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"

- Six Alberta soils, which ?ad varying rateﬁ of fertilg tivphas-
phorus applled to them for four or five years, were investighted to
det tmine if an accumulation of phosphorus occurred with tlme and to.
"see if crops could, utilize this "residual” phosphorus " Two years

after fertllization was terminateq 1n the field bulk soil samples

~ .

vere taken for laboratory and greenhouse studiesF Total phosphorus L
/ B

Nt

was determlned prlor to the- first greenhouse crop. Extroctable

]

7phosphorus ‘analyses were also done before the first greenhouse crop,

as well as after each greenhouse crop Dry matter yields of each of

the four greenhouse crops were taken and phosphorus content was
determlned on the plant materlal ri ‘ “.- { %

It was found that for all sites studied, extractable phospﬂorus
in the soil lncreased as a result of fertilizer phosphorus applica- ’
: tions over a numberfof years. This increase varied with the amount p

' _of phosphorus -applied as well as the type of soil It was also shorn

that the “re51dual" phosphorus which had been bullt up OVer time could

'be utilrzed by plants. Extractable phosphorus ip the soil and phos- S

-phorus in the plant showed a steady decrease with cropping. .
‘It was concluded that extractable phosphorus will be 1noreased
in most soils when fertilizer phosphorus is applied for a number of
. years at rates in excess of crop .removal. - The extent of extractable
- phosphorus bullt up depends, to a large extent. upon the amount of

phosphorus the so;l can "fix" or- render unavollable to plants. o

'Soils which ‘have high "fixing cqpacitles show small increases in

>.extractahle phosphorus over tine and require somewhat higher- rates of

fertilizer phosphorus than would low phosphorus 'fixlhg soils._‘
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while phosphonm is _acknowl dged a¥ bemg vexy important in

plant nutrltion, mlat:.vely small amounts (much 1ess than nitrogen

-

and potassmm) are taken up by plants. . Howevef, ‘due to” the low

: 2, "eff;cxency of phosphorus fertillzer, the anount of phosphorus
appl:.ed is smlar to. and often exceeds that of nitrogen fertili-

Q
zers. Qxe of the nost important reasons for this low efficiency is
the soil's, abq.hty to "fix" the fertllxzer phosphcmxs mto a
relat:wely unava.xlable fom which plants are unabl,e to utllize. The '
degree to vluch a soil can accaomplish tlus depends upon. a mnnber of
factors mclmhng PH, type of clay pr:esent. organic :natter content,

A\
s011 no:.sture and tenperature

A great deal of work has been done on the subject of phosphorus

.

Due ‘to .l.ts lack of mbxl:.ty. phosphoms is generally never 105t from :
the 5011 in any appmec;able amounts and should thexefore be mcreased

in the soil _when fert:.luer phosphorus is applied at rates exceeding '
ctop rewval. Theoret;cally tlns "residual phospboxus'\ should increasge :
- ovex time to such an exten' that eventually soils would need 6n1y
na:mtenance" amounts of fexta.uzer each year. However, the fate 'of?w
phosphorus m the sou is extzenely conplex and, as mentioned before,
"is sub_,ect to large nunbers of variations vh:.ch make it difficult to
pmed:.ct how fett;hzer phosphorus wJ.lJ. react when inttoduced into a
partu:ular Sojil.
Much of the \vork conceming availability of residual phosphoms .
has been carried out in the United States and relauvely little‘ work .
'has been done in Westetn Canada and &epecially Alberta Therefore,

P

this pmJect was mit:lated to study uhether or not*extractable phos- »

-



!

’pbm:us was increaseq in the soid a.fter a. mmber: of ygars ot phosphonxs

‘fertilization and whether crops were able to/ utillze any of this

residual" phospboms q . )
C , e
“.N""-/\\'\ \ ‘
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fﬁ’* 11 LI‘I’I*IRA"‘URE REVIEW a v
AR ¢
ihportdﬁce of phosphorus in plant nutrrtlon is attrlbuted to
P R
its effeqt on maturatlon of cereals. root growth, strength of straw

in cereal crops, disease re51stance, ﬁlawering and fruitlng,‘and

- . Y
general orop qualxty. Biochemically, it. is recognized as a constituent~

..of nuclelc acid, phytln and phospholzplds (Tlsdale and Nelson) A

N

"~ lack of this element may prevent o;her nutrients from belng taken up -

'\by plants The 1nterrelatlonsh1p be tween nltrogen and phosphorus has N
long been known, and prlor to extens;ve use of commercial fertlllzers, .
) “ & , s , .
" most of the sorl nltrogen was indirectly dependent upon the supply of . gg g

4
phosphorus, due to the 1nfluence of phosphorus on légnme growth

L
/

(Buckman and Brady 968)

Although phosphorus 1s very 1mportant to. crop productron.

plant requlrements and therefore erop removal is lower than for

o " ) N

-l nltrogen and potasslum, often belng only one thl!d or one quarter
that of the other “two elements (Buckman and Brady 1968). However, the
>'amount of fertf%izer phosphorus applied is’ frequently half that!of
'“"fertlllzer nltrogen. For. example, ‘the total tonnage of phosphorus
(P) sold is more than 45 percent of any. other fertlllzer nutrient
| '_ sold 1n the Unlted States (Buckman and~8rady 1968) . Ihis trend is
probablﬁ very srmalfi 1n Canada an&~ls certalnly true in the provinces

of Alberta. Saskatchewan and Manitoba (Robertson 1969) . CIt becomes

apparent that lf large auantrtles of phosphorus relative to nrtrogen‘

mnst be added to insure good crop growth, then eitrer the recovery of

the added phosphorus by the plants is low or a large percentage of it
- o . by

N is lost from the 5011 by other means.

Studies have shown that only a- fractlon of fertilizer phosphorua -
S8 o3 L A
i 5 o : |
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added to the.soxl is utlllzed by plar;ts (Campbell 1965 Leamer 1963, _

~

Soper and Racz 1967) when 26 pounds ‘PeIr acre of thSphorus was

[

added to the/éoii both Campbell and Leamer found that only 17 percen(;
\

- .
was u[ized by the crop in' the first /ear. Aft.er six years, less than

?

50 percent was utilig:zed by the crops: Soper amd Racz state that 20 eix* L

([

1

to 30 percent of the added phosphogus is utilized by the(plant; in the

- first year. S - ‘ '
\

. Several ways by which phosphorus mght b:) lost from the sox.(

'h"

-

“be suggested Leaching of soil §>hosphoms may be {ﬁortant infcoarse- . ©

textured so:.ls, or soxls high in organa.c mtter\@n and L: sen S
1

-

1963). However, because of the very limited mobxl:.ty of phosphorus -

w T

compounds. very 1itt1e downward movement of phosphutus is- thought to

occur .in most soils (Tisdele -and Nelson 196‘1 7ucknan and Brady 1968.

' Haclean ‘A I}, 1964, and Rich et al 1948) Rros:.on /c::ld also be a

very senous problem in areas of hl.gh ra.lznfall or high wmd vhén '

accompanied by poor soml management. Where ese fact.’or_s exlstp\

: erosion could be very senous beCause of the endency to rejnove ‘the

_

finest soil par 1cles hlghest :Ln\ nut:rients, mcluding phosphorus. _

' Although the problem is- undoubtedly sex::.ous in some axeas, it oould

- ~

not be conside d to be a factor when discussmg tbe uxuversal

inefficiency of phosphorus ferEll;zer. b i

’,

' .Another recently proposed mechanlsm of phOSphorus 1oss is. through

reduch:ion of phosphorus to phosphene, and hence, loss in the gaseous

©

form (Tsuboto 1959) Very little rese&rch has been conducted in thlS

. area, but it would be surprising 1f loss by this mechanism was EEO

normally s:l.gnlficant. More work is cbviously needed on this” subje&t

We ca:: tentatively conclude therefore, that not much p'ixosphom’s is

LA . - P 2 . o
¢ .
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: lost frqm the soil by leaching, erosion or in/gaseod‘s fo ' . ]< _

-If the fertllz.zer phosphorus cannot be recovered readily by
plaxms and is not being 1ost from the soil, then it%st be present
~-in the soil in- some "fixed" form vhich is less arvailable to plants. \
This ph0sphorus which 15 left dn the soil; is termed residual phos-
phoms and is present in arjious forms, The factors,whic¢h affect the
E fixation of. av( able pho&orus are therefore of some importance.
Several react:L{ns of the applied phosphorus wi%soil have been

proposed. \“

p
~

"?; W Feetors Affecting Phosphate Pixation L

4

The pH of the soil is indirectly an inportant factor in the
fixation of phosphorus. Some researchers (Benne et al 1936, _Teakler
1928, WJ.ley a.nd Gordon 1923 as cited by Allison 194:;) report that the

, fixation. of phosphates is mamly Que to calcimn when the pH is
'_lbgreater \o!ﬁan 6. 0. (Chang and Chu 1961) R however, denonstrated that
in soils of pH*S 3.« 7. 5, added soluble phosphorus \ras fixed mainly
by alununum followed by iron and calcium . Other: wotkezs, too ave
| proposed that alununum appears to be t:he dominant factor in phosphorus
_z:etention (Saini ‘and Maclean 1965, Bromfield 1964."and vulliams et al
"TSB), Wild (1950), on the other hand., showed that only at pH 1evels
- below 4.5 are any eppneoieb&e g;xnount:~ of "mn and aluminum. phosphates ‘
' 'formed There are . e 1arge nunber of mknown variables in soils which .
:’ma.ke it v:.rtua /;y impossible to accurately predict at what pH value, ,Jl'

specific re ctions stop and different reactions take over.

> (1960) proposed that phosphorus equilibri“a in soils could

:be represented by the following reaction. S o R _ _5'.*'2



Ca phosphate + ::} hydroxide -—->_: 2 i "hydroxide phosphate” + Ca hydraxide -

L4

' B
A shift to the lef\t

o1

&8s a result of an allgaline reaction and to
the right by an acid reaction. " In effect, Rat.hji refuses to attach a '
specific pH range where phosphate compounds haVe greater or lesser
solub: dity. His proposal appears to take into account the wide range

.- of varia.bles which affect both PH and phosphate solubility, variables
which apparently were not taken into account judging from the contra-
dictoxy results obtained by the workers in the pmvious paragraph
jas the specific pH values assigned by these workers are ignored J.t
becones apparent that there is little disagreenent among the results
obtained Other workers also appear to be in agzeement with Rathjl s
k- oposal (Sacki and Okamoto 1960, Bromfield 1965 Hsu 196.4,

. MacKenzie 1962). B R

- 2 The pH of the so;l solution has also been fog;\toﬂe a factor

: vith regard to plant uptake of phosphorus _ Maclean and ‘Cook (1955)
have shown - that the best uptake of native phosphorus by alfalfa :

-

. . occurred at a pH of 7.5. They foxﬁd that limmg the SOJ.l to- 6 5 or .

(3

7.0 gave maximu yields of alfalfa on soils where phosphorus vas

) ’. added. Others:have found that liming of acid soils tends to increase~
the. availability of phosphorus (Beater 1945, Dunn 1943, MacIntire and ;
Hatcher 1942, and Salter and Barnes 1935).f In contrast, Neller (1953
found that increasing the pH of acid soils.by liming did not increase .‘

) "the uptake| of phosphorus by yats and millet  The opposite results’

obtained by Maclean and Cook, and Neller may be partly explaine: by

] crop species as/ it is likely that types of crops play an important

role in determining phosphorus uptake. _

&
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" There appears to be 2 close relatmnslup between clay percentage
v
.and phosphate mtentim <(\ii].d 1950) - Olsen and Watawsbe (in Campbeil

1956) stated that to atta.m a given phosphate'concentration in the

~ /’ny. " soil solutlm, 3. 9 times as much phosphorus had to be added to a.

clay soil as’ for a2 fine sandy loam. They further stated that for
'every 10 percent mc\x‘ease in the clay content, an additxonal 22
pounds df phosphoms was zequired to obta:m an equal recovery by
' pans. Soper and Racz (1967) suggest that the phosphate fons may
. replaoe OH ions at the edge of clay lattices. OH lons associated
.\'\uth attt :ums at the cr:ystal edges, ox other ions held on poe;ltively
'chaxged Sites of elay pax:ticles. ‘I’he‘type of clay present, ag vell
as the amount:, appears to be of some iqoortance in this respect (De
1960, Stout as - cited by Allison 1943 uuson 1943, Kanwar 1962. and
Alexander 1967). Rawever, othexy workers have found little relat:.on-
A slup bet:ween phosphonxs fixation and clay cmtent (Franklin et al,

e

'1960, iulllams et al, 1958 and SQmi et al 1965). Sajni and Maclean-

(1965) are conv:moed that the role which has been attributed to clay '

I
is due to aCtJ.Ve almumnn, and possihly irm, vhich were associated

~with it. If so, the clay is therefore relegated to' an indirect,
g rather than d:.nect, role in phosphorus fixation. -
'rhe organjc: uattez orx humus oo‘ntent of the soil 1s effective
m decreasa.ng the. anount of fixatiou of phosphotns SQme wrkers ‘
have shoun increased fixat:mn with the renoval of humxs from the soil
(De 1961, Dunn 1943)‘ De (1961) believes that the hmms pattially
saturates ‘the seoondary valences of the :dnetal lattiees and . thereby

_ ceuents the soil. particles together. 'rhe resulting reduction in

/gurtace avea causes a redw:tion in phosphom fixatim. Many

..!Qo

©



R organic substances cammonly found in goils are yery effectiverin

' preventing the precipitation of phosphate by iron and aluminum between -

pH values of 3.0 0 9.0 (struthers and Sieling 1950, and Swensen 1949) .

Others state that various fixed phosphate substances are readily :
broken down by the action of organic substances thereby releasing
phosphozus for plant uptake (Mattson as cited by uaas and Bentley

1946) Saini and Maclean (1965). however, have suggested that organic

matter may increase phosphorus retention through a direct combination

s

of organic matter and phosphorus They go on to say, however. that
" a more plausible efplanation for phosphorus retention by organic
. maé§er is aluminum'associated with the organic mattex and not by the

oxganic matter itself ~

Microbial activity may also result in innobilization of soil
phosphorus. iAlexander (1961) stated that phosphorus may be both
' mineralized and’ immobilized, depending upen the petcentage of phos~
phorus in the plant. residues undergoing decay and the putrient

xequirements of the responsible population. Consequently. in the

decomposition of substrates poor in phosphorus, a portion of the &

available nutrient supply may be inmobilized fron the surroundings.
Several other factors have been ixplicated in phosphorus

. retention. The percentage of moistuxe in the soil may affect the

tate of transformation of the more soluble Al—phosphates to the

relatively insoluble Fe—phosphates (Chang and Chu 1961) The higher :

the moisture contont. the faster is the’transfoxnation process. Other

woxkors have sh differen £ixation cqpacities of the soil dependingt

/ on "the tenperature (Muljade 1966) The addition of some salts.

4

especially sodium salts, may inczeasa the solubility of calcium '



phosphate (mld 1950, Tobia et al 1964 and Soper apd Baoz 1967).
soper and ‘Racz have shown that the inorganic phosphorus compounds
which form in the soil, detenm.ne to a large degree{ the avallability
of the epplied phosphorus In the provinces of Western C:anade. the
main a.norganlc phosphorus oompounds foxmed are of calcium and mag—-
nesjium, Compounds such as CaHPo4-2H20 and ugxpo,; 3H30 are relatively
soluble and could therefore provxde relatiVely large amounts of -
phosphorts to plants‘ Qther phosphate oompounds such as Ca4H(PO4)3-
3H0~and Calo (P04)5 (OH) 2 are Very lnsoluble and would therefore prov-lde
little in t.he way of phosphorus to the plants. Sowe workers state
vthat: fert:.hzer phosphate remains available for sou$ time in the soil |
(Séper and E1 Bagouri 1964 and Spratt and MoCurdy 1366). h general |
" ohd Slow transformation of the more soluble. phoaphates to the insol~
uble phosphates undoubtedly takes place (Luxdsay and Stephensen 1959) =

" B. Residuol Phosphoms stud:.es

Residual phosphorus is present in nearly all sails to a qreater B
kor 1es.«aex degree. dependuzg on. the emoum:s of ‘(ertihzer previously
| added. 'mere have been few studies on residual phoaphorus in Western ‘
Canada and therefore the time ovez which thzs residnal phosphorus is

(o
xeleased and ther:eby benefloxal to suoceeding cropa is not well known

Ridley and Hedlln (1962) conduoted a study on'a long tem rota—:
tim experxment to wha.ch phosphorus had been added for 38 years. W‘ S

'I’hey found that the total inorganio and extractablo phosphorus content :

of the so:.l was mcreased while the orqanio phosphoz'us ftaotion was.
not affeoted. The expez:ment was set—up using 4 year rotations of
fallov, wheat, corn. and barley. 'Ihe phoaphorus was applied once

" during the rotata.on, prior to seeding vheat dn the seoond yeaxr of



the mtation. They found a phosphorus tesponse in the fu:st crop
(wheat) but no msxdnal effects on succeeding .CYOpS. T_lu_s appears

strange when ane views the results they tabnlated fter 38 years of

adding plwsphorus (ance evexy 4 years) they show

‘ higher rates of phosphorus. Values this high should certainly show
some residual effects on succeedxng crops. Howevet, it; wust be noted’
that’ Sopet and Racz (1967), m citing vozk,by Do'udlty ei‘al (1954)
‘Newton\ »e_t al (;945) « and Remue and HcKercher (1.959) » ccncurmd tn.th

o R.idley and Bedlin in : t llttle cmp response to phosphorus is found

| : vexcept in the year applied. } | |
\ Dawley (1965) qdmucted a study on residual pbqsphorus usmg a
silty clay loam in Saskatchewan. The soil had received 20 kg P/ha for

' 7 years nlule in. pastute | The fertllxzed pasture d:.d not respond to

| '”‘t,‘.he fettilizez phosphorus (Cooke et al). Dawley shwed, however, that‘ ;

' tex the pasture vas, plcmed up and barley sovn. the resxdual phos-

Onxs mcxeased y.IEIds. Be suggested that the bmadcast thsphows
was not avaxlab),e to the hay. hut becane Available to the batley roots
“[ when nixed u:to the suxface soil. - = o o

nuch work has been dane on zesxdual phosphoms m the Un.xted

New Haxico (Leamer 1963) » and Oregon (Buntet et a1 1961) <« aly thtee

soils veze calcamous and were on irtigated so:.ls T A 6 yeaz mtatmn

kg/ha applied at the beg g of &e‘mthuon. In ul 3 ezgperixaents.

exop yields were mcmased

the yields bemg pzoporti al to the p:evious rate of phosphbzus |

_ States. sinilar expennants were mdertaken in uoutana (Cambell 1965) ,'

a msult of msxdual phosphotus \!ptake: T

10

vas used with pbosphoms ®) rates of 0. 29 1, 58.2 117. 6. aud 235 2 0 -



eplied. N
Other workers (Peck et al 1965, &xt:ton and La.mn 1963, nntton
a.nd Robertson 1961, Weeks and I‘Llllex' 1948, Salamop and Smith 1956
Prince 1953, Rxch et al 1948 Rubins 1953 Smith 1857. warxen 1956.
- Webb and Pesek 1954 NOschler et al 1957 Ensuingex 1960 and Olsen’
]

et al 1954), while conducting stud;es on. dryland seils in d).fferent'

?eas of the Umted States also reported a sigrufimt yield nesponse
to residual phosphorus s:unilax results have been teported by !

‘workers in various other eomtries. (Giskin et}}u 1973. BRughes and
Searle 1964 Mattmgly 1963, Piper and DeVries 1964, Simpsaon 1963.
Boswmkle 1961. a.ncT McAulef&et al 1951). R . - .

‘ Although the large majonty of workers repott innite yield |
increases from res;dual phosphorus in the soil, .the length of timev
maximum yields can be. maintained a.fter pho$phorns amlications are
temnated Qiffer somem;\ Some vorkers have repotted maximum or.

: - hear maxmmn yields for at least 16 yeats after pbosphorus fertili-

| zat:.on vas dlscontmued (stkm et’ al 1973). Othexa have reported
maximum ylelds foz 5 years after phosg:homs fercf{\lmti.on was teminated
How long maxmm yxelds will be mainta:.ned Qepends Qon the lenqth of
ume yhosphoms fertxlizex 15 applxe_g, ratee of t’ettilizex applied. :
"fixing capa.c.lty of the. so11, moxsture content, teweratum and othér}(
soil and weathex factors‘ Same workezs contend that the type of

: ferta.lizer appl:.ed makes a di.ffexence in the residnal effect#of the
phosphorus Boswm‘kle (1961) showed that the zeaihl affects of
superphosphate were gxeater than rock phoshate when qppl:led at the _
same rate. However, others have shovn that supezphuphate mcxeaaed

- f yields over xock phosphate initially. but the msihl effect of the

1



o soil types. and climatic cfnditionss

- rock phosphate was greater cDell et al 1960). AMattJngly (1964) s
showed that where eqUal amounts of phosphate was added as super and
rock, the superphosphate increased total and NaBC03 extractable
'phosphate while the rock phnsphate increased ‘total P but not the n
Nanco3 - extractable phosphate. after 3 years. however. total and
Naﬂco3 - extractable phosphate values wexe very similar for the tuo
SQﬁr;:eﬁ .

Spratt and McCurdy (1966), working with a. clay chernozem, found
that even vith high resiqual phcsphorus values, maxizmmm Ylelds will
not he attained without the additlon of some fert1lizer phosphorus
with the seed. They contend that in the eazly sprlng, when the soil
1s)c§1a. naxive phosphorus is not zeadily available and the needs of
.’the seedlings are high, The fertxllzer phosphorus, which is readlly
"available and in close proxlmity w1th the seeqd, is readlly utilized. ;)

They term thxs av"staxter effect" whlch they claim is. ev;&ent regaxd‘v
less of the leVel of aVailable soil phosphorus~' ' |

| _C., Concluslons . e  ' -7

When fertxlizer phosphotus 8 added to the so;l f;xatlon of the

.majority of ava;lable phosphotus ;nto relat;vely unava;lahle forms

~ usually takes place.' The process may be very fast oxr may take several
months depending ob the type of 5081 and vaxious other factors. The_

’xelease of this- fixed feztilizer phosphoxus over txne may prov1de :

.0
'.available phospharvs to plants after fertxlxzation has been texmxnated.
This is termed available :esidual phosphorus and 1ts lmportance is
‘ vpotentially high., The pnnbégys,vhowever, are many and’ vary thh the‘.

~ -

Although a large nunbet of studies have been: undertaken w1th .



¢

zesidual phosphorus, few of these studles have'been 1n1t1ated in

Hestern Canada. Many of those stud;es which have been carrled out

3

appear to agree that phosphorus fertllxzatlon over time does increase
re51dual phosphorus ‘and the beneflt to subsequent cxops is sign1f1aant
However, because the numbers of studles are few, we lack sufficient

3

data which would enable us to form deflnlte conclu51ons regarding

¥

nesxdual phosphorus in Hestern Canada. whether :es1dual phosphorus -

.

exists in Alberta soils and whgther crops will benefit from it will

il
b

therefore be the aim of this study.

e
&

3
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1% MATERIALS AND MRTHODS =

A. Backqtound Material 

In 1964 a detadleQ study was initiated to evaluate the effacts
~ oo barley y;elds of fertilizer and soil nitrogen, phosphorus, and
potassium. “so0il wacer and some climatic factors were also J.ncluded
in tlus study ' Initially. twoChemozemc soxls (sites 01 and 21)
,7 ‘weye used and in 1965 four additlonal s:.tes (3 Luvisols and 1 Cherno—
zem) were added. begal locations and soil classifications are g-‘van '
v in Table 1. Particle size unalys&’ using the pipette method were -
reported by Heapy (1971} for the sxx sn:ea and are also smmnarlzed in
l‘T&ﬂel. - | “
Phosphoms rates of O. 13, 27, 40 and 54 kg/ha were appl:.ed in
: combinatlon with 5 rates of n;trogen and potasswm usma a centkal |
" composite design (Table 2).. ’rhe test crop was Gma?gp 63 barley. The |
grcin vas haxvest&d from the su:es and a 9traw appucation equallmg

the mmt zemoved was retumed to the soil. the 1968 crop the

‘fertilizer appl;eatxons were tenn.mated. b\g:

ait:es.

In. the spxmg of 1971, two years aftex fertllxzatwn was tezmnated.

bulk’ sanples of the 0~15 .. depth were taken to repzesen‘:}each of the N

'.‘five phospndiﬁsvlevals at the six sites (Table 2. Note that- tHe ploZ; '
| - receiving the 0. 27 and 54 kg P/ha P had xececlved o nitrdqen durmg
~ tha 1964 - 1968wperiod while the 13 and 40 kg/ha plots also tece:.ved

34 ryq- N/ha in additicn to phosphoxus (Table 2). RNote also that of the )

tiva pxevious phvssphorus treatmnts Sampled. only four vere chosen for

) - : e ©

;-
/



. Site details and classification of soils used in vesidual phoSbhorus

. TABLE 1

studies,
/ : Sand* Silt* Clay* Textural  Soil
Site lLegal location-. % . % K ' Class Classification
01  NB-24-51-25-4 = 24 46 30  Clay loam Othic Black
: : . | ‘ ’ - Chernozem.
03 SE~28-52-21-4 38 44 18  Loam Orthic Gray
SR : E ' o Lavisol
105 SE~11-54-22~4° 38 36 26  Loam " Eluviated Black
‘ L . , ' . . Chernozem
21 WE~24-40-27-4 57 25 18  Sandy loam Eluviated Black
N R f S . : ’ Chernozem -
|23 NW-29-41-23-4 44 44 12 Sandy loam Orthic Gray
R S o K © Luvisol
25 NW-21-42-23-4° 44 . 47 9  Sandy loam Orthic Gray
* Particle size analyses for 0 ~ 15 cm depth

15
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Central mpos‘}t:e desxgn show:mg nitxogen, phosphorus and potassmm
“tyeatments apphed in the field from 1964 ~ 1968 S

.

. ' .
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. . . .
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~

the greenhouse 'study (Q, 13, 27 and'54 kg/ha). It vas thought that -

the maximum pzact:.cal epphcation rate for fazmers uould be the 27 kgm,
P and thus- only one higher rate, the 54 kg rate, was included egaihst '
which the other .three previous phosphorus rates (0. 13 and 27 kg/ha)'

could be compared, ?A

ck of space in the greenhouse also helped in
7 )

'decldz.'ng'agamst the u of the 40 kg rate.

T_he semples werﬂ en by digglng fuxxows 15 (s ) deep acxoss each

| of the plots._ Thesa samples were then passed thzouﬁn a 0.5 em screen -
and thoroughly mixed. stones, straw and other debtis were discarded

A small xepresentative subsample of appmximately ane&\ilogram in size
was taken from each of the 1arger )bulk samples. , %e subsamples were
furthex- crushed to pass through a two mn screen end used for physxcal .

] and chenucal analyses .

"B, Laboratory and Greenhouse Work:

stng the- bulk semples collected in 1971, a qreenhouse study ‘vas |

'initleted ' The reason for thls study vas to detemine to what axtent 5
. _ preVlously eppl:.ed phosphorus fertllizet jgxcxeased the phosphoms

_ 1evels in the S}Oll and to what extent greenhouse cmps would benefit \»,
‘from the resxdual phosphoxus. Laboratory analySes. such as extra.ctable
and- total phosphorus in t:he soil, end plam: phosphoms as Vell as
‘continual cropping in the. greenhouse, were used to show the changing
_ phosphorus status. in the so:Ll and the effect this bad on the oonseeu' |
.tlve crops. It was further hoped that the st:ady would show the xn:lnimm
‘concentxatmn of extracteble phosphorus for: each sodl vmich eould |
: proauce maxi.muxg erop yields.'

' Soils froxn each of ‘the four previous phosphoms treatments ftom -

"each of the six sxtes were -useq in the gx-eenhvuse e:perimnt. 'rhese

o



24 treatments were arryf«jed in a randqmized block da:aign thn three
1

replxcates. Each treatment consisted of.a pan‘ of pots located side

v by side, one pot receivmg no furthar phos addxtums. the other

; receiving phosphoms at the coxmeneement Q ch gteenhouse crop\
Thus, the effect of the previous 3 treatments on/ the vaxious sites

could be evaluated in three ways: - S 3

: . o . @
1 (1) yield of the.pot which received no further phosphorus -
additions in the 'greenhouse 4 ’

<4 L . . v !

7 (2) increase in vleld vhen phosphorus was. ‘added in the

: . greenhouse; i.e. the difference in yields for the 0
- and plus phosphorus Yates

(3) - the xelative yleld i.e. (the yield of bhe pot with 0
phosphorus)/ (vield of the pot wi.th ada phosphows)

Each of the pots contained 1100 gms (mn basis) of sml.i
‘I‘wo phosphorus rates (Q and. 30 ppm P as KHZ904) were appl:.ed in the
greenhouse to the «foux previous treatment:s N:ltroglm (100 ppm“n as
NH4NO3 and (NH4)2504). potassmm (60 ppa as kﬂgPo4 and stoq. and
;-sulfur (30 ppm ‘as l(2804 and (NH4)2504)) vere applwd to all pqts.
':‘Thé four nutnam:s wexe ‘applieqd in solutxon :Eom ux a band slxghtly :

: beneath the seeds Szx barley seeds (Galt for ‘the nrst cx[op. and
h'olli for the remainder) vexe planted and thmned to tnree seedlwgs A

after emergence. : smla molsture was aonmlled by wexghmg and

‘wateri,ng the por,s tq 1/3 atm. Fou:r cmsecutxve gmenhouse c,rops

: were run over a pexiod- of 9 ~ 10 months.' 'I‘he fixst crop oomenOed in

the middle of October and cont:imxecl to Dec&nber 1st, 1972. .The

'second crop canmmeed Dece,nber zom and xan until the fust week: of

- Pebruary, 1973 'I'he third emp \:ent from March st to April 15th and {'4' :

the f.ourth crop went frvm Hay‘lst nntil June 15th. 1973. Betmn _‘ .

- each crop the soil was allowed to air dxy in the pot A soii sampla v

18



. experiments as wany roots as possa,ble were retumed to each pot.

- J !
. was taker for deterxrn nat;on of extracta.hle phosphorus The remaining
- _ soxl was then passed thz augh a o, 5 (=] screen, nuxed, returned to the
"saane pot..and reseeded . After the fa.rst crop. the roots were mostly ;
discarded when the 8011 was passed through the screen. In 1ater
'rotal phosphoms, extractable phosphorus by tvo methods (Hiller
and Axley (1956) ond Olsen (1954)) and pH of the soil were measured
‘ »pnor to the f;xst greenhouse experiment 'Kt‘ter each of the four

v “ _
“greenhouse exper:.ments exttactable phosphorus was neasured by the. -

o Miller and Axley method only. “The dried plant materi’al froun each of’

t:he experments was: gtound to pass through a 20 mesh screen. Phosphorus -

content was then determ:.ned on thls material

A all analyses done inh this study were in duplicate and average '

P

: valuos recorded .

¥

'c, MethOds of Chemical Analyses

o

('I'he pH of the ;m.tial samples was detennined using the standard
'paste method. T“—rfl phosphorus was extracted by a uet digestion o
.procedure as outl;ned by Pawluk (1967) . except that e sample ‘was ..
J.gmted at 600° C ‘instead of 900" c. 'I'he procedure is described in '} _
Appendix A-l. Phosphorus 111 the extract was determined by the ascorbic
'ac1d-redue'ed moly&iophosphoric blue color x*ethod in sto4 system \
(Wetenabe and Olsen 1965) /38 outlined in Appendix A-z. Phosphorus
was. extracted by the Miller ana Axley (1956) (0.03 X nm,r and 0. 015 "

. azso4), and Olsen (1954)" (0.5 A NaHC03) methoqs, except that’ the -
. ascorbic acid'-reduced molybdophosphorlo blue color method in 2804
' 'system was. used for the colorimetric determinetion of phosphorus " .'

L

(%?e }\ppendlx a-2). 'I‘he phosphows oontent of the plant mterial was

-

19



. ./, l, ., N '\0 ‘
’ /
detemined following diqestion in perchloxac acid (Isaac and. Kerber
1971) as out{\%d in Appendu: A-3,

‘ o A

20



' greenhoase expernnent showed a slight J.nerease as the previous P

wthesoalvouldappeartobevexylw._

Y NS | m:suws AND DISCUSSION

RS

/

:me smls used in tlns smdy,‘were taken from f;eld plots wlucn

had xecevred various rates. of pbosphorus fertilizer for four ox f:we

. years .‘" The phosphoms applicatmns vere tennmated and two czops of
harley«éroan befaore the samples were: taken. , attempted to evalnate
. resjidual phosphorus in the sail by chemical methods: and plant gtowth

A. Residual Effeet as Revealed by Chenucal Anales '

R !l‘otal P‘hospbotus |

The total. phosphozus coutent of the so:.ls prioz to the fu-st -

rates lnereased from 0~S4 kg/bav (Table 3)» In most instances an A
mcrease occumd benveen the 0 and 27 kq rates and in all instances

hev.reen the 27 and 54 kg rates. Betveen the 0 and 13 kg rates and the

13 and_ 27 kg rates, little or no mcxease is evz.&ent.

p

‘I:he fact that there is 11ttle evxdenne of resmnal effect at the

13 4 or even 26.8 rates is pazt:ly explained by the pr:ecm:.qn of the

the average total phosphcﬁs values fzeqnently repzesent tvo valueg
vazyuxg by 25 ta’s0 ppm._ The lmer xates of phosphorns added expressed’
'aspmandd:.sreqardmgempuptake, were of theozrlerofzs toSOpm.

Heuce, the sensxmv;ty of th;s method far detecting residual phospborus:

~

i

"det:emmat;ou relat;ve to the amount of phosphoms added. Por exauple., f ‘

Although prekus phosphoms txeatments had lit:tle effect on the .

'. wtal phospborus. ‘there 19 a very clem: differenoe in total phosphotus

 and 21) ‘have very uuch higher total phosphotus values than’ tbe thyee g

,Lu\nsohc soxls. : will be seen lat.er hovever, the high total ﬁﬁw

.’ \‘

va-ongst the d:.fferent soils 'B\e thzee Chemozemxc soils (site 01, 05

A



v. . .. 4‘\ i ‘9
N » \P TABLE 3
Total phosphorus: (ppin) ow the sbil samples prior to the first greeu~
house experiment. e » ' ' '

(Average of 2 determinations).

Previous P I

(kg/ha) 01 .03 05 =21 23 25 Average
o | 780 260 830 835 480 . 575 623
3¢ | 760 270 920" 725 5000 600 630
277 | 775 285 840 885 590 . 615 665
) 840 520 895 975 625 650 . 750
" aversge | 789 3% 871 ' sss s e 1



: phozus in the soils does not mean a higher plant extrectable phosphorus:'

1n fact, in these soxls the relationshxp tends to be inVerse.

.';
2 Extractable Phosphorus

There was a defznlte increase in extractable P at all sites as a

result of addlng phosphorus fertilizers for seVeral years’ (Figerl~3,4

: upper curve, and Appendlx a-5). Usuelly the extractable ‘phosphor S

1evels 1ncreased as the previous phosphorus pplzcations increased
from 0 to 54 kg/ha/yr. Fuxther, the gxeat st invreases were observed
for the: s;tes (21, 23, .25) whrch were originally highest in. extraotable
phosphorus\‘ (Appendlx ArS)
aouever, whzle a general increase in extractable phosphorus
'occurred for all sites, 11ttle or no increase was. hoted between the -
" 0 and 13. kg/ha rate of previously applled phosphorus In fact, in
| SOMe instances. a sllght decrease occurted The reason for this mey bec
' fthat when the previous phoephorus fertillzer applications occurred. ho.
'nitrogen w&s applied to the plots receiving the 0, 27 and 54 kg/ha :
» retes of phosphorus whereas the plots which recexved ‘the 13 kg/ha |
retes also received 34 kg of nitrogeh (Table 2). This added nitrogen
’ mey have lnczeased crop uptake of applied P to the extent where the
’extractable phosphorus in the soil did not increase. ‘ |
Extractable phosphorus in the soil prior to the lst greenhouse
.’orop vas measured by the Miller and Axley (1956) and Olsen (1954)
'vmethods (Fiq. 4 and Appendix A~6). a high correlation (r=0.90) vas

found betueen the results of the . two methods and it was therefoze

~ decided to use only the Miller and Axley method for all remaining

"determihatxons of- extractable phosphorus The high cozrelation between .

" tha. two methods was also found hy Robertaan et al (1968) aﬂd ONahwar

23
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Q971).

: Hith each successzve greéenhouse crop, there was a oeneral
decnease in extxactable phosphorus for all 31tes and ali previous
vphospho_rus treatments. ,'rlns relat;onship showed particulaz:ly well |
for site 23; fox each succeeding crop there was a nearly parallel .
decrease in’ extxactable ‘phosphorus. The other sites showed s;nuleu:
trends but w;th exceptions. .the main one bemg for site 21. For the
_second greenhouse expen.ment, an extractable phosphorus value of 16.2
ppm. ‘'was recorded for the soil previously receivmg phosphoms at 54
: .kg/ha. 'l'he value is. obviously anomalous (mguxe 2 - bottom) and
must heve resulted from a samphng error. Unfottunately. by the time- '
this va]:ue was obtained, the thu:d greenhouse CYop was in progress :
and a duplicate s011 sanple could not be taken.

For: thxee sxtes (01, 03 OS), the extracteble ph,osphorus 1eve1

'. was reduced by the end of the fourth crop to a sinular level of about
S~ 10 ppm for nearly all the previous phosphorus rates. For s:.tes 21,
‘23 and 25, ‘the extractable phosphorus levels hed not been reduced to ‘
this level, presmably beca#se of. thejir initially’ h1gher values. WJ.th
furthet croppxng 11: is probable that the soxls of these three sltes
('21. 23, and 25) would also reach extractable phosphorus values of
,~apg§oximate1y 5 ppm.. |

Ne can see then that phosphorus additjicis tj a soil over several

" The éxtent to whlch the

extreeta.ble lJevels are increased by phosphorusbvf)erullzat;on J.S

‘. appaxently rela.ted t:o both rate of pbosphozus addatxons and

11
w

" properties. The extractable phosphorus is in turn removed by

,Ih%extractable phosphorus which 1s R AT




°

increaseq by fertilization and later yemoved by crcps can be referred \

to as residual phosphorus

B. Residual Effect as Ravealed by Greenhmse Crops

Dzy Hatter Yield

g CA. On Prev;ously aneztllized Soils

LD
o

The total ylelds of the four greenhouse crops vere calculated for
| each of the four prevxous phosphor@ rates, 'rhe ‘mfertilized"-soxls
nentloned in the above heading refers to the control soil ox: the prevx-
ous phosphozus rate of 0 kg/ha. : ‘
" The total yztelds for the prevmusly unfertilized soils ranged from ’

"2 to 15 g/pot (Flgs 5~‘l Appendn a~7, and Plates 1~6). As the extrac— »
table phosphorus increased (Figs 1~3 and aAppendix A-5). the yield also
_ increased with two exceptions. Site 01 and 03 soils had the Same-
‘extractable phosphorus 18vel (about 5 to 10 ppu). but site 01 out-
, yxelded s:.te 03 by approxmtely 2.5 ta.ws It would appear that
even though the extractable phosphorus values fot the two soils were
the same, the plants in the site Q1 s50ils were able to take up more
, phosphorus than could the plants in-site 03 soil, tl'mt: is the phosphorus
in s:u:e 01 Was more ava:.lable to the plants than was the phosphorus in
. site 03. Several reasons for tbe diffgrence can be suggested First, , |
site 01 s011r is much h:.gher in organic matter and tocal phosphotus
'('Iable 3). Hence. a s:.gnif;cant anount of ‘phosphorus, which is: not

extxacted by the 1aboratoay met:hod used may have .been ni.neralized from

the organic matt}r duzing cxoppmg and hence used hy the crop. Secondly, "

ssoxl fraun sit:e 01 may have pzovided a better growth sedium (watar, .4

: aezat:im. feztlhty) than that frcu site 03 thus ulowing for better
. N
. root: growtb and/or phosphoxus uptake. i.n spit:e of the salne extractable

3,

.
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Fig T (top and botcom) ny nmatter y;elds of barley grown in.

.« the greenhouse
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Plate l~ Growth of barley in the fourth greenhouse experiment on 5011 of .
~Site 01. Soil in the pots received (L to R) 0, 12, 24'and 48 1b P/acre_'

'(9, 13, 27 and 54 kg/ha). The soil on the right rece1ved_48 1b P/acre
in the field and. additlonal P in the greenhouse. ’ '

Plate 2: Growth of barley 1n'th‘
‘of srte 03 Treatments the s

urth greenhouse experiment on soilf
for Plate 1.
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Plate 3: Growth of barley in the fourth greenhouse experlment on soil
of181te 05. Treatments the same as for Plate 1. ‘

Plete 4;.'G:owthf6f bailcy-in the fourth greenhouse experlment an 3011
- -of s.tte 21, 'rteatments the same as for Plate 1,

.

.



Plate '5; Growth of barley in the fourth greenhouse experiment on soil

late 1.

‘of site 23. Treahlents the same as for P

L

" Plate 6: Growth 3f ‘barley

in the fourth greenhouse experiment on soil

of site 25. ~ Treatments the same as for Plate 1.

3!
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phosphorus level Thirdly, uhe inorganio forms of phosphorus were
possihly different, which might result in unequal availability to
plants in spite ‘of similar extractability. Omanwar (1971) did some
work on soil from Site 03 and soil similar to site Ol and found

significant differences in inorganic forms of phosphorus between the

vChernozem and the LuVisol Further study of . the two soxls would have

" to be undertaken before more conclusive answers could be obtained

The important point to note. is that extractable phosphorus and avail-

.able phosphorus are not necessarily one and ‘the same. The second
'”exception noted is between site 21 and 23.. While both Sltes tested

'near 30 ppm of extractable phosphorus, site 21 outyielded Site 23 by.

a: small margin. The explanation presented above may also apply " ~re,

One small note of interest is that in both of tb above 1nstances,

~uhen two sites had sihular extractable P values. the Chernozemic

soils o1, 21) outyielded the Luvisolic sites (03, 23)

ii. On' Previously Fertilized 50113 ,i

i ' o

. For all 'of ‘the six. SOils total yield increased as the Previous

phosphorus rate increased (Pigs. 5-7 and. Appendix A-7) - The inCreases
o ‘7 .

‘ranged from four to eight g/pot Consider, for example, site 03 .The'

total yield for the preVious phosphorus ‘rate of 13 kg/ha was 2 6 g/pot

The total yield for the 54 kg/ha preVious phosphorus rate was 6 7 g

”or an increase of approximately 4 g9 when the rate was increased from '

» the 13 to 54 Aslha rates.‘ With the exception of s1te 03 the absolute

-

'increase was greater on those sites originally low in extractable "

: phosphorus (sites Ol and 03) .’ Hoaever,,if expressed on a relative basls

v

{3 yield increase = (highest y- check y)(lOO) we find that all of. the S

. check y

36
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low extractable phosphorus sites show much higher 1ncreases than do
the lugh testing Sltes (21, 23, 25). Site 03, while showmg a smaller
absolute increase than‘SJtes 01 and OS. shows a very much higher per-

centage increase than»the other two low testing sites. It 1s note~

“V,worthy that s1te 03 §hows a hxgher percentage increase than does site

01, even though the two sates had the same extractable P values. Sltes

3 and 23, whlch also had s1m11ar extractable phosphorus VQIUESrgShOVed

very similar percentage.rncreases also

n reductlon in the total yleld occurred between the 0 and the 13-
*

kg P/ha rate for s1tes 01, OS “and 21. During the years vhen the

ffertlllzer appllcatxons took’ place, the plots receiving éke 13 kg/ha

rate also recelved 34 kg N/ha whrle the other rates (0, 27 and 54 kg/ha

P) recexved.ndne. This. added nltrogen may have encouraged the barley

plants to take up pore phosphorus than would have occurred if only

" 13 kg P/ha had been added. The h;gher removal of phosphorus from the

.soil could have lowered plant ava;lable phosphorus in the soil and

‘hence account for the lower ylelds in the greenhouse. This explanatlon

could certainly apply to the soils with lower extractable phosphorus

'(51te 01 and 05). The.yleld decrease was not as severe'for site 21

and may be due to the orig;nally higher extractable phosphorus level

for thlS soxl. th_the same cbservation was not madevon site 03 is-not.

5

*clear.

Whrle there is a general yreld reduction from greenhouse crop

f’number 1 to crop ﬁumber 4, parallelxng the extractable P reductions. a

- great deal of variatxon exists among the four crops., Crop ‘number 2 is

especrally anomalous because for most cases it outyields crop number 1, o

N

-~

- 37

. There are several reasons which could account for this increase rather SR
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different variety, was

'was made to: keep gre'

38

than the expected decrease in crop yield; .The first greenhonse cxop

. was; Galt barley and was scnm on approxunately the fu‘st of Navember

The later gteenhome crops conslsted of 011i baxley and the second one

was sowm on December

- l‘he second cmp, in adthtlon to beuxg a

lso given more hours of light and a higher 1

4 temperature; Subsequent czops were gtown in the spring and early

summey when they vere able to recelVe more natural sunlight wluch may

also” account in part ¢ the vanatlon among the crops. An attenpt

'use condluons uxufom for the four crops, but

: this was d.].fflclllt to . accoq)lish because of the number of people using

the greenhouse space and the seasons aver which the four gneenhouse
crops extended.

iii. Effect of 'Adding Phosphorus in the Greenhouse

\
As Nentioned in the Haterials and Hethods for each of the 24

tteatnents (6 ~s.1tes x 4 ptevious phosphoxus rates) ‘in the greenhouse. ‘

one. pot rece1Ved no further phosphorus ad:htlons Hlu.le a. seoond pot

zeceived 30 ppm-P prlor to each greenhouse cmp. To this point. only

'the yields on the forner have been discussed.

 For the soJ.ls of sxtes 0l and 03. the phosphorus applled x.n the

greenhouse narkedly mcteased total yields over those obtalned from

soils recennng only the 54 kg/ha pzev;oqsly (qus. 5-7 and Appendu:

v _“A-7). “Thus tbe fonr or five field add;tlons of phosphorus at a rate

of:54 kg/ha dxd not increase the extractable (ava.llable) phosphonxs

sufficiently to permit naxi-ul gtowth of the four greenhouse crops.

_'Houever, ‘as noted 1n the px'evious section, the prev:.ous phosphorus
‘rates of 27 and 54 kg/ba aid ptmn.de some xesxdual effect. 'For the

| soils of sites 05, 21 and 23. the supplenental phosphorus added in



)

' the greenhouse increased total y:.elds to a limiteq extent. _L\'en '
'though the four ox fJ.Ve fJ.eld applicat:.ons of phosphorus raised the
extractable phosphorus level to 60 - 90 ppm, the available phospho‘rus
level was not suff;i'cienvtly high to xhaximize growth of the four green-
house\crops.. For the soil of sxte 25, the supplemental phosphorus

added in the greenhouse d1d ‘not mcreas’e yJ.elds aver those produced on
the 5011 whlch had recelved 54 kg/ha foxr four years in the field.

The residual phosphous mcreased the ‘extractable (available) phosphorus .
sufflcmntly so that supplemental phosphonxs in the greenhouse was not
benef:.c:.al ' The results for the soil for site 25 are contrazy to t:he
v.1ew of SPratt and McCurdy (1966) that added thSphorus at the tu:e of
‘seedlng will produce yJ.eld increases regardless of the content in the
SOJ.].. R . _

2. Phosphorus ‘Content of the ‘Plant Material

The phosphorus _content of the barley was detemned fo:r five
greenhouse treatments, the four receiv:.ng no a.dded phosphoxus and the
: one which had in the fleld recelved 54 kg P/ha .and in the gteenhouse
30 ppm phosphorus prior to each crop. .

The phosphorus content of the plant txssue vas affected to varying U
'degrees by pze\uous phosphorus appl:.catmns (Figs. 8-10 and Appendix -
a—a).- ThJ.S is shown especially well when the - average P column (lppendix
‘}\—8) is considezed Foxr s:.tes 01 and 03. there 1s little effect of |
previous phosphorus applicatmns an the phosphorus oontent. E‘or
s:.tes 05, 21, 23 and 25. the phosphorus content tends to inerease as
‘ previous phosphorus zates incre&sg sites 01 and 03 originally tested
‘low in extractable phosphorus in the soil while si.t:es oS, 2%. 23 and

25 ongmally tested somewhat higher. 'l‘his my offer sone explanation



e SITE 01
-~ ‘Cfop 1 |

‘wea == o~ =~ Crop 4

P Content_(%)

P'Content (%)

0 S g 1

0 13 27 ' 54 544w

“Pravions P_Trcatmént"(kg/ha)
. * 30 pom P added in greenhouse

Figure 8 (top anq bottom) = Phosphorus content of barley -

0 IR 1 -1
13 27 54 54+*
~ SITE 03 ' '
0.5 »
0.4

- plants grown in the) greenhouse
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Flgum 9 (top and bottom) Phosg@oxus content of barley
plants grovm in greenhouse ‘
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SITE 23
F‘-~a-——- Crov 1 N .
e — Cfop 2
i~ ~~—~ ~ -~~~ (Crop 3 _
~~ o~~~ Crop 4 o I

13 27 % 54 \  544*
SITE 25 = '

. —J

13 27 - . 54 544w
| Previous P Treatment (kg/ha)
* 30 ppm P added in greenhouse

_riguré 10 (top and bottom) Phosphorus content of barley
D o plants grown in the greenhouse -
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for sites Q1 and 03 showing little or notrend.

There is a deflnlte decrease in B cbntent from the f;rst to the

fourth crop (Figs. 8~10 and Appendlx A«B)._ This agrees vrth the

>

- trends shown for dxy matter and extraotable phosphorus and shows that

as: the phosphorus is removed from the SOll by successxve cropp;ng, the
phosphorus in the plants grown on the soil recelvung the preVLOus phos~

phorus treatment of 0 and 13 decreased to a minimum level of. 0.10 ~
9 . 3

~ 0.15% by the thlrd crop for all s1x sltes.- Whlgo this decrease to a

low P content is. understandable for sites 01 and 03 vhlch were orlg;-

» nally low in extractable phosphorus, it is dlfflcult to understand fot

_51tes 23 and 25 Whlch orlglnally had hlgh extractable phosphorus and

which after three oxr four greenhouse crops still had hxgher exttactable

phosphorus levels than were initially present in sites. 01 and 03.. By

h'e
(S P‘

*the thltd cxop, the Plants on the SOllS from sites 01 and 03 were show-"

1ng defln;te def;c;ency symptoms whlle the . plants on the solls from '

':sltes 23 and 25 werxe ‘not.

As mentloned prev;ously, a reductlon in percent phosphorus occurred

~ from crop 1 to crop 2 for all sites and prevxous phosphorus treatments

-v""“-
However, whlle some 51tes show a progresslve decrease Vlth each cxop,

others do not. Sltes Ol and 03, both orlglnally low in extractable
phosphorus. show a more or less StePWlSQ reductlon whrle the remalning

sites. vhlch orlglnally tested hlgher in extractable phosphorus dofnot

AN

5how th155tepw¢se decxease to- the same degree. Crop 2 seems to be:the . »Q

X .
For sites 01 and 03, ‘the phosphorus content decreases steadily

through to the thrrd crop vhlle for sxtes 21, 23 and 25, and the two

R

hlghest prev1ous phosphorus treatments of 05, the phosphorus content '



decreased dtamatlcallefqom the first to the second orop. For the
third crop there is then a very sllght decrease or, in some cases;’a i
- slxght inoxease in the phosphorus content over the second crop. +The
large decrease in phosphorus content fram the flrst to’ thg‘second crop
was unexpected and may be~partly explalned by varnatlons in growxng .

a
JQOndatlons. While the four crops were gxowlng, an attempt was made to

keep the greenhouse condltlons 31m11ax For Crop number 2, however.

the plants received extra hours of 1lght and the greenhouse compartment

\was at a hlgher temperature than for the: ogher crops. ~ For sites 05, 21,
23, and 25, the secdhd crop had very hlgh dry matter yields and very
Jow P oonteuts. Ih seems then that the. oandltlons in the greenhouse ‘
encouraged very rapld growth for the berley plants and that they ‘were
unable to absorb phosphorus fast enough to compensate for the rapld
grouth rate. The reason that crops grown on. slte 01 and 03 soils did
not experience the sharp decrease in phosphorus conteht for crop number
2 may have been that ‘the re51dua1 phosphorus levels were low and fast
grawth would be unlxkely.

It appears that 'luxury consumptxon" of phosphorus occurred in
certaln cases, In one part;cular 1nstance (51te 25 ~crop 1) a_
phosphorus content of 0. 50% was obtaxned thCh wvas somewhat higher than’
that needed to atta;n a maxjimum yleld other examples of this "lusury

 cohsumpt1on' included. s1te Ol -~ orop 1. site 0§ ~ crop 1 and 4. site
21 - crop 1, 3. and «‘l,r site 23 - orop 2 3. and ;? and site 25 ~ cxop 2.

A steady deelxne in phosphorus content occurxed over the fonr'

crops for the soxls of sxtes 05 21 23 and 25 whxch haq rece:ved the

3

- highest prevfous phosphorus rate and also had 30 prm phosphorus added

pr;or to each greenbouse crop i e. treatment 54+ (Flgs‘ 9 and 10)~

P

<0

44



A

- wexe calculated from” the YJ.QldS anq t}ée phosphorns oontents.

either the yield data or PhOSPhorus contcjnt ‘data alone. e

-

B,

Trus is curious as each of these treatments received what should have
been more than adequate amounts of phosphorus. Perhaps the contlnuous
croppmg pxoduced other limi tations on the soil wluch turn caused o

)
less phosphorus to be taken Up. Ridley et al, (1974) in citing work

by B:mgham and Baxber (1960), Burlesén et al 1961, and nelton et al

; (1970). showed that when high rates of phosphorus were dnlled win

wheat. ylelds wexe reduced, poss:.bly due to a phosphorus 1nduced micro-

nutnent imbalance or mmobillzatlon. “This may have been a factor w:.th

the h:Lgh phosphorus rates used in this study. o 'v ‘ ’
Dry metter yxelds and rxuhrient contents ‘of plant tissue are

affected smultaneously though to varymg degrees. by nutrient‘avaul-

ability in the »soil Henca. it is common practice to oalculate

nutnent uptake (yxeld x nutnent eontent) to obtain a plant measure

of hutrxent avulab;llty. Because nutnent uptake mtegrates both .

yield and nutrijent Content, 11: tends to exhibit less variability than

do elthex of. the othez two parameters. Hence, phosphorus uptake for

' plants grown on the solls vluch were not fertilized in the greenhouse

The phosphorus’ uptake generally mcreased for each site and crop

) as the prevxous phosphorus treatment increased (Piqs. 11-13 and

v

‘»Appendix A~9)’. By comhmmg the y1e1d and phosphorus content data,

\

P\

'clearer separatlon axnong crops on a givem sit:e was obtained than - for

;,'
4

In some mstances the results do not show the general increase e

'mentioned above. For site 01 - crop l anc?' 2; site 05 ~ crop 1, 2
-and 3; site 21 ~ crop 1, 2, 3 and 4; a.nd sxte 23 - crop 4, the phos- ”

, phoms uptake was 1ower when the previous phosphorus rate ‘was 13 kg P/
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‘ 'dxfferences in uptake among the prev:.ous phosphorus treatments vere

5\’ hathanwhen;twasOkgP/ha : 'nxeseresultsaresinilartothe trends

observed for ylelds (1-‘195. 5—7) and phosphorus content (Flgs 8-10). ‘As
discussed prev1ously, nitrogen was added in the fxeld to the plots
receiving the 13 kg/ha rate. of phosphorus. which may have increaSed

phosphorus uptake in the fleld and caused yield and phosphorus content

. 'reductlon in the greenhouse.

Por mst s:Ltes there was a progress:.ve decrease in phosphorus

wtake wh:.ch is ev1dent for each of’ the previous phosphorus treatments

fz‘tn crop 1 thrOugh cmp 4 mdlcatmg that not only can res1dua1 phos--
phorus be bu:.lt up in the soil. but thatv.t can also be utilized by

plants.v Thls trend was shown by the extractahle phosphorus data (Flg.

‘1-3) the dry matter y:.eld data (Figs. 5-7),. the phosphorus content

data (Flgs. 8—10) and now the phosphorus uptake data (Pigs. 11-13).

5

. 'l'hose snzes whlch were orxglnally low in extractable phosphorus (31tes ,

&

.0 and 03). showed a rapxd declJ,ne in phosphorus uptake and by the .

fourth crop httle res1dual phosphorus was absorbed by the plants for

i

L any of the prev1ous phosphorus treatments. 'mis was supported by the

fact that for both srtes. severe phosphorus defimency synptoms were

' notheable on all prenous phosphorus treatments before t'e fourth

ufﬂ‘

crop, I-‘or 51tes 65 and 21, which were originally -echum in extractable ‘ '

.) 0<~'

" stmdy), pﬁoSphOrus uptake also decreased over the four crops but some

Py

' still notloeable hy the fourth crop. For the lower previous phosphorus

‘, rates ‘of these two srtes, some phosphorus deficiency synptoms were .

ﬂ“’{""‘ ble but they were not as a;parent as those for sites 01 and 03,

I

For sltes 23 and 25 Vthh ‘were originally hxgh in extractable phos-

. -

th@ so:.l (ned.um by comparison of the six sites in this

. 0 ..
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,phosphorus treatments however, the plants were very’ healthy, and the i

: crops before the plants would begin to show deficxency symptoms.

: was !lpplied The yields for the spec:.fic plots fran which the green-

o given site with- the yearly weather conditions.

show trenh;srmilar‘to those exhibited in the greenhouse yields.vfIn»

d . ' - , Lo ‘
) o . L . Lo

- . ‘ r

<A
phorus in the 3011 the decrease in phosphorus uptake over the fourxr
crops was progreSSLve and well-defined By the fourth crop def;cxency

symptéms were beginning to appear on the check pots, indicating that

'phosphorus uptake was marginal For the remaining three prev;ous

A
, 3

:phosphorus uptake data suggested- that they could still grow - one or more

\.
Ce Field'Data - )
7 N and P fertilizers were added from the commencement of the

experiment (1964 or 1965L through the 1968 crop yearl~ No fertillzers

‘were added in 1969 through 1971. From 1971 - 1973 inclus1ve, blanket

applications of nitrogen were applied to all plots but. no phosphorus

i

- house samples were obtained are reported in Table 4

The field yield data can be split into two separate time periods.

the first being the years 1964 - 1968 in which phosphorus was added to

‘the 5011, and the second being the years 1969 - 1973 during which no

phosphorus ‘was added. For the first four or five years one- maght .

expect a progressxve y1e1d 1ncrease. at least for plots rece1v1ng

louer P rates on soils 1n1t1a11y low . in extractable phosphoru$ 53

However, the results show no such trend, the yields varying for any ,

e

For the years 1969 - 1973 it was- expected that fleld yields might

» 4 N
the greenhouse a progressive yield decrease was. noted 1n most cases . -

for each previous phosphorus treatment over. the four greenhouse crops

”(Pigs. 5-7 and Appendix Ar?). However, no such trend was ev1dent for

’
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Barley grain yields in the field.

Yield (g/ha) ‘
Site _ P. (kg/ha) 1964*  1965* . 1966* 1967* 1968* +
0 . 0 L 12,4 23.5°  16.4  12.8 13.4
Lo 13 183 30.2 18.5 17.8  21.5
27 22,8 2905 0.4 24.1 24.5
54 214 17,7 17.0 16.4 ___ 19.7
‘o3 0 . 13.e o2
| 13, . mA . 207 wa 183 N/
27 C11.8 o 129 |
54 159 - 158
05 o © 136 0.8 15.9 10.4
o 13 . NA 205 0 1s.a 214 137
27 . 195 128 19.8 147
| se _15.2 112 149 . 7.3
. 0 19.0 3.0 33 1.8 133
o 13 220 2.0 34.4 © . 28.3 17.8
227 25.1 23.5  25.8 23.9  16.3
S4_ 237 . 28.0 __ 29.5 18.0 63
23 o g8 1.2 18.9 14.7
a3 N 17.6 4.0 2908 20.7
. 27 . 9.7 . 11.1 - 26.0 - 18.0
T s4 7.7 . 9.9 20.5 15.9
5 . o . 161 ' 164 213 20.4
L 13 N 2.0 153 3.6 - 19.0
2 0 e 8.2 12,7 7.7
54 - 8.0 5.8 104 19.2
* YP fértilizer add‘e'd annualiy
R 4 yfrertilizatvi'on terminated after 1968
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Ll
an

Yield (g/ha)
1970 1970 T1972 1973
7.9 17.9 . 20.4
11.4 N/A 20.6 21.0
13.7 279 3.3
11.6 3.9 325
o 9.0 10.4
WA N/ 10.0 2.6
' 19'.9 . o 18.1
_ 2.3 256
8.4 30.5-  25.6
8.4 N/A_:}, 315 319
1.1 30.5 43.2
8.4 29.9 34.3
"15.8 33.0 40.4
27.5 B/A | 0.1 26.9
21,3 34.8  41.2
_20.9 38.4 4.2 -
1.2 100 321 .
- 16.8 ) 9.8' N/ - 24.7
17.9 8.8 - 33.1
14.0 8.5 44.7
1.6 7.2 28.3 434
17.2 9.3 335 4a3.4
1.0 765 32.7 32.6
1.1 " 6.6 231 as.6

o



the fleld yields. One reasqgggor this was that when the phosphorus

E appllcatlons weré termlnated in 1968 so. too were the nltrogen appllca-

tlons.4 This may have resulted in the very poor yields Vthh Nere

. evidenced from 1969 - 1971 1nc1u51ve. In 1972 and. 1973 a blanket

application of nitrogen was added'to-all,sites.‘ Ihe'1972 and 1973

crops, as ‘a result of this added nitroéen;'showed-excellent yields and

5

good residual effects of the prev1ously applled phosphorus , ThlS 1s

'espec1ally true for sites 01 and 03 whlch were orlglnally low in

extractable phosphorus. Sltes 23 and 25 which were orlglnally hlgh in

extractable phosphorus, showed 11ttle in the way?of resxdual effects.

‘To thlS author, 1t would appear that if nltrogen had not been a llmlt‘

N

1ng factor from 1969 - 1971, ylerds in the fleld would llkely have

shown a 51m11ar trend to the yields for the greenhouse crops.



2 ' R .'v GENEBAL DISCUSSION .
Fox the four or five years that fertlllzer phosphorus waSJézd;dﬁj

“to the six sites (13—54 kg P/ha/yr), totals ranglng rom 52 -270 kg P/ha .

were applled Percent phosphorus/én the;barley grax was not determlned

but an average value of 0. 4% P (Martin et al B972) would llkely be
5

appllcable. Crop removals would therefore average approx;mately 7 kg
_P/ha/yr or approx1mately 42- 49 kg P/ha by the time. the 5011 samples _ '
’ were taken (6 - 7 years after commencxng the fleld plots). Thls 1s
an estimate only 51nce not all crop@re harvested (hence no phosphorus
removal), and not all crops or treatments would contaln 6 4% phosphorus.
The plots with low levels of extractable phosphorus ‘may have had -5-6 |
kg P/ha/yr for a total of 30-40 kg P/ha removed while plots Wlth
hlgher 1evels of phosphorus may have had 6 8 kg P/ha/yr for a- total of
36—56 kg P/ha removed. Thus, the phosphorus removals by the-field
crops were sonew at smaller than addltlons. Hence, if there is no.
loss of phospho s because of - leachlng or in gaseous forms (and no
-loss’ would be expected), there should be a net 1ncrease of 10—20 kg P/ha
~ on some plots and up to-175-200 kg P/ha on others.

_ The total phosphorus results (Table 3) Showed a general 1ncreaseh
in sorl phosphorus for each site from the 0 to 54 kg g/ha/yr rate, but
E llttle 1nd1catlon of . phosphorus ga1n for the 3, 13 and 27 kg P/ha/Yr
'rates. The prec131on of the total,phosphorus me thod. was not hlgh and .
probably accounts for the lack of dlfference among the lower phosphorus
rates. However, whlle the total phosphorus re5u1ts did not show
»pronounced galn dlfferences, they dxd give an estlmate of the phosphorus

status of ' the 5011 before the progect began and also helped to show .

the relatlve “f1x1ng capac1ty of each df the s01ls when the: total

54



St

P

8 ' “ . ) (

' ' w
phosphorus data & gompare@ﬁlth the extr%ble phosphorus results

ol (Appendz_x A—ﬁ). » The}gthree‘a'h ‘v s Tues (Ql,d 0\5 and
snularly Iﬁgh total ;;hosphorus in ﬁﬁe soilll'mt 18t -
phorus levels for\ site 01 were somewhat lo‘Ver ‘than ,,r sites 05 and

.21, ’suggestlng that the "fJ.x:Lng capacity of the sxte 01 soil was |

,somewhat greater. The three L\wlsolic sites showed lower totad phos—

phorus values (03 was lower than 23 and 25). The extractable phosphorus

_levels for - site 03 were also very low but the levels fo): sites 23 and
25 were very high. It seems apparent that the soil of site 03 was
' -originally low in phosphorus and also had a high "fxx.ing capac:.ty
The sz.te 23 and 25 soils were ‘likely low also but have low "flxing
‘capac1t1es and therefore show high extractable phosphorus increases
after four or five years of phos;phorus fertillzatlcn.
All sxtes showed some extractable phosphorus aecmmlatlon although
5ot approachmg the theoretical 175~200 kg/ha mentimed pze‘viously.
The amount of the mcrease was dependent updh the original phosphorus
in the soxl. the rate of phosphorus applled and the 'fixing.' g:apag:ity ‘
b.°f each soil., -/ " Lo .
After the phosphorus 1n the soil has been btu.lt up, areplants

then able to utilize 1t? Extractable phosphorus (pigs_ 1_‘3)-' dry

matt:er ylelds (Figs, 5—7) and phosphorus uptake data (Pigs 11~l3) a11 .

show | decreases with cropplng in the greenhouse. Good correlations exist

phosphorus uptake (Table S).. It is apparent then that not’ only is
extractable phosphorus buJ.lt up in the soil over tine but this
resxdual" phosphorus can be utilizeq by pla.nts. Houever, onice the

extractable phosphorus decreases to 5—10 ppm, crop yields are very dow

between extractable phosphorus 1eve1s and yield phosphorus oontent and
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TABLE 5

. Linear correlation coeffif¥iénts for éktractable phosphorus vs. yield;_

., Phosphorus content ang phosphorus uptake for the fourfgreenhousev

~cxops.
=S
Variables Ext P vs Yield Ext P vs P content Ext P vs P uptake
Crop No r" Values
S S 0.7 | o.14 0:87
2 - 0.71 ' - 0.58 1 0.77
3 o.8s | o093 | 0.93 ~
4 079 & | T o.82 0.96 .
.
j .
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and pronounced deficiency symptcns are evident. _
Farmers comnonly add 6-13 kg P/ha (15-30 1b P205/ac). Wthhvls :

at the lower end of the range studied in this proJect Thus, their

additions may be little, if any. above the average crop removals

(average removal of 7 kg P/ha/yr). Therefore, little increase in

' extractable phosphorus and hence little re51dua1 effects on crops would

\f\'
be expected. However, phosphorus levels would be maxntalned Hhere '

hlgher rates of phosphorus are’ bemg added (e. g. 20-25 kg P/ha or 50 lb
P205/ac), then one would expect a defuute J.ncrease in extractable
; phosphorus levels over a number of years. Eventually it should be

poss:.ble to re%uce fert:.llzer apph.cations without reducing yields

\

The hlgher rates would also g1ve a defmite -residual phosphorus effect _

on plants whlch vould be most ev1dent on low phosphoru,s soils. This

is shown by the greenhouse data (Figs. 1, S, 8 and Il) and the fj.eld
data (Table 4) for sites 01 and 03. | |

v ‘bat is the practlcahty of ‘this study? The average farmer 1s
'I'not lJ.kely to add more phosphorus than needed in the current year just
to build up the soil phosphorus It is nore l:Lkely that he w:.ll add’
enough phosphorus to maxlmze returns in the ?xrrent year ‘and take

- whatever res:.dual effect he gets as a "frmge benefit" To get maximum
returns the farmer ‘will hkely have to add much more phosphorus than
the crop is hkely to use, espec.lally on so:.ls low in phosphorus (the

majon.ty of soils).- Eventually. then. one should expect extrac.table

pxosphorus to mcrease. therehy reducing the current phosphoru?

a B
. ./7

’ .reqm.remnts. o L J
Beapy (stbmtted) showed that the cun-ent optimum phosphorus rate

 was glven by the equation.
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Pal = 19.6 - 0.23 pg

" where PA]- = economic optnnum phosphorus rate to add in kg/ha, and

Ps ext:ract:able phosphorus in kg/ha. This equatlon can be appl:Led

5 .
to two "extreme" fleld s:.tuatlons ; First, if Pg is 10 kg/ha (approx.

5 ppm), then: . o SR

1

Ppl = 19.6 - (0.23) (20)

17.3 kg/ha

non

)
! i)

Thus, based on thls data, one would reoamnend that on the lowest,

>

: testlng soils (s:.t% Ol and 03), farmers mght: apply about 17 kg P/ha.

' 'rhis rate would ‘be between the 13 and 27 kg P/ha rates ‘used in thJ.S

' kg of phosphorus wlule on very low phosphorus so:.ls one should add abouto.

study. Aﬁter a ,few years the extractable phosphprus would be 1ncreased

. to 20 kg/ha for exanple. At this time one could then reduce PAl as

follows.
,‘,_ : L . » y ) . “J
2 Pal = 19.6 % (0.23) (20) i, - )
v =15kgPma ¢

£
:*'

Seoondly, if PS 1s 50 kg/ha (=25 ppm), then°

. [
“‘.

Pl = 19.5p—"(o.23)(50) S T
= 8.1 kg/ha ‘

This rate is below the lowest (13 kg P/ha) rate uSed in . the present-
study and there would therefore be no residual’ effect, i.e. no bulldup
of extractahle phosphorus 'l‘tus rate uould in fact replace about the
amount of phosphorus removed each year. These results appear to support:

Soper (1967), that on_high phosphorus sox.l.s one should annually add 6-7

'22 kg P/ha.
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Appendix A-l.»'-oetezriqation_or Total-Phosphorus ' *

.‘,

Weigh ‘1 g of oven dned s0il 1nto a porcelaun cruc:.hler and qunte :m

a muffle furnace at 600°C for: ‘one hour. 'rransfer thetxgnated ::ample to “ )
va 100-ml teflon beaker \uth 1+1 HCl - 'Evaporate td :!;out ].Orl pi. J\mid 15 !

: P
" to 20 ml conc. HC1 to the beaker and evaporate to dryh’ess.» AMQ-‘*"IO *k‘r r{: ,
“conc. HN03 and .10 ml of 48 HF to the beaker and agalh»evaporaterto aryness.‘LJ‘J"

This step is repeated. Dlssolve the res:.due with 10 ml conc. ml and 30

" ml- water. ’I:ransfer the solutlon to a 200-m1 vo/ﬁmetnc flask 'ro the

Sl
nﬁ ¢

beaker add a few ml of 1+1 'HC1 and place back on the hsand bath t.o zemove

, Transfer the solut:mn to the same- flask and make solut:.on :

up to volume w:.th 5% Hcl. “a blank extract is prepared in the same vay
" with all the reagents except so;l Phosphorus 1n the extract is deterluned

by the ascorblc ac1d—reduced molybdophosphorlc blue oolor nethOd 1n 82504

system as descrlbed 1n Appendlx A-2..

* %
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Appendix A-2. Ascorbic Acid-Reduced Mbindophosphoric Blue Colox néthod

'f.compartment. 3 o -

‘In 100 ml -of water dissolve 0.2908 g of antimony potassium tartrate.

and make to 2 liters. Store in pyrex glass bottle in a dark and cool

~in H3804 Systenm.

a) Reagents

Reagent.h—- Dissolve 12 g of ammonium molybdate in 250 ml of water.
T, . . il . g)( .

tAdd both of thé dissolved reagents to 1'liter of SN H3580,, mix thoroughly

N

i

. Reagent B-- D13501ve 1.056 g of ascorbic acid.in 200 ml of resgent A.

7’§repaxe,this reagentias required as it does not'keep'for more than 24

b)) betetmiﬁhtion of‘Pﬁosphbrus :

' ['hours;;

LN

N

Pxpette allquots contalnlng l to. 20 ug (0 08 to 0.80 ppm P in flnal

AN

"”<_volume) of orthqphosphate lnto 25 ml-volumetrlc flasks. Adjust to pH 5 ¢?

N

‘usxng p'nxtropﬁénol lndlcator. Predeternune the amount of acid or alkall ‘

'L

”'needed to bzlng pﬂ to 5 in some allquots and dlspense the same amonnt to

“_aII unknowns.‘ Add water to 20 ml and then add 4 ml of reagent B and the

1 solution 1s made to volume The color is stable for 24 howrs and max

“g’intens;ty'is obtalned 1n 10 nun. Read the color: 1ntens;ty on a

,spectrppho;ome;g:‘at_%gg;mq.; ,’?

e e

[
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‘.Appendix A-3, Wet DigeSiion Procédure for the Analysis of Plant Material.

L

. ‘) . : .
Grrnd the dry matter to pass through a 2o~mesh screen.‘ Weigh 0.500 g

of this into a lOO-ml test tube. Add 12 ml of ‘conc. HN03, then 2 ml of

conc. HClO4. Predlgest at room. temperature for 1 hour; dlgest at higher
temperature for 1 to 2 hours; D11ute the?clear extract-tq 200 ml, then

' . s i ' : . /’) /" ' «. ‘_J i .
take a 2 or Siml aliquot fdr phosphbrus determination; Phosphorus in the

extract is determlned by the aSCOIblc ac1d—reduced molybdophosphorlc

blue color method in H2504 system as descrlbed 1n Appendlx A-~2.

v
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PH of soils usedi;in greenhouse experiments

APPENDIX A-4

54

6.1

. Previous P : :
(kg/ha) 01 03 05 21 23 25
0 6.1 6.4 6.9 5.8 6.5 6.
13 6.0 5.6 6.0 .
27 6.1 6.2 6.0 6.
5.9 6.2 6.7 . .

70



Extractable phosfhorus on the 50115 prior to, and a

APPENDIX aA~S

greenhouse experiment.

2r each

Site - Prev:.ou:: 1? _Extractable P (ppm) after crop numbers:
(kg/ha) ' ‘
, 0* 1 2 3 4 \
01 0 8.7 4.1 4.0 2.5 2.5
2 13 8.4 5.6 50 4.5 2.5
N 27 18.0 7.2 7.0 5.0 3.7
54 31.2 17.5 14.0 10.5 7.5
03 0 9.0 6.9 45 4.0 2.5
13 8.7 5.6 55 50 2.5
27 11.0 6.9 5.0 6.0 3.7
54 31.5 19.1 17,0 16.0 11.2
05 0 20.5 8.7 4.4 6.2 3.7
: 13 . ' 17.0 8.1 6.2 6.2 3.7
27 52.0 25.0 16.2 12.5 10.0
54 - 61.2 43.7 31.2 26.2 20.0
21 0 | 31.2 10.0 10.0 8.7 8.7
13 55.6 15.0 6.2 6.2 3.7
27 47.5 30.0 21.2 15.0 12.5 ,
54 91.0 16.2 53.7  47.5 38.7
23 0 30.0 21.2 17.5 15.0 12.5
13. 137.5 28.7 22.0-°17.5 16.2
27 55.0 41.2 31.2  23.7 21.2
54 ° _83.7 _58.7 47.5 36.2 _31.2
25 o 4.7 27.5 212 16.2 5.0
13 '50.0 32.5 38.0 20.0 17.5
« 27 7377 50.5 33.7 26.2 21.2 .
| 54 23.1 61.2 50.0  40.0 32.5
* 0 - prior to\crop #1 |
%
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APPENDIX A-6

Extractable phosphorus 5y 2 methods on the soil sampies prior to
first greenhouse experiment. S i '

Site Previous P o . ’ . :
(kg/_ha) : '_ Extractable Phosphorus {ppm)
| | Olsen Method Miller & Axley Method
01 o T 8.2 8.7
13 - 9.0 - . 8.4
_ 27 . 1.0 180
54 25.5° 313
03 o . | 9.7 . e
L 13 9.2 83
| R 0 110 °
54 o 21.0 315
05 o - 14.7 205
13 - 12.7 170
27 34.3 s s2.0
s4 6.1 . el.2
21 0 | | 18.0 32 .
13 . 12,0  s5.6
27, ' : 302 . - 47.5
54 ____+ sgs o 91.0 ]
23 9 - 1.0 . 30
o 13 o s 3
27 302 55.0
54 B 4.0 83.7
s 0 - 26.s . - as.7
‘ 13 - a9 . s
27 S 3.0 937 .
~ 54 . ago . 931




APPENDIX A-7

Dry matter yield f£or the four greérhouse ‘experimen'cs._

Site Prev. P

Dry matter: yield (g) for crop numbers:

(kg/ha) _ .
1 1 2 3 4 Total
‘, a* bt a b a_ b a b bt
o1 0 3.52 1.90|6.02 1.60]3.94 0.56]2.33 1.05| 5.11
‘ 13 3.5 1.64|5.60 1.01]4.32 0.9 3.15 0.48) 4.1%
. 27_f~-4.44 3.50') 5.87 2.05| 4.59 1.04} 2.88 '0.45 2.04
! 54 4.35 3.62 5:49 4.32]4.32 2.72]3.32 1.09 11.75
03 0 3.11 0.78{5.09 0.66 3.15 0.55(2.42 o0.51| 2.50
| 13 3.70" 0.90] 4.50 o0.81| 3.48 0.40 [ 1.97 '0.53 ‘2.64?3
27 © 3.70 1.30]5.13 1.00|3.22 0.47|2.54 0.31| 3.08 |
5¢ _3.05 1.95|5.08 1.85|2.93 1.28] 2.51 1.61] 6.69
05 ' ;} 14.07 3.47]| 4.52 3.81(3.87 1.02] 3.48 1.06| 9.36
13 3.56 3.24/6.58 1.85(4.26 0.91]3.10 1.25| 7.25
27 4.14 3.97/5.99 6.02|4.60: 2.40| 3.26 2.80 | 15.19°
54 "4.29 4.06| 6.88 6.93 4.67 3.79] 3.10 2.81 17.39
2L -0 4.93 4.05(5.88 5.26 4.26_1.88| 3.35 .1.83( 13.02
13 . 5.03 4.00(7.08 4.245.18 1.49] 3.39 1.59 11.32
27" 4.84 4.20/6.89 4.214.57 4.16)3.92 2.88( 15.15
54 4.44 4.30]6.15 6.24] 4.67 4.7 3.43_3.4718.28
23. 0. 3.95 '3.20] 7.78 £.13 3.99 1.75] 3.20 - 2.121 11.20°
13 4.33'3.94 5.64 5.09 3.00 1.89] 2.77 1.60| 12.52 |
27 408 3.77)5.01 s.24 4.2 2.76[ 2.66 2.53| 14.30 °
54 4.48 4.05| 4.09 5.37] 4.24 3.73] 2075 2.37 15.52
25 0 a.ss 4.20| 5.80 5.15{ 3.61 2.83 3.22 2.41| 14.59
L 13 4.40 4.35|5.71 s.1g| 4.31 2.84) 3.08 2.62] 14.99
27 4.43 3.95| 5.81 5.43) 4.27 3.98] 2,73 2.42( 15.78
54 4.47 4.66] 6.00 6.00 4.70';4.36' 2.93  3.32 18.35
* a - yield of pots fertilized’in greenhouse |

+ p- yield of pots

not ‘fer_tilized_ in greenhouse
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“ . APPENDIX A-10

. Phosphorus content in the plant material ‘(tops) for the fou;.
greenhouse crops. C -

~

Site - Prev. P . . Phoéphorus Cont;ent (%) 'in crop numbers:
(kg/ha) v R
' 1 2 1. 3 ' 4 Average -
b la b |a b |la »
01 0.18 0.15| . .o0.18 0.9 .,
0.16]  0.16 0.15] 0.18
'0.19 0.15 0.14 0.17
‘ i ‘ 0.18l0.29 6217 0.36 0.17]0.32 0.19
03 “* - 0o . " o9 o0.101 ~ o.10 0.14 0.13 "
‘ 13 , '0.18 . 0.15| . 0.13 0.19 0.16
27 . 0.19 814 oli2] o p.1a - oas
54 0.27 0.26]0.20 0.15]0.25 0.16[0.23 0. 18 0.24 0.19
5 o . 0.2 0.19 0.14] . .15  o.18
' 13 . 0.26 0.12{  0.13 0.36|  -0.17
27 . 0.a2f  ouas| o oo.17 0.15| . 0.22
“ 54 0.51 d.%g'o.35\o.24 0.37 0.23/0.41 0.24 0.41 0.31
a1 o . 0.20 0.10f " o0.13| dol13|  o.18
13 7 o] o9 0.11)=  0.13 0.17-
27 . . 0.33] o.1e] 0.18 0.17] ©  o0.22.
54 _0.530.49]0.40 0.31]0.38 0.29 0.32 0.280.41 0.31
23 0 . s oeasl 009  To.15]  o0.12 .0.14
S 13 . “‘ 0.25/ ° "‘0.10 0.14|  o0.14 10.12
27 028l ousl o020  ou17] - 0.21
_ 54 0.48 0.41]0.35 0.32]0.34 0.27 lo. 40 0.25[0.39 0.34
25 o S 0.23 0.15{. 0.16F  0.15| . 0.17
o1 ol 0.16 0.19]  “o.1s]  o.21
27 - 0.40f - o0.23 0.23| . o0.23 0.27
54 _0.52 0.400.40 o. 30 0.35 0.37 [0.40 0.27(0.42 0.31 -

* a - P content of pots fertxllzed in greenhouse

+ b-P content of pots not fertlhzed in greenhouse '

-
. .




" | Phosphorus uptake by barley ‘plants in four greenho

APPENDIX A-9

-

v

use experiments.

. Site Previous P Phosphorus uptake (“mg) for crbp numbers:
. .(kg/ha) - ' \ S : ( - o
T 1 T2 3 4
01 o . 475 2.88 - o0.84 1.8
13 410 162 1.58 . 0.72
: 27 - 7.35 3.69 1.56 2.63-
v 54- " 8.69 7.78 4.90 | 2.85
03, 0 l.48 . 0.66 -0.58  0.71
: REEI 1.62 1i2r 0.52 1.00
B 27 2.47°  1.40 ', 0.56 0.43
T " _“sa, 5.07_ _ 2.77 ___2.05 2.90
05 ) 9.02°  "7.24 143  1.s9
: g 842 2.2 127 - 2.00
27 16.67 9.03 . 4.08  4.20
S 54 21,11 16.15  8.72 .74
S a1 o 8:50  5.26 ©  2.44  2.38
13 . 6.00 @ '3.82  “l.64  2.07
27 13.86  &.74 2 7.51 - 4.39
| 54 '21.67 19.34  12.40 - 9.71
.23 .0 “ ' 5:§§ 3.72 . 2.62, ©2.54
I 13 L ,9:85  5.09 2.65 2.24:~.'
e 27 10093 CUeizs . s.s2 0 430 K
| _ 54 f{" ' 16,60 _17.18°  10.07  ‘b.42
35 | o 966 . T2 453 361
13 / 1480 8.29°  5.40 393
‘ 27 15.80  12.49 9.15  5.56-
" 54 18.64 °_ 18.00 11.77 _ 8.96
r | .
ORI
& Toe
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- RPPRNDIX A-1Q
. » ‘ e
Analys:.s of variance of the dry matter yield . dat.a for the four
_~greenhouse crops.
- ) . . R
. Crop : . Site .- Previggs P ‘ . SXP.
| ‘ ' » . (xgAd) ‘
“F" Values S
1 . 68.0¢ LB . " 0.9
2 - 98.6* g 36.5+ _ 7 Ts.ox
3 | ar.0¢ T sl.gx’ : S 3.
4 g 109.0*% P A 9.6%.
* “Significant at the 1% level
P
: ¢



