollbvlah-
bfovn loamy sand 6ccurring on ngdply levo; land. Clay is
scarcely noticeable in the subsoil end loose dry sand or send
and gravel extend to depths of several feet. The plow layer

of 6 to 7 inches consists-of 1light graylsh-brown loose losmy

sand, low in orgenlc matter end water holding capacity. The
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“substratum is usudlly coarse gravelly material contalning

1ittle carbonaceous material. This aqii 1a too drouthy end
low in fertility to be usedvoxtbnaivoly for cultiveted crops.
This so0ll type was obtained from the Rose Lako»WLIGllto'ﬁx-
perimental Farm, Clinton County, near Bath, Michigan.
Graﬁbx_gxgg: This aollltypc’commonlyfoccuﬁios pobrly
drained sinks end sweles aﬁ s dark wet shnﬁy soll high in
organic matter. content underlain by sandy clayey material
with mottled yollOw-grny‘rusb1oolorbd7nuhsoil ocourring at
dopthc of 1 to 2 root%boldw the surface.: Thiu'aoil=oontn1na
substantial amounts of tiégtoaleium\eurbbndﬁe ﬁhrbngh?thev
soil profile and 1is neucrni or'alkalihe in resction. When
adequately drsained thia'uoiifis.prodhctivo'rOr”ﬁruck and -
cultivated orops buf Iéanot ds~durab1q=na’thermore hpnvy'
mineral soils undér,iﬁten;lvé»oﬁltivation. This soll type

was obtained from the Wagbo;rérm, Inghim County, ﬁich;gan.
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Phyaical end Chemical Determinstions
of Solls Used

Seéeral phyéical and éhemicai deﬁerminaticna weré
carried out on these soil types in an effort to avaluato
;itheir raapective fertility levela.‘ |

The particle size diatribution of each aoil is pra-
gented ip.tabls 1. These solls vary in texturs frpm e
heavy clay soil to a coarse light san&y-aoll.‘k -
; - The results of‘theiaggregaté analysis (table 2},
when compared with the data of particle size ﬁistribution,
indieata the relative amounts of aggre@ation and atability
of the structure. The da:a show that trhe soils used 1n'
these studies differ markedly in thelr structural cher-
acteristiea ranging from the well aggragatcd heavy Brook-
ston to the single &rained structure of the ligbt coarso
Plainfield soil. |

The bsse exohange oapacity, exchangenble 1ona, pH
and the orgenic content of the solls used in the greenhousé 
studies sre presented in table 3. It is noted (tables 1
and 3) thet a decrease in orgenlc matter is gcedmpanied
by an incresse in acldity and that the base exchange cap-
acity and the exchangeasble calcium diminish with e decrease
in the gquentity of the clay fraction except in the'Granbj
soil which 1s dominated by orgenic matter. .

A potentiometric meﬁhod,!na ubed for determining base
exchange characteristics of,theae solls. A detalled de-

soription follows:
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Twenty fivé gram samplea of air-drled soil were placed _
1n gooch crucibles fitted with rilter ‘paper and sosked
overnight in distilled water. The soil waa then laached
with 200 ml. of .OSN HC1 and waahed with two 300 ml. pore-
tions of distilled water followed by & vaahing with 100 ml,
of 90 per cent ethanol. After the admpleegwére dried at
80°C for 12 hours tﬁey were trenaferred to beakefa, 25 ml.
of distllled water addod, stirred vigoroualy, and the rasction
,determined potentiometrically. '

" One gram of solid BaCly was then added to each hydrogon
saturated sample, stirred two minutea snd nnother 26 ml. of
water added. Each snmple was titrated potentiomotrlcally to

pH of 8. 0 using a standard solutlon of Bn(OH)z. The baae
was added 1n 1 ml. 1ncromenta to a pH of about 5 ) rolloved
by 0.5 ml. 1ncrementa. The additiona of Ba(OH)z were made
precisely at one minute intervals and pH doterminntiona‘r
were made.juat prior to each addition. Tho mllllequivalents
of base nggessaiy to edjust the soll to pH V.Q»vaa calcu;ated_
and curves were plotted fromt£ﬁe titration'dagn of aixfiﬁmplea
of each soil (fiéure 1). | B » |

These curvea,’togethef with the data in tables 1 and 3,
uhéw tSe effects of clay'and:brgaﬁic matter in relation ﬁo
the exéhange oépacity and burfering properties of the rdaey

pective solls.
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Table 1 The Pérticle Size Distribution of ‘the Solls
Uaed in the Greenhouse Experiments®

"~ Per cont eompoaition ;
Size of particle in millimetera

S0il type
. 200-1-0 1.0"\3‘ 5 0 5‘.25 025';‘010 .10-005. 005000‘32 < .002

Granby,saﬁdy losm 2.32 4.12 15,60 21.82 21.14 30.20 4.70
Brookston: sendy 1.52 3.64 11,00  14.80 15.54 - 19.30 34.20

clay soll: ' o | | |
Conover ‘sandy 4.20 7.00  13.60  18.00 6.90 - 26.50 21.80

clay lqgm ' : _ : i
¥laml sandy loam 3.77 9.51  23.50 17.50 . 9.9  22.60 14.10
Plainfield loamy 5.72  11.88  21.28  36.76 5.66  10.70

- sand

8.10

# Determined sccording to Bouyoucos (4)
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‘The Aggregate Anslysls of the Soils

Table 2
' Used in the Greenhouse Experiments®
' . . -~ Per cent composition .
Soil. type Size of aggregate in millimaters
- 4.0 | 4.0-2,0] 2.0-250] 1.0-0.5 ] 0.5-,25 | +26-.20 | <,10
Granby sandy loam  1.72  6.00  4.00 5.80  13.40  13.36  55.72
Brookston sandy 6.72 6.56 6.48 11.72  24.52 22,00  22.00
clay soil. v S v
Conover sandy 3448 9.85 = 10.756  9.85  20.70 23,70  20.50
clay loam ' ‘ _
¥iaml sandy loam 04  4.00 3,60 5.20  14.00  23.00 38,20
Plainfield loamy - 20 3.16 5.3¢  22.28 47,80 21,52

sand

# Determined'accdrding to Yoder (52}
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Table 3 The Base Exchange Cepacity, Exchengeable Ions, pH, and Organic

Katter Content of Solls Used in the Greenhouse Experiments

. p 1 o _d ’ Kiliié”uiéaients“ er iﬂO-*réms soil
801l type O.M. pH Base | ‘ 4 ' :

, | A _Exch. CQ,p.I Ca2 | k2. I ¥gd | Pt I ¥n® B2
Grenby sandy loam 14.52 7.4  20.80  13.90 .178 .163 .112 .088 .95
Brookston sandy 7.76 6.8 ~13.45 8.95 .325 165 .169° .106 2.45

clay soll - g
Conover sandy ' B.J16 6.6 9 .30 6.19. .170 .116 .145 138 2.68 -
clay loam ' B
¥iami sendy loam  2.34 6.0 5.40  2.85 .13¢ .105 .105 .201 2.40
Plainfield loamy 1.08 5.2  2.25 W71 042  .079 075 1.46

sand

063

1.
2.
3.

_Determined accordiang té Walkley (51)
Determined by methods of Peech, et al (32)

Determined essentially by the method of Gillam (14}
4. Determined according to Bray and Kurtz (5)

st

v
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Figure 1.

'ELECTROMETRIC TITRATION FOR BASE EXCHANGE AND BUFFERING

CAPACITY. OF SOILS USED IN THE GREENHOUSE EXPERIMENTS
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Greenhouse Experimenta for Tiaaue Teating
snd Foliar Annlyaiu

Experimenta with.corn: The 201l types used for these

experiments were collected in the fleld, screened, end eir
dried. - For the experiments with corn (Zea maize), Miami,
'Goncvor, Bfookatoh, end Plainfield solls were placed in
" four gallon jars, sixteen kilograms per jar. The following
rortilizer treatments wers -ppliod as mixtures of 334305,
CQBP94‘320 and KC1 at the rate of 2000 pcunda par acro.

Ko trontmont (ohcok)

0-0-0 (M
0-20- 0 (B}
0~ 0-20 (&)

10+20- 0 (NP)

10« 0-20  (NK)
0=20-20 (PE)

10-20-20 (NPR)

These treatments were replicsted three times. After

sufficient water was added to bring the solls up to their

moisture equivalent they were planted to corn. Une week
after tasseling, the third functioning basal leuf was
rdmovod from Qach plant and the romainder of tho plant
dried and weighed. The sheaths of the leaves removed were
ﬁaed for grpen tiseue tests snd the leaf blade used for a
roliar analysis of total nitrogen, ?hosphorus, potqaaiun,m
ealclﬁm,'and mngneiinma The yieclds and analyses of the

first greenhouse crop are presented in tables 4, &, and 8.
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Followlnb the rirst erop, the thres “eplicate jars for
esch treatment ‘were aumped tOgether, the aoil tboroughly
mixed, a sample taken aud the aoil replaced in the jnra. The
second corn crop was planted and harvested in the same m;nner
as the rirst crap. Results of the second crOp are shown 1n
tablee 5, 7, 9, and 10.‘_ o -

Experimente with White Beans' yiaﬁiwaaﬁéy ioémvéhd

Grnnby aandy loam were uaed 1n theae greenhouae experlmenta»
to produce plants or varying nutrient atatua to 1nvoat1gate‘
the application of green tissue testing and foliar analysia'
on plsnts particularly responsive to minor eloments. Tvelve
kilograms of air dried soll were placed 1n three gal)on pots
and were given the following treatmenta-
Eo treatmsnt , o ’ _
2 tons CacOy (Granby) 4 tons CaCOz (Miami) per acre
‘500 1lbs. hn“04 par aoro o | h o
1000 lbs. 10-20-20 per acre
White beans vere planted and rollouing rull bloom,  one
of each of the three replicatee was harvested ror analysis.
The stema were used for the tissue taats and the leavea for
foliar annlyais. The planta 1n the romaining t'o pots of
eaoh breatm@nt were harvested for yield. Following the first
crOp, the contenta of replloate Jars 'ere dumpod tosother,
thoroughly mixed aampled replacod in the jara and planted
to e aecond boan erop. The yielda snd rosults of tho chem-.

N

ical analyaae for the firet crOp are praaentea in tablo 11 end

,,..

for the necond crop 1n table 12._
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Send Culture Experimenta: In this bxperiment an un-

balanced nutrient aolution wasg supplied to corn and besan
plants grown in quartez ssnd cultures. phe_nutrient solution
suggested by Shive and Robbins (39) was used with the ex-
ception that the salte KH,POy and Ca(NO3z), were foubled

in smount and only 1/100 of the prescribed amount of MgSO4

.was 1nc1uded.

These plents wers harvested when in full biOOm, The
leaf sheath of the third basal leaf of the corn plants wes
used in follar sanelysis. The stems of the besn plants were
ﬁaed for tissue tests and the leaves were used in the foliar

analyses. The results are presented in table 13.

Nethod of Tllsuo~Toit1ngc For this 1nveebigaﬁion ]
system of ti&;ue testing'wau devised which is essentially
& leboratory sdaptation of the fleld teating mothod PrO=
posed by Cook: and ¥iller’ (11). ‘

The portion of the corn plgnt}aelacted for testing
was the leaf sheath, primarily conductive tissue, of the
third tunctibning1bas¢1 leaf. The basal leafl wnaahelected

because it 18 recognized as a reliasble indicator of the

nutrient status in plants (43, 45). The léuf“blldo of

this same leaf was used for the foliar nnalyaii study.

" The sheath tissue was finely chopped snd extracted
with distilled wator;”inia91£10“raﬁ16,-Byﬁvigéruh‘ahaking
for onQ‘mlnuté;"«Thérextraction equivalent of 1/3 gram

of tissue was u§ad for‘pbbspporna determinations -using
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C.1 ml of molybdic acld end a small grain of stannous
chloride. The results were recorded as blank, low, med-
ium, high;'end very high depending on the color intensity.
These color intensities approach concentrationa of o, 0.5
1.0, 5.L end 5.0 ppm: of phosphorua. ' |

The extraction equlvalqnt of 1/3 grem of tissus was

used for potassium determinationu to which was added 1 ml.

of 2.5% cobaltinitrite-15% NaNOg solution and 5 ml. of
95% ethenol. The turbidity was read ss blank, low, med-
fum, high, and very high. ccrresponding to the turbldlty
of solutions with O, 1C, 20, 40 end 60 ppm of potassium
respectively. _ , | “

For the nitrate test, approximstely 1/4 gram of finely
ochopped tissue was plsced in a white apot plate snd .5 ml.
of .2% diphenylamine-conc. Hy50, solution waa added.v The
Eﬁ amouht of nitrate nltrogen present was indicated by the

| amount of blue color which doveloped. This color was re-

corded &8s blank, low, medium, and high corresponding to

D;’ 0, 2, 65, an¢ 10 ppm of nitrate nitrcgen.
; The extraction equivelent of 1/6 gram wes used for

both masnesium and calcium. The arbltrary vslues of blnnk

i e e e S

low, mcdinn, and high were nssigned to ccnaentrationa ap-

proximetely O, 1, 3, 6ppm and sbove for magnesium as de-

termined by“tho.procodurQl of Peech and English (31) for
801l testing. Calcium determinations were made using the
atearic-oleic acid procedure of Peech and English (31).

and the results ssslgned arbitrsry values corresponding
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to blank, 10, 20, 40 ppm and above.

'-Manganeae was determined by the procedure suggested
by Cook and Lawton (9). In this method the extraction is
made with 3% acetic acid and the permanganic color is de-
veloped with eodium.periodate. -
| These procedures were carried out in the laboratory
and were used for both the greenhouse and fleld investie
gationa.

Irn the -course of thla 1nvesﬁigation a method.wés de-
vised for making permanent plaatic'standards;for:use'in :
rapld soll and tissue testing procedufea (25). Thoee
stenderds were made in an effort to give a constent fo-
rerenoe for the color ‘and turbidity developed with stan-
dard solutions. A commercial liquid casting maﬁarial |
"Castolite" was used. This material is a colorless, therm-
osetting, 1sotropilc matefial which is easilj colored with
dyes that. are aolublelin ecetone. Turbidity wes produced
by the addition .of powdered calcium carbonate.:

.Standards were made for determinations or ohOsphorus
as phoephomolybdic-blue, potassium in the turbidimotrlc
cobaltinitrite teat, megnesium as the titan yellow color
lake, and celeium in the turbidimetric eteeriogoleic soep
solution test. These plastics follow Beer's law of. light
trahsmission for eolor‘inbenaity and degroe’of turbidity
in the ranges used and are excellent dnplicationa:of actual
solution standards. 'Onoe-ooiorod the hardened plastio

meteriel is very fesiatant te fading. They sre convénlent
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and simple to use and are especially adapted for field

testing of soil and plant tissue..

Methods of Folinr.Analxsie: The leaf blade of the

seme leaf sampléd'for green tlasue teats vhs used in the

1 foliar anal&loa. The mid-rib of the leafl was removed und
the plent material driea at 809C for 12 boura and ground
in a Wiloy micro m111 to pass @ 2o mesh acroen. Ona-balf'
gram of oven dried tissueo was digeated ancording to the
wet digestion method of Piper (34} for determining the
mineral olemnnta. (ne gram of ‘oven driou tissue. was uaed.‘
for totel nitrOgen determination by the Kjeldnhlucunning

mettod (1).

_ Phoaphorua, potassium, magneaium, and calcium were
determlnod on allquots of the digeatod material oasentially
as suggested by Lindcr (22). |

. These same procodurea were applied to tho field ex-

perimeuts repcrted later in thio paper.

-

Lt i G R R L A S b R S A G




28.

The Effects of Yarious Fertllizer Treatments on the Growth,

10-20-20

VH

euvl

'30.2

Table 4
> Tissue Test, and Follar Analysis of Corn Plants Gro!n in the
.. ¥irst Gpeenhouse Crop on-Pleinfield Loamy Sand* :

Fertilizer = . | Stelk | : Analysis of third bassl leef . f
|t¥eatment | Soil | Yield | Height | dlam. [ Green tissuc teat Follar analysis leaf biade

12000 1ba. pH | grams |inches | inches | leaf shesth tissue2| w.e. psr 100 grams®
|Ber_sacre . SN P o [N TP TETCaJ¥g | ® [ B [ ¥ T Ca | ¥g
none 6.3 14.1 41.6 .31 ¥ ¥ - E ¥ 120 10.6 34.8 12.6 9.2
10- 0- 0 5.2 10,8 32.6 .32 VHE ¥ - L & 245 25,2 21.5 16.1 8.4
0-20-C 6.3 21,1 41.7 .3 L B - L E 107 27.4 28.8 25.8 17.3
G- 020 4.7  B.7 27.0 .25 vE L L ¥ ¥ 1156 19.0 20.6 356.6 7.9
10-20- ¢ 5.4 27,3 66.0 .41 VE L - L H 280 27.6 17.2 20.6 18.8
10- 0-20 4.8 4.3 20.5 30 VE L L ¥ 260 21.8 22.8 23.2 5.8
0-20-20 4.9 21.6 49.6 .3 L HE L H L 126 26.2 19.2 34.2 15.8
4.9  17.6 45.1 .32 ¥ ¥ 24.8 25.6 16.8

1. Date represents the‘mean of threo replications o
2. Legend: VH very hlgh, H higk, ¥ medlum, L low, = blank

3. Kitrogen determined by the X jeldehl-Cunning method (1) other
' elements determined escentially by methods of Linder (22)
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v 'Pable (-} The Efreeta of I srious i?ertiuzer 'rraatmenta “OnY ., the Gro'th.
4 ‘Tissue Test, and Follasr Analysis of Corn Plants. Gno!n in the
- Second Greenhouae Crop on Plainfield Loumy hnnd

ertilizer| | Lo 'Stalk - Analysis of third basal leaf

]

10-20-20 5.5 1807 46 . 71 H M ¥ L K 180 20.0 51.0 10.6

treatment 3011 Yield | Height | dlam. '—é:—'éen tissue teat | Foliar enalysis leaf blade
00 1bs. pH | grams jinches | inches | leaf sheath tissue? _m.e. per 100 180 ms"
DEr acre R IPI K [Callg [ N [ K} "8_5 ¥
nene 5 5 15.5 22 - .8 - B - B M 95 12.6 25. 15.4 17
10- 6- 0 5. ei'[,$5,4 20 .44 B L - ¥ K 155 16.8 >é4§§’ 16.1 1§;1
l20- 0. 5.6  26.4 235 .46 - 5 - ¥ B 91 32.0 1l4 1.2  22.9
0-0-20 4.7 265 21 48 - L K L ¥ 142 26.0 2.4 15.6 5.7
|w20-0 5.5 5.6 42 65 B B - ¥ B 145 28.0 17.6 15.0 22, 41
|w0-0-20 84 271 16 42 0z - L L L 8 13.2 ‘31;5.'15 7 ;13.0
0-20-20 5.5 36.6 80 1 - H L L L 100 4.0 40.0 1.3 12,0
% ' ' 8.9

1. Dats represents the mesn of three rephcations
2. Legend: H high, ¥ medium, L low, - blank

3. Nitrogen determined by the X jeldahl-Cunning method (1)} other |

elements determined essentially by methods or Linder (22)
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Table 6 The Effects of Various Fertilizer Treatmenbs on the Growth,

~Tigsue Test, and Follar Anslysis of the Corn_Planta Grown

in the First Grcenhouse Crop ‘on’ Miami Sanvnyoam.

Fsitilizer

?treatment Soil Yield
2000 1lbs. P
per. agcre

 tione

10- 0= 0
0«20+ O
| o= 0s20
10-20= 0
10- 020
0-20-20
10-20-20

5 9
5 6
5. 8’

536

5.5.

5;6

A§talk'

Analxpis of third basaifieaf

Height | diem.
inches | inches

48.7 . 33

45.8

f;e.o;
9.8 .28
28.1 52.0

27.2

.51
6.0 2
35.3
21.2

14.8
5.1

.47
.28

36.6 60.2 43

27.6  61.3 40

Green tissuve test
1eaf sheath tiasuez

u

.M

~Follar analysis leaf
__ m.e. per 100
p o

5blade

234

24.6.
16.8
30.4
13.9
 21.4

21.9

7i;é ‘
23.6
69;?
32;5

grams
10.3
‘ : 17.4 :

15.9
‘15,7;
14,9
17.6

—~5
119.8
11.5
21.8
12.9
22.9
9,4."
2.2

13.5

l. Data represents the mean of three replications. .
L low,

2. Legend: VH very hiéh

"H high,

M medium,.

43.5

3. Nitrogen determined by the‘Kjeldahl-Gunning method (1) other

elements determlined essentially by methods of Linder(22).




Table - 7 The Etteets of Vaerious Fertilizer Treatments on the Growth,
Tiasuo Test, and Foliar Analysis of Corn Plents Orown in the
RS Sacund Greenhouse. crop on Biana Sandy Lonmag]

31.

Fertilizer| | | i Stnlk D Analysis of third baanl loaf
treatment [Soil | Yleld Hoight diam. 'ﬁroen ‘tlasue test Follar analysis loar iude
12000 1bs. pH;@,srnna inohaa inches 1oaf theath tisaue? ,_m.e.f'or lﬂb ams S
| per_acre . 1 T | Calkg [ ¥ 1K '
1156 16.0° 10,6 17.5 11,7
219 17.2 28.6 15.0 16.6
88 24.8 12.5 28.1 16.2
159 18.0 43.0 26.2  13.0
187 2¢.4 16.6 19,1 20.3
226 16,0 61.0 21.9 16,6
- 98 22,0 64.4 15,0 16.1

| mone 5.6 362 36 46 L L
[10-0-0 5.4 e66 a5 .o -
0-20- 0 5.6 50.2 39 .48 -
0-0-20 6.3 67.5 34 .51
J10-20-0 5.8 105 &5 69
|10- 020 4.8 76.6 34 .64

w
‘' mo
o MO W

0-20-20 5.6 42.3 . 36 45 - .M
10-20-2C 5.8 230.3 €4 72 B K

moR oW o b m
wowm o omom OHom BB

1. Date represents the mean of three replioationa. :

2. Legend: VH very high, H high, ¥ medium, L low, - blank.

3. Nitrogen determined by the" Ejoldnhl-&unning method (1) other
slements detarminod oaaentially by methods of Linder (22).
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Teble 8° The Effects of Verlous Fertilizer Treatments on the Growth,
- Tissue Test, and Follar Analysis of Corn Plants Grown_ in the
< First Greenhouse Crop on Concver Sandy Cley Loam

Fertilizer 1 1 - Stalk || -~ Anelysis of third basal ‘caf _
treatment | Soil | Yield | Height | diam. | Green tissue test _| ﬁiiiar‘aﬁ;i;sis_iong blade
200C 1bs. '| pH. | grems | inches | inches | leaf sheath tissue® m.e. per 1G0 grams
|per_scre i ‘ TP Tl CalBg | BE [ P [ B | Ca | ®g

¥ 206 21.2 26,6 10.7 12.7

none 6.5 6.3  35.8 .24 VE L
10-0-0 6.4 7.6 3.3 .33 ¥E L
} 0eB0= O 5@5?;j36¢o 53.1 49 ’,5;v313
0= 0-20 4.5,5f); 9.1  36.9 .26 .g f'b   ¥

‘ B

130 22.4 20.6 11.3 . 23.8
H 224 21.2 36.8 18.0 20.4
X 234 22.4 15.3 17.6 25.1
B 222 16.8 60.5 11.4 20.2
¥ 129 19.0 63.0 11.6 19.6
# 246 15.4 45.5 13.6 24.2 |

o
]
- B om

10-20- 0 6.4 26,0 47.4 .42 VEH

[ ]
RS T - B
o

0-20-20 6.4 41.3 64.9 .46 - VE VH

|10-80.20 6.4  31.7 50,7 .41 VE ¥ M

E

"1l. Date represents the mesn of three replications ,

2. Legend: VK very high, B high, ¥ medium, L low, - blank

3. Nitrogen determined by the KJjeldahl-Cunning method (1) other
elements determined essentially by methods of Linder (22)




Table 9 The Effects of Various Fertilizer Treatments on the Growth,
. Tissue Test, snd Folliar Analysls of Corn Plants Grown_in the
' Second Greenhouse Crop on Conover Sendy Clay Loaml

Fertilizer Stalk _ __Analysis of third bseel louf «

treatment | Soil Yréld‘ Helght | dlam. |Green tissue test Foliar suaiysis lesf_blade
2000 1lbs. | pE | grams | inches | inches | leaf sheath tissue?] ~ m.e. per 100 grgmaa '
er_acre S 1 R [P [K[Cal¥g [ K | P X | Ca | &g
none 6.8 | 62.5| 39 62 |8 |-|-|% |® |22z |18.4 |19.6 |14.4 | 20.8
10-0-0 |67 | 83| s | .88 |m |- |5 |w |¥ 107 [18.7 |24a1 [2700 | 265
0-20- 0 |68 | 44.1| 40 | a8 |- |m |- ]2 |x | 8s|28.0]1608 |22.3 | 19:2
- G- 0-20 [6.7 | es.8| 35 | 51 [w |- |8 |5 [ [180 [17.6 [€5:s {1506 | 1406
™ 10-20- O 7.1 164.1 €5 67 HIHR - |x |8 |1¢6 |30.0 |18.0 |26.3 iSil
10- 020 6.8 85.4 . 36 .52 B - ;] L L 277 {18.0 [ 68.0 |1%.4 13’&0
0-20-20 €.8 53.6 35 | «850 - B |H]|L L '71 24.0 52’¢6 14.4 | B3.4
10-20-20 | 7.0 |183.2| €6 77 |B |lw|w|w |¥ |255 |2¢.8 | 67.8 |21.90 | 20.8
1. Data represents the meen of three replications
2. Legend: VH very high, H hlgh, ¥ medium, L low, = blank
3. Nitrogen determined by the Kjeldahl-Gunning method (1) other
elements determined essentially by methods of Linder (22)
S e R e B e e e o e s A "%&a hﬁ& e i e e S ! R S A
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‘Table 10 The Effects of Varioua Fertilizer Treatments on ‘the Growth,

Tissue Tes®t and Follar Analysis of Corn Plents (rown

n tho

Second Greenhouse crOp on Brookaton Sandy clay 8011

159.6

[Fertilizer | | Stalk T analysis of third basal lesf
treatment | Soil | Yield | Height | dlam. Groon tiesue test Foliar analysis leaf_blade
2000 1bs. | pH | grams | inches | inches | 1 sheas asue? ¥.E. por 100 greme®
per scre i R X B"»K: Ca | Mg | K Pl K | Ca | ¥g

mone 6.6 40.8 44 .65 H M M H ¥ 200 1050 31.2 16.3 19.4
10-0-0 6.3 7.6 535 .51 H ¥ M B H 288 11.2 27.5 17.5 18.7
0-20- 0 6.7 64.2 56 .63 ¥ H ¥ ¥ H 184 15.8 36.2 22.5 16.2
0- 0=20 6.6 58.8 47 57 ¥ M E H M 225 12.9 45.6 18.8 21.8
10-20- 0 7.1 104.1 62 .58 ® HE M H H 266 13.2 28.8 17.5 16.5
10- 0-20 6.5 44.2 B84 .55 H L HE ¥ H 288 9.3 52.5 20.6 15.0
0-20-20 6.3  92.5 63 63 L H H ¥ M 152 18.8 53.7 16.3 13.1
10-20-20 6.5 68 .76 H ¥ B K ¥ 306 13.6 41.7 17.5 - 16.2

1. Data represents the mean of three replications

2, Legend: B high, M medium, L low,

3. Nitrogen determined by the Kjeldahl-Gunning method (1) other

- blank

elements determined essentlally by methiods of Linder (22)
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Réaulta‘gggg,gg;g; The first corn orop grown on Conover,
Miari, and Plainfleld soll types gave & very marked response
to phoaphate fertilizer (tsbles 4, 6, and 8, end plates 1, 2,
3, 4, 5san5 6}.  The absence of phosphorus in the fertilizer
treatments redal;ed in substenial growth degroaaions vith‘tho

early appesrance of phosphorus deficlency symptoms. Hitrogon

-def'iclency symptoms éppoared after six weeoks on all trestments

not recelving nitrogen fertilizer but were severe only on the

PEK treatment of all three soll types, ?he PLninrield soil

: reaponded merkedly only when phosphorus and nitrogen w!re ape

‘plied in combination.

In order to determine 1f the amount of fertilizsi ap-
plied was nuffiniont to cause injury from high concentrations
of aalts, conduetivity measurements were made on all treat-
ments. These measurements determined amccording to %agiatnd,

ot sl (87) were less then 40 x 10-6A which is slightly less

‘than tap water used in the laboratory. Injury for sensitive

plants under ordinary greenhouse conditicna is not expected
to occur at velues less than 100 x 10-5 A (87},

‘Results of the soil pH determinations (tebles 4, 6, 6, 7,
6, and ) indicate that the fertilizer treatments did not

chenie appreciably the poil reaction.

Of particular interest in thile 1nveatigntion was the
precision with which the two methcda used ror determ;ning
nutrient atatul ef the plc :ta indlcated differences in scil

treatments. For the slements nitrogen, phosphorus, and potas-

~ sium tlssue tests indicated almost without exception the soil
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treatment., Follar ;nalysia of the same elements wgs somewhat
less conclusive in indicating various treatmente. |

| In general, the_aalciuﬁ and magnesium tissue_test results
were not in ascord with results of folliar asnalysis for these
elements. However, no effcré was msde to control thé pupply
of these two elements in the various fertilizer treatments and
the soil types used in this experiment contained'#ériable amounts

of evailable celelum and megnesium (table 3). It 1a‘na§cd

that the concentretion of these elements was generally grecter

in the plants grown on acila with the higher content of ex~ -

- changeable calcium and magneaium.

‘A second corn crop was grown on these same solls with
no additional rertilisar trentmcnt. Brookston aandy clny

801l was included 1n the experiment for this aecond corn OPOp.

The’ growth of this crop followed closely the nitrOQQn-phos-,

_ phorus treatments on all soils with the greatest growth occur-

viﬁg-only when both elements were apgliéd 1nlpombina§16n.
ﬁitrogcn deficlency symptoms were severe in all treatments not
receiving this elemaht,except on the Brookston soll where they
appeared only on the PX treatment. Conaidcrable daﬁrqation
of plant growth occurred on treatments wbich producéd‘a large
firast crop but received ro nitrocgen in the torbiltzcrﬁtrcaﬁnnnta.
Tissue tests on}tho second orocp revealed rather proeiaeli
differences in soil tregtmanta'for the elementa nitrogdn, phoq,
phorus, and potassium. ' Considerable veriability lpboard between
results afgcalcium‘and magneeium tissue tests and results of

folliar cnalyaii for tﬁosefqlementc; The foll;rtnnulyqil of
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Table 11 The Effects of Various Fertilizer Treatmenta on the Growth, Tissue
‘Test, and Foliar Anslysis of White Bean Plants Grown in the First
* Greenhouse Crop on Kileml Sandy Loam and Grenby Sandy Loam

. | Giecn tissue testl ‘ Foliar-nnnlriiﬁg
Soil | Treatment| Soill] Yield| . lant stems : M@ er-loo;grnus .
type | per acre| pE| grems KJCa Mg [Un] ® | P [ "X] —Ca] Wg] ®n

none 7.6 4.1 K ¥ ¥ E B ¥ 202 25.2 36.0 23.2 12.3 1,56

Gramby 2tons 7.8 20.1 H ¥ ¥ ¥ ¥ L 219 35.8 40.0. 28.8 11.0 .04
sandy CaCly : el ' CoiEE '
lo.m S

500 1bs. 7.6 21.6 - E L K H H H 199 14.8 34.0 10,5 1l.4 4.17
¥n80, - ) S . 5 1
o 1@00}128-& 7.7 43.&. VE H H E L - 284 B37.2 76.6 2d.1 10.2 1.12

‘mone 5.9 18.1 ¥ K ¥ K E M 174 27.4 30.6 19.3 10.4 6.25
¥iami 4 tons 7.6 19.8. B L L E ¥ M 161 25.6 27.0 24.5 10.1 4.70

sandy CaClg

loam ‘ - ; ,
BOC 1bs. 6.4 4.8 ¥ ¥ ¥ ¥ E E €6 20.6 36.6 19.8 19.9 16.51
EnS0,y . ' ' :
1000 1bs. 5.5 34.3 VH HE E ¥ L ¥ 217 33.6 52.6 13.5 11,9 B8.26
10-20-20 : ' : .

1. Legend: VH very high, H high, ¥ medium, L low, -~ blank
2. Nitrogen determined by the Kjeldahl-Gunning method (1}, mangenese by
method of Peech, et al (32), other elements by methods of Linder (22)




Table The Effects of Varioua Fertilizer Treatments on the Growth, Tissue
12 Test, .and Follar Analysis of White Bean Plants Grown in the Second
Greenhouae Crop on ¥iam! Sandy lLoam end Granby Sandy anm

Green tissue testl  Folliar analysis?

Soil | Treatment| So1l| Yield lant stems m.e. per 100 grams .
type | per scre| pH | grams —_H"[_PL'l—K"T_' Ca [Mg [¥n | W ] P | K | Cal Wg] Wn
none 7.6 10.6 H H M ¥ H XK 298 16.0 29.8 -8.0 24.0 95|

Granby 2'tona€ 7.8 17.4 HE ¥ L ¥ H L 262 28.0 . 29.0,ﬁ§1.0 1C.3 15|
sandy CaClOz - ; ’ T DR
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loam . - o . o . v
500 1bs. 7.6 20,4 H ¥ ¥ L H H 299 12.0 14.2 11.8 18.4 1.56.
. ¥nS804 S | S ‘
1000 1bs. 7.7 43.0 H H H L L L 328 34.0 36.4 12.3 20.2 .76
. 10-20-20 | o | _ FonRen CHeE ST
e — IO - "
none 6.3 17.4 M H L ¥ ¥ E 213 20.0 20,8 12.0 12.3 2.43
Migmi 4 tons 7.9 2.8 ¥ HE L ¥ N E 248 38.0 24,2 12,5 22.1 2.15
sandy CaCOg o o : _ - .
loam

500 l1bs. 6.5 132 H H ¥ L ¥ B 252 22,0 28,4 11.2 14.0 7.93

1000 1bs. 5.8 36.2 H ¥ H L L H 270 48.0 44,2 10.8 18.3 3.46
10-20-20 ‘ g S o .

N

1. Legend: VH very high H high, ' M medium, L low, ;”Blank
2. Nitrogen determined by the KJeldahl-Gnniing method (1), mangsnese by
method of Peech, et al (32), other elements by methods 'of Linder (22)
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nitrogon,.phosphorus,-and.potasaium was less sensitive than
tissue tests in detecting the s0il treatments but'in'general
tollowed them more closely than the folisr analyses of the

first erOD.

Results with #¥hite Besns: The soll types selected for

'tha experimgnba with ihitglbeans ware purposely choéan fér

thelr differences 1n_mqnganeae'content.” ﬁhite-béan§ #@a plants

notably sensitive tovaéﬁgaﬁdsé“availability snd are auitable

plants for this type of an 1nvestigation.

The erop grown on the Granby soil receiv1ng no tertilizer
troatment‘exhibited;typical manganeae daficlent aymptoms from

the appearafice of-the firat true leaves. These symptoﬁa were

| more intense vithvllme applicgticn bﬁ§ symptoms did not appear .

on the manganese treatwent. The application of nitrOgén, pot&n-
sium, and phoaphorus reaulted in lerger plant growth but ‘man-
genese deficlent aymptoma were severe. Plant growth end aymp-
toms were nearly the aame for both the first and second crops

grown on this soil. Tlasue tests for manaanese 1ndicated the

relative total smounts of manganese present in the leaves

found by foliar analysis.

The btean plants grown in the Kiaemi soll exhibited no
manganese deficlient symptoms even with the applicatioq_ot the
large amount of cacaa. This treatment wes used in an éffort
to produce menganese deficiency such as that observed on other

aoil types receiving high ratea of lime (24), & growth de-

presalon of both crops grown on thia soil type resulted rrom

. the addition of !n304. The amount of mangenese in the leaf
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The Effect of en Unbalanced Nutrient Solution on
Growth, Tissue Test, and Follar Analysis of Cgrn
. and White Bosn Plants Grown in Qunrta Sand

Plant growm

Groeh tissue test? m §0110r analysis .
' +8. por 100 grems

Corn®

White
bean35

[ X[ Cal¥g N | P | & [Ca  THg
H VE VA H ¥ 215 28,1 56.5 38.2 18.3

M VE VE H K 285 37.2 72.1 28.8 16.4

1.
2.

3.
4.

6.

Date represents the mean of three greenhouse
replications ,

Leaf sheath tissue of the third basel lezf was
used for tissue test, leaf blade of thiles same
.lesf used for follar analysis

Leaf petiole used for tissue test, leaf blade
‘used for follar analysls

Legend for test results: VH very high H high,
¥ medium, L low, - blank :

Nitrogen dctermined by the Kjoldahl-Guuning
-method (1) other elements determined ossentially
according to Linder (22)
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tisaue increased §oﬁsidernb1y with the msnganese treatment;

Results with Corn and ¥hite Been Plants in Sand Culture:

In this éxperimont, the nutrient ablution'tas purposely un-
balanced in sn effort to prcducéva mngnéaium deficient con-
dition by.incionsing the concentrations of other base ions.

| The pisnts grown in this culture exhibited symptoms which
have been recogniiéd as specific for msgneslum daficiéhcy (17).
Tissue tests for nitrogzen, phosphorua; potassium, and calcium
fnalcated high concentrations of these element§ s did the
reaulta of a follsr snalyals of the same élanta; ‘Tﬁé;magneaium
tissue tests woere moderately high and did neot reflect the low

concentration of the element recovered in the foliar snalyses.
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Fleld Experiments tor Tissue Teating and
‘Foliar Analyais :

In order to make'h»ccmparativ& study of fdliar'analysis
and tissue testing on corn plants under field eonditlona, Q
‘field experiment was eenéucted on the R. L. cook farm. This A
farm 1s loceted in the aeuth central part of clinton county,
noar Dewltt, ﬁiohigan. The experimental plota were aet up on
the aame.wiami aoil typa uaed 1n the greenhouae experiments. |
A heavy atand cf first yeer manmoth elever was turned under
a8 & green manure erop -hen rittinﬁ this tield for tho exper-
imental plota. “‘A »

?reaementa were the aame as those in the groenhouae oXw
perimsnt except that rertilizera were added nt the rate of
1000 1bs. per acre. ' Ome half ot the fertilizer was drillod
on both sides of the seed st plsntiag and half was npplied
es a side dressing four wceka efter planting. Tha experimentd.

deaign and plot arrangemant were as follows:

Block I _ ‘Block II Blook III
No treatment (ckj 16-20- © (NP) 10-20-20,,yv {NPK)
10~ 0= O (N) 10- 0-20 (RX) 0-20-20 - (PK)
'0=20= O (P} = ©-20-20 (PK)  10- 0-20 ~  (EK)
Oe G20 (x) 10-20-20 (RPK)}  10-20- O (NP}
10-20- 0 (WF) . No treatment (ok) 0~ O=20 (K)
10- 0-20 (MK} 0= 0-20 (K) 0~20= 0 N (P)
0=20-20 (PEK} 020~ 0 (p) 10= 0~ 0 (n)
,10-20-20 5(st} ,~1o- o- 0 (®) Eo treatmsnt (ok)

One bleek w88 lsmpled and tested each week beginning six
weeks after plantlng._ The taats weore conduscted in the same
manner as describad in the greenhouae expcriments. In addition.

to sampling the third basal leat, additionsl foliaao aamnloa




18, 17 and 18,;

"Yl;recoiv1n3  1tr°8°“ f”

‘ff'uro takon Juut below the tansel aa auggoated by Thornton'(47).f;JfU

. Rasultu of these exporimenta are prasanted 1n table‘ 14‘ 15

In genernl"tiasue testa carrioﬁ out on the[‘hird

functioning baaalfloar indicubod tho rertilizer treat ‘nﬁiv

' 'vgiven 30 each ploe. Alchoush theﬁcorn plants on 11

:f5filongor perlod of eime. Phouphoruo and potas 1um1 



Tabie 14 The Effects of Variocus Fertilizer Treatments on Yleld
end Ritrste Tissue Tests of Corn Plants Grown in the
Pleld Experiment on Miami Sandy Loem, K. L. Cook Farm

Fertilizer . Green tiasue testl
treatment | Ylields | Fodder third basal leaf sheath -
1000 1lbs.. | bu.per | tons/ July Augnst " [Eept.
per acre acre acye ' 144 - z
¥o treatment 47.2V» 1;57' B ¥ B L - - -
10~ 0= 0 {(N) 6&8.1 1.99 VB8 B H H I L =
0-20- 0 (P) 67.5 1.96 E ¥ ¥ ¥ - - - =
0- 0-2C (K) 52.8 1.64 E H ¥ L L - = L
10-20- O (NP} 66.7 1.62 vE B H H I L L L
10- 0-20 (FK) 62.0 1.59 ¥ BE B B L « « =
0-20-20 (PX) 82.5 1.77 L ¥ L ¥ « « = =
10-20-20 (NPK) 58.7 1.62 VE ¥ # E ¥ L - =

1. Legend: VH very high, H hlgh, ¥ medium, L low, - Ddlank




Table 15 The Effects of Varicus Fertilizer Treatmenta on Yield

and Phosphorus Tisaue Test of Corn Plants Crown in the

Fleld Experiment on ¥iami Sandy Loam, R. L. Cook Farm

Fertiliger

RV

Green tissue teatl
treatment | Ylelds | Fodder ~__third beasal leaf sheath ,
1000 1bs. | bu.per | tons/ July Auguat | Sept.
per_ scre ecre | acre 20 [ 26 | oL . T2 T 4
No treatment 47.2  1.57 ‘¥ B B E L ¥ L L
10- 0- 0 (K} 88.1  1.99 H M H E ¥ E ¥ M
0-20- 0 (P} &7.5 1.95 VE VHE VE VB H H H H
0= 0-20 (K) 58.8  l.64 # ¥ H E Vi B L ¥
| 20s20- 0 (vp) 56,7 162 ° H VHE VE VE ¥ VHE H &
| 10~ 020 (NK) 82.0  1.69 ‘M ¥ H H ¥ B L N
0-20-20 (PX) 52.5. 177 VE B VE VE B B H H
10-20-20 (NPK) 58.7  1.62 B VH ¥ H ¥ ¥

B R A A Lo S

1. Legend: VH very high, H high, M medium, L low, - blank




Table 16 The Effects bf vai'ioua Fertiligzer Treetmenu‘-on Yield
anéd Potaaslium Tiasue Tests of Corn Plsnts Grown in the
Field Experiment on Elamil Sendy Loam, R. L. Cook Farm

Fertilizer | Yields |Fodder Green tissue testl-
treatment |dbu, per | tons/ ‘

1000 1bs. | aere | ecre | July g_:_ag_,,
No treatment 47.2 1,57 ¥ BE H VE L & ¥
10-0-0(K) 5.1 1.9 ¥ E ¥ H ¥ ¥ ¥ M
0-20- 0 (P) 57.5  1.95 M H H ¥ H ¥ ¥ ¥
O- 0-20 (K) 62.8 1.64 V8 H VE VB H H VH H
10-20- 0 (NP) 66.7 162 H B E L B K ¥ ¥

|10-0-20 (v8) 52,0 1.9 VE VE VB H ¥ H B

b 0-20-20 (PK) 52.6 1.77 VE B VE H H ® VE H

| 0-20-20 (8PR) 58.7 . 1.62 B HE B H B ¥ H M

:

Ty

b 1. Legend: VH very high, H high, ¥ medium, L low, - blank
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Table 17 The Effects of Various Fertilizer Treatments
. on Tissue Tests for Nitrogen, Phosphorus, and
Potessium of Different Parts of Corn Plents
Grown in the Field Experiment, R. L. Cook Farm
- Miami Sandy Lonm
ﬁ r‘brtion of ‘Aﬁirtilizer o “Green tissue est¥
: the plant troatmont . Sampled | Jampied §Eﬁp10d
a sampled 1000 1bs.’ Avg. 7 Aug. 14 Aug. 21
: . ' . per_ecre rﬁ [P K | N [ PITEKE | W 1.? TK
: 10-20-0 ¥ VE VE "L M H L'VE M
Third basal 10-0-20 M E VE M H - H H
: leaf sheath R ‘ o
g : wo-zo-zo,j;,tf 'VHE VH - H VH -. H H
i 10-20-20. E VE.VE L M M L H VE
'10-20-'04; L H -vE M - H H
Leaf sheath 10- 0 0-20 - M H - H VE = :
below tsqael : S » o
10-20-20 L VE VHE - M VE - VH VH

# Legend: VH very high, H high, M medium,‘n iov, = blank




Table 18 The Effects of Varicus Fertiliser Treatments on the Yield and Foliar Analyses
of Third Basali Leaves Sumpled at Three Periods During Growth of Corﬁ Plants in
the Field Emeriment, #iaml Sandy Loam, E. L. Coou Farm _

Tield biix,l_iequizalmta ger 130 g__&ma*‘r

e |5 ST e |

{Bo trestment 47.2 1L 18,8 0.6 3.3 125 200 1.6 23.8 %.3 138 178 16k 175 2.5 9ub

10— v~ 0 58’..1’,233 16.0 19.5 25.0 11.9 .20 140 158 20,0 1.3 124 17.0 1»5.3 7.0 8.0

0-20- 0 S7.5 25 12.8 17.5 18.3 12.1 23k 146 20.0 16,3 106 161 13.0 250 350 8.7

5 8- 0-20 52.8 196 19.8 23.1 145 17.5 196 16.6 8.4 5.0 .5 176 18.6 r‘:f.;..rs | 30.0 9.4
M 10-20- 0 %.7 152 126 18.1 37.5 1L.3 199 104 16,9 19.0 16,0 167 156 16,0 28.0 8.1
10- 0-20 52,0 135 17.6 425 15.0 18.2 2% ,12.3-'32_;.;5 17.5 188 166" 19.6 25.3 5.3 14,5
0-20-20 52-.,5 182 16.4 28.1 15.5 181  190° 17.8 2:;;3 150 181 13 124 11.9 35,0 18.6
10-20-20 58.7 199 17.8 29.8. 25.0 19.3 2‘2@"13.5" 25.0 330 11.5 157 10., 20.0 38.5 119

1. ﬁam represents the mesn of three mlat re,alicatima
Z. Bitrogen determined by the Zjeldahle&mning method (1) other
elemmt.s deternined according to Linder (22
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that the time of sampling within this period mey have consider-
able influence on'compoditipn of leaves.
~ Chemical Inveatigationa of Fertilizer-"
Rotation Fleld Experiments _
This study was undertaken to inveatigete certain chemical

changea that may have taken place in a Brookston soil tbilow;

ing seven years of continuous fertilizer and rotation experi-

menta. Tisgue'teata and foller analyses were carrled out on
the corn'crOp in these experiments during two growing*géésohs,
194# and 1948; to determine the nutrient ﬁtatﬁu'of the corn
plants as affected by the experimental treatments.

This field experiment is located on the Lee Ferden rarm,

- Saginaw county, near Chesaning, Miehigana It was ostgbliqhgd

in the -apring of 1940 as s qooperatlva progpgt of%th§;gérmgrl
andvxanfscturers Beet»ﬁnggr'gssoqiation and the Hiphiggg:Agpi-
culture Experiment Station under the ggperyiaion of thé»Soll
Science Department, Michigan State College. Cook, ot al (10)
have proaented a detailed outline of this field oxperiment.

The soil 1s claased as a Brookston sandy clny aoil and

'oceupien very level tOpogrnphy with naturally 1mporteot drain-

age. The field is tiled but ‘internal drninago is slow, Thiu
soil is high in organic mntter and inorgenic plant nutrients
with a pH near noutrnl and when properly drainud ia one of
the most productive qq;lq.an Michigen. A detaileﬂ do.crlption
of this soll 1is preagntgé in tha’deacription.of,aoi;p;used on

plge 14,
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‘Seven flve year rotations sre included in this experiment

es follows:

g
¥

l. Barley, alfalfe, éifalfa; ¢orn, Sugar bédfaAm*“

2. Barley, alfaifa, aifalrs, suger beets, corn

’5., Barley, alfalf'a, altalfa, beans, sugar beetn i

4.v85r1ay, oata, alfalfa, corn, angar beets

6. Barley, oata, elover-timothy, sorn, sugnr bcata

6. Barley,,beans, whoat corn, augar beets -

7. Barley, aweet elovar, beans, wheat aweet clever, corn,

- guger beets (sweet clover is seeded with barley and

is plowsd under the next spring for beans and is seeded
in the spring on wheat to be plowed under the next
spring for corn)

This study 1ncluded all rotstions oxcapt number 3 in which

corn does nat appear."

The . plots are arrnngad in & split-plot randomlsed ‘tlock
design end the treatments are replieated four time-‘with each
individual plot being ea by S0 feet. The rotations wers ar-
?‘ ranged at randem in ecch bloek with each retation oceupying
; five plota in eaqh of the,four blocks. Each plot 1a further
| divided into two 14 by 90 feet sub-plots. One eub-plot re-
hi celves 2;16-8 fértilizér at the rate of 1,000 pounds psr aore
in five years while the- other raceivea 400 pounds of the same
_fcrtilizer during the rotetion period. In both caaes one-half
of tho fortilizar is applied for sugsr‘beeta and the other Oneé-
nalf for grain, all fcr berley in rotations 1 2 aud 3 and
dividod bettoon the two grain erops in the other rotstiona.

- The use of mnnuro and the diapoaition of crop residuou
are regulated ac"ording to the aystems of farming which.might
bo practicad with che dtrrerent rotationc. In rptationa 1, 2,
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and 3, manure at the rate of 10-tons per acre is npplisd for
corn or beans. 1In rotations 4 and 5, with only 20 per cent
of the land in hay prcduetion, the manure application 13 7
tons per acre. ¥No maenure is applied in rotations 6 and T
Corn stover 1is left'oh all plots. Grsin straw, benn
strav, and suger beet tops are returned to the plota in ro-
tat;ons 6 end 7. Baerley in rotationaﬂl, 2, and 3-and-oata
in roéation 4 serve as nurse crops'rar alfalfa. A red clover
snd timothy mixture 13 seeded with oats in rotation 5.j 3veot.
clover is aseded with both grain crops in rotationtv ond s
plowed under for benns snd corn. |

The plots were further diviéed In 1546 with half of sach

plot fall plowed and halr ‘spring plowed.

The soll in esch‘ipdimidunl plot was aamplaé 1nAtﬁe spring
of 1940 with the inatallation of the fisld experiment. The
metbo& of aampling=oenaiateé of taking eighteen sacples 1ns;
diagonnl llne across euch plot. These individual a&mpies w@re
composited, air dried, aereanod through 2 4pm screen snd stored
in sealed h&lf gallon jJars. _

For this stucdy the plots in which corn appeared vére again.
sampled in 1947. Four samples were taken from esch of the‘thrqo |
mid row épncea‘or the four rows of corn on esch plot. The
twelve samples thus obtalned wero'composited, screened, and |
a kllogrem sample taken for nnalyaia. |

The 1547 nud the 1240 soll aamples were lubjeatod to a
partial cherieal :nalyala for a eomparative atudy of the changes
which had teken place in the seven years. The data‘rrom these

anslyses are preéented—in table 19.




‘Table 19 . The 8611 pH and Exchangesble Ions of Field Exierimontal
' . Plots on Brookston Soil, Ferden Farm* =

S o Pounds of .
Rotetion® | 2+16-8 per

{-:otgtiop Es_r*'xg

1000 6.75 .372 ‘1é§j 11.03 316 6.56 415 ..206 10.61 .386
400 6.77 .356 .197 10.96 .330 6.50 .403 201 9.7 .391
1006 6.90 385 ,20@?{11.59 377  6.48 ,4ov‘;.165§ 8.37 328
400 6.80 .340 ¢1&2§*16.#7 ,203 6.51 .356 .179 0.68 .372
4ff1ooo' 6.85 .368 .17ii71i;353'.$e4 6.54 .360 178 B8.80 .385
400 . 6.80 4372 .197 11.13 .243 6.53 .378 .169 9.81 .367
v‘ilodo .  5;81 .346~.€;§9§‘1g}oz 335 6.52 (351 ‘.164 ©.36 315
400 6.95 .352 .173 10.26 .298 6.65 .382 .172 10.10 .34l
1000 6.78 .370 .187  9.56 .2B1 6.71 .377 .149 10.82 .354
400 | 6.80 .378 .194 10.41 .288 6.73 .392 151 10.91 .341
1000 6.70 .362 .214 11.22 .356 6.61 .370 .159 9.18 .306
400  6.78 312 .205 11.64 .317 6€.59 .40 .178 .83 .313

b2.

M-

6.

1. Date represents the mean of three replicate plots

2. Rotation cropa and sequence are presentsd on page 50
3. Determined by methods of Peech, et al (32)

4. Determined according to Bray end Xurtz (85) '
’ mined essentlally by the method of Glllam (34)
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Soll Testﬂﬁgaultqg,_&ccordins to the soll teutarégults
no great chemical chenge had taken place in these soils which
could be detected by the testing methods used. The rotation
plots receliving the high amountsior fertliizir,do not-indicatc

- -any appreoiqble acoumulation‘of;ﬁhe fertilizer elemepth.

Exchangeable calcium and pE values of the 1647 ibil samples
are lower than those of the 1040 semples. It should be polnted
out that the 1940 aamplea»wqré taken ir: the~spring-orvxhat yi@r.
The 1547 samples were taken in the fall fromvplots'grqging~an'
intensively oultivated row erop. It is noted that:théisoil
from rotation € bes a higher pH end 8 slightly higher content
of calcium then the aoll‘from fhe other rotntiéna. This d1t-

'rcrenee was noted 1n 311 four plot replications and 1s also

reflected in the soil samplea collected in 1948 for nitrifica-
tion experlmenta (table 25}. Phis mey be due to the fact that
erep yiaids were cnnaistently lower in this rotation with 100:
removal of plant nutrients than in the other rotationa.‘ Further-
more rotation 6 does not include legume hay crops whioh are
notoriously heavy users of ealcium.» _

| ~ From these data lt vna concludod that difrerancea in plant
&rovth and crop yielda could.nat ba aoeountad for by chemical
soll teata alone. Ancther metroé of approaeb to this problem
has been undortnken by Robertson (36) in & atudy ‘of the physical
characteriatles of the soil in theae fleld experimants to de-
termino structural changea that hnve baken glaoe as a rosult

of experimontal treatment.
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- Plant Tissue gnd Foliar Anslysis Studies: A study of the
nutrient status ol cqrn-plantsbby'tiapue tqa£~and foliar énélysls
was made during the 19¢7 and 1948 growing sessons in order to
determine the relationdhip_ot these test results end the effect
of the different fertilizer-rotation treatments on.cqfﬁ vield.

Tlssue tests were applied on the shéath tissue of the
third besal leaf of campoéite samples from six plents taken
weekly from each plot during the growing season. The remsine
1ng;portion of the sampled leaf was dried, gropnﬁ-to pésa‘a
20 meah screen and used in a foliar ahnlysls.

Results of the 1947 analyses are presented in tables 20
anéd 21 and figures 2 and 3,'ena 1948 analyses in tables 22 end

23 end figures 4 snd 5.

¢

- Results of lﬁév'npnlzaes: Turing the 1947 growling season

tiaaﬁe teaté for phoaghorus'aﬁd rotassium were righ and very
kizh on dllraambles fro@ all piots. Results of the nitrogen
tests are presented in table 20. It 1s observed thet éoneon-
trations. of nifrogenuéeereuSed in 81l instences as the season
prbgressad. Although all plahis tested blank neér the‘end of
the growing season, it should be noted that the more rapid the
dlsaypéarencé 6: soluble nitfate"nitrOgen thé smaller‘vore the
corn ylelds.

From these data 1t was concluded that phosphorus end
potassium were not limiting nutrients because of thelr rel-
atively hizh concentrations in & water soluble form within the

plant throughoﬁt the gfowlng season. The nitrate tlssue tests
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Teble 20 The Yield and Nitrate Tissue Tests of Corn Plants
Efuring 1947 on the Fleld Experimental Plots
Brookston Sell, Ferden Farm

Green tivaa»ue teste
Rotas |2o10-8 per | bu per [~ Talp roriasfl jeat sheadh -+
tionl | rotation | acre [T2JI0[28 |2 T9 T3 118 125
1000 9.4 H H E M L L - D -
1 400 42.0 H K B ¥ - L L -
y 1000 36.4 B ¥ ¥ L L L - L -
N 400 3.6 H M M L L - < = -
% | 2000 4.1 ® B B ¥ L L L L -
|t 400 4.3 # H ¥ L L -~ L - =
s 000 43.5 & B H W L L - L -
' > 40  44.5 H H H I L - L =
1000 266 L L = = = = = = =
E % w0 B L - e e = e e - -
| 1000 3145 » L = « = =« =
T 400 38,8 M - - e = =
h , 1. Rotsztion crops and sequence are presented on page 50

2. Legend: VE very high, H bhigh, ¥ med!um, L J.ow, - blank




Figure 2

THE RELATION OF CORN YIELDS TO TOTAL NITROGEN CONTENT OF
THE THIRD BASAL LEAF DURING BLOOM STAGE ON FERTILIZER -
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fable 21 Follar Analysis of 1647 Corn Leaf Samples Having Least -
Regression from Predlcted Values for Hitrogen Content
" Yield Correlation, Brookston Soll, Ferden Farm

[ ER% St [Suher | me. per 100 ram®
- rotation | acre ["W T P K’T&*ﬁa [ Hg_ |
; 1000 48.0 . 192  12.6 23,1 1.4.7  17.4
2 b 400 41.8° 183 10,2 22,5 18.4  16.0
Q 1000 37.0 175 8.6 25,6 17.2 12,3
f 2 400 36,1 162 6.8 26,1 19.4  17.7
1 o 1000  44.2~- 178 12.0 23,1 14.7 - 14.3
; & 400 46.6 172 11,0 22.5 19.4  19.5
§ ’ 1000  42.2 - 17¢  11.6 21.8 1%1  13.8
1 o 400 44.4 105 10.2  18.7  13.4 12,5
} 1000 20,1 121  15:2 144 16,3 18.4
j . 400 30,6 126  15:.2 16,9  16.9 126
% 1000 521 181 12,0 15,6 18,1  19.7
’ 400 3.3 187 8.2 17.5 14,1 16.4

- 1. Rotation crops and soqu&née are presented on pege 50
; 2. ¥itrogen determined by the Kjeldahl-Gunning method (1)
other elsments determined asccording to Linder (22)
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) Figure 3.
FOLIAR ANALYSIS OF 1947 CORN LEAF SAMPLES HAVING
LEAST REGRESSION FROM PREDICTED VALUES FOR NITROGEN

CONTENT- YIELD CORRELATION. BROOKSTON SOIL
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FERTILIZER-ROTATION TREATMENT

" Rotatlion ;fops and sequence are pr'esented on page 50
Fertilizer additions per rotation: H 1000 lbs. per acre
(2-16-8) L 400 1lbs. per acre
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strongly suggested that hifrogen was the limlting nutrient.
In view of thia,_a foliar analysis for totsl nitrogen con-
tent'was meds on leafl gampiea‘obtained during the three vee#
flowering period. This yé:ied appesred to be criticel in the
growth of the glant'b? the definite change in nitrete content
foi all trestments. From the time the first tassel Eeadn'to
form until all plants were in full tassel and silk covcréd
almoat a three week period, from July 19 to August 9. The
correlation of the nitrogen content, as milliequivelents per
100 gramé}or dry leaf fissus, ;h& yields of corn in bushels
per acre is presented in figure-zs | | "

In order to investigate the concept of nutrieﬁt:balanee
as proposed by Shear ané Crane (38) it was assumed that tﬁib
nitrogénsyield,correlacicn wss velid. Since only one plot
replication wﬁbfsdmpled each week, it waa neceasary to use
some mesns © determine which plet semple to use in a follar
analysis. Thié_iaa done by’seleoting the plot,shmpio tﬁken
in the three week flgweringkperiod which had the least re-
gression from‘pfedieted values for the nitrogen content-
yield correlation. A total aenslysis for phosphorus, potess-
ium,.calciﬁm, ﬁnd-magb@aiumiiaa_mnde on théseiéhmpieégéﬁrho»
samples from the fall and_spring plowa§ portions of each
plot were cémpoaited for this analyaiasthhese data are pre-
sented in tablses 21 and figure 3. | |

Results gg,;ggg_agalxsea: The results of the tisspe
teats on corn for the}1948 growing season were aixllar to

those from the previous year. Phosphorus and potassium were
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Table 22 The Yield and Nitrate Tissue Tests of Corn Planta
, burlng 1948 on the Fleld Experimental Plots
Brookston Soil, Ferden Farm

‘ Gieen tissue tesiz
o Pounds of |Yleld . ___third basel leaf sheath
Rota-|2-16-8 per|bw per Jul ~_August Sept.
tionl| rotation | acre Lio ]1‘7']'%4 [31 | 4 [28 | 4 |11
1000 7.6 VE M M M - - <« = ‘= -
b 400 47.8 VE ¥ H L - L - - = -
1000 61.0 ¥H H H M L L - - -
= 400 62.0 VE H H ¥ L L - -
1000 51.9 E H E ¥ = L - - - -
4 400  ©64.6 H HE M ¥ = L = = = =
1000 34.7 M ¥ N L - - - - - -
400 36,3 H E M < = = = = = =
1000 26.0 « =« L e e e e e s =
400 20.5 L = <« = = =« o = = =
1000 45.6 H BE M - L - - - -
400 47.9 H HE B e = = = e -

1. Rotation cropa snd seq ence are presented on pago 50
2. Legend: VH very high, E high, ¥ medium, L lo',_‘-,- blank
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CORN YIELD BU.PER ACRE
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THE RELATION OF CORN YIELDS TO TOTAL NITROGEN CONTENT OF
THE THIRD BASAL LEAF DURING BLOOM STAGE ON FERTILIZER -
ROTATION EXPERIMENTS FOR 1948. BROOKSTON SOIfL

STANDARD ERROR ESTIMATE 6.73 BU. PER AGRE
CORRELATION COEFFICIENT 720
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Table 23 Pollsr Analysis of 1948 Corn Leef Samplee Having Least
Regression from Predicted Values for Nitrogen Content-
Yield Correlation, Brookston Soil, Ferden Farm

Rota-_ | Pounds of Yiold" o
tionl | 2-16-8 per|bu per m.e. por 100 grams
rotation | ascre | § P K Ca ¥g
1600 46.9 202 T 20.9 104 20,3 , 15.7
- 400  47.2 19 9.0 19.8 182 133
1000 60.8 213  10.3 23.1  12.5 167
2 600 62.2 216 8.4 17.6 11.9  16.7
1000  51.0 197, 9.2 18.8  27.5  15.8
¢ 400  53.6 204 9.5 16.5 21.9  18.2
1000 33.4 183 8.2 16.9° 18.8  15.8
° 400 6.3 124 6 23.1 122 167
1600 és.e 102 8.1 22.6 12.5  19.3
5 400 21.0 ©4 62 213 15.2  17:2
1000 45.5 176 8.0 18.8  16.9 10,2
’ 400 48.7 170 8.7 4.5 14.4  18.2

1. Rotation orops and sequence ere presented on page 50
2. Witrogen determined by the ¥ jeldshl-Gunning method (1)
other elements determined according to Linder (22)
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Figure 5.

FOLIAR ANALYSIS OF 1948 CORN LEAF SAMPLES HAVING
LEAST REGRESSION FROM PREDICTED VALUES FOR NITROGEN
CONTENT = YIELD CORRELATION. BROOKSTON SOIL
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FERTILIZER-ROTATION TREATMENT
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Rotation oroﬁs and sequence are presented on page S0
Fertillizer additions of 2-16-8 per rotation are:

H 1000 1bs. per acre
L 400 1bs. per acre

CORN YIELD BU. PER ACRE ( AR_GRAPH)




-ere conaiatantly high on 311 aamploa trom 011 traatmentc
threughout tho year., 801nbla nltrogen doerossed as tho soason R

’ progroaaed up to tre flo-aring poried ¢ftar whioh eho eorn plants

from 311 troatmgnta gavolafblank tont. In genernl thm moro |

«rapia the diaappcaranca'of aoxuolo nitrogon tho smnller varo

the covn yioldn (tablo 22)'3"’”i

‘Each plot was oamp‘w ﬁoach waek during tho two vuek

Q;te Auguct 4 nnd tot’ *9;§p6g5n-J'

'flo'oring partod of July_

| doterminationa were mado oh lonr samplou obtslned during thil‘

- per&od.  Eqnal portiona or the plot anmple were tiken from

‘»the aprins and ra11 plowad poreiono of tho plot. Theso duta,
-oxprosaed as millloquivalenta of nltrogen por 10@ grams of dry

':tisaue, tore correlntod‘uith oorn yieldl as bushels'por aero

(f!guro 4). Tho plot aamplen within thia aampliag p f odf .
'havlné lenat ragroaalon rrom prcdletad valuee for nitrogon’ -

eontont-yiold corrolation 'ore analysed fer totalwphoaphoru-,

potasa:um, calcinm, -nd magncsium. Tho:q_datg;nrlipregengodr
| in table 23 anﬁ figure 5. e | ‘v’ |
* . The 1947 aouon vaa ohcrnetorued by 8 long oold ut

npring which rcaulted 1n a augar beet crep railuro on 011

ploea of this nom oxpex-menc for chat yesr. At .

'g’r§¢~: fghe 1948 eorn orop 1a rotation 8 uetnally follavl

a rnllov yoar nrtor tvrn&ng undar -ocond year alfalfa.' Thio .
. wes undouhtedly 1nf1nontunl 1n producing tho vory high yioldl
from thil rotatlon ror tho 1948 erOP rtar.,'f:~f
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Greenhouse Study of Rotation-Fertilizer Experiments

So1l from the exﬁerimental’plots (Ferden Farm) were
qollactedffrom three ropl&oatb bloeka'and répllcateitreat;
ments were eompoaitod. anh compoaite aamplo wae aereened
air-dried, send placed in four gallon pota, sixteen kllosrama ;
per jar, with three replicate Jars ror eaeh troatment. - Suf=
ficient waher was added to brlng the aoila up to their moia-
ture equivalent and planted with oorn. Cne . weok artor tnauel-
ing the plents wore harveated and the dry weigbt of the planta
recorded. Follouin& tbe firat crop, raplloato pota woro dumped,
thoroughly mlxed, roplaaed 1n jara and plented to a second crOp..

The results of the firat greenhoune croy indicated thut
treatments which prouuced the smellest yleld in the fiold |
actually produced the largeat growth 1in the groonhauae' ;ﬁhibv
was partieularly evident 1n rotations € and 7. Thia mﬁy{bé
explained on the basis that the Ligher yielding plots had
removed more availablo plant nutrients rrom the aoil boforethe
. soil aamples were taken. Ritrogen doficiency aymptoms, which
were so evident in the field, did not appear on the corn gro'-
inz in soil from rotations ] and.?. .

These reaults 1ndicatod that the traatment theae aolla |
received 1n the areenhouao of being aeroeneé driod neratod,A
and maintalnod nt optimum moiaturo contont may havo re:ultod
in nitrirlcntlon of the easily nitrifiable material preaent.
This would have resg};ed in waking available considersble

nitrogen for plant g?owth;,;
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Table 24 The 1947 Field Experiment Corn Yields and
, ' Greenhouse Yields on Soil taken from the
Fleld Plots with: ne Additional Treatment
Brookston Soil, Ferden Farm

: . GroenhouseggioldAs
Pounds of | Yleld 18t crop end crop
IRotationl | 2«16-8 per | bu per [[HeIght [ Iry wt.| Helght [Dry wt.
rotation | acref | fnches | grams |inches [ grems
1000 | 494 | 47 | 10.3 39~f*: 48.6
i a0 | 42.0 44 8.8 | 38 | 42.9
- 1000 6.4 | 68 7.4 a1 | s7.4
2 400 35.9 52 1.4 | 44 | 6.7
o 000 | 44,1 | 48 9.7 a3 | e9.1
‘ ¢ a0 | 45.3 | 3 | 47 | 40 | s0.9
3 | 1000 43.3 | 48 8.8 | 42 | 66.0
E & - 400 445 | 43 | 6.8 | 43 | 648
? 1000 28.5 69 15.9 36 | 34.3
5 8 400 31.1 63 | 12.0 31 | 33.3
1000 31.5 66 13.6 37 52.9
7 400 | 36.5 | 88 9.9 | 32 | 60.1

1. Rotation crOpe-and aequénce are presented on page 50

2, Fleld plot yields represent the mean of four replicatlions
: 3. Greenhouse ylelds repreaent the mean of three replicate

] Jars

~
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The results of fhe different’aoil-treatments on tﬁe growth
of the second crop agreed rather clogely with the field reeultsv
of the prevloua year. Severe nitrogen: deficient aymptoma ep-
peared on the plants growing on the soll from. rotation 6, o

1ndioating bhet the nitrogen aupply 'was rapidly depleted._

'Nitrification Studles of Soil from the
Fentélizer-ﬂptetion Field Experiment
Soil eamplea were collected from the corn plote of the
tertilizer-rotation field experiment three timee during the
1948 growing season. These samples were taken rrom all four
plot replieatlena at the time of seed emergence, tasseling,
‘end at the glazed sta@e of the corn plant. At each enmpling;_'
period the replicate aamplea were screened compoaitad, nnd
the moisture content determinod. :  f i
he equivalent of 100 grams of oven dry aoil was plecedti
~1n eovered tumblers etter being brought to 20% moiatnre con-"
tent. At the end of each incubation periocd of 3, 6,\end 8
woeks, duplicate aampies~iere leached wiﬁhﬁsoo co of:4%‘K01.7,‘
The soluble nitro&en (1nc1ud1ng both ammonia end nitrate S
nitrogen) content of a 250 cec aliquot of thia 1eachete was
determined by the reduction method using Bevnrda'e Alloy.v
Results of theee determinationa ere. preaented in table 285.
Theae date 1ndicate no aigniticaut dirferenees 1n the
'nitrogen aupplylng eapacity of the soils from the verioua

plots. Increases in the amounta of extracteble nitrogen were




Table 25 The Soluble Nitrogen Suppiying Bower of Soils Taken from the Comn Flots of
. the Rotation—-?ertilizer Field Experi.ments, Brooks ton Soil, Ferden Farml

68.

2 Pounds of ' ; _— Ex‘t.ractable nitrogen, m.es per 100 grams dry 0113 :
Rotation“| 2~16-8 per Semnled June 22 Sampled July Z Sampled August '
) _rotation | pH | start]|3 wks 6@-8_!&8 _pH bt@m Hi sta wis W‘
3000 A5 .29 .33 W0 .51 6.3 .05 .17 ubh <27 6.3 .05 .23 .37 .48
. W00 6.5 .25 .28 143 W46 6uh WOk Wb +30 .23 6.5 .03 .17 .28 .39
1000 6.5 .23 .25 W81 .32 6.3 W06 .16 .19 W% 6.6 02 18 32 A8
= hoo~‘ buh 428 .29 L3 .38 6uh L0920 .0 .19 6.3 .03 26 .6 .38
1660 6.6 .23 .27 .25 .27 6.3 02 .19 W2 W14 buh .05 .19 .36 .28
» A00 7 6.5 420 W27 W36 .32 6.5 J1 - .17 .2 .16 6.6 .03 .15 .27 Al
1000 6u6 .25 .30 W50 .26 6.5 .03 15 W19 .30 6.5 .2l W17 .25 .29
” 0O 6.6 W22 W26 W8 3L 6.6 .02 L1k WZL W28 6.5 .05 15 .30 .25
1000 | 68 .23 .22 .27 .23 6.7 WOk .12 2k .25 6.6 J06 W13 25 LA
- o 6 22 .21 .42 W39 6.7 .07 L1 W18 .19 6.7 .06 L9 .18 .24
1000 66 .23 .28 WZL k5 6.5 06 .15 .20 .20 6 .02 .12 .22 2T
s W00 6.5 18 .22 2L W3h 6.5 W09 .13 1T .25 6.5 JOk 415 .20 .30

1. Data represents the mesn of duplicate samples incubated at 20% moisture content.
Z. Hotation crons and sequence are presented on page 50
3, Kitrogen determined in a soil extract of 1% potassium chloride
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obtsined after uix weeka of 1ncubaticn fcr all three aampling
poriods. In genernl the aoil of the rirat sampling produeed

the largest amannts of soluble nitrcgen.
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DISCUSSION

In this axperimont qoil testing procedures were applied
to soll samples taken from rotation-fertiliger fleld experiments
at thelr lnitiatioﬁ and'after;aaven years of continuous exper-
imental treatment. 'Results of these soil analyses did no% re-
flect sufficlent deiiatibn'between treatments to account for
the large differences 1n yielda. Results of‘micrehldlbgical
testing procoduroa 1d not ahow coueluaive evicence as to dif-
feroncea in the nitrogen aupplying status of the exporimental
plots. Tiasuo testlng and foliar analysis utudioa were under-:
takon on the corn crop of theae field oxperiments in ‘en effort
to account for arop yields in terms of plant nutrient atatua.

Greonhouse and fiald experiments were undertsken to compare
tissvue teating and foliar anslysia as to precision in dctgcting
soillfortillzor trahtment;' Especlsl effort was macde to determlno
which portion of the plant is a relinblo 1nd1cator of 4t8 -nu-
trient status and to determine the time or a-mpling most . nuit-
able for these tesats.

fhe third functioning besal leaf was selected to 1indicate
the nﬁtrient’status of the plant dt the»tlneléfianmpling;'ﬁ~
This third functioning basal leaf may actually bde numericelly
the fourth, ritth, or even the aixth leaf, in csses of severe
deficiancy, from the base of the plant. By thli~mqthodzthoﬂ-<
"morphoibgioally homologous® leaves, described by Thomas (42)
as desirsble for Qggh an3dnd1yaie, sre approsched by disregerd-
ing thoﬁo basal lenvoa'whoao.phyniologica1~funetiona”nro dta:.

fected by severe necrosis resulting froulnutrient deticiéncy.
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The sheath of this sampled leaf was used in tissue tests and
the leaf vlade wes used 1n follar snalysis.

This selectlon was based on the fact thet duflclenciea
of nitrogen, phosphorus, and gptasaium affect a more rapid
senescence of older leav§af(8, 28). Such deficiencies are
related to a ehanée of nutrient status'a£ the 1nit1atibn'af

the reproductive phase {16}. These are ths seme basic con-

siderations given by Thomas (43, 44, 46) and Chubband Atkin-

son {6} 1in aeléctlng~§hgiportion of the gorn plant to use in
foliar snalysis. Tynétgdﬁd Hebb (49}, havaver5 usééfﬁhe alxth
basel leaf in taliariﬁﬁélyéis studles by.reason of ‘Ltai ease
in taxonomlice locationfandi;ts freedom from uevere;ﬁuﬁ#lent
deflcieney'neéroaia. " '

An investigation was carried out in the field on the
R. L. ‘Cook farm.comparing"tiaaudvtost&réaﬁlts of the third
functionin; basel lesf anc the lesf Just below the tassel.
The results qhoﬁedca lower content cof nitrates in the yourger

than ir the older tilssue but llttle cifference wae féﬁnd in

. the contents of phosphcrus and potessium. FEarrington (18] snd

Thomas (45) concluded from similar experiments thet meristem-
htle tissue was leass 1ndieative,of nutrient status than werse
mature leaves. |

| écekly tissuve tests were carried out on corn planta grown
in the field in order to fcollow the nutrient status of the
plants throughout the growing season. This sampling procedure
was adapted in en effort to overcome the objections to tissue

testing when 1ntorprétstlona of dats are bssed on only one or
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a few aampling.yeriads'such a3 that of Atkinson, et ai'(e} and
Drake (12). ' | | |

Because of the limiied’qmount of plant materinlfavatlaﬁle
for testing 1ﬁ~thewgrcénhonsé-experiments, the plants:ieré
sampled only once. These samples were taken when the blanta
were in full iaaiel‘an&:silk. The tissue test results were )
compared with>foilar analyaia of the same lear samples.

Data from both the graenremse gud fleld expofiments in-
dicate thst tissue tqg?@ng~ia a depondableﬂindientorqqg soil
fertilizer treatmentjtqiﬁﬁhe elements -nitrogen, phosphorus,
and potassium.'-kékin;oﬁ;:ét al'(zi*naing ?hopnpou'S'method

(a7 obtained simlilar results for nitrogen and pbtasaiﬁm but
nere‘unable‘té detoet:phosphorus fertilizer treatmsnhsiin'
thelr expefimenti.v~ | | | -

In this stndy the reésults of tissue tests for caleium

E 'and megnesium were 1ncomplet0 end inconclusive because the
| experirents were not designed for a detalled study of these
| olements. These results were incldental to the prlncipal.
i; portion of the 1nve§tigation.

Results of folisr snalysis of corn plants from the field

experimenta on the K. L. 6ook'farm indicated that the physio-
logical age at the time of sampling exerts considerable in-
fluence on leaf composition, even during the period doema@ 0@

critical for sampling by Tyner (48). This would indicate

R e S L L e SR R

that there must be a suitable and velld physiological basls,
other than visusl estimation, of obtaining follar samples if

interpretation is to be given practical consideration.
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It is proposed 1njthia 1nvestigation“that’green tisaue
testing be utilized for determining the period of sampling
for foliar analysis, fbﬁ~1nd1cat1ng possible 1limiting factors
in plant grdwth, and for subatantiating the iatarpratation of
anslytical results. |

Tiésue teats werg‘m#de on corn plants from oxééiiﬁentgl
plots of the'rotatioﬁ-tqrtllizer experiments on tha*?éédena
farm throughout the groviﬁg-aeaaena of 1947aaﬁd'1948.v}Theab
test results 1ndica£adftﬁat sufficient amounts of phqa?herua
and potassium were aigilnﬁle thfoughoub both growing seasons.
| Eitrate-teata~1ndicsteéﬁthat the nitrogen supply was the
1limiting fector 1n.éorn prdéuction’on these exporimonfhl plota
and that a sudden chasnge in nitrate eontent'teok>p1ace;dur1hg |
the period of flowering. All treatments did not flower on the
same. date nor 1s it to be expected thet all plants were physio-
1og;cg113 the same on different fertiliaer-ratation.plots on
eny one sampling date. However, it is obviocus that plnhﬁa'wlll
attain the,a&é&.phygiclogical atagevwithin‘a‘certain.heriod. |
The tissue tests Indicated that a eritical physiclogleal
stage of plant growth cocurs within the poriod frbm'the time
the most a&vanceé plants~began to form tassels until all plants
are in full tassel end- silk. | w

From these dats it wes evident that the more rapid the
‘disappesrance of aolublornitrate-nitrogen the lowsr was the
corn ytéld. This wes true'for both years 1nvoatigat¢d;:'-

" From the r&anlts of the tissue tests it might be ‘assumed

that corn ylelds on these experimental plots were & tuncticn




o,

ORISR

of nitrogen supply. To test the velldity of this conelusion,
the leaf samples collected within this eritical period were

- analyzed for content of total nitrogen. .It ghbuld‘be pointéd
out that this Brookstor scil has & relstively high fertility
level as compsred with other leading szricultural soils in
Kichigan (table 3j. o | ' |

Gor:elationé of total nitrogen content of leaf samples

and corn ylelds gave positlve coefficlents conaldered reliable

for two factor differentisl correlationa (29).

| The sssumption 1s mn&e from these datas thet this ccr-
relation is vglid»and thet corn ylelds in this experiment were
8 funetion of nitrogen sugply snd utilization. By this reason-
ing the follage samples having lesst regression from predicted
values for nitrogen content.yleld correlation were used for
analysis of total phosphorus, potassium, msgnesium end caleium.
Data:froﬁ‘theae analyses thus have l;hyaiological‘bnﬁih.ror
the application of such diagnostié'1nterpretationa as nutrient- .
element balence (38), critical element concentrations (80}, .

end intensity of nutrition {44). HNone of these interpretations

are attempted on the daté herein reported.

In sampling for foliar enslysis, Thomas (43, 44, 45)
sempled corn plants four times curing the gréwing‘saéson;
From these data ﬁa interprets the "course of nutrition" as
reflected‘by the smount of lons present, the concentrstions
of elements in relation to each other, and the chenges in
lesf composition at thé different sampling periods. Chubd
and Atkinson (8) sampledv00wn~§1antsntwlca within a five
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day period and 1nterpretéd the mean velue of the analytiscal
results in the mamner of Thomes (44). Tyner and ¥ebb (49)
sempled ecorn plants at four stages of development and found
e general decresse in the smount of eleﬁenta preaentiin the
Sampleé leaf with incresse in plant maturity.

The most general criticlsm of plant analyaié studles
hes been directed toward the 1nterpretatioﬁ}af analytieai
results (15, 41}. Shear et al (38) have Giscussed in detail
the critism for using leaf content of nitrogen alone 8s &
criterion of nutritional aﬁatua of plants. This inveétigation
does net take iasue iith this viewpoint, nor with that of
Thomas (42) who critizes tissue téating as a measure of element
scocumulation rather then utilization. This investigation
actually supports the methods snd ebncepta cf voth of these
workers by placing foliar anaiysis interpretation, as advanced.

by these investizators, on a more sound physiologlcal basis.
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SUMMARY

“The principal objective of this investigation was to meke
a comparative study of soil teats, follar snelysis, and plani
tiaau?~teats-for-indicating.the nutrient status of corn plants.

Greenhouse experiments were conducted in which plahta were
produced varying greatly in their nutrient status by gfowtng
them on soils of widely varying_fertility levels. A coﬁparison
of foliar snalysis and tisaue‘testlng~wée made on'corn, sampled
periodically through the growing season, grown under fleld
conditions. |

A partial chemicel analysis was made on soila taken rrom
rotationufertiliaer field experiments at the begluning and
‘after seven years of continuous,treatment. Plent tissue tests
end folier analyses were made on the 6orhAplants of these fiéld.
experlmaﬂta.during the growing soasonaA0f51947 and 1948, Soils
from'fheaé field blots'wore used for gréonhouae atudies and for
nitrificabion experimenta in the laboratory. ”

These studies may be summerized as follows:

‘1. Tiesue teating is a rellable method for datectlng soll
fertilizer treatments for.tbe elements of nitrogon, phouphorua,
and potassium on soil- typen varying widoly in physical gnd
chemical oharacteriatics.

2. A method for. dctorminiﬁ#‘manganaaowin fresh tissue was
found to give a reliable ‘inéloation of thé total manganese
present in the foliage of white bean plants.

‘3. The third functioning basal leaf of corn plants, as
used in the tissue tests end roliar‘anaiysea, was found to ‘be

a reliable lndicntér or“plant nutrient status.
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4. Soil analysis of samples taken from the fertilizer-
rotation field experiments at the begiﬁning end after seven
yesars of continuous experimental treahment did not ‘show dif&'
rerences suffioiently great to acconnt for the dirferences in
corn yields. ' ’

6. Experimenta with aoll from the’ fertilizsr-rotation
fleld experimental plota 1ndicated that the lovest yiolding
plots in the @iold were tomporarily capable of relatively
higher produetion ir glven treatment suitable for nltrato
production in the groenhouso. _

€. Laboratory experimenta measurlng the nitrirying ca-

pacity of aoll samples from the fleld oxperimontal plotn

‘indieated no concluaive evidgnce as to accumulation of aolu-

ble nitrogen eompounds.t“ | , o

7. Tiaaue tests throughout bwo growing seasons on theae
fertillzer-rotatlon fleld experiments indicated that nitrogen
1s the lin.ziﬁing‘fector-v in plent growth and thet e definite
change took place 1n the nitrogen status of plants with the
initietion of the flowering poriod. ’ 5 ,

8. Folier analyais for total nitrogen in Leaf samples
taken during the floverlng poriod indicated poeitivc cor-
relation with corn yielda.‘ '

9. The 1nterpretation of folier analyaia datn 1n terms

of tlssue test reaulta la propoaed. -




(1)

(2)

(3)
(4)
(51
(6)
(7)

(8)

(9)
(10

(11)

8.

LITERATERE CITED .

Assoclation of . Offioial Agricultural Chemists
1940 Official .and tentative methods. of analyais
Weshington, L. C. Fifth edition ..

Atkinson, H. J., Patry L. M., ana.ﬁright L. E
1944 Plant tissua testing, Sci. Agr. 24 437-442

' , and Levick, R, =
1948 FIhnt tissvue teatin& 111, Lffects of fartilizar
applicationa, Sci. Agr. 28- 223-228

: Bouyoucoa Ge Js

1936 - Directions for making mechanical analyaia of
solls gy the hydrometer method, Soil Sei. 42:
225-22

Brey, R. H. and Kurtz, L. T.
1945 Determination of total, organic, end avallsble
forms of . phoaphorus in soila Soil Sci. 59:
39-46 5 , ‘

uarOLuB, R. L. .
1938 Use of rspid chemical plant nutrient tests in
fertilizer deficiency diagnosis, Va. Truck Exp.
Sta. Bul. 98: 1531-1566

Chapmen, G. W.
1941 Leaf analyuia and plent nutrition, ‘Soil Soi.
62: 63-81 ‘

chubb W. 0. and Atklnaon, H. J. :
1948 "Plant tissue testing II: A study of the method
of foliar dlagnosis, Sci. Agr. 28: 48-50

Cook, R. L. and Lawton, Kirk
1944 A rapid laboratory method for bhe detection of
manganese in fresh plant tissue, Proc. Soll
Sel.. Soe. Amor. 82 327-528

’ Millﬁr, G E., und Robertaon, L. S. S

1946 Sugar beets in seven Michigan systems of crOp
rotation, Amer. Soc. Suger Beet Tech. Proc.
4th Genaral Heeting: 73-87 :

and ’
154 5" Plant nutrf nt deficiencloa dla&noaod by plant
symptoma, ‘tissue teats, snd soll tests (in press)




(12)

(13}

(14)

{(15)

{16)

(17)

(18

{19)

(20)

(21)

(22)

79.

Drake, H. ’
1944 Yutrient balance in corn by Purdue test Jour.
Amer. Soe. Agron. 36: 1-9
Emmert, E. .
1935 . Teats for nutrienta in conduetlng tissue as

indicators of nutritional at&tns, Proc. Amer.
Soc. Hort. Sel. 32: 68C4-609

Gillam, ¥e So
1941 A photometric method for the determination of

magnesium, Indus. gnd Engin. Chen. Analyt. Ed.
:132 498-501

Gooaall L W, and Gresory, F. G,

1947

Ghemical composition of plants as ‘an index of
their nutritionsl atatus, Tech. Communication
17, Imperial Bur. Hort. and Plant. Crops, 1.4.8B,
Fanglnia, Aberystwyth, ﬂalea :

l‘agory, F. G,

1937

¥ineral nutrition of plants, Ann. Rev. Elochem.
-6 B57-578 ‘

Hembidge, Grove; Editor

1541

Hunger signs in crops, Amer. Soc. Agron. andé
Hatl Fert. Aas., Waahin@ton, La Co

Earrington s Jo Fo

1944

Hester,
1841

Hoffer,

Some factors influencing the relliability of
plant tissue testing, Froc. Amer. Soc. Hort.

‘Sel. 45: 313-317

3. B.
3011 end plaent tests as alds in soll fertility
programs, Com. Fert. Yearbock: 31-39 :

Go Ho

183C (rev.) Teating corn stalks chomieallj for plant

Lagatu,
1924

Linder,
1944

food needs, Purdue Agr. Exp. Sta. Bull. 298

'H. and Eaumo, L.

Evolution remarguablement regullere de certaln
repports physiologiques dens les feullles de
la vigne bein glimentes, Compt. Rend. Acad.
Sel. 179: 792785

R. C.

Rapia nnalytical methods for some of the more
common inorgsnic constituents of plant tissues,
Plant Physiol. 19: 76-69




80

(23) Lnndegardh He ~ '
1943 Leaf. analyais es. a guide to aoil fortility,
Hature 151. 510-311
(24) Lynd, J. Q. and Turk' L. M.
1948 Overliming an. acid aandy soil Jour., Amer. Soc.
Agron. 40: 205-215

(25) ____ end . | ' o '

T 1548 Permnnent plnatic standards for soll and plasnt
tissue testing, Notes: Jour. Amer. Soc, Agron.
40 940-941

(26) Macy, P. : v :
1836 The quantltntive mineral nutrient requirements
of plants -Plant phyaiol. 11: 749-764 i

(27) Megistad, 0. G., Beitemeier, R. F., and Wilcox, L. V.
19456 Determination of soluble salts in solls, Soll
Sci 59: 65-78 :

(28) -Meyer B, S and Anuorson, D. B. an
- 1947 . Plent Physiology, D. Van Nostrand Co., Inc.
; ﬁew Yerk N. Y., hinth Printing y

(29) Mode, E. B o
1942 - The elements of atatistics, Prentice-Hall Ince.
‘New-York, N. Y.

(30) Naghtingale,'u. .
1942 Nitrate and carbohydrate reserves 1n relatlon to
nitrogen nutrltion of pineapple, Bot, Gaz. 103:

(31) Peech, ¥. and English L.'
) 1944 Rapid microchemical soil tests, %oil Sci. 57:
167-195 R .

(32) _____, etal '
1947 Methoda of soll analysis for soil-fertility
1nvest1gationa,.USDA Cir. 757

(33) . and Platenius, Hans ‘ |
' 543- - Tests of plants and acila, USDA Yearbook 583-551

(34 ) Piper, G. S. o : ' - o e S ]
S 1944 .So0il and plant analyaia, Intcrscienea“Pﬁblishers
Ine. Now York ‘N. Y. o




el.

(35) Robertson, L. S.
Unpublished data, Michlzan State Gollege,
East Lansing, kich15an : A

(36) Salter, Re Mo and Amea, 3. w. '
16268 Plant composition as a guide to available soll
nutrients, Jour. Amer. Soc., Agron. 20: 808-836

(37) Scarseth, G. W.
1943 Plant-tiaaue testing 1in diagnoala of the nutri-
;ional status of growing plants, 8011 B¢, 553
3-120 :

(38) Shear, G. B., Grane, H. L., and Myora, A. T.awLw
: 1646 ‘Nutrient-slement balance: A fundamental concept
‘ éngplant nutrition, Amer, Soc. Hort. Sel. 47:
39-2486 . o

(39) Shive, J. w. and Robbins, W. R.
1938 Methods of growing plents in solution and sand
. cultures, New Jerssy Agr. Exp. Sta. Bpl, 636

(40) Spurway C. Ho .
1544 Soil teating, a practical system of soil fer-
'£111ity dlagnosis, Mich. Agr. Exp. Sta. Teeh.
Bul. 152 (3rd rev.)

. (41) Thomna W. and Mack, W. B. |
a 1944 Hiaooncoptions relative to the method of foliar
E . ‘diegnosis, Amer. Soc. lHort. Sel. 44: 356-361 4

(42) .
1557 Fo liar dingnoala: principlea and prnctioo, Plnnt
Phyaiol. 12 571-599 _

b (43) and _

b' I§3§ "X foliar iagn sis atudy of the effect of nitrogen
‘oarriers on nutrition of Zea maize, Jour. Agr.
Rea. 693 303-313

(44) | and - '
. T 1930 5éntrol of crop nutrition by the method of foliar
s dia@o’ia' ) Paov Agr. Exp. Stea. B\ll. 578 ' o

(45) ‘ ‘
1643 Follar dingnosia in relation to plant nutrition
under Gdifferent weather end aoil roaction, So011l
~ Seld 563 197-212 B




(46)

(47}

{48)

{46}

{50)

{61}

(62)

8z,

1945 Present status of dia@nosls of minaral

‘reguirement nf»plants by leaf analysis, Sail
- Bei.: 59- 553-574 -

Thornton, B F., Connor, 8. D., and Fraaar, R. H.
1939 Use of repld chemicel tests on aoils and plaﬁss,
‘Purdue hgr.v£xp. Ste. Cir. 204

Tm&l‘, Eo H. N ‘
1646 The- relstion of corn ylelds to lcer nitr05en,
ph phoruc, and potassium content, Proc. So0il
Soc..Amnr. 11. 5175323 e

and Webb J. W. :
6 aelaticn of corn yleld to nutrient balance 1n
- leaf analyaia, Jour. Amer. Soc. Agron. 38:
173-185 : .

Ulrleb A. ‘
.1943 . Flent analysis 8S 8 6iagnost1c proce&ure, 8011
Sel. $5: 101-112

¥alkley, &.
1647 A critical examlnat*cn of a’rnpid mat‘cd ror
determining organic carbon in soiln, uoil Scl.
63 251-264

Yoder, R. E.
1836 A direct method of aggregate analysis and s study
of the physiecal nsture of erosfon losses, Jour.
Amer. 3cc. Agron. 28: 337-361




83,

B 4

™ - RSV —— N

Plate 1, The effests of various fertilizer treatuents on
the growth of corn plants at 8 weeks, first greenhouse
orop on Flainfield loamy send, Feniliaar srogtnents aret

S

Flate 2. The effects of various fertilizer treatments on
the growth of ocorn plants at 11 weeks, first greenhouse.
erop on Flainfield loomy send, Fertiilizer treatments are:
lnone, 2H, 8P, 4K, DHP 6 NK, B PH, 7 HPK,
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Plate 3. The effects of various fertiliger treatments om

growth of corn plants at 8 weeks, firat greenhouse crop on
Miami sandy locam. PFertilizer treatments are: 1 none, 2 N,
3P,4% 5 NP, 6 NK, 7 PK, 8 NPK., ‘

-
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Plate 4. The effects of various fertiligzer treatments on
growth of corn plants at 11 weeks, first greenhouse crop on
Miemi sendy loam. Fertilizer treatments are: 1 none, 2 N,
SP,4K, 6 NP, 6 NK, 7 PK, 8 NPK.
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- Plate 8§,  The effects of various fertilizer treptments on
growth of com plants at 8 weeks, firast greenhouse orep on
Conover sandy clay loem, Fertilizer trestments are: 1 none,

Plate 6., The eoffects of various fertilizer treatments on
growth of corn plante at 1l weeks, first greenhouse crop on
Conover gsandy cloy loam. Fertilizer trestments ere: 1 none,
2N, 3P, 4K, HSHP, 6NK, 7 PK, 8 NFE,




Plate 7. The effects of various fertilizer treatments on
growth of corn plants at 8 weeks, second greenhouse Orop.
~on Miami sandy loam, Fertiliszer treatments sre: 1 none,

2 R, 3P, 4 K. . . '
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Plate 8. The effects of varlous fertilizer treatments on
growth of corn plants at 8 weeks,  second greenhouse crop .
on Mieml sandy loam. Fertlllizer treatments are: 5 NP, 6 KK,

7 PK, 8 NPK.
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. Plate 9. The effects of various fertilizer treatments on
growth of corm plaents at 8 weeks, second greenhouse eropcon
Gonover sandy clay loam. Fertllizor treatments nros 5 ¥p,

6 KK, 7 PK, B NPK. C
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Flate 10, The orrecta ‘of various fertilizer treatments on

owth of corn plants at 8 weeks, sescond greenhouse crop on
Plainfield loamy sand. Fartilizer treatments ure: 1 nono,
6 NK, 7 PK, 8 NPK.
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Plate 11. The ef‘fecbs of variaus mn tmatmenm on the g\:mwth
of white bosan plants et B8 weeks, first greenhouse crop on Granby
sendy loam, Treatments ere: 1 none, 2 lime, 3 8043 % WPK,

e - —
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Plate 12. The effects of various soll trestments on the grovwth

of vhite besn nlante et 8 weeks, first mmhouse erop on Grenby

sandy loem., Treatments ave: 1 none, £ lime, 3 MnB04, c
Note the manganese deficiency symptoms on jars 1 and 2.
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Plate 13. The effects of various gsoll trestments on the
growth of white besn plants at 8 weeks, first gresniiouse
crop on Granby sandy losm. Treatmonte are: CK none, L 2 tons
CaCOgy, ¥n 500 1bs. EnS04, EFK 1000 1lbs. 10-20-20C per acre.
Kote the severe manganese delficiency symptoms on all plents
except those recelving the ¥n304 treatment.
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Plate 14. The effects of various soil treatments on the
growth of white bean plants at 8 weeks, second greenhouse
erop on Miami sendy loam. Treatments are: CK none, L 4 tons
CaCOy, ¥Mn 500 1lbs. MnSOy, NPK 1000 lbs. 10-20-20 per secre.
Note“the severe manganese toxiclty aymptoms where the Mn30,
was applied.
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Flate 15. The effects of an unbalanced nutrient
solution on growth of corn and white besn plents

at 8 weeks, See table 13 for treatments end ane
elytical results, .
'Note the magnesium deficiency. Qymptom:s on both plants.
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