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lBSTRACT

llalze (Zea mays L.) and yheat (Trltlcum aestlvum L.l plant
tlssue uas collected trom phosphorus fertility experinents at
tuo locatlons in 1985. Tuo sanples nere collecteil frou each

expcrlmental unlt and randonly etther ttozen lnmedlately
folloutng collectlon or stored and drled normally prlor to belng
analyzed for total P (HNOe-HClOr acid dlgest) and inorganlc P

(CH'COOH extract). Corn vas sanpled at the eight and tuelve
leaf stages and cheat at Feekes stage five. Freezing uas

accoupllshed uslng llguid X (yheat-Peetes stage flve) and dry
tct (corn-eight anit tuelve leaf stagesl. tnorgantc P uas found
to be greater rhen frozen at the tvelve leaf stage versus the
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conventlonal non freeztng procedure. Alternattvely, the
opposlte uas found for uheat at Feekes stage ftve. The freezlng
procedure ras found to lncrease the total p concentratlon for
both corn at the tyelve leaf stage and vheat at Feeles stage
[lve. Losses Of Coa rere expected ln the conventlonal non-

frozen saaples due to an lnduced leaf resplratlon (elght hours

frou the tlm sarples uere collected to the tlue they entered
the drylng oven) yhtch should have reduced dry velght anrl

subseguently lncreased concentratlon. Because thls uas not
found and slnce all other procedurcs enployed vere ldentlcal
other than freezlng, lt ls expected that p volatlllzatton losses
nust have occurred ln the non-frozen sanples for corn at the
tuelve leaf stage and yheat at Feeles stage five.

II{TRODUCTIOII

Accurate deternlnatlon of a glven nutrtent at the tlne of
'sanpllng ls essentlal In plant nutrlent uptake studles. Errols

assoclateal vlth plant sample analysls have been attrlbuted to
soll contanlnatlonao,r', drylng tenperatures..r...ao,l.,rt,
randon laboratory contanlnatlonao, arr grtndlng p!oceduresao,rr,
plant sauple decay prtor to analysls.," and lnitlal terrperature
storage prlor to dryingrt. The effect of dry vetght losses
uhlch result tn lncreased nutrlent concentratlon uhen expressed
on a tlry uelght basls has also been conslderedr!. Other yorlr

relatlve to tenperatures has indicated that organlc p conpounds

may be hyrlrolyzed upon heatlng thus affectlng pOr-p extractlon
by nethod of preparatlon.. Hlgh atnospherlc concentratlons of
COz have been shom to cause stonata to close thus inhibltlng
leaf reaplratlon.. Conslderlng all of these tactors, lt Dust be

assumed that ftnal prcdlctlcnr of concentratton ls a funcilon of

the cunulatlve errors tn clcn'preparatory phaser". Blas and or

ttlffertng accuracy lntroduced by nethod of preparatlon for corn

or vheat plant tlssuc could alter predlcted total P1 lnorganlc P
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and tinal uptale valuer. Thir could then lead to eltered
correlatlon and or lnterpretatlon ylth other caltbratlon
paraneters such as sotl test levels.

The obJectlve of thls erperlnent vas to deternlne the

ettect of treezlng plant tlssue laredlately tollovtng collcctton
on the concentratlons of total P and lnorganlc P and calculated
ugtake versus that of a conventlonal drylng procedurc.

@
Uheat (Trlttcun aestlvum L.l and corn (&t lIUl L.l plant

tlgsue vas collected fron phosphorus fertlllty experlucnts at
tuo locatlons ln 1985 and subjected to <llffercnt fteeze
procedures prlor to analysls. Plant sangles vere elther frozen

tm<llately after collectlon or storeil non-frozen prlor to betng

analyzed for total P and lnorganlc P. Iheat vas sanpled at
Fcekes stage 5 (Croy t,I., 1959. ll.S. ?hests. Oklahoma State

Unlversttyl at one locatton near luperlal, l{ebraska. Tro

rarples of thlrty plants (roots reloved after sanpllngl uere

taken frou each plot. After collectton, the tvo sanples fron
cach plot uere randouly elther ftozen or processeil

conventtonally (stored ln paper bags prtor to drying ln the

forcerl atr oven). Inttlal freeztng took glace by vrapplng

rangles ln aluntnun foll and dlpping lnto llgutd tl (-195C) for
oae nlnute. Frozen sanples yere alloved to thav and then re-
frozen ln a conventlonal freezer at -21C. Non'frozen sanples

uere ilrled ln an alr forced oven at 70C etght hours after
collectton. Ptozen sauples ycre drled tn thls Eare Dannet

tolloving the second freezlng.
Corn uas sanpled at the elght and trelve leaf stages fron a

P-ferttltty experlnent near Loup Clty, llcbraska. Btght utrolc

Dlants per ptot (roots remvedl and 10 of thc fully nost
ileveloped leaves vere collccted at thc ctght and tvelve lcaf
rtages respecttvely. lro sarples uere tatcn trou each plot, one

trozen uslng dry lce ln rColenan' coolers (apprortnately -?SCl
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and the other stored at amblent temperature (29C1 [n paper bags

prlor to drylng. At the tuelve leaf stage, the tvo plant

samples uere randomly cllpped to obtaln the sane lnitial vet

veights (+/- 0.59) before elther freezlng or not freezing.
Frozen samples fron the corn experlment uere also re-frozen at
-2lC ln a conventlonal freezer once thaued. After the second

freezing, plants uere alloved to thav and then drled in a torced

alr oven at 70C. llon-frozen samples uere drled ln the sane

nlnner after returnlng fron the field (eight hour period fron
the time sanples uere collected to the tine they uere entered in
the drylng oven - amblent temperature for the non-frozen samples

prior to drying uas approxinately 29C). Initial vet and dry
velghts vere not taken for yheat at Feekes stage flve or for
corn at the eight leaf stage.

0nce dry, both frozen and non-frozen samples vere ground to
pass a {O-Desh screen, and a 0.59 sample vas analyzed for total
P by HN0r-HCIOr acld dlgestlon excluding HzSOr acid and

developlng color by the vanadomolybdate proceduzer,'. AII
samples uere also analyzed for POr-P (inorganic P) on 0.29

sanples by shaklng ylth 50 mI of 0.34811 (2 percent) CHICOOH acid

at 25C for 30 minutes. Phosphate-phosphorus concentration uas

determined after filtration through ltratman No.2 paper using the

phosphomolybdate colorimetric procedure of tlurphy and Rileytt.
Uptake of P (total P and lnorganlc P) in corn at the tyelve

leaf stage vas determtned by nultlplylng concentratlon as

percent tines the dry ueight. These values are reported ln
grans.

RESULTS AID DISCUSSION

Total P ln frozen sanples of yheat talen at Feekes stage

five vas stgnlflcantly htgherl than ln non-frozen sanples (Table

11. ThIs vas also noted for corn at the tuelve leaf stage,
houever, no dtfferences tn total P concentration at the elght
leaf stage vere detected betveen the frozen and non-frozen
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TABLE 1
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[eansformalneffectvarlablesuhenfrozenandnon-frozen
ili"ir"""iited dlfferences from the analysis of variance nodel'

Var lable Frozen llon-frozen PR)F CV

LzL,

LzL,

LzL,

l2t ,
LaL,

LzL,/

9et Ue1ght, I
Dry leight, I
Total P, ug g-t
Inorganlc P, u9 9-'
I Inorganlc P

Total P UPtake, g

13{.3?

28.3?

2288.2

1t53. 3

64.2

0.055?

0.0t21

r13?.2

2r13.2

51. {

25r5.8

532.9

23. I

133.05

28.05

205E .2

1023.6

49.2

0.0585

0.0292

1583.3

218?.5

t1 .'l

2058.3

?81.8

3? .9

NS

NS

t

tt
ti
I

It

NS

NS

ils
tt

t
tt

22

12

15

18

l1
2L

23

11

L2

9

18

29

1l

12L, Inorganic P UPtake, g

8!, Total P, u9 9-a

8L, Inorganlc P, ug g-a

8[, t Inorganlc P

F5, Total P, u9 9-r
85, Inorganic P, ug 9-r
F5, t Inorganic P

babil itY levels 
-

respectivily. tls- not significant:- s!, l2L--:lllt.?:.1
leai stagesl corn, respeciively. F5. -Feekes stage five'
cv -coetiicient oi variation, percent' PR F-probabillty
greater F statlstlc.

tue!.ve
uheat.
ofa

l.

(.

sarrples. Relatlve lncreages tn total P concentratlon should

have been observed In the non-frozen sanples rlue to expected

losses of COu durtng an lnduced respiratton imnredlately

folloutng sampllngrt. The actual uountting or disruption of

plant tissue vhich uas evident for aII sanples taken (both

frozen and non-frozen - varlous folds of the leaves prlor to
storage tn the paper bags enployed) has becn regorted to greatly

stlnulate resplration'. Slnce concentratlon ls a tunctlon of

actual dry natter used and slnce P volatiltzatlon losses ilurlng

i^
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resplratron rrere not antrcrpated, rt ls difflcult to explain
these results. Hovever, It ls hypotheslzed that elther p
volatllrzatton losses vere slgnlftcant or that resprratron
substrates, adenostne rilphosphate and rnorganlc phosphate uere
abnornally consuned rn the non-frozen samples. Although not
slgnlflcant, total p ln non_frozen sanples at the elght leaf
stage vere sllghtly }arger than yhen frozen. preylous uork has
indicated that resptratlon rates are nuch hlgher ln younger
plant ttssuer. srnce uhole plants rere sanpled rntact at the
elght leaf stage (versus fully nost developed leaves - 12 reaf
stage), actual resprratron rates may vell have been greater for
thls sanpllng vhlch aid in explaining these results.

By use of the acetlc acrd extract, significant rncreases in
inorganic P vhen plant tissue uas frozen yere found for corn at
the tvelve leaf stage. Hovever, this uas not observed for corn
at the elght leaf stage or for yheat at Feekes stage flve. By
use of thc freezlng methoits enproyed, lt vas expected that the
vacuole uould be ruptured vhich is a knom storage house for
orthophosphate anlons thus rncreasing the dilute acld
extractable inorganic P foraBr,rrerteae. The calculated heat of
fteezLng vas not sufftclent to break carbon-carbon bonds thus
releaslng organlc p formsr.. Hoyever, rupturing of cell valIs
should have talen place vla the expanslon of vater upon
freezlng. rhlle thls apchanlsrr vas belreved to be responsrbre
for the lncreased rnorganlc p tn the frozen tvelve leaf stage
sanples, contrastlng results ln the yheat data are Dore
dlfflcult to explaln.

The percent of total p as lnorganlc p nas signlflcantly
hlgher for corn at the tvelve leaf stage vhen frozen conpared to
non-frozen (Table l). No dlfferences yere observed for the
percent of total f as lggr{antc p at the etght leat stage.
Alternatlvely, the percent of total p as lnorganlc p at Feeles
stagc flve vas grcater uhen non-frozen versus frozen. It ls
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lnterestlng to note that the percent of total P as tnorganlc P

ras nuch hlgher for the frozen sanples at the tvelve leaf stage

velsus that found at the elght leaf stage vhich is consistent

ulth prevlous vork docunenttng higher tnorganic P levels ln
older tlssuet. Alternatlvely, rhen non-ftozen, the percent of

total P as lnorganlc P uas vlrtually the saoe at the tvelve and

elght leaf stages (Table l). These data suggest a dynanic

change ln procedure on the anount of acetlc actd cxtractable P

as uell as dlfferences ln grovth stage anil crop sanpled.

Total P and lnorganlc P uptale values deterdned at the

tuelve leaf stage uere hlgher uhen frozen compared to non-frozen

(?able 11. ?he expected loss tn dry relght {C0z evolutlon ln

non-frozen sanples) and a subseguent tncrease ln concentratlon

should have balanced flnal predtctlons of uptake for total P and

tnorganlc P vhen non-frozen versus ftozen. Hovever, ilry and vet

relghts vere not slgnlflcantly dlfferent for non-frozen and

frozen samples vhlch further suggests that phosphorus

volatlltzation losses nay have been present tn the non-frozen

aanples. Uh1le only total P and lnorgantc P analysls uas lun on

these samples, lt ls of sone concern as to hou predlcted uptale

values for other elements vill be affected by freezing versus

non freezing.
Correlatlon, lntercepts and slopes for total P - lnorganlc

P regresslon eguatlons vhen frozen and non-frozen ale shom tn
Flgure 1. Previous vork has shom a hlgh correlatton betveen

the lnorgantc P and total P Droceduresar. Eecause of thls,
organlc P regresslon equatlons uere of tnterest based on sanple
preparation. For both corn sanples, lntercepts uere not
slgnlflcantly different yhen trozen versus non-frozen (Table 2).
Hovever, lntercepts cere found to be dttferent for uheat at
Peekes stage flve. For corn thts tndlcates that elther
procedure vas ylthln accurate ranges of estlaatlng total P vhen

lnorganlc P eguals zero. lhls also lndlcates that no blas yas

t
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TAETE 2

Dlfferences in slopes and intercepts for total P - inorgantc P

legresston eguatlons for frozen versus non-frozen corn and uheat
sanples.

Stage

Blght leaf
9ta9e, coln

lrelve leaf
Etage, corn

Feeles stage
flve, corn

F-calc PR>F t-calc
----- F l{SE ----- -- t slope

PR)F t-calc PR)P
- t tntercept-

l. 19

0.50

5.57

2,59

I .96

1.8?

tt 0.5{

1.87

0.15

tt

P04- P,

i

I

ii
r1

liiI

trtrtt- significant at 0.10, 0.05, and 0.01 probability leveIs
respectively. llS-not signlficant. PB>F-probabillty of a greater
statlstlc.

lntroduced into the estinate of lntercepts based on sanple

preparatton. For vheat, the opposite of this vas tound. lhe

non-frozen slope at the tvelve leaf stage vas significantly
'greater than vhen frozen. Thls slope dlfference recorded at the

tuelve }eaf stage leads to differences ln accuracy uhen

estlnatlng total P fron lnorganlc P derlved data. By freezlng
the plant tlssue, errols assoctatetl vlth total P predictlon
should be decreased due to the procerlural error lntroiluceil vhen

COa losses exlst. Correlatlon coefflctents vere sonevhat

luproved vhen non-frozen versus frozen vhlch posslbly suggests

that sanple preparatlon errors ln thts experimnt vere greater
rlen frozen (Flgure 1).

llo slgnlflcant dlfferences uere recoriled tn slopes at
clther the elght leaf stage or Peeles stagc flve for frozen
vergus non-frozen estlnates.
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tnalysts of varlance for naln effect vallables on uheat tlssue
raDples taken at Feekes stagc flve frou a nethod-ratc erperlBnt,
Irperlal, NB, 1985.

Source of varlatlon df TotaI
Phosphorus

Inorgantc
Phosphorusi

o

4'
IJ
oo
D
o
}.

l|

total
Eepl icatton
SangIe
BeptSauple (error al
tlethoil
Bate
xethodrRate
Sanplerllethod
SaugletRate
SanpIert{ethodrRate

Uror

trtr-slgnlficant at 0.05 and
ilt-ilegrees of fleedoD.

0.01 probablllty levels resPectlvely.

ltain eftect nodels are listed in Tables 3 and l. 0n only

one occaslon uas there a sanPle (nethoil of Preparatlon) by natn

ctlect varlable lnteractlon. Thts suggests that the

erpertnental tnterpretatlon of ferttllzer appllcatlon rrethods,

sources and rates engloyed ln these fteld trlals, vas not

affected by the nethod of sanPle preparatlon (freezlng versus

non freezlng). The exceptlon to thls vas found for Perccnt
uotsture at the trelve leaf stage, uhere frozen sanples shoueal

no atltferences vlth rates, shlle noisture levels rere hlgher for
the htgher P rate (18 vs 9 kg ha-l) vhen non-frozen. lhls could

lndlcate lorer resptratlon lates, Iess COe cvolutlon, decreased

ilry uelght losses anal subseguent louer Dotsturc levelg for non-
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frozen samples at the louer P rate. Alternatively, the field
observatlon of lncreased vegetatlve gronth at the high p rate
uas expected to lncrease nolsture leveIs. Unlortunately, tt is
difficult to explain uhy noisture levels vere the same yhen

frozen for'both P rates. Dry reights must have been

correspondlngly hlgher at the high p rate vhen frozen to account
for the IacI of dlfferences ln percent noisture.

Percent l{olsture, Tuelve teaf Stage, Coln

P rate, kg ha-l

FROZEN VERSUS NON.FROZEN SA}iPLE PREPARATIOIi

Freezlng ras expected to rupture the vacuole yhlch ts a knom

storage house for orthoghosphate anlons, therefore lncreastng
dllute acid extractable lnorgantc P forns. Ihlle thls yas ln
fact observed for corn at the tuelve leaf stage, yheat data at
Peekes stage flve dld not parallel this finding. Eguations for
the predlctton of total P uslng lnorganlc P uere slgnlficantly
altered by nethott of preparatlon, concelvably changtng

correlation utth yleltl anil or soll test data. The nethod of
preparatlon (frozen versus non-frozen) did not affect rank or

order of the other mln effect vartables lncludetl in these

expellments therefore lndtcatlng that frcezlng vould not affect
lnterpretatlon of the P tlssue analysis. Difterences ln
freezlng methods used ln this experlmnt (dry lce and ltquld ll)
uere not properly evaluated and ulll need further lnvestlgatlon.
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