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PART I

SUMMARY

The accumulation, chemical compogition, and distribution
of storage nitrogen in young neach trees (Gaiden Cueen scion on
Elberta rootstock), and the importance of this stored nitrozen for
nev growth, were investigated in this thesis. In addition, the
metabolic stability of constituents of the storuze nitrogen of
dormant reach trees was studied.

fesults of sn experiment, in which 1 Yesr 0id peuch trees
were grown ir send culturs cver =z 2 yexr period, showed that the
trees accumuiated nitrogen in wronortion to supply during the first
year, and suggected that this stored nitroger was utilized for new
growth during the second growing season irrespective of the external
nitrozer supply. Trec growth in early spring was significantly
correlated with the level of storege nitrozen in tree tissues, but
after Nuvemver, tree growth was sarkedly dependent upron the external
nitrogen supply. IF fertilizer nitrosen #as aot aprlied, the supply
of storsge nitrogen in tree tissues wes exhausted by the end of
Rovember. feaccuwulation of storage nitrogen in tree tissues began
in December and was ranid if the external nitroren supply waes high.

Analysis of growth data recorded st the end of the second Zyowing



season indicated that there was a significant negative intermction
between the first and second year treatments; i.e. the lower the
nitrogern application in the first year of the experiment, the
greater the effect of applied nitrogen on trec growth in the second
year, and vice versa.

Storage nitrogen in dormant trees congisted mainly of
soluble organic nitrozen and free arginine was the principal con-
atituent of this fraction. The level of arginine in storage tis-
sues cf the dormant trees was the most sensitive indicator of the
nitrozen status of the trees. Approximately 70 $o 30% of the
storage nitrogen in dormant, 2 year old irees was found in the roots,
irrespective of the nitrogzen treatment.

In an attempt to corroborates thess results, a range of
nitrogenous compounds, including constituents of the storage nitrogen
of dorm&nt trees, were injected into 1 year old peach trees. Xowever,
no significant growth responses were ohserved.

Isotopes of 2 coapounds which are iuown to be constituents
of the storage nitrogen of dormant neach $reas, viz. L-arginine-
gganido—14c-hydrochloride and L~aap§ragine-148 (U}y were injected
into 2 year 01d neach tree: in winter using & cui-shoot technique.
Both compounds were metabolised by the trees ond it is suggested that
they are 'turned over' in dorment tissues. Aspartic acid was the

primary breskdown product of léc-asparagine, but the breakdown proe

&

ducts of . C-arginine hydrochloride were not identified. <The latter

isotope underwent considersble decomposition during paper chromato-



3

14

graphy. Most of the injected = ¢ remained in the treated shoot or

neighbouring tissues, but small umounts were translocated both

upwards a@nd dowawards from the point of application.
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PART 1V

INTRO U CTION

Because vf their large bulk and peremnial dype of growth
trees moiwally sccunulais large quentities of nuirients, inecludimg
nitrogen, in wood and baxk of roots, trunks snd bronches {Murmesi
13303 Gardner et 2le 1952; Lindner g} €l. 15%54e It is generally
ascented that this nutrient supvly acts 85 & buffer ggainst une
favourable geasons, or parts of & senesn, when uptake of mutriemts
from the soil ig slow or limiteds Jor exasple, the ziove-mentioned
authors have suggested that the production of new growth by trees in
early svring cceurc at the expense uf, snd in proportion te¢; the
supply oF stored mutrients within tree tlssues until uptsite gommences
£rom the 82il. In deciduwous trees it i ususl to obzerve & shayy dee
@line in the nutrient content 2f woody tissues in spring, which is
attributable to wobilization of regserves and itranslogation of
mrbrients to growing pointe. This loss iz not made up until the
following autumn vher ¢n increase in conoentration of mutrients
accure after ghoot clongatisn ceases [Murneek 19720).

The utiiigation of stored mutrients by the tree is glearly
dependent upon their wobility within the ¢ree. fccording to Gardner

gt ale (1952} there is evidence that ¥, ¥, ¥, 5, ¥g =nd Pe are readily



mobile within sree tissucs iut thet Ca is n20t. Therefors alihough
Ca may sccummlutc in Zree tissues it iz not reused in the formation
of ney tissue.

The importance of stornge nitrogen for the growth of
Trui¢ trees was Tirst demonstrated conclusively by Zoberts iz 1921.
He grew youzsz anple itrees in pot culfure undser e high or low nitro-
gen supply during o Tirst year, and then supplisd either 2 further
hizh nitrogen &pylication or tepwnter only to cmch grour of trees
durirg a second growing seasor. He found that the mmount of tree
growth nade during the second growing semson wes narzedly depsndent
upon the level of nitrogen suppiied during the first year. &ollow-
ing this work, severasl imvestigations were carried out to Jdetermine
whet seasonal changes occurred in the concentration of nitrogencus
constituents in Gissues of fruit trees (Thomes 1927a, 1927h; Mulay
1931, 1932; Ramerker 19% 1. These ~tudles, togethsr with those re=
lating to the mpplicziion of nitrozenous fertilisers %o treez st
various times of the year {Aldrich 19%1; Weinberger awd {ullinan
19343 willieme 19393 Hasharty 1944), established the importemce of
storsge nitrogen in the nitrogen economy of hoth young end bearing
Zrult $rees. Receni work has been directsd towards on understanding
of the cheaieal naiure of the compounds inveived in the storege of
nitroger in fruit trees {(Olaud 19%4, 1959).

It i now clear that in dovmant &pple treecs ®viuble nite
rogen congtitutss the major couponent of the stovage nitrogen, and

this appears to be the ease in osther tree species as well (MeZee
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19623 Bamter 1965). As suggested by Baxter (1965), this informe
ation @ould be used as the hasis of & new aethod for the assess-
nent of the nitrogen status of orchard tress. iie found that the
eorcentration of total o« -amino nitrogen i root or shoot baxk
tissues of orchard trees, which were growing under different nit-
rogen regizes, guve & more seussitive indication of the aitrogen
atatue of the tress than did the oconcentration of total nitrogen
in the leuves. 4n added sdvantagze of such & method would be that
aualysis of tree tissus is cmrried out in winter in advance of the
noraal spring appliestion of fertilisers.
| 5inge wst of the recent studies relating to storage of
nitrogen have besn nade on spple trees, it was decided to invast-
igste aspects of the storage and mobiligzation of nitrogen in veaeh
trees in this thesis. The following general ains vere formulateds
{a) %o determine 50 wvhat «xtent the growth of peach trees
iz dependient upon nitrogen scoumulated in trec tissues.
(b} 7o identify the constituents of the storage nitrogen
ol peach trees.
(e} To determins in which tree part the major portiom of

the nitrogen is stored.



PART ¥

REVIBY OF LITERATURE

he EVIDERCE FTOR STORAGEH AND MOBILXZATION OF RITROGER 1IN TREES
(a) Seagonal Chenges in Levels of Ritrogenous Constituents in
Tres Tiasues

(1) Overall Trends

Pronouniced seagonal rthythms have been found in the eon-
eentration of total N and soluble nitrogenousz constituenis in
tissues of all of the deeiduous fmuit trees examined. DMata covering
chengez in one or 7ore of these constituents throughout a whole year
have been jublished for epple (Thomas 1926, 1927a, 1927bs Karmarker
19%4; Rench 197835 Murneek 1942; Hoshisuki und Henada 19563 Magon and
Whitfield 19605 Radu 1961; Romanovekays 1955), pesch (UWillisas 1931
Schneider 19503 Rafu 1961), pear (Mulay 1931, 1932; Radu 1961),
aprioot (Redu 1961), cherry and olum (Romanovsiceya 1963). EHzeept for
miner diffsrences the findinge of these woricers conform 4o the
followinz general pattern.

Over the period from dud swell to flovering the concemtration
of total and soluble nitrogencus constiiuerisz, especinmlly nonprotein
K, incresses markedly in developing buds snd the youngest shoots.

This incremse is accompenisd by a sherp decline in the concentration
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of totel nitrogen inm the older shoota snd brsnches, suggesting that
protein hydrolysis oscurs snd that soliuble nitrogencus gompounds are
translocaied from these tissues %o the developing merigtems. Sube-
sequently, am shoot growth commences ond the growing seasorn advances,
+he conosmtration of all forms of nitrogen in leaves, shoois,
branshes and roots declines until a ainimum is observed st about the
time of cessation of shoot clongstiom in summer. Iuring late summer
and suiuon, however, the eoneemirstion of nitrvogencus subsiances in
wvoody tissues increases. Following leaf fall snd onset of dormancy,
+he coneentration of total B resains high in the woody tissues; #5-
peaially in the buri, tmi the eonsantraiion of soiuble nitrogenous
constituents may inercess or decrease, depending upon the compound or
fraction conesrned 2nd the tree tiseue analysed.

Seagonal irend: in the concenmtratien of sotal nitrogen in
tissues of evergrsen trees Are somevhat similar te those reported fox
deoiduous tress. Tuus Cemeron end Appleman (1933} found that sach
fiush of shoot growth im ¢itrus trees is eccoapanied by a sharp drop
47 the concentration of total nitrogen in zijeeent woody tissues, ine
dleaiting that new growth is probally made at the expense af nitrogen
scoumelated within these tissues.

The above cbservations suggest that storsd nitrogen is
mobilised for new grovih aud that nitrogen veacoumulsates ln woody tree

$issues zfter shoot grovik ceases.
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(11) Mobilizasion of Nitrogen ir Woody Tissuss in Spring

Aldrich (1931) and Desharty (1944) olserved a promounced
ingrease in the concentration of total nitrogen in young shoots of
mature epple snd peach tress prior to flowering, even in tyress o
wvhich m0 nitrogenous fertiliser had been spplied. Sinee the ine
eresss was approximetely of the same order of magnitude im shoots
of both fertilized and unfertilised troes, the results can be
attributed to z aobilisation of reserves rather than ¢o upteke of
nitrogen by the xootss In agreement with s;gié zﬁaxm ths rate of
uptake of nitrogen by roots of anpie trees in soring (Pearss 19%3)
appesars to de insufficient %o account for the obsexved inoressss in
consentration of nitrogen in young tres iissues ai flovering. In
c¢ircumsiances where uptake of nj.trqg@m Zrom the moil 1:& !.miitcd by
untavourable environmentel oconditions, for sxaszple low molsture
content of the soil, nev tree growth may be sutirely at the sxpense
of stored reserves {Murneek 1936)s Ascording %o Kramer and Koslowsli
(1960}, forest srees invarisbly msks a large pars of their epring
growvth &t the cxpenss of shorage nitrogen pinee the avarage Lorest
001l 18 lov in available nitrogen and thersfore the rate of absorption
is slow,

Few investigators have stteopted $o follow the redistrib-
ution of nitrogem within troe paris in spring on an absoiute rather
than concentraiion besis. One such study has besn made recently by
Yokomizo et sl., {1954). During the first year of tha emperiment

Live ysar old aprle trees were miprlisd with a high or low level of
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nitrogen, but in the second year water only was supplied to both
groups of trees. The trees which received the kigh nitrogen treai~
ment ¢cntainid more nitrogon per trec at the end of the first year
and produced more growth iu the epring of the second yoar than did
trees in the other group. In the high nitrogen trecs most of the
ritvogen which was woblliged for new growih cmme Ffrom the mote, bag
in the low nitrogen trees most of the nitvogen vhich was insorporated
into new growth game from the old shoot tisgues.

The reoting of shoot autiings and the production of new
shoots by iree stumps in spring ars two situations ia vhich the
mobilization of storage nitrogen within tissues is undoubtedly im-
portant. (Usllsce gt a@l, 1954; Rramer and ¥oslowsicd 1960}, For ex-
ample, ¥allmew gb ale found that if no nitrogen was zupplied during
the rooting of citrus cuttinge the nitrogen content of the folisge
foll by R% end thmi of the sten by 1

Ringing experiments have also provided svidence for the
wobilization of mitrogen (Hexley eb al. 1958). In early spring,
theas workerz reavved varic rinugs from selected »aris of 2 and 3 year
old branches of mniure apple treses in wich & way thet wﬁwfa apounts
of branch tissue were isolntes betwesn rings. The amount of growth
made by the zpur left :m_saeh branch segment wmg dependent upon the
amount of nitrogen piored within saeh zesment.

The evidsnce for wobilizetion of nitrogen in woody tissues
in spring agress well with the observations made by Bollard {1953) on

the seasonal changes in concentration of nitrogenous compounds in
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xylem sap of apple trees. He found that the level of total aoluble
nitrogen in xylexz smp of shoots roge frow & low level in winter to a
pronounced peak at flowering. This was followed by & grzdual decline
through the growing season, except for o pecond smaller penk in
Decemter. follexd (1957a) suggested that the sudder increase in the
sitrogen concentration of the sup at flovering is probably due to
mobliisation of reserves in the roots, rather than to rapii uptake
via the roots; since the nitrogen present in the ss> was almost en~
tirely orgsnic in chersster consieting largely of aspartie acid,
asparsgine and glutanine.

{111} Resbsorption of Nitrogen from Apseissing Tissues

Sinos flowers are rich in nitrogen znd only a smull pro-
portion of the totel nusber per trec develop intu fruits, it would be
sxpected thut the tree wo:1d luss & comgidersble smount of nitrogen
when undeveloped flovers sbscissed. However, one third to one hal? of
this nitrogen is Srenslocsted back imio woody parits of the tree befors
aiscission occurs (Hurmeek 1930). Ismcdiaiely prior to abscission,
proteln hydroiysis predomirvates over srovein synthesis in the flower
parts (Mexee 1958b).

4 largs part of the nitrogen present in leeves of deciduous
trees clso migrates to woody parts of the tres, ineluding the roots,
prior to lea? fall (Combes 1926a, 1926b; Thomas 192Ta; “niay 193
Hurneek and Legan 1932; Zarsariar 1934; HeXee 1953a; Oland 19638},

dines the foilage of a aature apple tree, for example, containg up to
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one-half of the nitrogen content of the tree st the end of the
grovirg season (Hummoes 1942), it is clesr that migration of this
nitrogen is & mosi imporient fmctor in the efficient use 5% nitrogen
by the tree. iIn Gople trees the translocetion of nitrogen from
leaves %o woody tissues counemces 3 to 4 wesiks ;jrior o sbacission,
and cortimies amtil defoliation is complese. 1In forest irees,; how-
sver, the migration process =y iuite plece over & period of 2 months
{Combes 1926b).

faring leaf yellowing in sutwmm, protein hydrolysis pre-
dominates over protein aynthesis in lesf tisme (Meilee 1953a) and
therafore it is probsble that the nitrogen which migrates from leaves
to shoots ie lergely in the form of nonprotein Ne Laimarker {1934},
for sxamzle, found thut the decreass wnich seourred in the conceniys-
¢ion of Sobtal ¥ snd protein il in mpple lewves in aulumn was acccupanied
by concomitent rises in the conceniraiion s nonprotein ¥ in the
ieaves and in the goncentration of nouprotein i, totel N and probein
K in the bark of young shootse.

netinntes of the Loss of nitrogen from the folisge during
leaf yellowing in differcot tres species have rumged from 16 %o 804
of the nitrogen present on ar #580iuic BAELS. The extent of loss of
nitrogen from she foliass is dependent upon ithe envirvimentel €on-
éitlons prevailing during the migration proeess snd upon She oversll
nitrogen status of the treve IThus, if warn, oslu weather prowells
durivg late sutunn & high proporiion 9% the nitroyen gressnt in

$he leaves ie tramsiocated o woody tissues, but if the zir teupere
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ature decreases early, or if windy eonditions preveil, then leaf
§z0p mey occur before the migration process is complete. (Murmeek
and Logan 19325 Oland 196%b). Further, according to Cullinan
(1931) and Murneek and Logaxr (1932), the higher the nitrogen con-
temt of the tree 2s & whole, the smaller will be ths proportion of
the nitrogen contant sf the Toiiage whish ie %ranslscated 3o she
woody tiscues.

Combes (1924, cited by Mofee 1962) showed that the loss of
nitrogen by leaves of deelduovs tress in autusn wue 1ot due to
lesching of leaves by ryaisn.

Oland (1960, 19638} hms recently suggested that use could
ba made of these migraitlon nrocesses $¢ inerease the sioruse of
nitrogsn in spple trees in autumn shrough the asnlication of POk
horvest uren spravs. He found that styong ures folisr aprays epplied
after harvest ranidly increased the conceniretion o nitrogzen in the

leaves, end thmy at least part of this nitrogen waa liater translocated
$2 buds.

Migration ef nitrogen from leaves of evergreen trees prioy
to loaf absocission has 8lso been recorded. For exumple, Wallece 8% aie
(1951} saleuleted thas leaves of 14 yenr old Velenocia srange trees lost

8.5% of their nitrogen content prior to AbECLEBicHe

(iv) Uptaks of Mirogen Turing Autumn snd Yinter
In evtumn, roots of trees sye highly setive wnd make a good

Geel 5f growth {Heinicke 1335; Muggs 19653, This sotivity may be re-
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lated to upteke of nutrients since Pearss (1537} showed thai the
rate of upiake of nitrogen by roots of apple 4yees in esutumn is
highe With tle onset of winter; however, the rate of uptake de-
zlined shexply.

Hesults of a laxge number of field trials smd poi experi-
ments have ghown conclusively ihai: fruit trees, including both
deciduous and Qvoxgz;aan gpwiaa? are able to teke up and sscumilase
ul*@mmi during sutumn and wintcr, provided that the soil teuperature
is sabove freazing point. Thus uptake of nitrogen a$ thig Yime of the
yesr hos been observed in a&nvle trees {Sulliven end Fraybill 13%0%
&ldriel 19313 Murmeck 19%6; Snith 19%6: Smith snd durncek 19333
Batjer gt al. 194%; Oland 1353}, peach trees {Weindberger and (ullinan
19%4; williems 19‘59); tnﬁg trecé {Loustalot sn¢ Lagasse 1946) and
eitrus treez (Chepman amd Parker 1942). This :i,nii‘:n;mation hes becone
the bagia for recommending applieation 5f nitrogenous fertiligers to
tream in sutumn and winters

The nitrogen which iz itmken wp by treeg during smtumn and
vinter is stored in the larger roois (Aldrich 19%1; Weinberger and
Cullinan 19343 Hurmeek 19736; Haith 197353 Snith and Murneek 19%3) and
ia not tramslocated t¢ tree tops if the alr temperature iz less than
40 to 45°F (Williems 19%9; Betier et al. 1943). Sinee Gekersen (1931)
was able to detect g high level ¥ nitrate reductsse actividty in rootz
of spple trees in winter, it might be expescted that wost of the
nitrogen stovred in &{ree yoots vould be in orgarie congounds and this

has been confimmed by enalysis (Hightingale 19345 Olend 1959«



Aegording to Eatjer st al. (1943}, the degree of soil
asration and the initial concentration of nitromen in the woots
influences the amount of nitrogen teicen up by dorment trees. They
found that sbeorption was inereased if trees were crown in & well
wereted mediun comparsd with a poorly serated mediume In gontrast,
the rete of absorpiion of nitrogen was inversely proportional to the
initial concentration of ritrogen in tree roots. This latter result
vas tekem %o memn thed there msy be a limit tv the mmount of nitrogen

wvhieh e¢an he absorbed snd held in the roota of dommant trecs.

{v) Resldusl iffects »f Fitrogemous Fertilizers or Tree Growth
Results of Pield experiments have reveslad that thers is &
sonsiderable time lag, esg. 1L or nore yesrsy before growth and cropping
zapheity are sffected if nitrogenocus Fertilizers are withheld from
trees vhich were srevicualy heavily fertilized {furvell 1928; Fogers
gi 8le 1955). However, such obzervetions cexmot be mesningfaily
interpreted ns evidencs for storage and wobilization of nitregen
within iree tismues, since it iz possible thst the residual offect
zvm}%e@ from usiliza&tion of nitrogen accusulated within the soil.
Pot-oulture techulques have also bHeen used to study the im-
porhance of storoge uitrogen in the growth of trees (Hoberts 1921;
Harley gt gle 19433 Uiand 1959; Yokomizo gt ale 1964)s Eech of these
workers has nsed sssentially the sane procedure and in euch oase the
sxperiments have been carried suj on young apple treess Iuring the
first year several levels of nitrogen were supplied £ the trees, but

during & second year plus or aims nitrogen treatuents were spplied.



13

In all cases ke anount of new shoot growth at the end of the
second growing semson was merkedly dependent upon the sityogen
treatuent given the firs: gesr. It was concluded that the smount of
ghoot growth made by young &ople trees during a groving aemson is
atrongly influenced by the level of siorage nitrogen within the tyees.
However, this conolusglon ney be criticized in the cess of the ERPET L
ments ourried cut by Roberts {1321) and Harley ot sl. {1949} since
these workers 4id not repot the trees into & nitrogen free medium at
the ond of the first growing season. I5 is therefors possible that
in theae oxpsriments sufficien: nitrogen accuwsmlated in the groving
mnedium during the first yeer to influenece tree growth during the
second years

Oland (1959} eoncinded thst the amoust of new shoot growth
made by young apple trees 1s dependent upon the level of siorage
nitrogen within the ¢rees snd the sxiernsl aniivogsn suprly, providing,
of pourse, that ne sther Paetor is limiting. His expuriments showed
thet storage ritrogen is aiways nsed for new growth irrespective of
the z2uternsl nitrogen supply. If trces contained & hish leovel aof
storage nitrogen at the beginning of the growing season then the ine
fluence of the currvent sunply of witregen on growth was saaill end only
moticenble at the end of the growing season. He alge found that the
storage volume of trecs, a8 indicsied by ster diameter measurements at
the begimning »f the experisent, infiuenced the mmount of shoot growth

nede within g iven treatmnent.
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Be CHRMICAL QOMPOSITION UPF SIORAGE RITROGHE
(2) melative Impsrtamee of Soluble and Inssiuble Nitrogen

Charagteriationlly, storage orgens smd dormant tissues
contein & high svoportion of their aitroges in soluble compounds
and 5 correspoudingly low propertion im inwolutle compoumdis (light-
ingéle 19375 Stewnrd, Thompuon 2nd Pollard 1i53; dekee 19558, 1962
4sgording to Yeiee {1958¢), soluble nitrogen ususliy sccounts for
30 4o T0F of the total ¥ conltent of underground sLOYRge OTEENS.
Similar valuss have been reported Lor tissuss af dorment Fruit trees.
For exasple, [evidson and Shive (1935) found thai soiuble organic H
gonstituted 42% of the total W consent of stews of dormaant neash
trees.

Oland {1954, 1953} compared the influence of nitrogen
supply on lsvels o¥ soluble U and insoluble li, 2nd alao followed
changes in Gheee Iractions durisg the growirg semsony in woody storage
tiseues of young mpple brees. He found that levels of soiubdble N were
naricedly influenced by both of these Tectors wheresas only smmil
changes were osbeerved in levels of ingoluble ¥. He concluded thag
the soluble ¥ freciion corstituies the main fors in whielh pitrogen is
skored in apple trees. Hince ilevels of moluble ¥ decressed im storage
tiseues 4s the growing sessun progresced even when nitrogen was sup-
slied %o the tress, Clend suggested thas this Litrogen wWas trange
lecented to the growirg poiats ond utilized in Fxowihe

in s8ddition, however, MMaend {1953) showed thet st leass:

part of the imsoluble N present ik stess and roots of &prle trees may
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be mobilized for growth. He found that the eoncentration of soluble
K inereased at the expenss of the iasointle ¥ content of the tisaues
prior to the initiation of growth in spring. This observestion con-

firus the carlier work of koouis (1934, 1935} who demonstrated that

miech of the soluble nitrogen which built up bencath bark rings on

stems of apple trecs wes derived from shurage protein.

{») Compositior of the Soluble Nitvogen Fraction

Az digcussed earlier, she ©oiuble nitrogen present in goody
tissues has been shown $o be mainly orgenie in chavscter. While this
hes bheen known for aver %) years, & study of ine individual compounds
present in this fraction has only been possible since the development
of chromatogrephy and allied technicues.

Reuter (1957} identified the uajor gonssituents of the
soluble nitrogen in vegetative gtorage orguns of 166 different plant
spesies, In the wzjority of specien, glusauic scid, uspartic aoidy
esperaging and glutanine were the chief compounds detectedy tud in
some speciea und femily groups other nitrogenous compounda predomin-
sted., For example, arginmine predominated in the losacese smd Saxi-
fragacens. Sines most fruit tree species beiong ko the family Fosaceae
1% would be expected that arzinine would be an important gonstituent
of the storage nitragen in thase species. This hie bdeen confiraed
for apple (Dland 1954, 19593 Femmruvskeya 1963, pezeh {Schneider
19538}, piun and cherry (Romanoveiaye 1963). Ioch of these workers

found that argirins wee the predominent compound in the soiuble
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nitrogen fraction of woody tissuea during lste sutumn and vinter
when atoraze uitrogen 1z kuown to secumiste. Farthermore, they
Fountd that the concemtyation of srginine gredually declined to &
1ow level during the growing seeso:: but then rose after the cess-
ation of shwot growthe Thue the concentration oFf argisine in woody
tissues of the trees underzoes o sensonal rhyths which is consistent
with the hypothesiz that srginine ia +he meia form im which nitrogen
is stored in thege specles.

Dlemé {1954, 1393} found that the level oI srginine in
woody tissues of anple trees was dapendent upor the mitrogen E2pPLY.
Thus he reporied thet srginine comgrised 708 or =ore of the soluble
nitrogin present in storsge tissue of aiiromen-rich tress in spring,
but the eorresponding velue in nitrogen-deficicnt trees vwas mich
less. His results ziso indieated that glutemine and aspayrhgine are
impertent comstituemts of she storege zitrogen of applsc trees us-
pecislily if these ere nltrogen seficient. In eonirsat, the svRilabis
evidence sugzgeats thet She wnides &ve no0% imposbaek in the storsge of
nitrogen in peach, plur &ad cherry irees, since they asy bo undstect-
able in these trees auring the dormant sesson (Schneider 195 Romau-
ovakaya 1963},

Since it is known thai nitvogen is nainly 4renslocated a8
aspariie seid, asparazine and glutasine in woody speeics of the family
Rosansae {Bollard 1957a; 1957b), it is clear that the utiliseiion of

arginine nitrogen in growsh processes in tnese gpecies does not iavoive
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translocation of arginine per se to the developing meristems.
Therefore srginine must be degraded before its nitrogen becomes
available for growth, and presumably the nitrogem which is thus
released is used in the aynthesis of aspartic acid and the amides.
However, when growvth cessss and accumulation of arginine begins in
the woody tissues, arginine is found in the xylem sap and graduslly

replaces asparagine as. the major constituent (Bollard 1957a).

C. COMMEETS ON THE INFORMATION AVAILABLE IN THE LITERATURE

Much of the information available in the litersture has
been presented on a concentration rather than an sbsolute basis.
Since a change in the concentryation of nitrogen in a tiasue may be
brought about by either & change in the nitrogen or dry matter con-
tents of the tissue, it is clear thst concentration changes cannot
be accepted as conclusive evidence for the storage and mobilization
of nitrogen within tree tisgues.

It ia also apparent from the literature that most of the
detailed investigations relating to the importance of storsge
nitrogen for tree growth, the chemical compesition of storage
nitrogen, snd the distribution of storage nitrogen within tree tissues
have been carried out on &pple trees. Similer investigations need to
be carried osut on other tree species as well.

In some areas of the subject no information is available.
For instsnce, the metabolic pathways by vhich arginine is synthesised

and degraded in tree tissues have not been investigated, nor are the
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factors known, spart £ron nitrogen supply, which ccontrol the
synthasis snd degradation of arginine in tree tissues. Haviron-
nentel factors such ss daylength and air-tevwperature may be in-
volved in the latter. It is known that pench trees cease growth
and becons dormant if exposed to shori days and low temperatures
(Anon 1964}, ard it is poassible that mccumulatisn of arginine slso
oceurs in direct response to these environmseniel faciors rather than
as & result of cessation of growihs Ii is perfinent in this respect
thai Boyntom et al. (1961} found thet arginine scewmlated in leaves
of strawberry plants which had bsen exposed to short days or to low

night temreratures.



4

PART VI

BEXPEFIHERTAL WK

Ae STORAGE AND MOBILIZATION OF NITROGEN IF YOUNG PEACH TREES
GROWN IR SAND CULTURE FOR TWO GROWING SEASONS

{a) Introduotion

The ains of the exneriment were as followss
(1) to determine whether young neach trees sccumulate nitrogen
in proporiion to nitrogen suprly, snd if mo,
(11 to determine whether this eccumulsted nitrogen is mobilized
for new growih during the nexi growing season,
(111} to determine the chewiosl nature of this storage nitrogen,
and
(iv) to determine in which tree varts the nitrogen is accumulated.
It was thought that if the trees accumulated nitrogen Juring
the firs; year of the experiment in proportiom is mitrogen suprly,
then this stored mitrogen might be mobilized and used in new tree growth
during the second year, especially in the early part of the growing
sesson vhen uptaze of nitrosen vis the roots might be slow. The ex-
periment was carried out on young rathex then maturs trees for the fol-
lowing ressons. With young trees, results are more easily expressed

on an ebsolute basis, i.e. on & per urgsn or per tres bagis, and this
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is imzortant vhen the mobilization of mutrieats is being studied.
Young tress bear iittle or mo fruit cnd thersfors grovth responses
@re not dependent upon erop load; snd, as well, they are more
amenable to treztment end manipulation thau are large orohazd trees.
It ves realised, however, that because of their small sisze and
therefors small storsge volume, the growth of young trecs would
probsbly not be as dependsnt upon levels of storage nitrogen as

would the growth of large, maturs trees.

(v) Hetnods
{1) Experimental Design
During the firat year 3 laevels of nitrogem wers supplied to
the trees. FMurther nitrogen trestnents were superimposed om thess

during the secoid grovisg season, vies

Pirst Year Second Year
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N3 N3NO

E3N3
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W3 = 60 @ .

E) =180 " It
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Ovorall, there were 108 trees in the experiment, i.e.

9 treatments x 4 replicates x 3 harvests = 103
The experiuent vas laid out according to a randomised dlock design,
vhore saech block gonstituted & replicate and was s fsotorial of
troatments x harveats.

{11) Source of Trees and the Planting Procedurs

In Jume 1363, 195 one-year o1d pesch trees (Goldem Cueon
scion on ilberta rootstock) wers selected for uniformity of siss,
1c6ey overall height, stem dlameter and evermess of the yoot systam,
foz the presence of leaf uds on the stes, and for freedom from
disense and demago, at Balheunsh Rurseries. Yhese {rees ware 'lecled’
in moist ssnd until planting.

4t planking, &trec voots were washed clesn under a jet of
wager, dried detveen sheets ¢f blotting paper, and the iress were
veighed. The roots snd tops of sach tree were then pruned seversly
to remove as much stovage tissue as possible (Plate 1), theredy
possibly ingrsssing the influcnee of the applisd ‘reataments on itree
growih in the first year. Trec tops were cut back to within 6 inches
of the graft union. Hince 8ll srunings were retained and veighed it
was possible to ealeulate the fresh welght of the pruned trees. After
praning, the root system of sach tree was dipped in the following
aquetus sclutions:

(1) 5.25% NeDCl for 2 mimtes

(2) 290 pepems torramycin hydrochloride for %0 mimtes

(3) 5.25¢ BadCL for 2 mimutes



PLATE 1 Prees before and after pruning.
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This procedure was adopted in am atteunt to sliminete possible in-

fection of pruned roots by the wound narasite Agrobae

Ffaciens, which produces galls on roots (erown gall). According to
Deep (19%8), terremyein hydrochloride is capable of panctrating
dorment tree tissues and killing any crown gall bacteris present,
vhile the RaOCl was expested to act 85 & mirface-aterilising com
pound. However, the treatuent was not offective and root galls
(presumably crown gull) were subsequently found on about 207 of the
trees.

Trees wera planted in musbered metel pots of 4 gallon cap-
seity (1insd internally vith epoxy resin), esch of wihich had besn
filled with 26 Kg sieved {psssing 10 mesh per inch), stean-steriliszed
sand. %he charseterisiiecs of the sand used in ihe experiment are
given in Tedle 1. Ha=sh pot was provided with 2 centyal drainage
hole which was covered with fine-meshed polythene gauze o prevent
loas of sande 7Totted trees were tronaferred £5 an wnheated giascshousse
and placed on benches.

Immediately afler plamting, the send in sech not was leached
thoroughly with distilled wator to rensve &s much clay snd soimble
material 8= possible. The surface of the sand in each pot wae then
coversd with & mileh of T Kg steriligzed quartsits gravel to zeduce
weter loss and to prevent algal growth. Prior %o commemcemsni of the
nitrogen treatmemts, the sand in each pot was kepi woist by frequeat
additions of distilled water.

Since the fresh welight of the pruned trees varied widely
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(as much as 3:1) they were stratified according to veight prior to
tllocetion of treatmenite. ‘The resultant grouping wes split into 4
scuel parts, where cmch part conptituted n perticular range of trese
siges ond was designated a 'replicate’. ¥ithin each of these ro-
plicetes the nine nitrogen trestments vere silocated %0 trees at
random and trecs within eech replicate were zlso placed in & random
position in the glasshouse.

dpart irosm weight messurements, gtem diameters, ot a point
3 inches above the graft uniom, wnd the hotal iength of pruned tops
pexr tree, were recorded st plamting.

Gn 26/7/63, prior to commencement of the first year
treatwents, 2 trece were chosen &% random fron each replicate and all
8 tress vers harvested (harvest 0) according to the techniques de-
scribed later. 7Trees vere diviced into r00t, stoci plus atem, snd
bud froctions, and, afior oven-drying, samples were znalysed for

nitrate K, total ¥ and dry metter content.

(1i1) Sem@ ulture Techmiques

{1} Composition snd Preparstion of Butrient Solutions

The ecuposition of the nuirient soliutions vaieh wure
supplied ¢o the irecs is given in Tables 2A and 29. fitrogen wes
supplied as nitrzie only in both years of the experiment. The
a0lution used during the first yesr was admpted from thet dessribdas
Ly Batjer and Degman (1940) im which mas is the nitrogen source.
Hovever, its use resulted in marginal chlorosis and marginal emd tip
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PABLE 2A
QUMPOSITIOR OF NUTRIENT SOLUTIUES USLD IN THE SAND-CULTUKE EXPrRIMENT
#ajor slements {me.ee Lo}
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TABLE 2B
COMPOSTPION OF WUPRT W SOTUWINWS WD IF THE SAND CULTILE EXPLRIMERT
prace Elements (pepems), ifter Hewitt (1952)
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leaf scorch of the vlder leeves on most trees in the X9 treatzent
during spring snd sutumn. Lenf annlysis indicated that these
symptoms weres aassociated with an zscumulation of na'ﬁ” in the lsaves.
uring the secoud year of the experiinm mm.i was replaced with
KM, and 0a(0,) e Gesulting differences in tho K' and a’? con-
tent of the nutrient solutions were overcome by the mddition 2of
eppropriate amounis of zizﬁa s and ﬁaclg. ¥erric potessium 2thyl-
anedimiine jetre-acetate zund ammoniun nolybdate were zlso replaced
by fTerrvio citraisc and sodinm wolybdate respsetiveliy, in order to
avoid addition of traeces of uitrogen to treez in the F) :reatment.
Trosphorous ves supplied as nnszm P 2!!3& and the levels in the
mtrient solutions were reduced to eonfora with these recomaended
by Newitt (1952). ipart from those relatine to mitrogen trestment,
no ehnomel leaf gyacioms wers cbssrved in sny treainment during the
second yesrs

Futrient solutions were nrepared Ly iluting appropriate
ouantities of sfosk solutions, ususlly of moler concunbration, vith
nitrogen-fre: distilled water. A.¥. grade chemiecals were used vhersver
posgible. Solutions for creh trestment were first prepared at tem
times the required concentrstion in ilack polythen: eontainers of
20 litre cupacity. Thess soiutions were then thoroughly wnixed =md
guitable alicuots were diluted with distilled water prior fo aidition

%0 the trees. The pi of the diluted matrient goluiions uas approx-

mely 5' 6:
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(2) Application of Treatments snd Tree Mansgement

First year nitrogen treatments were commenced on 27/7/63
and wvere contimed until the end of June 1964. Kutrient applic-
ations were contimied after cossafion of shoot growth in March 1964
because it was thought that accumulation of nitrogen might occur im
tree tissues in sutumn and early winter in proportion to nitrogen
supply. Two litres of nutrient solution were aspplied to each tree
every second day, or daily during heat-wave conditions. The
nutrient was poured onto the surface of each pot, allowed to per-
colate through the sand and the excess solution drained via a length
of rubber tubing into & half-gsllon polythene container (painted
black except for a vertical strip which acted as s volume gauge)
placed underneath each pot. When required, the leachate was remade
to. volume with distilled water and recycled. However, once & fort-
night, the o0ld nutrient solutions were discarded, the sand in each
pot was thoroughly lesched with distilled va#er and fresh nutrient
solutions were applied.

Tree position within etch replicate was changed in a random
manner at monthly intervals during the growing season, but the pos-
ition of replicates within the glasshouse was not altered during the
experiment.

After bud burat in the first year, &ll shoots were removed
except one which became the new stém of the tree. Buda failed to
develop on 6.% of the trees, and therefors these trees were discarded
and apare trees, which had received the same nitrogen trestment, were

inserted in their place. koot suckers were pinched off, but no



further pruning or sheping of the tree was csxried out during the
experivent. 7The lemves which sbseissed in sutumn of the first
Yerr were discaxded. Hommal ocultursl practices were oarried out in
both yoars, 2.g. treas weve sprayed with bordesux nlxture ai bude
mrst and insecticides were applied vhen necessary.

At the end of the first year the dormant trees were
alloved o over-winter in the glasshouss. Iuring July snd Sugust
1964, distilled waLsr only was suppilied o the tress at & rste of 2
litres per tree per week. Une-third of the trees were harvested in
Suly 1964 (see later), snd, in iugust 1964, the recainder were ve-
sotted imso fresh amnd which hed been sieved, acid-vashed smd steam-
ghterilised (se: Tuble 1lj. Tress were repotted so thal their growth
reaponse in the second year of the experimenmt would not be influenced
by the level of mtrients which had sccumalnted in the sund during
the first year. The sand ves aelid-washed sccording 4u the srocsdure
deseribed by Hewitt (1992). izcess aeid was removed from the sand
by lesching with water and with nitrogen-free muirient solution comne
taining 0.00% wlzm 4 DD HgED 4 and @.%453 Saﬁlgo Thie letter
trestnent wes eortinmued until the pil of soiution which passed through
the a8nd wag nd loager veidie vhen tested with brom-cresol greemn
indicator. It was assumed thst this aeid-washiig treatment would
renove all rerdily availsble nitrogen fron the sunde

Basel portions af the root sysiems ét aguy of the trees
hsyvestzd at the end of the first year of fhe experiament wers

blackened. This demmge uee stiributed te weter-logging ond enaerobic
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gonditions at the base of ezch poi. The follovipng eieps were
taen ©o prevent & veeurrsnce of this probtiem during the second
growiry seasom. ¥rior {2 repotiing, the botion ol eseh po% waB
sloped downvards towards the centrul drainags sutlet, & layar of
spongy polyurothsme foma {yine thick) was plased in the botton of
euch yot in sordtact with n wick of the seme material ingerted
through the draimage vutlet, #nd & 1 imeh layer of steam-pterilised,
maarts sravel {3 Kg) was pleced over the fosme HNo evidence of
seterlogging was observed during the second year of the experiment.
ifter repoiting the trees, the surfmce of the sand in sach pot was
covered with & mulch of stesme-sierilised marts gravel (3 fgl.
Seccrd yesy treabuenis were commenced on 5/3/64, when the
trees wers &t the '"pink-sip' stage of bud burst, end were contimed
antil &1l Srees had been narvessed in iHarch 1365. Flower buds were
removed ut bud burst, and root suckers were pincned off as they deve
eloped, tnt this tiesue was added wagik to the pots is en sitempt Io
maintain the nitroges balance. Ik addition, the leaves waieh
abazcigsed frow easch Sres during the sscond growing season were

ocoilected and plased in peper bags abtached o sach 7ot

{iv) Semsonal Gruwth Hessiircuents
Meagurcuents were mede of shoot length und stem diemeter
growth 8t 3 to 4 vesk intervels during both the first and secund yesrs
of the expeviment. ring the Pivet year, the totel length of fops
per tree [esmch shsot was nespured frow its hage o the las; node at

its tis) end the suem dimmeter per tree at a fixed point (2 rendings

s 3



31

were made mt right sngles to one anosther at the centre of the fourth
internode} were measured, while, im ths second year, the totel
length of new shoots, the toisl mumber of nev shoots, the sverage
length of mew shioois, #nd the sten Jiameter st the same fixed point

were recoried ioy each tree.

{v) iarvesting Irocedure
Apart from ihe trees hervested st pienting {harves: 0},

the foliowing harvesis were cuxried ou: during the experiment:

| Harvess ¥o. | srvest Date | No. of Trees Fenazks
Harvested
1 13/7/64 %o %5 end of lst year;
| _ 13/7/64 {3 trostments x | doxmant, leafless
12 reps.) trees
2 23/11/64 to | 36 aidwey through Znd
26/11/64 (9 trestmemss x geouing saason
4 repa.)
3 1/}/65 to 36 eni of 2ad growing
5/3/65 {9 $restments = —
& repse.)

4t eash harvest, treca were removed from the pots under & jot of
water, the roots were thoroughly clesmed, and the trees were trans-
Lerred to & coid room ach o2 2°c. imy root fragmeniz vhich broke off
were collected. Iwees wers only rewoved from the sots botween 3 &em.
and noon sn each day of the hervest im order to minimise possible

diurnel varistions im levels of nitrogenous constitvents in iree

tissues.
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vhen rejuired,; each iree was removed from the cold room,

walghed and auieitly subdivided into the following nariss

{1} roots
{2} stock + stem + 1 year oid shooks
(3} leaf + flower bude {bulked from =11 replicates per

treatment}, or new shoots

Pree tissues vers wiped clean wiih & daup ¢loth when necessery,
they wers weighed, and the woody lVissues ware chopped into pieces
1 to 2 on long with & peir of scoateurse whenever posaible, thess
operations wers carried out on sheets ¥ wluminium Foil snrsed over
trays of dyy iee. Thug the tissue was keps £0id but did nok inereases
in fresh weight. Subdivided tissues were placed in labelled muslin
bags aud were stored =t uzaﬁﬁ. If roos galls vere prescni on &
tree, they werds sud off snd ovendrioed at E&}ﬁc for 1% hours. &b=
scisged leaf tlgsue was similarly trested.

At hervest, the Lresh veight of sach trec and its purts,
end ths sumber of shoots, lesves {inciuding abscissed leaves;, buds

and flowers per tree were recorded whenever possible.

(vi) Prepsrstion of Trec Tissues Loy Amslysis
A8 soon as pogsivie afbery sach harvest, the frozen tissues
wers freegedried, weighed and chopped finely with scissorz or sec-
stenrs. Any sand present in the rs0% ssmples wag resoved by hand,

weighed and appropriate sorreebicons were made o ths weight of the
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freege-dried tissues. The dried tissues were then ground in a
{agella grein nill to pues 2 sisve with cores 1 mm in dianeter.
e significant losses of tizsue sceurred Guring grinding. After
mixine well, dunlicate semples of each tissue were taken for dry
netter anelysis snd the dry weirhi of eseh tres smd its nerts
wag caleulated. The remaining tissue wes vlaced in screw-11d
jars snd stored st -2&0& until recuired. OUven~dried tissues werse

ground in the seme way, but wers stored =t room teuperaiure,

(vii) Determinaticn of the lry Hatter Conjent of Trze Tissues
Mnlicete samples of tissues wers ovendried u% MSEQG for
15 hours. After eooling in a desiceator over silics gel for 1
hour, the sawnles were reweighed and the pereentase dry mabter

constent of the tissuaes wns calculsted.

(viii) Determinstion of Levels of Fitrogencus Consiituents
in Tree Tissuca
“ree tissues were anelysed iv duplicste for their eontent
of the Tollowing nitrogencus constituents {cornconitant measurenents
were also made »f the dry matter content of ths tissues):
total ¥
nitrate ¥
solubie W
insolnble ¥

=

arginine o
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otk L ~amino M
srmonivn N

amide 3

results wers expressed on both a concentration hasis
{mg B/g devt.) ond oa en abmoiutc hasis (mg ¥/tree part or per
tree).

ipscicsed leaves and root gall tissues were only
analysed for total N. MHowever, in ecaleulsting the eontent of
nitrogunous constituenis in root tissuse, it wes assumed, except
in the csse of total ¥y thet the root gell tissusz would eontain
the sans conecentration of nitrogen &s the healthy root tissue.
fven 1f this wes not the ovse, little ecrror is involved siunce the
dry welshit of the goll tiesue per iree wes wenally e very small

part of the total dry weight of the rooks.

{1} motal ¥

Levels of to%tal N in tree tissuee were estimated by the
siera-tjeldanl procesure recoumenied by Meienzie =nd YWellacs {1554},
except thet the cuaniliiy of concenirated ﬁag‘} 4 uged in the Jdigestion
ghtep was iucressed Lo 2 al, sud the distillstions were carried osut
in an apyeraius Jeserited by Jennings {13962}, Fetemuinutions were
carried vut a8 fol!lows: 25 to 5S¢ ag dried, fisely~ground plant
materizl were weighed into a 3¢ wl aicro-kjieideb) flaesk, G5 ol 108
gl dn 48 ﬁzi‘ﬁ 4° i g 5{2&% end 2 ml conce 2:‘22@ 4 vEFe adde? 552 the
gample wag digested till cleay. The flask contents were them

hested for a further 15 mimmtes to ensure thet digestion was gome
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pista. After cooling and diluting with 10 ml distilled wsiter, the
digest was poured into the stean dimtilletion spparatus {the flask
¥AB rinsed with 10 sl distilied water anc this wes also sdded to
the distilietion epparsius), 15 nl conce Hady + §ﬁ23293 reagent
wers added, and the amaonis weus distilled into 5 wl 17 H 50, sote
ution {eonisining methyl red smd brom cresol green indicaiorsi.
The emmoniua 5 content of the distillate vas determined by titration
vith DeCLE za;;its}-g} o*
The stunderd deviation from the mesn (caleculsted from the
harvest 1 daia} wes le85% and the recovery of added QEH£}2594, with
or without plant materisl, wes of the orser of 28 4o 997 It
shonid be roted thet thiz procedure acéounta for thz nitrogen pre-
sent in orgonic esompcunds and in smmonia but dses not sccount for

nitrogen @8 niirate {foymion et ale 1953,

{2) Fitrate ¥itrogen

inglyses were carrisd out sccording %o the phemol-disule
phonic scid procedure of Humphries {195%). Low racoveries /of the
order of 70%) of added nitraie wers cbtained in the presence of
plent extracts, probably because of ineomplete rsmoval of organie
matter from sxtracts prior su colonr developaent (luuphries,
personal communication). The stuendard devistion frow the mean wag
22,264 {7 dta)e

Nitrates were axtracted from U.lz saaples of 4Tes fissunes

with 15 =l EaHQPQS-&gSﬂQ resgent and 1 to 2 21 aliocuods oFf the ox-
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tracts vere analysed. After colour development, the optical
density of the solutions waa read aguinst distilled water in a
Unicam spectrophotemeter met &t 400 mp. Standard nitrate 80i-
utions were ircluded in esch analyeis to cover the yenge 0 %o 2

pg I as aitrata.

{3) Boluble Fitrogen

i preliminery experiment was carried cut %o defermine
whether the smount of solubvle ¥ satrecied Lrom froezedried pench
tissue wouid be dependent upon the extractant useds This experiment
ie deseribed in deteil in Appendiz fe |

In egreesent with other workers {Stuart 19353 Jland and
Yemm 19563 Glund 1959}, it was found that squedus sziutions ex-
_ tracted sigrificavtly greater quantities of saluble ¥ fros the tissue
{one-gesr oid peach shoota) then did S0% acueous ethanol. Fhosphate
vaffer (GslX, pi 7¢0} and citrate buffer {0 05idy pil 5e0) were oqually
efficient =t extracting soluble ¥ from the tissue, but ditrate puifer
wzs chogen. for routine extrsctions sines the finel extracts were not
as highly coloured as wtz;o 4hose cerried sut with shosvhate buffer.
The procedure wes s Iollowss

L 40 1 g lots of freesedricd ground biseue wers weighed
sccurately into 100 ml gentrifuge tubes Fitted with rudber hungs.
54 ml eold (2°C) buffer were added 4o each tubs, and after shaking
vigorously, the exirastion was allowed to procesd for 24 hours &b ¢
(the extraste were sceesionaily sheken durirg thais timej. The sxtract

wag eentrifuged snd the supernatant wes poured through & glasa wool
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filter ints & 250 ul volumetric flesk. This procedurc wee repeated
% times exesnt that the extraction time was raduced t¢ 1 hour.
fuccessive sxtracts were bulked oud made $o volume with citrate
buffer. Jifter vixing, 75 %o 100 2l aliquots of soch extract were
Leken to drynese in vacuo in & rogery evaporator (water-bath temp-
sreture 35°C) and eech residuc was taken up in distilled water and
zade %o volume ir o 10 =1 wvoiumelric flask. The level of soiuble K
in 2 =1 slionots was determined by microe-kjeidshl sntlysis using the
same method and equipsent os described for fotal ¥ anslyses. iHowe
overe & preliminsyy hesting ster wus neceassry before digestion
{extraot acidified Tirst with Q.5 »l cone. i 80 4} to reduce the
vo.ume of the liculd iz the flask, stherwise the sxtracts frothed
badly during Jdigestion snd nitrogen was losite The ssandard deviation

from the mean was tl.—@%&;;;é%? {enloulated on the harvest 1 dataje.

14} insolublie Nitrogen
The councentyatior cf insolublie N in the tissues was found
by eeleulating the difference between the concemtrations of total K

end soluble N in each tizsus.

(5; Arginine Fitrogem

The concentration of arginine N in the eitrate bulier ox-
tracts was estiwaited by the method of Gilboe und ¥illisme {1956)e A
giroight-line ralationshly batween optical densiby and the amounmt of
arginive ¥ in the solution only held over the range U to 10 pg K, and

it was therefore necessary tc adjust the concentration of arginine W
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in the Sest soiution to £511 within this range. Satisfactory
readings were usually obtained if 0.25 $o 1.0 a1 aliwots of ths
extracts wers fiiluted 50 5 mi with distilled watev.

- Golour development wus oarvied oud ir = soid room at 2°C
and tue spiical density of the soiutions was read versus distilled
water at 506 mpe These readings were uade &t roow terperatury as
S0on &s possible afler colour development. In some cages it was
Recésssry to further dilute the extracts with distilled water before
anplysis otherwige pigmenss sresess in the extracts interfered with
the teat. Iin these eircumsiances blank velues were high and the
sengitivity of the method was reﬂucs&.. Sbtenpts were nade t) re-
move the sigmenis froa the sxtrsctis with organic solvents or by
treating ther with ssiion exchange resin (Amberlit: in=l2u, }i% 2
to 50 wesh; or deeolorisirg eharesal, but withsut success. The
ontical density of extract dlanks {Z-hydroxyeuinoline was reslaced
with ag equivalent volume of distilled water) wes used to correcs the
readings for any colour interfersnce.

The standard deviation frow the mean was -5.57% {ealoulated

on the hiarvest 1 datmi.

{6) Tot8l o« =imino Fitrogen

The concentration of $0sal o« -amino N in the citrate buffer
exiracts was determined by the method of loser {1957}, G5 %o 2.0 ml
alimots s cach extract, contzining spproximesely 2 ug ¥, wers pip-

elted out, mede 1o o volume of 2.0 ml with citrate buffer pil Sel, and



the congentration of totsl 4 -emino i in these soiutions was
meamred. Interfercice from coloured nisments in the citrate
extiracts was negiigibles. 4 aeries o stemderds,; which covered the
renge & %0 402 pg U ver & =l solution, were included in emoh
sralysise These stenderde were made by ditating = «fx},e}'ﬁ; solution
of 5e X -alsnine (B, TsH. lsboratory vesgent) with sitrate buffer
PH Seils

In order to schieve zood replication enmd low blunk values,
the foilowing wrocefure wes f£ollowesd during colour developuent.
7ach test tube was rlacsd in, and rewved from, the boiling water
bath =% 15 second intervals. On resovel of cach test tube £ros the
vater-bath, the tube contents wers immedistely Mlutsd with 5 ul
504 acueous isopropv:mol and sheken vigorousiy. The solubions wers
ollowed to ¢ooi for ¥ h-:m_rs, and shen their optieal density wes read
2t 570 wp versus disiilled water im a Hnican srectrophotonater.

The methyl cellosoive was redistilled =znd tosted for
clavity and perexide content before uss {Yews znd Gociting 1955, and,
since the zoetoie-eyanide reagent is unsseble {(Gremt 1963}, it wes
freshly propsred before each anelvsis.

The standard deviastion from the mean was 3}.0 594 {esleulated

o the harvest 1 datal,

(7) smmoniun Fitrogem
Gold (,2903, 307 mqueous ethanol was used to ewtract samonium

N Zrom freezedried tissues. Anomalous results were obtsined if the
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tissues were extracted with cold 0.0LE POl or distilied water
probably beceuse the tissue "broke down' if extrected with these
ao.vente, thereby relessing previsusly bound amonium Fe  iige
tracticns were corried sug in the same way ag describad sariier

for soiubla 1 except that the initinl extraction neriod wus for 4
hours end & $otal of 200 ml 30% ethenol wes uged ner extrasction.

The eihanol was redistilled before use. Lzeh exbireet was seldified
with @ few drons of o1} HC) {tested with bromphenol blue indieator)
énd tazen (0 dryness in veeuo in & rotery evesorator {wetur-bath set
at ’.’:‘joﬂ). 4 Few drops 51 fels neoetyl sleohol were sidded tc csoh
extract 10 prevint ‘bumplng' during concentrations “he residue wés
token up in distilled water snd made to volume in & 25 ml volumetrio
flaske The concenmtration of samonium ¥ in zach sxtract was det extie
ined on a 13U wl alimuot by the nethod of Pucher et al. {1935), exceps
thet the Kessler's reagent wes pre-ared and used s degeribed by
Jenmings (1962). The stmudord deviation frum the mean was S0.9%)
oeleulsted on the harvest 1 date) and the recovery of added smmon~

ium B in the presence of plant exirects was 105.17%
{8} imide Witrogen
The coucentration of smide ¥ in tree tismies was estinated
by #2nelrsis of the same exiracts s were used for the awmonius N
determinaticnse Anslyses were carried sut on 5 ml siiquots of the
eoncentruted exiracts by the meihod of Tucher u3 sle (1935), except

that the Fesalur's vesgent was prepared snd used & described by
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Jennings (1962). The sterderd devietion from the mean wis t5032%

(calculated on the harvest 1 deia).

{c) Results
Since the results recorded for trees infected with root
galls generally fell within the range of valuss for healthy trees,
the data from the 2 grouﬁs was bulked prior to statisticasl anslysis.
Statistical analyses were usually cerried out with the
aid of & computer and exanples of the computer printouts are given

in Apvendix C, section (a)(iii).

(i) The Nitrogen Content per Tree at Plamnting and the Influence
of Trec Size at Planting on Subsedjuent Tree Growth

As expected, a significant positive correlation (r = Ce78)
was found between the nitrogen content per tree &t planting and the
fresh weight per tree at planting (Fig.1l), i.c. the nitrogen content
per tree¢ at planting increased with increasing tree size. Mo
nitrate ¥ was detected in the tree tissues.

Since it was thought that tree size at planting would in-
fluence subseijuent tree growth, irrespective of the nitrogen treat-
ment anplied, the relationship between tree size at planting and
tree size st the end of the first year of the expericzent was exan-
ined statisticelly by simnle vecressiorn and covariance snalysis.

The results are summarized in Table 3. The covariance snalyses did

not vesult in eny significent adjustment to either the treataent



FIGURE )Y telstionshin betveen the fresh weight per tres
gnd the totsl nitrogen content nevr tree &%
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SUMMARY OF RESULTS F 3SIMPLE

TABLE 3%
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REGRASSION AND CUVAKLANCE ANALYSES UF THE RELATIONSHIF BETWEEN TRES 3IZE AFT:R 1 YuaR
AND TRED 3IZE AT PLANTIRG
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variance or to the error variance, amnd the pooled correlation
cosfficient: vere not significect for eny of the zmirs of sera~
aeters tested. liowever, vhen the data wes cxemined separately for
esch nitrogen treatment, significant correlations were found be-
Swesn: irec size at planting snd tpree size after 1 yusr in the N1

and U3 trestmenta but mot irn the N9 tyrestmsnt. That is, the in-
fluence of iritisl tree sise on subsesuent growt: wes only mr%—
&nt if small cusmtiities of nitrosen were anplied %o the trees during
the groving seasor. It is pomsibls that the initisl tree siss im-
fluenced growth in the U7 trestuent as well but thst its offect wam
anell snd was ussted by the large growih respsnge to the sxieraal
nitrogen apnlication. Fresumably the inflvence 37 irdtial tres asise
on gubsesuent tree growih ls & funetiocn of the nitrogsn eontens per
$roe af planting. However, sises the trees had been streatifisd ac-
eordizg %o thelr fresh welsht ob plensing, vvior 9 swplication of
the nitrozen ireatiments, the influence of initial tyee sise on sub-

gsequent growth was mininised.

{11} Pres Srowith Puring the First Vear of the AZDSTiMERS
Fitrogen Jeficismcy syoptoms were firsy observed on trees
in the 21 end I3 trestuments in November 1363, oni, by the end of
the growing seeson, the symptons were pronouncesd. As would be ex-
sected, the symptons were more severe uos frses i» dhe ¥l treutment
thar an treen in the BRI freabtrent. [o daficiensy synptoms were ob-

served op irees Lin the W9 treatment. Deficient trees were small,
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with few gide shootas (these were slender amnd often reddish im
colour), the foliage was sparse, ond the lsaves were =mall and

greenish-yellow in colour.

(1) seasonal Changes in Pree Gzowth

The changes which occurred in the total length of tops
per tree and {he stem dizmetor per tree during the First year of
the sxperiment are showm in Fig.2. The grephs wers ot extra-
polated S0 zere at the begiuning of the growing zsason beczuse the
dats is expressed en a logarithmic basig. SigniTicant differences
betwean treatuents vers first observed for both types of growth inm
early Rovember. Jubsesuently, as the growing aseason progressed,
the sacunt oFf tres growth mads wes in projortion %c nitrogen supply,
and, by ths end of the growing season, all treatuents were signifi-
cantly different ai the J.lh level. It ig of intecest u note that
little incresse occurred in the sten diaemeter per tres during late

autumn snd winter.

(2) Harvest 1 iat2

The appearance and overall zize of the traes at harvest 1
is shown in Plate 2, while data illustrating the influence of nitro-
gen itrcatment on tree growth at harvest 1 is given in Tables 4A znd
4B. It iz eviigut that growth of the trees, or their parts, wvhen
expressed in terms of fresh weight or dry weight, was im proportion

t0o the nitrogen suprly amd that differences betwecn 2ll treatments
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PLATE 2 gverall size und smpearance of trees &t eweh hervesis
$op pieture - horvest 1 (July 1964,

siddle horizorssl row - harvest 2 (Hovember 1964)

8

bottow horizorisl ow -~ harvest § {Mareh 1965)

%
el

uitrogen trestments are indlested on curds atb the basgse
of the potss first year trestment, Left of obligue

stroke; second treantment, righi of sblizue ziroke. The

vertiesl zossure is 2 feet high.
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TABLE 4A
INFLUENCE OF WITROGEN TREATMENT ON TREE GROWIH AT WARVLST 1
K [FoWbe  [PoWts  (PoWte  [Felte | DWbe [ DWEe DV IDWt. | DoW. No. Mo 'No.  |No. Leaf No. i |
Treat- {(Roots Stoeck + (Buds Tree Roots Stockk + [Buds Tree ' fops i8hoots |Leaves Flower [Buds 1{Flovers
fent Stem + | | Stem + | ; Buds 4
(side | Side DeVite | i
Shoots* ?hcats* Roots ; ;
A P . - ; 4 {1 . ‘
(Log, g)|(Log, &) |(Log, &}i (Loz, &)l (Tog,, &) (Rog , &) |(Log , wg) (Log,, &) ((logyo )| (Logy, (x+1))) (Togy )| (Logy;) | (Logyq)
| “ | ! 5
N1 50334 | 34826 | 0,012 | 54540 | 1323 1.397 2,731 14963 | 0033 | 0.354 | 1.813 1475 | 1515 | 04537
? H ¥ i .
| |
N3 50684 | 4e271 | 04475 | 5,907 | 14994 | 1.539 | 24922 2142 | 0.41 | 0502 | 14965 1.549 | 1,639 | 04536
j ' — i i ; {
? i | |
B9 | 6054 | 5.123 | 1.261 | 60393 Il 20196 10941 | 3e249 2,392 | 0457 | 0e355 ! 24313 1.334 ] 1.984 | 04509
| J - . i . :
i ' ; ! i { ‘
: l i £ i g H + !
¢ { ! ! ! i -
Lo Se b | j ! i | *
5% 04209 | Gel2l [ 00209 | 0.101 | 0046 9:059 | 04095 0,045 | 0.050] 0,077 ©.032 C.065! 0.041 NS
1% 0148 | 0s164 | 0s283 | 0137 | 0.062 | 0,079 | 04128 0.060 | 0.068] 0:102| 0.043 | 0.0861 U.U54
Oo1# 0.198 | o220 | 04379 | 0s133 | 0o083 | 0.106 | 3.72 0.081 {0091/ 0.131| 0055 | Gllll| 0,070 |

¥ weight of buds excluded

+ fbscissed prior to Vsrvest 1

¥ counted in July 14964
| Counted at 'pink-tin' stage of bud-burst {early September 1964)
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were sigaificant. As the nitrogen supply was inereased, the
top/root ratio on a dry weight besis wss alge incressed, ietey

the grovth of the tops incresses at & fester reate then the growth
of the rnots {sec Table 4Bj. Furthermore, the mmber ol shoots,
leaves, flower buds and leaf buds per tres were all significantly
ineressst with inereasinz nitroger supplyv. However, there was no
significent difference beitween the mumber of flowers per hree im
septenber 1964, This result is gupprising in view s¥ the depengds
enee oi the Lflower~bud number: per tree on the nitvogen supyly, but
littie imporiancs can bs =ttributed $0 it beczuse the trues were re-
potted auhseguent te the dute on wvhieh the flower.iwd numbers were
recorded but mrior 4o the date on whiech the Tlower numbers wers re-
vordede It i oossible that meny flower suds wers denaged during
repotting, desvite the care taken, snd that these buds later abseis-
sed. slternatively, the Tlower buds could have sbscissed becauss of
ingdecvate ¢hilling in winter {the trees were left ir the slasshousse
over winteri, or because Beli, was used as $he altrate source, thus

P z . . _
resulting in & zossible ftoxie scenmulation of Xa in the budsge

{iii) Tree drowth luring the Second Yesr of the ixperiment

{1} seusorml Cheuges in Tree Growth

The seusonal changes waleh occurred in the total length
of new shoots, the stem dismeter, the total mumber of now shoots,
and thie avernse length of the new shoots, &ll sm @ per tree basisg,

are ghowi: in Figge% to 6« In sach case, the interactiosn means and



PIMEE 3 Influence of nitrogen treatuent on the
total length of nov choots per tree

during the second growing ssason.
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PIGURE 4 Iafluence of nitrogen treatment on tha sten
dinmeter per trec during the second growing

BEUMOTe
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FIGURE 5 Influence of nitrogen treatmemt on the
total mumber of new shoots per trec

during the second groving sesson.
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FIGURE & influence of niirogen trestamt on the
aversge lengih of new shoots per tree

during the second growing season.
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the main effects mcana, for both the first and second year

_ treatmenis, have been plotted versus time for all mitrogen
treatments. The main effect wmeans, vhich indicats how important
the first snd seco>nd year trestments are for trec growth during
the second yesr of the experiment, ‘shcml:,‘- only be referred to when
thers are no signiﬁcant A fferences betweoen the interaetion means
of the trentments, since, theoretically, there should be no main
eifects if there ure significent differences between the inter-
sction meens. The graphs vhich 1llustrete the seusonsl chenges
in the length and rumber of new shoots per tree for smch treatment
{Pigs. 3, 5, 6) vere not extrapolated to sero at the beginning of
the growing scason bscm?aa the data is expressed on 2 logarithmic
bosis.

It is evident that the total lenath of new shoots per
troe at the baginning of, and et the end sf,the second growing
seoson  wes dependent upon the level of the curvent niirogen A=
plication and upon the nitrogen treatmenmt applied in the first year
of the experiment {M™g.3). "hus maximum growth Juring the second
year was in proportion to the level of nitrogen sunnlied 0 the
trees in the first year i the level of nitrogen supnlied during
the aecond year was constant. This vesult sursporis the hyvwothesis
that young peach trees accumulate nitrozen withirn their tissues ac-
cording to nitrogen supvly and that this nitroges is used in tree
growth during the next growing scason. inalysis of data recorded

at the end of the growing season showed that there was & signifiocant
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negative interaction botween the first and second year treatments,
i.2+4 the grester the nitrogen supvly in the first year the
smaller was the effect of nitrogen zpolication in the ascond year
on the total length of nev shoots produced per tree and vice
verssis At the beginning of the secont growing sesson, the in-
fluence of the first yesr treatment on the amount of new shoot
growth nede rer tres wes nore pronounced than thet ¢f the second
year treatment (e.f. the #ain effect means Fig.3). HLowever, since
the anplicatisn of the second year treatments resulted in signifi-
cant differences in tree growth at this $ine, eez. tress in the §9
treatment mede significantly more srowth than those in the i0
trestment, it is cleer that nitrogen was teken up by tree roots in
early spring end that tres growth made early in she growing secaon
was not emtirely at the expense of storegs nitrogen.

Zeveral of the growth curves, wiich iliuatrete how the
interaction mesns of the treatments change with tiue, croased over
dnring Hovember (see Pig.3), ©.z. the curve for irees in the NS
treatment crossed over :nd ross above that for tress in the NIN3
trentment. These crossovers were taken Lo indicate thet thers was
& ranid upteks of exteraal nitrogeyn during this wonth and that this
nitrogen had & pronounced efrect on tree gruwthe. ZIrior to this
4ime, much of the new growih wouid have been ade at ke expense of
the nitrogen vhich hsd accumuiated within tree tissue during the
firat year of the e¢xperiment. It ia ianberesting 4o notc, hovever,

that the nitrogen treetments did not influencs the length of the
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growing season, i.e., the tine at vwhich the growth cﬁrveg
reached their maximus velusze

The seasonml chengez which occurred ir siem dismeter
and totsl munber of new shoots ver tres (Figs.d and 5 8lso pro-
vided evidence %o support the sontention that tree zrowth sade
during the second year oi the experiment was dependent upon, snd
in pronoxtion €5, levels of both atéraga nitrogen and exteinal
nitrogen suprly. s iu the case of the sboot length datz reported
above, the number of new shoots per tree tnd the stem Jdismeter
early in the growing seanmon were sevendent upon both Lirst and
second year treatments, especially the former. However, at the
end of the groving sesson, the values obtained were in proportion
to the level of nitrozen suprlied in both the Tirss ond second
year streatments. There was alwe @ wignificunt negative intersction
between the Lirvet and second year 4reatmenis for Loth groups of
date at the end of the growing season. The values recorded for
stes diemeter in September were dependent upon the first year
treataents snly. This is probably due tc the fact thet second year
treutaenis had besen started only 2 dsys before the measurements
were ade.

In couparison with the above results, the seasonal
trendg in the average length of new aloots per tres wvere suunewbat
different (Pig.6}. Throughout the growing sesson, the average
shoot length por tree was denendent avon ithe nitrogen treatment

applisd in both first snd second years of the experiment but was



ot always croportional to the level of nitrdgen supplied. Por
exanple, at the end of the groving season, the average shoot
length per tree in the WINI treatuent was significauily greater
than in the HI9NG treatnent. Thus the average shoot length per
tree at the ond of the growing season was proportional $o the
nitrozen trealinent applied in the gecond yeay but was not pro-
vortional t5 the witrogen tremtzent applisd in the fived year.
Since it would be eéxpected that the number of shoots produced

ner tree during the second groving seuson wiuld be depnendent apon
the mumber of buds presens on the trese at the end of the first
year, it was thought thet the sverege shoot length ner tree during
the gecond your would be dependent unon iuber-ghoob gompetition
for the available nitrogsn. The relaticaship betwsen the aversge
shoot length per iree, the Sotal number of shooie por twree, #nd the
nitrogen trestment, at the end 2L Lthe second growing season, is
shown in Fig.T. It is evident that when the nitrogen supply was
high snd constant during the second year, the averags shoot length
per tree deciined with increasing nitrogen supply durinz the first
year {ec.f. H1KY, H349 snd ¥9¥9). However, when the nitrogen supply
in the first year wes incresged, this resulted in on increased
mmber of choots per tree st the ond of the second year {c.f. the
aame trestments). If the level of zitrogen supplied during the
second yesr was constani but of n lower magnitude {KJ geries or N3
seriss), then the average shoot length per tree sither incressed

or decrsased with incressing nitrogen supply in the first year,
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depending on vhether ihe nitrogen supply to the trec was

limiting of vhether there wae severe iaternel coupetition for the
availuble nitrogen. Thus the average shoot length par tres ot
the end of the second year was dependent upon the level of nitro-
89: supplied to the trees and the zumber of shoote present on Lhe

Tress.

{2} Haxvest 2 Data

The appearano: and overall size of the trees at hurvest
2 is shown in Plate 2. It will be noted that the size of tree
tops was dependent on, and in nrovertion to, the level of nitrogen
supplied in hoth firast and gecund years of the exneriment. The
tor growth nade by the irees in the BlH% and 53N treatnente was
especially extensive, indicating & rapid recovery from nitrogsn
deficiency. Foliags coiour also differed betwcen treatmemts and
was cleurly dependent upon the external nitrogen supply. It remged
from dark green for trees in the HY treatment to yellowish-green on
trecs in the IV treaimenis This result indiceied that trees, which
had yeceived little or »o external supply of nitroger since the be-
ginning of thé setond growing sesson, were under nitirogen stress in
‘ovenmber, irrespective of the nitrogen treatment zoplicd in the
firs$ year of the cxveriaent.

Ieta illustrating the influence of ihe nitrogen treet-
uents on tree growth 2% hervest 2 is set osut in Tables 54, 5B, 5C

and 5% Intermction means for #ll treatments, and main sffect
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TABLE 5C
INFLUENCE OF NITROGEN TREATMENT ON TREE GROWTH AT HARVES3T 2
Log2 Data
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TABLE 5B

INVLUESGE OF NITROGIN TREATEST O THe &7 MATPER QDT
D¥ TREE PISSUES AT HATVEST 2
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meang for both the firet and second year treatments, are given
for sach get of datm, together with the type of interaction
found, if any, between the first snd second year treatments. It
is evident that tres growth, when expressed ns fresh weight or
dry wveight rer tvee, was devendent on, and in provortion to, the
nitrogen treotaents applied in both first and second years of the
sxporiment. In wost scases the differences beiween treatments
were significant. 4 ainiler situstion was found iu regard to the
growth of each tres paert, except thet the second yesr treatment
d1d aot significantly influence the growih of zny iree pars, on &
dry weight bemig, spert from the new shoot tissues. 4s shown in
Tables 5C and 5D, if the level of nitrogon supplicd to itrees in
she firset yeer was congtant, but that suposlied in the gecond year
wag varied, then the top/root ratio incroased ou & dry weight bagis
with increesing nitrogen supply. However, dry weighit ver tree ag
harveat 2 was c¢learly mors dependent upon the nitrogen tremtaent
spplied in the first year than it was upon the cxternal nitrogen
suppiy in the secons yesr of the experiment {see ‘able 5B).

The top/root ratio on s dry weight basis, the puzber of
leaves per trec, vercentage leaf absciasion snd the mean fresh
weight per lesf per tree were also found t¢ be significantly sffect-
ed by both first and second year treatments, while the number of
sbseissed leaves ner ires was significsntly depeundent upon the
first year treatuent only. However, percentage leef abscission

was inversely prosortionul to the externsl nitrogen supply in the
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gecond year. That is, & grester sroportion of the total
mupber of leaves abscissed from trees regeiving the 10 treat-
ment then sabssisgsed from frees receiving $he N9 treastment,
irrespective of the first yeer trestment. rereentege leafl
sheolssion was (herefore indicative of the severity of the

nitrogen stress withir the 4rees.

(3) Hervest 3 late

Tre aupeerance and overall sizs of the trees at
harvest % iz shown in Flate Z. 48 in the case »f the trces
hervegted in November 1964 {harvast :?2), the size of tree tops
was dependent omn, =nd in proportion to, the level of nitrogen
supplied in both first znd secund yosexs of the oxpariment, while
the follage colour was dependent upon the ilevel of nitrogen supe
vlied in the second yeers The folisge was dark greoen oun irees
in the ¥% treatment, green on frees in the U3 itreatment,; execpd
for WON3 trees whose foliege was vellowish-zreen, and yellowigh-~
green on trees in tha Ko treatment.

fate illustrating the influenee of the nitrogen treat-
ments on tree growth st harvest 3 is set cut in Tebles 5A, 63,
60 and 61 Theae results were sxpressed in the sare way 23 ware
those of hsrvest 2, and, generally, the results obtained were
similer to those obtained at hervest Zo Thus the growth of trees
and their paxts at the end of the second growing semson was gig-

nificently dependent upsn, end in propertion to, the ievel of
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TABLE 64
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TABLE 61

INPIUBNCE OF YITRUGLY TREAPMENT O THE IRY MATTRR
CONTEED OF TRER TISSUES AT HARVEST 3
Values Delative to thé 51l Treatment {f)
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nitrogen suoplied in both first and second years of the exneri-
ment. Fowever, in contraat with hurvest 2 results, the dry
metter content of 2ll narta of the tress wes found to be sig-
nificently influenced by both first and second year treatmnents.
In addition, significant negaiive inteructions were found beiween
first and second year treatmentz for all of the duts recorded ai
harvest 3. Parther svidence wes also obtained which showed that
if the level of nitrogun supplied %o itrees in the Lfivst year was
zept consiant, the %op/root ratio, when expressed on & dry weight
begis, increused with incressing vibtroger supsly im ihe second
year f the experiment. Percentage leaf abscizsion values wers
mach khigher than vere those found at nervess 2, bus ths same
trends were apparent; i.e. the nro-orticn of the totael number of
leaves per tree which sbscissed [expressed as a ) was iuversely
provortional %o external nitrogen supuly in the seednd year.

Basel leaves or the shoots were slweys the firast to absciss.

(4) Semsonal (henges in the Dry iaiter (onten: of
Tree Tissues
The seasonal ghansges which ocourred in the dry matter
content of whole trees and thelr psarts during the second growing
gesson are shown in Fig.d. This fipurs was constructed by come-
bining relevant ata from harvesta 1y 2 and 3« For this pur-
pose harvest 1 was counsidered as being % the heginaing ol the

second grvowiaz gemgon. It is cleay thmt the dry matter gonient
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during the second growing Bemson was markedly dependent upon, and
in provortion to, the level of nitrogen supplied in voth first

and sucond years sf she experiment. This pronounced residual
effect of the fira: year treatment on tree growtk in the second
year ig cunsistent with the hypothesis thuli nsech Srees accumuliate
pitrogen iu the first yesr in sroportion %o nitrogen supply, snd
thai this nitrowen is mobilized For growth in the second yesr even
if a high level of aitrogen is supplied. #ige3 anlso shows that
the increase in dry satter content of 4tree tissues was mach more
repid in zheilatter hali of the growing season thaw in the former
half. In fact, during the first balf of the growing gesson, the
dry mustter content of stock + sten + 1 year 51d shoot and root
Practions declined in several trestuents, especially those which
had received ths W3 trestment in dhe Tirst year, indicating that
rodistribution of 'dry matter' had taken place in the ¢ress. In
most cmges thers was svidence to shov that ‘dry matter' hed noved
intc the new sﬁust fraction. The dry metter content of the new
shoot fruction of trees receiviong the Rl treatment in the gaeond
yeny declined duying the latier hall of the Srowing $easony iy
since this decline anpesred 4o bs squivelent to the incrzase in ary
matter in the sbscissed leal fraction, it is thought that the loss
of dry metter fros the new shouts was fue to leal abscission rathey

then io sovement of drvy metter inbo woody parts of the trsos.
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(5) Correletion Between the Amount of Shoot Growth Made
puy Tree in the Second Growing Seaso: and the

Total Hitrogen Content per Trse at Harvest 1

The relationship between the amount of new shoot growth
made per tree at harvesis 2 and 3 and the total ¥ content per tree
at harvest 1 was investigated by simpls regression spelysis. The
results are set out in Table 7. As oxpectad, a highly significani,
positive correlation was found between the amount of new shoot
growth made per tree at both harvests and the nitrogen content per
tree at harvest 1 if the external nitrogen supply in the second yesr
was low. Inm those treatmenis in which the level of nitrogen supplied
to the trees in the second ysur was high, the level of correlation

was reduced end in one ¢s5¢ was not signifiecant.

(iv) The Nitrogen Content of Tree Tissucs ai the End of the

#irgt Year of the twperiment

{1) Influence of Iitrogen Supoly on the isccusulation of
Nitrogenous Constituenta in Tre: Tissues

The concentration and abeclute amsunts of the nitrogenous
conatituents in tree tissues at harvest 1 ar¢ tabuiated in Appendix
Gy section (a)(ii), together with calculated values for least sig-
nificant differences between treatuents. lowever, the datz has also
bezn expressed on a relative basis (see Tebles 3A and GB). Fo
values are included for nitrate N since nitrate was not detected in

any tissue 8% harvest l.
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NITROGSN COKPRNT Pk TRE: PRIOR T0 COMMENGIMIRT 02 GROUTH.
Lagm Data
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e: s '» : s
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SABLE B8A
IUPIURNCE OF RITROGEN TREATMENT ON THE CONCIETERA?IOH OF HITaassOus OOUSTINIENTS 1Y PRRE
TISSIRS AD HARVEE? ]
Yalues relative to the Hl Treatment ()
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TABLE 8B

INFIUEGCE OF NITROGER TREATAZET 08 Sz AMOUETS UF WITROZENOUS COISTITUENDS
L PRED TISSNES AT BARVISY 1
Values reletive to the N1 Treatnent ()
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It will be observed fros Tsbles 84 end 8B that the
concentration and smount of each nitrogenous constituent in the
tree tliasues was usually increased, reimtive to the values in
the Nl treatment, with increamsing nitrogen supoly, but the rel-
ative incresse was muach more pronounced for soms constituents
than for others. Por example, the relative increase in the con~
centration and amount of soluble B was much sreater than the
corresvonding increase in levels of insoluile K. It is concluded
that the nitrogen vhich sccumuleted in tree tissues in response
%0 inereasing nitrogen supply during the first yesr of the ex~
periment consisted mainly of soluble nitrogenous compounds.
furthcrmore, since the concentration and amount of arginine N in
the trec tissues showed the greatcgi relative increase with in-
creasing nitrogen supply of any of the nitrogenous constituents,
with the exception of the amount of smide ¥ in lesf + flower hud
tissues; it is concluded that the estimation of levels of arginine
# in the dorment peach itrces gave the moss sensitive indication
of the nitrogen status of the trees. ISstimation of levels of soli-
uble ¥ in the tissues gave the nex’s best indieation of the nitro-
ren status of the trues. Hince the greatest relative increase in
the levels of arginine ¥, on eithecr a concentration or absoiute
bagis, was found in the stocikk + stem + side shoot fraction, it
appeer: that this would be the most suitavle type of tissus to use
in any assessment of the nitrogxen status of dormant treus.

Emtios of the smounts of nitrogenous constituents in tres
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tissuesat barvest 1 are shown in Teble 3. The data indicates

that leveis of soluble Iy as & proportion of the toiel K content

of the tissues, increasaed, while levels of insoluble ¥, 8 2 pro-
portion of the total ¥ cuntent, decrsased, with incressing nitrogen
supply. These Iindings support the hypothesis that the storage
nitrogen of peach tress consiats aminly of soiuble nitrogenous com=-
poundse Furthernorey it is eleay that almoet all of the soluble N
in the tissues wag orgaunic in character and shat it consisted
BRinty of arginineg Ne dince the levels of srgiaine I, when &xXe
preased as 2 groporiion of the soiubdle W content, were significansly
ineresged in the tree Ltissuss with inersased nitrogsn supply, it is
avidens that the coupogition of the soluble ¥ fraction of the peach
tissues was Jdependent upsn the nijvrogen supplys iIn circumstances
wvirare the nitrogen supply wes low, a greater proporiion of the
@oluble ¥ which mccumulated congisted of amide H. Overall, however,
the levels of zaide N constituted 2 very smiRll part of the solnble N
fraction. The levels of jotal « -amine ¥, when sxpressed as & Hro=
portion of the soiuble ¥ content, wers not influencsd by the nitrogen
treatment. Irrespeciive of {he nitrozen Lrestment zonlied, zlmoss
all of the soluble ¥ in the pench tissues waz accountsd for as
arginine, the anides and senonisg.

(2} sistrivation of Misrogenoas Constituents in Tree
Tissues &% facvess 1

Thaz distritution of caek nitrogen us congiituent ie Lree
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RATIO OF AMOURTS OF NITROGENOUS CONSTITUBNTS IN FREX PISSUES AT

HAEVEST 1
(Bxpressed as vercentages)
Soluble N Innoluble X
! Totsl N Total N
i::t" Roots | Stock + Leaf +|%hole Roots Stoeic + Leat + whole
Stea + Flower Tree | Sten + Flower |Tree
8ide Shoots!Buds Side Shoots|Buds
K1 0.4 24,1 16.3 | 28.%169.6] 75.9 B8%.7 | T1.7
N3 42.6! 4.2 0.8 | 41.5!57.4] 58.3 63.2 | 58.5
3] 57.4 47.3 %445 | 53.7 | 42.6 52.2 65.2 | 46. 4
e Se s
5% 36 %5 40 Sl | %6 %o - Bell
1% 4.9 4ok Te3 4.2 449 4.4 - 4.1
0.1% 6.6 640 1642 | Beb | 6.6 600 - 5e5
érginine N Potal K ~Amino N
& Soluble ¥ Soluble ¥
O;:t' Koots Stock + Leaf + ¥hole|Roots|Stock + Leaf +| ¥hole|
' Stem + Flowar Tree Steu + Flower| Tree
Side &oﬂta‘mas Side Zhoots Buds
N 781 | 6620 | 6948 | TSeT| 3le4| Ba1 53,1 | .2
B3 Ble6  T6.2 B30 | 80eB| %30 27.% 310 | 3le4
%9 Gieb 93%.0 83,0 G4.1 | 0.0 26.3 el | 20D
. . :
SeSe Ia
5% Geb 3.1 57 | 640 145 1.7 Ze2 | led
1% 90 12.4 12.4 | 8.2 2.1 2.3 | 4.0 1.9
Geld 12,1 166 2744 {1049 | Zea 3ol Gedd Ze5
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TABLE 9 {Contd.)
RATIO OP AMOUNTS OF BITROGENOUS COKSTITUSNTS IN TRE: TISSULS AT
HARVEST 1
(Expressed as percentages)
1
sponivg B : smide X i
" | 8oluble H | Sa'lubh R
Treat- | oiots St ma eaf + ¥hols
ot 8 Stock + Lenf + oikf\mta stock + Leaf + 8
: Stea + Flover Tree : |Stem + Plower Tree
j_ _ Side Shoots Buds i '8ide Shnoti  Pude
: ; - ; - : _
! led! 403 | 3.6 | 2.0 ESRENE, 402 | 1.5
L N3 L0 L6 | %3 | L2 | 5.3 ' Ted | 42 5.8 |
79 005 0.8 | 21106 36| 5.8 | 32 | 42 |
LoSeDs | I | | | | |
5% 0.3 .2 L 0e8  0ed | Lol | 27 2.7 | 1.1
1% | 0.5 166 | 1.5 | 0e5 | 15 | 37 5.0  1e5
0.1 0.6 2.1 | 3% | 047 20 Se0 L 1leD | 2.0

{ !
g Arginine ¥ + ﬁmonium + Asmide M
|

- | Soluble ¥ I
32?" Roots Stock + Leaf + ¥nole
] i Ston S  Flower Tres
; i .Side &’mota: Budes |
fm | 36,7 30,0 % 136 I. 35,2
| W3 | BT.9| 85.2 | 0.5 37.3
LR | 98.T| 997 | 83.3 | 3349
Tew 50 T | 1 | 1
‘ 5]1 6e1 705 5'{5' | 5.4 |

1% 8.2  10.2 93 Ted
0.1% 110 1%6 20.5 9.8
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tissues at harvest 1 ig shown in Table 10. The results indicate
that approximately 60 %o %09 of the amount of nitrogen in the
dormant trees was present in the roots, irvespective of the nit-
rogenous constituent considered and the nitrogen tremtuent spplied.
liowever, as the level of nitrogen supviied 4o the trees was ine-
crecsed, & smaller pro-ortion of the nitrogen content of the tree
was found in the roots and o correspundingly grester procortion was
found in the stocik + stem + side shoot fraction. This result is
consistent with the known incresse in the top/root retio of the

trees with incressed nitrogen suvply (see growin data).

(3} nitrogen Upiake ser Tree Iuring the First Year

The nitruogen uptake ner tree durirg the first yvear of the
experiment was caleulated from the difference between the total N
coutent par trec st heyvest 1 snd the sotal X content ner tree at
planting. The resulis, vhich are shown in Teble 11, indicate thet
the nitroger uptake per tree during the first yenr wes approximnately
directly proportivnal to the nitrogen supply.

(v3 The Hitrozen (ontent of Tree Tissuwes luring the Second

b

Growing Seuson

{1} Tevels of Hitrogenous Constituents in Trec Tissues at
Hervegts 2 and 3
The concentration =nd sbsoiute amounts of the nitrogenous

constituents in tyes tissues £t harvestsz 2 #nd % are tsbulasted in



Anount of Zitrogen in Each “ree Part azs

PABLE 10
CISTRIMITION QF WITRUGENUUS CONSTIMIENTS IR TREL TISSUES AT HARVEST 1

€
Ve,

sercentage of the Totaul per Tree
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o
i

; ! —
g wotal N | Soluble ¥ | Insoluble W | Arginine N |
. | ! : : T S g ; ; * I
i B Foots | Stoek + ; Leaf + | Roots | Stoci + | ieaf + | Poots @ Stoek + Leaf +  Roots | stock + Leaf +
{Treatment | | Sten + | Flower | | Stem + | Flower | { Stem + Flower | Stem + Flower
3 ! | Side Zhoots | fuds | ; Side Shoots% Buds | Side Shoots | Buds | fiide Shoots | Buds
f ‘- i é —+ ! : f 1 ‘
;om | 763 | 22,0 P o0e8 | 80,21 1943 | 045 | T4 ! 243 | 0.9 | 329 16,6 OV
W 728 | 2643 L 0.9 | T33| 2604 | 006 | 725! 265 1.0 | T4e2] 280 NN .
| i i i i H . | & -
PN 6647 | 3244 | L 7045 23,8 | 0.7 | 619! 36.6 | Lled | 0BT B8 N
! ! ! i '. | i i 1
| ; L ? , T i a a ;
| Lesete 55 260 2.6 L B2 1 %@ 30 | 0e2 | 35 3.5 05 1 40! %9 | Gl |
| 1:?»%2 %5 35 042 | 41| 4D | 0e2 | 4T| 4T | GeT | 5edi  5ed 02|
el® i . ; . .I e i i | » 1 Je B i 3 Yo 5 § G I:‘ [ f . i
Q 1"_} 43{;7 ‘ 4.7 ! .\}c; L. 5.13 5:5» ._JL_, Je B a 6¢3Q Be3 gm(?o’:f | To® Te2 s je 2 |
z : Ammonium I 5 Anide U ‘ Potal oK -amino U
| x| S DU M v R s
’ Roots OCtoek + Leaf +, hoots  Stock + Leaf +  loots Stock + tbeaf +
¥ H { |
?raatment t | Stem + Flower , Stem + ! Flower ( , Stenm + ; Mlower
; | Side Shoots |Buds | ' 3ide Shoots { Duds | . Side Shoots | Buds
8 [57.5 | 9.7 [T 208 | 76.5 | 234 | Gel | 834 161 | @8 |
w3 | 6304 | 346 2.0 | 6605 | 3%0 | 0B | 76e5 | 2249 06 |
Ny 15946 | 37.7 L 2.7 1 597 3948 | De5 | 728 | 2646 L Geb |
LeSal 5% (20,5 | 10.1 | led | 8BS Be9 Sald 243 208 | Ga1 |
; 1% {1403 | 137 1.2 | 121 | 120 a2 508 | 37 G0 2
| 0u% {1941 | 18,3 | 25 {161 | 161 03 500 5ed | e
A : i H
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Appendix € section {a}{ii), together with ealculested values for
least significant differences hetween treaiacnts. Ku values are
included for niirste ¥ since nitrate was not detecied in any tissue
at harvests 2 snd 3. In addition , tissmes were not analysed fbi
anmoniua K or smide ¥ at harvests 2 sng 3 since these constituents
did not sceumulabs to any marked extent during the first yesr of
the sxperiment. The ainm of the analyses which were carried out on
tissues harvested during the second growing senson was tvofold, vizes
{a) to determine the Pate of the nitrogenvus constituents
which had accumulated during the first year of the ex-
periment, end
(b} to determine from vwhet parts of the trec nitrogem is
mobilized for new shoot grovin if little or no sxternal
nitrozen is susolied.

Ratios of the amounits of nitrogenous goustituents in tres
tissuss =t hervests 2 and 3 srve given in Tavies 12 and 13. It is
evident; in contrast with the harvest 1 date (Table 3}, that the
goluble N fraction constituted only & small sand relatively constsmb
provartion of the $otal ¥ coutent of the kreec sissues at both
harvests 2 snd 7, i.e. most of the nitrogen present in the tissue
#as present in inscluble forw, presumably crobein. Furthermore, the
compogition of the soinble ¥ frzetion in tree Ltissues during the
second growing season was marikedly differeid from that &t harvest l.
For exmnnle, the lmpvriance of avginine as o ¢oustituent of the

soluble N frection was much reduced c.f. harvsst 1, and, of the con-
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BATIC OF AMJUURTS OF NITROGENCUS CONSTITURETS IK TRAE TISSUBS AT HARVEST 2

{Expressed as Yercentages)
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Soluble K

insoluble N

Argivine }

Tosal oL -dumino N

Total ¥ Total N Soluble N Soluble ¥
. | hoots Otock + Rew vhole = FEoots Stock + New ' “hole | Poots dgock + Hew whole | joots Sgock + New iliole
Treataent pey W - i e . ) i p Pl - . .
Btem + &ioots  Tres Stem + Froots | Tree Ltem + Shoots Tree i stem shoots  ‘Pree
1¥r 014 1¥r 314 1Yr 0l1d ! 1¥r ald
Shoots Shnots Shoots " shootse
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RATIO UF AMUUNTS OF NITROGEWOUE CORSPIMARTS IN PRey TISSUES AP HARVEST

(szpressed as rercentuges)
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N

Soluble 7
Potal ¥
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Soluble X
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Potal L ~imino X

whole |

|
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stituents snalysed, $odel < ~amino ¥ was the most important cunie
stituent of the soluble N fraciion, especially in the sbove ground

parts of the tree.

{2} Seasonml Changes in Levels of Nitrogenous Constite-
uents in free Tissues Daring the Second 3rowing
Season
The sessonal changes which occurred in the concentration
&nd absolute amounte of nitrogenous constituents of whoie trees and
tree parts during the second growing sesson sre shown in figs.9 to
18. iach figure was consiructed by combining the relevan: dats
from harvests 1, 2 and 3, and, for Lhese mrnoses, harvest 1 was cone

sidered as being at the beginning of the second ZYOowing Seasoln.

Total N {(Fige. 2, Llu.)

It 1s evident frow Fig.? that the smount of total N in the
treesy, and in their parts, =i each harvest is dependent apon, and in
proporiivn to, the level of amitrogen which was suprlied in both first
amd seeond years of vhe expsriment. Furthermore, it will be sbscrved
that during the first hslf of the groving seusnn nitrogen is exe
norted frow the vroots snd the old tree tops (skack + gtem + 1 year
old shoots} to the new shoots, even if a high level of external nit-
rogen is sunplied 59 the trees. flowever, Too3s of trees in the NINY
trentment were an excortion in that $hey increased in nitrozen con-

went over this cerinde. Presumably nitrozen was @iso exported from
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these tissues but was not detected beemuse uptaice of nitrogen ex-
ceeded loss of nitrogen. Yhere no exiernal supply of nitrogen was
given to the trevs, the loss of nitvogen frum the rocts excecded
the loss from the 0id Sree tops, but this situstion was reversed
if the trees received a high nitrogen applicatior. detual guins
or losses of total ¥ in exch tree part during the seccnd growing
seuson heve been cslculated for cech trestment end the results are
spowh in Table 14. Theoretically, if would be expected that if no
nitrogen was supnlied during the second groving season (¥ treatment)
then the trees would not gain or loss nitrogen, btut it is clear from
table 14 that this wae ot the case. However, singe the spparent
gaing or losses of uitrogss by trees in these treainenss represents
only about 10% or less of the total ¥ in the trees, these chenges
&re thought 50 be due tu experimnental evrow avising froa saall
differences in trze size, and Sherefove nitrosen contents at each
harvest. Nevertheless, the vesulis clesrlv indicase thas storsge
nitrogen present in tree Lisomes was mobilizmed for new gsrowkh in all
treataonta.

inaring the secsnd halfl of the growins season, the nitrogen
eontent of the roots and old sops of the trees increused im all
treatments, excent in roots of tress in the N9 trestuent where a
further decremse veourrad, snd, in most cases, the incrssse in the
aitrogen consent i the roois exceeded that in the old tres tonpg.

fince increases were found in Sissves of Lress whick had not ro-
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eceived any external supsly of nitrogen, it is conciuded that redis-
tribution of nitrcgen occurred in these trees, and it sppears that
nitrogen moved from the new shoots into the storsge tissues {see
Table 14). At the seme time, the suount of nitrogen in the abscis-
8ed lea? Irsetion incremsed and largely sccounted Tor the loss of
nitrogen frow the rew shoot tissues in the W1y, W3NG, ¥I5C snd
NIN3 treztuents. The nitrogen couient of treee, which received

an external supsly of nitropen, increased inm tyovortion to the nit-—
rogen supply at heyvesss 2 and 3.

Seagonel trends in the concengtration of nitrsgon in tree
tissues during ths second growing sesson were ainilsr in &ll trest-
ments and values vere devendent uron, snd in pronortion io, the
level of witvozen supplied in bosth first snd gsecond vears of the
experiment (Figel). Mriag the first helf of the groving season
the eoncentraziion ot nitvogen in the woody tissues decrensed in trees
of all Jreataencs, except in voots of trees in Lhe B149 trestment,
while the eomeentrztion of nitrogen increased in the new shoog
tissues of ail trestments. [uring the second half of the growing
season, nowever, the concentyation sf nitrogen declined sharply in
the new shoots; snd = further decline in concentration wse alsgo
observed in the woody tissues of wost Srestments. SLince the rate of
dry matier accumulation (Fig.8) exceeded the rste of accumulstion of
tosal ¥ {#ig.9) during the istter helf of the growing geaszon, the
decline in concentretion of totel V¥ was wsuslly due to growsh dil-

iltiOn.
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Soluble ¥ (Figs. 11, 12)

It will be observed from Pigs. 11 and 12 thet the COn
centrationsand nmountsof soluble ¥ in most itissues at each harvest
were dependent uron,end in proportion to, the level of sitrogen
supplied in both first and second years of the experiment. During
the firet half of the growins seaso- there wes a sharr decline in
the concentration and amount of soluble ¥ in all tree parts, exceot
the new shoots, of 811 trestments. Since the gmount of soluble W
per tree fell over this period {excest in the NIN9 trestment), it is
evident that soiuble ¥ is utilized in grawth nrocesses a8 would be
expected if it is the meir form in which nitrorern is stored in
peach treess The incremse in the amount of sotuble W in the new
shoot tissue at this time is eonsistent with this view and indicates
thet soluble N is translocsted from the roots end 0ld tree tops to
the growing points. Turing the second half of the growing seuson, the
concentration of soluble il in wost treatmentz declined further due to
growth dilution (see Figs. S, 11, 12), but the smount of soluble ¥ rose
in most treatmentz in sronortion to the external nitrosen supnlye
That is, nitrogen storage besan in the trees during the latier half
of the zrowing sceson.e It is interesting to note that goluble ¥ did
not accumlete at this time of the yesr in the #9943 trestment slthough
it did in the ¥lN3 and #3N% trestmenis. Tt was gpparent from leaf
symp¥ome (hat the trees in the KIN3 treatment werc nitrogen defie-
ient at harvest 3 und yet these trees nede exccllent growth during

the growing season (Figs. 3, 4, 5)¢ It is thought that soluble ¥ did
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soluble nitrogen in tree tissuesz during the second

growing seasone.



PIGURE 12 {nfluence of nitrogen trestment on the con-
centration of soluble nitrogem im tree

tigsues during the second growing season.
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not accunulate in these trees im proportion to pitrozen supply

because the demsnd for nitrozen wes greater (han the suoply.

Insoluble ¥ (Pigs.13, 14)

It is evident that the smount of insoiublie N during the
Becond growing sesson was dependent on, and in provortion to, the
level of nitrogen supslied in both first znd second year treatments
(Fige13}. However, the inflience of the first and secound year
treatmenis on the concentrssion of insoluble ¥ in tree tissuos was
suall and not eppurent im all tisenes and trestuents (Mig.l4). Sinee
the amount of ingsluble I incressed throughout the growing season
in wost tree tissues and treatuenis (the rate of increase wos dee
pendent nron the currvent nitrogen sup lyl, it is adparent thet ine
soluble I was not utilised in grosth »roceszes; 1le6., insoiuble N
did not act as storsge nitrogen in the vesch trees. However, there
is one ¢xception to this conclusisn. There is evidence that small
amounte of insoluble N in the stoecic + stem + 1 year old shoots of
ul; treatnents were mobilized duriug the first hzlf of the growing
setson, BRd presunsbly this nitrogen was transloested to the growing
pointse.

In the lstier hali of the growing season the amount of
inso.uble ¥ ir the new shoois of trees in the N1WD, H3RG, 1980 end
N9HJ treatments fell, presumably due to loss of insoiuble I in
sbecissed lemves {the extent of this loss was not messuredi. Such

a4 loss would also explain why the amount of inscluble K in trees of
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the N9XO treatment fell, without = concomitani rise in the amount
of goluble ¥ in the trees (Pis.1l), in the letter haif of the
growing serson.

There was little change in the cuncentrstivn of insoluble
¥ in the roots and old tors of the trees during the secosd Zrowing
season, dbut the concentration rose shervly and then fell in the new
shoots during the season {Fig.l4;. 7This latter result wes attribe
uted to growth dilution during the latter helf of the growiné season
in all treatments except HLiG, N3N0, NONO ond BN (Cef. Figs.S,

13, 14).

Arginine N (PFigs. 15, 1&)

The concentrotion snd smount of arginire ¥ in all tissues
fell sharply to & very low level during the first hslf of the growing
geason and remained low curing the rewsinder of the growing seuson.
This pattern of chenge would be excected if srginine is utilized in
growth processes. The first sesr treatrnents did not influence the

concentretion snd amount of arginine ! excent st harvest 1.

Totsl X —imine N (Figs. 17, 13).

The amount of fotalL -aminc ¥ in tres tissues during the
second growing sesson was dependent uvoun, snd in groportion to, the
level of pitiugen suvplied during the fivst and second years of the
exveriment (Fig.17). iowever, apart from the hurvest 1 dets, these
treatments did not markedly influence the concentyration of total

A -amino W during the growing sesson (Fig.18). Oversall, the con-
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centration of totnl a(-@min@ ¥ in all treataents declined throughout
the growing season, albhough small increases in concentretion Aid
take plece wt the end of the season in some treatments {Fig.18).
However, while the amount of total < -pmins ¥ declined in al
treatments during the first half of the growing seaszon, oxcep: for
smell inereases in the new shoost tissues, She smount of total X -amino
¥ increesed during the second half of the growinz semson in pro-
portion to ithe external nitrogen supply (exccpt im the N9N3 treatment).
It is aprerent that geusuinsl trends in smounts »f soluble
T (Pige1l! and to%sl(x—a&in@ I {Pigs17) were similer. khile the
anounts of both of these constituents rose in nroportion tu the ez~
ternal nityozen supply durisg the lstter half of the growing sesson,
the emount T arginine 4id not increese to sny marzed extent ot thia
timo of the year [Fig.1%). Therefore it is concluded thet the sole
uble & {the main form of storage nitrogen in the trees), which built
up in tree tissues during the summer wowthse, conteined little
arginine bt probably consistaed largely of other free sminc neids and
amides (see Table 13 also). Ynfortunately, the zctual smount of nit-
rogzen in the frez swine acid =5d aunide frection of the exiracts could
not be eceleulsted from the results of mualyses for totrl « —amino N

becauss the test is culy valid for XL ~aminge gIounse
o

Summary of Cessonal Chunges
Hridence has been presented which indicates thai the cme

eentrations smd asounts of total ¥y soluble Ky ingoiuble Ny arginine N
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and total L -amino N in tissues of peach trees C(uring the second
growing season wevre nsually Jependent upon, sud in rroportion to,
the level of nitroger supolied to the trees in hoth first and

second years of the exneriment. Hesidusl effects of the first year
treatment on the comuogition of the tissues in the second growing
seagon were found irrespective of the level of nitrogen supplied
during the second year. Thus the nitrogzen conient during the

second growing scuson was dependent upon the level of gtorage nit~
rogen =t the begimming of the growing seasun and upon the external
pitrosen suprly. Furthermore, it wes iound that the nitrogen which
was stovred in the roois =mnd 018 tree tovs vas translocated to the
groving points of the $ress turing the first half of the growing
seagori. iowever, Juring the latter helf of the zrovwing season,
total ¥ end so uble b rvesccumulated in woody btissues of the trees of
a0t trestments in vroportion to the extermal supoly of nitrogen.
Zmell increcses wers alse sbserved in the amount of fotal I and sole
uble X in some of the woody btissuaes of trees which 4id not receive
any ailtrogun Juring the second yeary and it is gonciuded that in
these cages nitrugen was traoaslocated into the tissues prior to leaf
abscigsion {perceutage ieaf anscission in tnese treatments at harvest
% was highle Although the smernts of seversl of the aitrogenous
gonstituents incressed in some treamtuments during the latter half of
the growing seuscy, the concentration of t?esa congtituents did not
zgually ilncrease becsuge of growth dilution, i.e. the rate of age

eumalation of dry mebter exceeded the rate of accumulsation of nit-

TOgeN.
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The soluble ¥ which reaccumuleted during the latter half
of the second srowing sesnson probaply consisted largely of free
emine ecide snd saides, twt arginine was not an imporitant constite
uent of this fraction {cefe. harves:t 1 data). The cemsontl chenges
wnich were cbserved in the levsis of soluble N snd inscluble I
were consisten: with the hyvothesis thet eoluble ¥, and not insol-
uble N, is the msin form in which nitrogen is stored in woody
tissues of neach trees. However, it wes also found thai & small
»avt of the insoluble K content of stock + stens + 1 yesr old choot

tissues sehed 2s 2 nitrogensus reservs in the Lreog.

{3} migtribution of Hitrusenous Constituents in Tree
Tigsues &t Hervests 2 asd 3
The distribution of sach nitrosensus constituent in trees
at harvests 2 end % is abown in Tables 15 and 14. The results in-

dicate thet, in those tresiments where ne aigrs was supplied

during the second growing season, th¢ buls of each anitrogenous cone
stituent was found in the roots at both hsrvests. However, as the
Jjevel of unitromen suppiied during the second year weg irncreased, less
nitrogen wes Tound in the wootes =nd 514 bree tons (stoek + stem + 1
year old shivots), with the exception of arginive I =% hervest 2y

and more nitrocen was found in the rnew shooste of the trees. ZLpart
froa the argirine N at havveot 2, 1t is evideni thet the digtribe
ution of nitrogen in trec tissues during the seconnd growing sesgon

was devensent upon the uitrogen treninsnts =ppiied in hoth yesrs of
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TARLY
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the experiment. At hervest 3y the buly of the arginine I was
alge found in the roots, bub, with inerevssing nityogen supply in
the second yezr, less Ruginins ¥ was found in the roois and mors

wvas fournd in the 0ld tops ond the new shooits of the brses.

(4) Witrozen Uptnie per Tree uring the Second Groving
feasun
The nitrosen uptske per $res from the hegluning of the

growing season 0 harvest 2 or hayvest ¥ waz colenlalad from the dif-

Fferenca hebween the total U content ver tres st esch rausnective
datee. The resulis sre shoywe in Table 7. Tt la evident that the
nitrogen unpitsits per $res =t both hervests was aovroxinsbely dir-

gebly proportional o the axiernal nitrosen sunnly.

(4} Msecussion

e youry pench btreess zecamulissed nitrogewn in proporiion

e suprly cduring bhe Tirst vesr and the resuits susgest thas this
shored nitroren axertead a roweriul infiuence un the grvowth and che-
ieal composision of tha ftrees in Lhe nex@ growicg season irrasnect-
ive 9f the axternsl nitrogen suoprlve ¥or exeucls, in szreenent with
the results of Foberts (1521) and Gland {1959} for mpnle, the amount
of extension zrowth made by the Sress wes srocoviionsl 1o both the
isvel of stormge uitrozen in tres tissues st the beginning of the
srovwing season and the curvent nitrogen suvnly {PigeT}e The amount

of shoot zrowth wnede was highly corveleted with the level af aiorage



TABLE 17
NITROGEN UPTAKS PER TREE IURING THE SECOND GROVING SEASON

Log, mghi
‘ " ————
(Haxrvest 2) i (Barvest 3)
| : 3 ’ 3 ) { ; i : ¥
Treataent | Intes- | Uptake ! lat Ysar ’ ‘2nd Yesy i Inter~ | Upteke itel., lst Yemr | 2nd Year
action | Rel. to Treatnent | Treatmens | ntiang to B13 | freatment | Treatmeut
nean EIN | Mean Mean | Mean | Treat.{f) } Meen g Mean
Treat.(7) 5 i é 5.
K1§3 56907 | 150.0 6o 464 - | 6340 | 200.0 T |
(m) (w; | i i (a) | (w)
5 702 | %6l | 802 343 | |
W30 - e % - | @
EW3 | 54890 | 1035 Go 444 5¢627 | 6709 | 8343 Te348 | 6.684
(u3) (43 (#3) (n3)
N3NY 509388 298.5 76937 | M4e2 | |
W90 = 1%.9 | ; | - | o i |
| MON3 50086 | 985 6074 Ted27 | 64502 | 828 70181 7955
' g (m9) (n9) __ (n9) (u9)
| N9 Te062 | Mol | | | Te353 | 2817 |
beSele 5% | N8 | - | s 0764 | K3 | - S | Deump
17 - 1.057 ; - 0u33
0.1% | | - 1e461 | ¢ - ! P e 457
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nitrozen in the traes orisy to comnenceient of growth, nrovided that
the enrrent nitroger supoly wee low (Teble 7}e  Tn mddition, however,
résulte were nlso obiained whiph indiceted thet the growth of roots
and old iree tons {stoev 4 sten + 1 yeor old shoots} was likewise
dependent unon the level of storace nitrogen and the euvrent 2itro-
gen suprly, irrespective of how £rowth wea measured {Pigei?; Tables
54, 556, 6A, 6B,

Stetistical analysis of 4ha arowth dets indissted that
there was & sigrifieent negative interaction between the Pirst smd
second yesr treatwenis st the end of the secund gZrowing seasong
ieeey the cnsller the nitroger avplicetion in the Tivet yeay of the
exneriment, the grester was tre influence of sdded nitrozen ovu tree
growth durius the secund srowins season, mud vice verss. or ine
stance, @ gompsrigorn of the totel length of the new sh00ty ner tree
at the ond of the mecond groving season in brestments VL9 end HAND
indicates that the influence of sthe Tivst yeur fLrestiwant wes Fele
atively unimportent, snd thst the growvth of %recs in the ¥159 Lrente-

e

ment closely mpnrouchked that of trees in the ¥910

trzetmerts This wag
not orousht =bout by 8 grester uvkske of nitvegen during the seeond
£roving sesson by trees in the NING trestbmsnt eefe trees in the &9N9
treatment {Tebie L7), snd the reason for the relatively greater in-

erease in tree sive in the WING frestuent is ANKNowne Howaver, sither

o¥ the foliowing nossibilities could heve been SR T
(1} iight iaotercention by the 1oiings was more efricient in

tress in the 8109 trestuent e.f. trees in the NIN9



113

trestment; the foliage was wore dense in the latter
trentnent (see Plete 2), and vhevefore light inbensity
could have iilmited the rate of phoiosynthesis in leaves

in the innermos’t osarts of she foliage.

individual lesves were more eifficiens and lived longer

(=}
2}

om btrese in the NI tresipent C.fe the IUND) trent-
ment; it was cuserved that very fow Leaves yellowed amnd
abseizged frow trees in bthe K1WD trsaiment .. Grees in

5

sther trestmenis ([ sse Tabie 60).

snough tree growih in esriy soring of the second year was
also rroportionai to both the level of storsge pitrogun in tree tige
sues @nd the exjernzl nitrogen suoply (Figs.3, 4, 9}, Lhe daja SUg-

gested that »riox to Hovember tres grovth was maluly dependent £ 0%

te of autake

¥

vel of gtorage nltroren, vreswasbly becsuse the o

&

the 1

of nitroren vie the roots wes slow uniil then. After lovember, however,

tree grovih wes mainly deverdent uoom Hhe current nityosen supuly, end,
siree aitroren deliciency gyustoms wers first seun in Noveuber on trees
whieh did a0t vepeive any nitrozen during the sceond sroving season,
it ie eonelvded thet the sucoly of sbtorase nitrogen im these troes

vag sxhiusted by this time of the year. In sigvesment with this,

36) ¢meluded that the suoply of storege alt-

Mochimuini =nd linneds
rogen in young ensle tross was exheusted by lale Lovsuber ox zerly
DBocenber =nd that subsequent gyowbh was aade mi Lbhe sxpense of the

current nitrogen suprly. In conirast, bowever, Oland (19%2} 3id not

detect ¢ rrowih pesponse iv young suplé trecs to the cursent nibrog 3en
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8upnsly untll Januwxy or Februsry, pyovidiag that the level of
georege nitrogen b the brees was kighe He ¢oigcluded thut up to
thai tiue storage nitrogen wes uzsed for new grouwth, lvresceciive

of the tuvrent nitros

The curaciby of & tree $o store risrogen (storsge volume)
provavly infiuences the tise of the yeRr at wiich the tree will re-
spond o current zitrogen susily. For exatiie, & laree mature tree
way vespond o current aiteosen sugp 1y much lzter in the semson then
B oyoung tree even thongh woth trecs aiy have received the samae nityo-
gen treatmeal for o nunmber of vears.

"he residusl effect of the First verr nitrogen Lrestaonte
on trae growth durliz the second vesy sunsrie the hyosothesig shat
shozed nidrosen ia obilised for nes Ardvthe  Howevew, since tres sige
&t Lhe begluwing of the seo ng grouiog sesgr wag 2180 nroqopti nal
to the nitroren Hresisenis applied in the fives JFRETs A% 13 nosw

GREG 0L Bhis residual erYoct was Jue Lo an ine

In as attenct to clarify

Tivesce ol byes £iz¢ 00 Subsewnions
e ianurianee of aborn e nibrogen oy neu Irowih a reaze f BLETO-
@8hius suspmits . merad lag oonpuvads avan o be oo shituenis of the
Blorage nitruren of doraust sach BTOER, W3Le Al jedted Lubo one-year

old pesch trges of ang sRlamblely the sase siwe, but oo sugnificant

ssimaiatioe af FCCH UGS [ S0L cppenad .

hgsalbs of suasiyses for e rags ol siriogensas ¢coustituents

ara the colesisved ootare sf ihiossn por bree diowted that the
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peach trees accumalated nitrogen im rro-ortion to nitrogen supsly
during the fivst vear of the exneriment [Pables 3By 11}s The
evidence suggested thet the storaze nitro.on in dsraent tissues
consisted mainly of soluble orgemic nitrogen, although at lemst
portion of the issoluble ¥ of the gtock + sien + 1 year 0id shoot
tissues alse acted as & nitrogenous reserve (sce Fig.l%}. Olend
{1354, 1953} ceme 0 the seaze conclusion regarding the composition
of the storage nitrozen in young asple trecy, axcent that he found
that part of the insoluble W in the roots, as well zs in 3he
above-ground parts of the tree, mcted as & nitrogencus reserve.
The composition ¢f the soluble nitrvoxen in young pesch trees was

154, 1059 and in mate

b

gimilar o that Tound in sovie trees (Dian

are ceach trees {Schneider 17553 fmylor, unnvblished data). Thus

arginine was the chilef compound debected in wha soiubie ¥ fractiov.

liovever, sounirery io Oland's resulis, wnich showed thaet the amides
werc alsgo lLuaportants cocgsituents of the solubls ¥ of ap le tissues,
the wrides comprised only & sasil cordion of the zeiuble ¥ in young
neach trees (Table 9}. This resuld sgrees vite the otservaetions
made by Schneider (1353} and Teylor (ummublished date’ on seasenal
chenzes in the goneentrativn of the auides in neture guch freeg.

A0 sesessaens of the concensration or smount of arginike
in dorment Lissues of young opefeh tress gaEve the most sensitive ine
dleation of the nitrogen status of The Sress [ Pables 38, 4%:. Sinee

argiaine i also thoe major constituent of the szolulle U in dorment
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tissues of mature trece (Schreider 1953; ayior, ureublished date),
it is apparent that this firnding is snovlicable b ¢ither young or

nature trees. (onceivsbly this informaticn ¢nuld be used sz the
hesie oFf & nev weihod oy the sssessaent of $he nitrogen sigius of
orehard trees. Tn Terps of sensitivity, the tethod would be supe
grior to thet proposed by Dexter (1965), sivece the lutter nethod is
heped on g#n gsbination of ths level of  =anins K in dormant tyes
tissuss. Thus, when the external nitvoren susply wos increesed, the
ineresse 1 arzinine ! in tissues of the dormant jrees usually exe
cceded the conenaltent ivevenze i intel « ~27ino F oin the $issues
{teblen B4, 30).

aring hhe first K:1F oF the second growing ssseon stored
pitvogen wog tronsiseated Tron wocdy tissues o develosing mhnoots,
irresrective of the curvent nitro oo su- rly (Fim.9). ¥f v ezterusl

ritrozen wag ziven t5 the treee {10 btyrestment) most of the storsze

rlbrosen which wog mebilized Fov growth aame fron the root tissues,
but if 2 lerge adtrorsen soolicetion wis siven & the trees (N3 freai-
mens) mout of the aitroren vhich wes mobilized eane Fron the shovee
ground sarts of the tree (sce Taple Y4)e Tn the lgbhner traestuent,
nitrs en uonsake by tho frees would have vertiaily masied the loss

of nitrosan Tyon the woody mborsee Lismwincoss  Tivies shout fwo-bhivds
of the Lotal vmonnt of unoh witrocenoms ecopptiktuent in the dornunt

wg fownd In ke roobe, 1t fe @lesy dhen this Lisous

eoniiong tne all of the ghorsre pitrosen of the troe "ses Table 10).
Yokonizo gt sle (1204; osse 10 & siallsre gonclusion after studving

the siorsge end mobilization of aitroser in % yeur old 5 nle Lrees.



123

The amounts of soluble N and arginine W in the trees de-
clined sharply during spring bus the levels of inscluble ¥ ner
tree increased; these res:its suonoxt the conclusion that the
storage nitrogen of the trees consisted painly of soluble N {e.f.
Figselly 1%, 15},

fotal ¥ snd soluble ¥ remccumulated during the latter
helf of the second growing season in woody tissues of the pemch
trees in proportion %o the sxternal nitrogen supnly {Figs.9, 11l).
fmall ineretises in amounts of total ¥ and soluble § were also noted
in sone of the woody tissues of trees which did not »eceive any
external nifregem supply during the second yeare It is thought that
in thes¢ cases nitrogen was translocated Trom the lesves into the
storage tissues imwediately osrisr 40 lesf abscission. There are
$we reasons ior this suggestion. JFirstly, such & »athway of trans-
locution of nitrogen has been well documented for trees {sse Lite
eraturs Review/, end secondly, it was observed thai & Inrge pro-
portion of the lesves on the trees in this treatment sbucissed
during the latter half of the growing sesson {&ce Table 6Cle ACCU=
salation of soluble I during luate sumser was unexpecicd because
previous workers (¥illiams 1939; Schueider 13%3; radu 1761} have
shown thet the gtoraze of nibtrogen in peuck trees does not tate
place o any naried extent until extension growth has ceasced | Febe
rusry toc Harch)e In each case, however, they based their conclusions
on & ssudy of seasonsl changes in concentyxation, rather than sbsolute

amounts, of nitrogenous eonstituents. It is evideut fyom the present
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study that the concomtration of the nitrogensus coustituente in
veereh trees usually declines during thes latter half of the growing
geason #8 & result of growth dilution.

Althougl: soludle H accumalated in storage tissues of veuch
trees during the latter helf of the secund growing sesson, arginine
was not a major constituent of the fraction {gsee Teble 13). Other
free smino acids and smides, however, accumulated to 2 greatey eX-
tent than arginine. It is known thiat the rete of accumuisiion oF
dry matter {presumsbly mainly carbolydrate; exceeded the wate of
geoumaiesion of soluble ¥ during the latter half of the growing
season {C.fe. Pigs.8, 11}. This sy be the ressou why compcunds such
as arginine, which have & low o/ retio, were not synthesised to any
extont nt this time of the yeur, while compound: whieh have highew
Q/N rutios, 2.2. the smides and certain aminoe acids, accumulated.
However, if %his is so, it wight alao be expscted that if the rute of
accumulation of soluble # by ithe trees exceeds fthe rate of accumile
ation of carbohydrate, @.g. a8t leaf fall in sutumn, then nitrogei-
ous compounds, which have low o/ retios, would accumulate in fxoe
tiscues. This hypothesis would therefore explain why arginine ac-
cumulates in sench tissues in autumn and wirter [Schneider 1253
7Taylor, unpublieched data}, but does mot sccumulate Juring the growing
season, even if the amount of soluble ¥ incregses in tissues. The
finding that the concentration of free amino acid F and amide N im
the sbove-zround tissues of meture peach trees usually reached &

peak in lste summer and then declined ir autusn and winter, while the
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cougentration of arginine N increased &t this time JTayior, unpube
lished deta}, could be interorcted as supporting this hysotheeis,
&nd may indicete that the anides mre degraded end thas the nitrogen
is incorporated into arginine. Alternatively, however, arginine
may accumulate in storags tissues of veach frses (uring autunn snd
winter in response to the vrevailing snvironmentel couditions, such

as short days amd low temperstures (see Literaturs Heview)s
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{a) Introduction

58 & basis For the study the foillowiny bypotheses were sof

1} storage nitrozen oF dowssat vesch trees conslots weinly of
arginine and the smidese

(2} since arginine snd the amides accumulute ia remch trecs

darivg zotuan and winbter, these cospounds are relasively

Py

inert Lo gtorese blinsues sb bhis blse of the yeale

L3 srginire and the amides, 1L 1o

ected luto peach trees during

eugumn or winber, aove to, end accuralale iny storege blssucte.

A4 the tise of inee tiom of this sbudy, the resulis de-

N
soribed in sectinn A of the sxoerlmenial Work were woi availabls

e formulotion of the first two hypotheses lisved above wes

nd Gk
brRsad on the siudiaes of Schuneider {(1393) and rfayior {vnpubiished

dun with sature neach trees. The ain af the exserizernis was bo

descraine whether the Latteor two hyootheses are correct.

{b; “ethods

.

d L) . 2 -~ - <, " b Eoig s e
{1 Soures of Traees and Tree ldnascaent

i

ownie yesr old wesch tvees (Golden ‘meen scion on [lberta
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reotatoci) were selected for unifowmity of size end freedom from
disense snd damace at Belhsnned: Murseries in June 13573. 4%
planting, %he roote of the jrees verc tightly %vimnéd and wevre
then dirved in solutions of Hel(l snd terramycin hydvochloride
{see p.26 ; in un attenst t¢ orevent Lufection of the trees with
grovn galle Melilawing this, the trees were slanted Ln poroua clay
pots (15 inch dismeter), sach of which conteined 17626 Kg of oletuw
geeriligsed s2il overiyving 2 g of sterilised, susrbzite S£TravVeihe
sfver Gamping down the soily 2 Kg of sterilised pravel yere sddsd

to emeh vob 2@ 2 gurfoce smulich. Mhe 20il-wix cuseisted of 2 sarts
511, 2 pariy ssnd end 1 part grevel {{ inch disamster;e After
pitnliog, tres tuns Wwere gseverely oruned; cach 3ide shoot wos &
bao o 50 leave 2 Yuds oaly and in suse oipez the stan was algo
srees were fhen placey on @ bgoeh lu the onen
aud & watering lire was atgnched { pinewline Fitted vith sorinkler
,}5t$é¢

't bad bureh, the treva were sorayed »ibtk freshly presared

pr ozt

borieany mixture to covtzol ‘ecurleleaf' fun, us. Laler, zs shoot
growsh commencady the aumbar of sew shoots ner tree was veduced 4o
sout 4 snd thess were sllowea to deveion s side-shooss. £11
spanding cute were seoled with ' Tree Gunrd® casiicie Trees wmere

gotered 22 reqoived (usuelly every second day,, and solutions of

comzieve fertiliser were added o the trecs &t approxiusiely sonthly

interyels during SThe last 3 sonths of the growiing Seps0fe

%
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{ii) Source and Storage of Isotopes

Gel me oi‘&aarginine-gpaniﬁaflﬁg-aonahy@rachloride
{specific asetivity 1%+6 mcjhg) and Uel mec of L—asparagiue-l4c
(uniformly 1lsbelled; specific activity 22.5 me/m¥} were cbtained
from The Bediochemicel Cenire, Amevshes, Suckinghanshire, Ingland.
mach freegedried compound was taien up 1 He0 nl distilled waber

and deep-Lfrogen until recuired.

{1i1) Aprlication of Isotopes to Trees

{1} Injeetion of Amino éeid Solutions inte Woody Tissues

of Youne Fesch Mrees

Freliminary experimenss were csrried osut in June 1963 with
aqueous, non-radiosctive soluticus of learginine hydrochioride and
Leasperagine (50 %o SOuu‘pg'aminc acid/ml) to determine whether the
sciutione could be successfully injected into shoots and roots of
dormant trees, whether the concentrsiion of the injected sointions
influenced the amount of iiouid tavesn up by the trees, snd vhether
aptace of liouid wae influenced by the time of day =t which the
injection was comuenced. These experiments are deseribed helow:

Ume year 0id pench trees wers planied in 'sscond soil' in
Zlazed svorthenwsre pots of 3 gullon cupscity. Maior voots {aporox.
Ve cm in diemeter} vers tsgged si planfing with = length of paly-

thene extrusion sc that they eould be readily loceted later if re~
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muired for root injections. Potted trees were placed on benches
in a glasahoua; snd were watered as reguired with tmyp water. Any
leaves which remeined on the trece wers piciked off prior %o in-
jeetion. )

The injection technique used was similar to that described
by kosoh {1933) for the injection of solutione into shoots of woody
plants. The tip of a shoot or mejor ruoot was cut »£f, a polythene
tﬁbe was pushed over the cut end of the shoot or root until it was
firmly ettached, end then the other end of the tube wss connected
to o burette. The test solution wes immedimtely poured into the
burette, air bubbles were removed from the column of liocuid by
tappihg the burette or tepping and scueezing the tubing, and then
the initial voiume of liouid in the burette was read ovf. Sub-
seuyuently, burette readinge were recorded &t haurlylintervala and
the difference between two successive readings for any one tree was
& measure of the untake of liquid per hour. Feadings were 8lso
made of the volume of ligquid in & control burette, i.e. one uot
connected to a tree, and this data indicated that the loss of liquid
from the bureites as|a result of evaporation wes negligible. Two
injection experiments were carrisd out and each was approximately
of 2 days duration.

Puring the first experiment the temperature of & {lask of
distilled vater {500 ml volume), which hed becen pisced on the bench
in the glasshouse alongside the potted trees, wes recorded vhenever

the upteke measurements were made. However, since the rate of up~
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take of ihe liquid was significantly correlated with this water
temperature (mee Table 20), more detailed records of temperature
Tluctustions were made during the second expuriment. Xecords were
kept of water temperature (500 and 50 ml volumes}, air temperature
{thermometer wuspended on a tree) mnd soil tempersture {thermometer
bulb 3 inches below the soil level in = pot).

The results of the 2 exveriments are shown in Tables 15,
15 snd 20. 1t is evident from Tables 15 asnd 13 that the uptake uf
injected liquid was not dependent upon the time of dey at which the
injection was commenced, nor was it dependent uvon the compound in-
jected or the way in which the solutions were injected into the
trees (except ot certain concentratioms), but it was devendent upon
the concentration of the injected szoiution. Thus it was found that
¥he intermediate concentration of the injected solutions (500 pg
emino acid/ml) resulted in the grestest uptaice as 2 rosult of root
injection (Tsble 19}« It appears that the uptake of the solutions
inereased with ineressing sciution concentration {ses shoot inject~
imﬁ%aﬂw,%ﬂqmbemwtmhmhmmmwmmm{%ng
anine scid/ml) which may have been toxic.

The dats in Table 20 indicates that there was a highly sig-
nificant correlation between the voiume of wmino acid solution aien
up by the dormant trees and the soil and water tempersture (560 ml
volume} in both experiments. In contrest, however, the correlation
between solution uptaie and asir or water teaperzture {50 ml volume)

vag either of a low order of significence or wus non~gisnificant.
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TARLE 18
FOPAL UPPARE (wll OF SOLUIIORS 0% LeARRIRINE BYTROCHLORIDE
(50 pg/ml) 4ND L-ASPARAGINE (50 ng/ml) SY 1 YEAR OLD ZLBERTA
PEACH TRESS AS A RFESULY OF BOOT INJ-0TION OVER & 44 ROUR PEUIOD
{Experiment 1)
Zrectuents were repliceted tuice

i
1 Injected ¢ Time of Yoy Injection Comuemced
Cowpound !

| | =10 Aelle } 12-1 Polie | 4B Peie |

i

| 7 H 3 d
| Arginine-FCl L Be45 1 8403 i .45 i

{BeToflay loRe} | ; (

| ]

| hsnevagine ; Bel ; 7.98 To43 |

| (MercE, de¥s) !
i
i

ANSLYETS GF YARIANQE

foLe o Dn Hale
ToteEl 85 128.167 11

£

tine S$% Te 408 AeTd De 264 He Se

Gowpde &5 De535 1 £+585 LeD33 Ka 5o

[3¥]
(N1
.
&
£
R%i)
&
.
B
-3
24
]
L
G

Pime x Compd. &5 110291

Erpor 83 1064034 6 17314
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PABLE 19
TOPAL UPPARE (ml) O¥ SOLUTIONS OF L-ARGININE HYDRUCHLORIDE AED L ASPAKAGIKE 8Y 1 YEAR OLD BLBERTA PEACH TREES AS A RESULT OF
SEMWT AND BOUT TudeQTIOR GVAX A 31 HOUR PrRIOD '
(Bxneriment 2)

treatments wers replicated twice

Type of | Concentration of iyginine HCL Jolutions Curcentragion of asperegine Solutions
| Injection (pg/ml) . {pg/n1
5 590 S00C E 4 S00 SO00
1
|
Shoot :
Injection %93 TeT5 HeUT [ fre i 4o 50 . e 45
Root l
In;! ection | 2005 “e ) 4£.4% { Ze il 2eT8 % 15

mmu}mlﬁ g VARIANCE

[ 1% Me S Vo lla
Total 88 1470033 2% Type of Toncenbratiorn eens i
Injection 53 (I) 2127 1 74127 2.30%  Hede Injeotion [ g5 500 5000 (pe/m1) |
Cempd. 55 (¥} 6.202 1 6e202 1973 Heie (Shoot Tnde | | 5eT1  NeS. 6eil M3, Ts26 g
ix N SS %032 1 %032 04980 Hele foot  Inje J, 2036 = 34T9 ;': 5,80 |
Conene SS LC)  41.485 2 2eTEL Ge534 X
=188 £4.T47 2 22773 Tellé XX
Cx K58 %117 @ 1e B3 e 456 feus
Cx IxHSsS e 215 2 1,103 Qe%B2 Netie Lelele BE 273
rrroY £85 BT 12 %el44 %e8%

&
i e
o B

Sadl
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THE RELATIORSHI? BSTWSEN AIR, SOIL AND WATER TaMpsRagUke (%¢) AND THE UPTA:E (m1) OF INJECTED SOLUTIONS OF

L-ARGININE HYIROCHLORIZE AND L-ASPARAGING BY 1 YEAR OLD ELBZRTA PEACH TRESS OVEK &4 31 HOUR P:RIOD

Expt. Type of Ceompound Injected
No. Injection ! : : :
' irginine HCL (50-5000 pg/ml) ; asparagine (50-5000 pg/ml)
Itema in _ d Items in i ;
. Regression - 4 d.te | Significance Regression } r | 8. 1o i%ignifieance
i hoot Root uptaze Y. | DeTT4 16 XXX koot uptake V. Ue792 | 16 EHER
Injsction l water temp. | vater temps !
| (500 mi vol) | {500 =l vole) : '
2 hoot | Root uptuke Yo | Ded28 5 No S Rioot uptaxe Y. \ o 853 ‘ 15 Bie Se
, Injection ; air temp. | air temp.
| Root uptase Yo | 0e827 | 15 |  xxx oot upteke Ve | 0e7%% | 15 X
} goil temp. | i soil temps |
| koot uptaxe Ve % 2727 15 _ xxx Root upteke V. J.6%3 | 1% b oo
_ | water temn. | g | water tempe
f I (500 o1 vol.) i § | (500 @1 wvols)
IE : koot uptﬂi{ﬂ E;- \10168 15 | fre e I' oot upt;ak.e io i e 153 15 B Se
| | water tempe I | weter teap.
| | (50 @l vol.) ; (50 =1 vol.) 1
2 Shoot | Ghoot uptaike Ve | 0620 | 15 | x | shout uptake Ve Ge801 |15 x
i Injection | air temne i | i | elr temp. ]
i 9 | | . \
f | thoot uptake V. | D21 | 15 i XXX | Shoot uptake Ye GeT36 | 15 1 XXX |
' s0il temp. . aoil temp. ; ! |
' Shoot uptake V. (e326 5 XX | Shoot uptace V. | (e80T i 15 i XXX '
, water Gempe | weter tom. i i | |
l (500 ™! vols) ; (500 mi vel.) , | '
[ Zhoot upteke Y. Je292 15 TieGe | 51n00% aphaks Ye | .35 115 ‘ Ko Se

water temp.
{53 ml vol.)}
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Since it was thought that the s0il temperaturs end the water temp-
erature {500 ml voiume) would be dependent ony but would lag be-
hind, the air temperature, the sppropriate data was plotted =nd is
ghown in Pig.19. It i3 glear thut, while the soil temveraturs asnd
water temperature {500 ml volume) data is apperently unreleated o
the air teuperaiure dats, when corrections were zade for a lag
period of 1 %0 2 hours then & linear relationshiy between each of
the itsme is apparent. Therefore it was concluded that soiution
upiake by the dorment trees was positively correlated with air
temperature; i.e. the higher the air temperaturs (whioh influences
weter and soil teaveratures after & lag period), the faster the up-
take of injected solutions by the dormant trees, probably becsuse
of incressed tranapiration retes.

Az & cousecuence of this work, it was concinded that
amine scid solutions could be readily injected into dormant peach
trees via shoots or vools, and thai the rate of upteke was temper—
ature dependent. The rate of uptaie per tree ranged from D $o 9.90
ml/hour.

14

In expuriments in which solutions of ~ C-labelled srginine

hydrochloride and asparagine were injected ints shosts of young
peach trees during sutumn and winter, the féllowing technique was
uged. 7The trees which were to be injected with the isotopeas were

pleced ir a smull glesshouse compartment {except for & comtrol tree

which was placed in a separate compartment to avoid poasible 14@&

2
contsminetion) which was hented during the experiment so that up-
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carried out in June 1963,
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taie would be as yanid ne wossible.s The distal end of & shoot wes
eut oft, & shoxrt lergth of polythene tubing was pushed over the
cut ond of the shuot, #nd & Jew drons oF distil@eﬂ waher were
scuirted inio the tube to keen the gut end moist. After the seal

14

bad been checked for les:age, the appronriste vslume 0f — (-

¥

labeiled aolubion (eeqs 1 mi) was pipetted iutc the Hube by asans

of an /pls syringe {gee Plate 3Je vhen =1l of the 1isuid had been
tocen up by the tree (1 @l was taken up in 7 %o 10 hours by dormant,
teafless Lrees), the tube was disconneeted and piaced in & beaizer
af distilied weiere The zzount of radiosactiviiy in this weler ves
leter messuved {&f&ar concentretion in vacus snd macing o valume}

end this velue was taken ints meeound vhen the auwount of adiv-

setivity teken un by the tree wes caleulnted.

(27 2polication of Issotone Rolutlons oo Aeaves

in Uayen L3904, 25U pi ok Lé;«lﬂbe&lad grginine hydrochlor-
ide were aroiied to Lhe usper suringe i & @ de-shoot Lecf on & young
neaeh trecs This exnorinent wis corried oui in @n urhested glass-
house comnarbuenite apleal and besal portions of the lent were first
tmoed with sdnesive mwiordel in such & way vhas iiculd ¢o Ld be held
in the centrsi surtion vk the lest surface withoot loss, snd the
jesf wmo also firaly tesed bo & shake WO spegvent wovenents The
izotope solution was then suplied droswise to the leuf gurfuce with

the Bid of B Aple BYTLigée AZUCT 7 hours @il of the aonliied liquid
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PLAYE B Technioue ussd to inject radionctive eo.utions
ipto shoots of young netch trees: ieft, treates
tres with injecticn tube in place; vight,

pivetting the solution into the injection tubee
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had evaporated or had been absorbed by the leaf, but @« deposit,
presunsbly srginine hydrochloride, was obssrved on the leaf sur-
face. At this siage the treated leaf was washed well by sauirting
ite upper surface with a jet of distilled waters This water wasg
collected in a beaker, concentrated in vicuo, made o vb&umea‘and
the emcunt of radiosetivity in it was taken into account when the

upteke of isotope by the tree wus csaleculaied.

{iv) Harvesting techriques &nd Prepuration of Tissue for

futoradiogrephy end inalysis

At hzxvest, the trees were washed sut of the pots under a
jet of weter ond the roots were thoroughly cleeaned snd blotted dry.
The shave of each tree was then sizetched end representative vortions
of each part ¢f the tres were selected and labelled for subseaquent
sutoradiogranhy. Xach tree was then culickly divided into the foi-
lowing parts: root, stock + stem + side shoots, and the injected
shoots In one experiment, leaves 2nd buds were also sevarsted from
the other tissues. Tissue pieces were imumedimtely nlunged into dry
ice to avold rossible cheumiecal changes Juring harvesting. #sach tree
sart wes chopped into small pieces (excenting tissue selected for
autoradiography), wrapped in muslin begs and freege-dried. Iied
tiesues were weighed and ground in & Casella mill to pass & sleve
with pores 1 mm in diasmeter. The ground tissues were placed in lab-

elled screw-113 jars znd deep~frozen until reouvired for anslysis.
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Samples which had been selected for tissue autoradiography,
including sauples from a coutrol tree, were cut into small pleces
if necessary (L.S. and T.5. sections) so thet they would present a
flat surface o0 f-vray film. Dissue pieces were then placed in labe
elled vials or = press {fibrous roois &nd leaves) and freeze-dried.

Iried tizsues were dfeep~frozen until reauired for sutoradiographye.

{v} 7issue and Chromstogrem iutoradiograshy

Tissue pieces were placed in contact with a sheet of
Rodirex (nu-gereen) Yersy film (Kodek, Austrazlesia Liude)s Apter
separating sach gheet of film with st least 4 thicknesses of blotting
paper, & bundile of the loaded films wes tightly clamped in = wooden
press Zitted with G-clamps. The vress was wruzpped in 2 thicinesses
of hlack oloth and placed in & cold room at 2°c for & period of 1
monthe After this period, the filas were developed in & dark room
asiug standard fode X-ray developer and fizer. Since the intensity
of the image om the developed Lilms iz 2 rough measure of the emount
of radioactivity present in the tissues (sce Flate 4), it was pos-
sibls to woproximately messure the smoumt of radioactivity in the
tissues by reference to an arbitrary set of stancard imeges.

The presence of radiosetive compounds on pepeér chromato-

groms was detected in & similer manner.
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PLATE 4

Exavple of resvlts of tissue mboradiogranhy:
left vertical columr, sutoradisgrechs: vight
vertical colwan, normel photographs. Pleces
of stem, gtocik, aide shoots, lesves and buds

of 2 treated tyea are shicwn.
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£ e - a = > Y l -
({vi: axsvection, Sesevetion, =nd Identifiesntion of 4u~

1nbeiled Soupounds

unlicate amounts of freevedried finely-ground tissues
{1 to 5 g) weve extrected with 75 ml eold {2°C), 89¢ eoueous ethanol
553 ther yith 60 ml loteg of eold distilled vater until only reg-
ligible amounta of radiomgtivity cowld be extracted with fresh ex-
tracteant |an extract wag eveporeted to e soall voluse snd tested
for radiossctiviirjs Phe tissue wos first ~lnced in & rless centrie
fuge iube (100 «l capseity), extreectant wes sdded a=nd ofter thorough
wixitg, the stovpered tubes vere pleced in o refrigerator fov 24
omprae <(Fber centrifuging and filbtering the surernstant through
g vhotuen Noed filter spery, fresh exirectent was added So the tude.
A1l extrections exce: i the {irst were of L bhonr duralion. after
the exiroction was complede, successive exbracis vere bulxed and

ip 8 votary evinoratdy (vwaier-

eivther evaporanted to dryuess In vacuo
path senverature 3500}, oy esged dirvectly through sr oxleb om
colunn of Towex S0¥ Ted vesic (20U §0 40U mesk) in arder to senarate
acine aelds end yelsted corvoundy frow seidic ard neutral coupounds
{ozgmnic meilds end suaguroie Vhere on exsrect was evanovated to
dryuess without pyvior fractionslion, the residue was tuken up in
digtilled wabter und mede to a volune of 2% mi in s volupetrice flasi.
The level ol roociosciivity in these eoncentroted evtraocts was then
meagured (gee luterie Al exbtrocts were stoved st EJG nYior 0

antlysise ‘Pisgue vesidues, which resmined ailter extraetion of the

soluble radiveciive compounds, were collected, sirdried, weighed,
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reground end analysed for radioactivity.
deparation of mcidie and neutral compounds from the

#ree zmino acid frection wes carried out asccording to the method
of ¥laisted (1958). No radiomctivity was irreversibly sorbed
onto the resin during this osperation as testa showed that the
radioactivity in the frec sminy scid fraction plus thmt in the
resin eluate eoualled the level of radioactivity in the crude
extract. After concentration in vacno, the free asine acid
fraction wae taken nup in 10% isopropanol {a preservative for amino
scids, see Block et al. 1953) and made to a voiume of 5 ml ix a
volumetric flask, while the sugar and orgsnic weid fraction was
taken up in distilled water end mede to volume in aAéﬁ nl volumetrie
fiask. Aliquots of these fractions were ussayed for radioactivity.

14G~Labelleé compounds in the free samino waecid fraction
were gsersrated by peper chromatogrephy. 4licuots of the concen-
trated extracits were spotted onto large sheets {187 x 155 inchea)
of Whatman nc.l peper with a Misco safety micro-pipette. 4 strean
of warm air was directed onto the origin from beneath the paper
during 2splieation in order to hasten the drying nrocess. iccasion-
ally acetic mcid-wzshed psrer (vhatman Ho.l) wee 8lso used. This
paper wes presayed in the following way:s the paper sheets were
first somked in 2{ acetic acid overnight, and then, on the next
day, the scetic zcid wes sucked off and the paper was washed re-
peatedly with distilled water until the pl of the eluste from the

peper was approximately pH 6.0. Chromabograms were developed in both
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direetionz in solvent systemaz which ere commonly used %0 separate
smino acid mixtures (Block et al. 1958; Smith 1960), using the
desocending method in the dark at 27“6. After development, the
dried, solvent-free chromatograms were pliwved in gontact with J-ray
film to Jocate the 14c~1ab¢11-a spots. The length of this exposure
wae dependent upon the level af radioactivity soplied to the
chromatogram. Whera possible at least 0.5 ue was applied to esch
chromatogram and & suitable exposure time for this level of radic-
activity was found to bs about 14 days. Aliauots of the standard
14calaba11aa sgino acid solutions, which wers obtained from Amer-
shen, were tested for purity in the seme way.

vhen 143-1&»;11:& spots weres found on chromatogrens, &i-
tempts were made o identify them from if characteristics and thely
specific colour reactions, using the data and tests outlined by
Smith {1960} &s 8 guide. In addition, the level of radiosctivity in

aach,léc-Laaeilad spot was measured by liquid scintillation gsunting.
(vii} Protein Hydrolyais and Separation of Protein Amimo ieids

Fubsaaples of the tissue residues, which remained after
extraction, were weighed into 250 al round-bottomed flasiks. 1uU ml
6% HClL/g tissue, 6 drops of octyl alcohol (to prevent Zfrothing) snd
6 xlasa beads were added to each flaske and these were then connect-
ed in series under watsr-coolied, reflux condensers in & fumshood.
The fla;k contents were gently boiled for 16 hourz to hydrolyse
tiasue proteins. 4t the end of this time, the hydrolyzaies vwere

cooied snd the black humin was filtered off, Tests, im which
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samplez of dried humin were expcsed to ¥~y £ilm, indieated that
the humin was not radicsetive. Zasch filtered hydrclyzate was
taken to dryness in vecuo in =& rotory evsporaior {water-bath b smn—-

srature }5003 56 remove the #Cl, snd the residue was fLaken up in

water and cither nade to volume in a 1o ml volumetyic Tlask for

3

subsesuent Jeterminalion of radioactivity, &7 elsg the protein

[4

éminc acids were separsted vut on & columy of Iowex G X3 resin
in the same way as described earlier for the frec amino acid
fraction. Alicuots of the concentrated préveln fmine acid frection
were chromatographed and the M{:-iabelled vrotein eaniue seids were
identified s described =tove for the free smino seids. The
radioretivity sresent in esch 1§Q—1&belleﬁ rroteln amine acld was
also messured by liguid seirtilletion counting. Tests indiceted
that substeniizl emounts of rodiosmetivity were lost when the
tissues were hvdrolyzed in this waye Thus lower levels of redioe
aetivity were Ffound in tissue hydrolyzates cefe tissue homuzenabes.
It is thought that this loss of radioactivity wes e o the prow

14

duction of ﬁi? during hydrolysis.

{viii} Determination of Levels oF Fadioaciivity in ixtracts,
Hydroilyzates, Injuction-tube ‘ashings, Leal Vashinge,

Homogenates snd im Cowpounds Sepervated by Paper

thronetography -

(1) Txtrects, Hydrolyzeies, fnjection-tube vashings and

Lesf Washings

Oe2 &licuots of the concentrsited solutions were pivetted
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(Misco safety pipette) onto weighed eluminium plenchets (flat type
AERE Herwell, drg. no. 436688} and a drop of teepolidistilled water
(131 v/v) wes ndded $0 @id spresding. The added licuid was cone
fined %0 an sres of 2,27 cm2 on each planchet by neans of & wax
ring (spplied with a chivagraph pencil). The licuid was evepore
eted off under an infre-red lamp set 1) inches above the planchets:
e hairdrier alsv blew wsrs air over the planchets {oecasionally
roteted) from ons side thus veducing the tendency for radioactivity
to collect at the outer rim of the planchete (Cooi and Dancan 1952).
¥lanchets were coonled in & desiccator over anhydrous 833129 Téw
welghed, and the radiocactivity of the dried films was measured by
placing each planchet om the top shelf of = sample oven {type W619,
Ekeo Llectronics Lide, Lngland) fitted with sn end-window Geiger=
Hilller tube. This tube wes coupled to an sutometic scaler {type
H5307, skeo Nlectwonics Ltde) wis & probe anit (type 5558, koo
Electronics Ltde) which was set to give a 'desd® time of 490 u
seconds. The §/¥ tube wes opersted at 1600 volts Dele All meas-
urentente of radiocactivity were made in duplicote snd readings were
corrected for coincidence (astanderd tebles), background (messured
and subtracted) and self-absorption [estimotedi. where possible

et least 1000 counts were recorded and vhen this wes schieved the
countliyg errvor was eousl o or lese thar ﬁg.aﬁ.

14

In ovder to oorrect for self-absorption of ~ &, & selfw

absorptisn emrve was cunstructed in the followins way. A constant

14

amount of ~ C-labelled maporagine in 10 pl distilled vater wag
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plated out on a series of planchets (area 2.27 cmz} with increasing
volumes (53 to 250 ml) of a non-radioactivo plant extraci. The
licuid was ¢vaporated off, the planchets were cooled, weighed, and
the level of radioactivity on each was measured in Lhe G/ﬁ KDOPAr-
atuge The resulting graph of radiosctivity versus ithe weight of
tissue extract is shown in Fig.20A. 1In order to use this curve to
correct for self-absorption, the wuight of the dried film on the
planchet is moeesured and the corresponding Y axis valus {a) iz read
off the graph. Then, knowing the Y axis value (d) of a standard
refereuce soint on the X axis, the self-absorption correetion
factor is equal to Ofa.

A& typiesl caleulation of the level of solubie radio-

activity in & tree part is as fllows:

1% 1
1. b _ 190 ¥ 2
1 - { s 3 - s - s
Anount ?icgadioactiv1ty, X=X} X a2 x 5,36 x Y x 2 b 4 3.7110¢
where, x = sample count {cps) ;

Yeorrected for esinciderce
% = background count {cps))

®/a = self-absorption factor

al
1

totsl voluwme of sxtracs (wl)
v = volume of exivact epslysed {al)

= gounting efficiency of apraratus

dowte of tree part
. dewhe of seurle extracted

lpe = 3.7x0% ope
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FIGURE 20 Graphs iliusireting seli-abserption of & G in

tissue extracts (A) and tiseue homogenstes {Hje
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Since the distribution of léﬁ in tree tissues was not uniform,
it wag necessary 4o énelyse the tissue seb uside fov antoradio-
grvaphy, #s weil as the remsining ilssue, before the level of
vadiogstivity in ihe jree parts and the whole tree could bs esl-

cuiateds
{2} Houopeuntes

in & few cases, the level of rediosctivity in the ine
soluble fyrction wes detern ved on fissue howogensies rather than
on tissue hydrolyratess Tesplbe the fact thet loss of 143 sggurTred
during hydrolysis of tissac vesldues, the level of rsdiosctivity in
the insoluble fFraetion wss ususlly deterzined on tissue hydrolysaies
beeeuse the wetind wes less bime-consumilise

tomogennhes verc preraved in ths following woy: 90 ng
gaanles of vis-dried, Pirelyv—ground tiosue ware cecuret aly weighed
irho @ lavge gless honogenizery leZ mi of distilled waier wereeddad
and the tissue was honogenimed b hand until 911 particles would
sagg Ghrough whe fip of &1 wd graduated sirette. D7 mi of the
noaogenate Wi s Lthen wlated oato a weigned aluminius planchet {ringed
in pesroleus efher and etcnss for % Ho 4 mimites in ot N WOH unefore
sy the surfece of which had been reviously costed with & layer

of concentretad gunw (Stephens commercisl gunje This pu wes -eoplied

with & seall brugh snd the uwater yhich Wil oresens wis subsecuently
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driven off under ap inflivered lamps The use 9f the sum resulted
in much improved sdherence between the dried homogenate film and
the planches surfuce. The homogenntes, vhich were suread over an
erex of 3673 ema, vere esch Jdried §o = fila ander sy infre-red
lanpy &ad the level of radiosciivity oresent 1o coch wes neasured
in e 6/4 systen og described esrlier for oxtracte snd hydrolyzates.

Since the welght of the howogenstes, which were tested
for rudiosetivity, verled, it was necessury 0 curreedk for self-
wbsorpbions Thus a gelf-sbeorntion curve wag corstyucted in the

" L 14 ! . -

following wéy. & eounsbant, Tnown sncunt of 7 (eascsragzine in 10 nl
water wie sixed with irncressing swounts of oon-rediosctive homogensate
on & gseries of weished riomehetz. fach ho ogepete~sgrarvagsing X
ture was dried %2 & thin filn, the plancoet wes cooled and waighed,
end the level of radinschivity enitted Lron the planchel was nets-
ureds Vaiunes fov the rodiovsctivity detected were then nlotied
versus the weizht of the tissuwe hoogennte (Fige203). This gravh
ves uged in the same way =g described esvlier for the determinatiom

of the self-pbscrubion feetors of extrecits etes The amount of radio-

setivity ic tiscue homogenvtes was orle inked as fo lows:

dmount of radiosetivity

] . o B L AU 2 1
in the ingsluble o= {xex" Y x X e 7, i:?;fb4

fraction or B tyee rart

{pe)
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where, x = sample count (eps) )
i jeorrected ror coincidence
= background couns {eps))

self-nbnsrption Tacior

i

Se %0 = counting efiiciency of swoaratus

"2 _ calenlated dowte. of the tissue residue in & tree vart
i dawlte of tissue residue sample on planchet

lpe = %."‘?xl{_‘eg' ope
g im the esse of the soluble redicactivity, it wag
neceustry 0 suelyse tisgue set scide fov sutoradicgravhy, as well
as the remaiving tissue, before the level of redinseiivity in the

insoluble Traction of & fres part could be galculated.

(%) Commounds Sensrated by Feper (hromatogrephy

: . 14, - ) "
After locatine 40—18&e11ed COMHGUNAS 0¥ DENET CHPIMEGO-
grame Ly sutoratingrechy, the level of redisactiviiy in ench Come
mound wag Jetermined by the liouid seintillesisn technioue of

—_ 15 Etmit = . , . 14, ) .

wells {1926%). In this procedure the ~ (-lzbelled snoss were ent
out of the chromstograns, placed face down in %0 wl of scintile

£y

lator solution in counsing pots {tuickiit, oFf 50 @i cenzeity, and
fitted with ground glass tons] 45 ow in disumeter. These poss
were placed in 2 seinvilisbtion counser {tyne %6044 Ekco Llect-
ropics Lid., btnziend!, which wes comnneched 5o an aubowaiic

scaler {type.%ﬁ?&ﬁ Lkeo Electronics itde}, and the radicactivity
smitted was recovdeds. Fhe equinment was onerabed 5% TO0T GEUNOT

ature at 1150 voits Lle wivh a diseriminating biss of 10 volss D.Ce

and a linear agplifier gain of 104, OGpticsl coniact between the
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base of the pot snd the top of the rhotomulbivnlier tube was nain-
tained with silieone 0il {100 centistokes, Swift and Jo., Sycney,
FeS.ts}s The seintillator solution consinted of 2y H=diphenyle
oxyazoie (3g) &nd pebis~2, 5-dirhenyloxyazylbenzene {Gelg; dlgw
golived in 1 litre of tolusne {A.l. ).

In contrast o ths results of Toechiori snd hossi {1962},
it was found thaot ihera was nd significant difference between the
amount of radioactivity emitted from top or botitom surfaces of the
raper spots. This mey have teen brought sgout by the faot thet
larze volumes of extracts ecte. were ancnlied to the chrowstograns
{up to 1 ml) to ensurs thay readily detectable levels of radioe
BOLivity were wresent. Ginee paper 9pots wnich were largew than
9 cm2 would not fit infto the counting »otg, these snote were cut
into uieces, each pieca-was counted senarately, and the level of
radiosctivity in the whole spot was tausn &z the sumnstion of the
racdioactivity in the cleces. ¥Hecorded counts were corrected for
bac«ground and for the erficiemey of eounting,

“ells (1963} clmimed thet count rate was independent of
the zize of spot being essaved. Mowever, this wes found to be ine
correct since the counting efficiency significantly deelined with
inerersing spot area (Figs?1l}. The deta shown in this figure wes
obtained in the following wey:

YADEY SGUAres; Llel, 225, 4.00, 6.25 snd $.00 cmg in
area, were cut Iirom 8 sheet of Whatmen ¥o.l chromatosranhy naper.

Using an igis gyringe, U.04 jue lﬂﬁ-asnaragine in 10 ul distilled
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FIGURE 21

Influence of spot area on the efficiency of counting
of 140 on paper chromatograms, using the liquid

scintillation technique of Wells (1963).
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wvater was spoited onto the centre of eaeh gousrs (held in a
horizontal position by = paper c¢lipje MTronlets of water were
added to the cenire of the spst as reauirved until she lisuid had
spread uniformly over the surface of the puper ssutres The
licuid vns evaporeted off under & stresm of warn air from & helre
ariei, and the radiocacuivity emitted from sach sousre was meas-
ured in the liguid scintillation systeme Aftsr correction for
background, the counting efficlency was caleulsted for sach srea.
48 & conssauenca, the srer of each radiocaoctive spot on
the chromatograws was neesured with & planimeter priox to counting

8o that the couniing etviciency could be caiculated.

{1) Experiment l.= Uptasey Treanslocation and Fate of Leirgine
. . 14 . : L
ine-guanido-~""Ceilonehydrochloride After Luslication to

Young FPeach Trees in Autuan

The a&im of thig expsriment was 4o Jetermine whieh method

of a rlying isctopes {shooh injection or leef apnliestion: would

14,

result iv greater uniake of * by the trees. Freliminary informe

ation vegerding the trenslocsation snd ametasbolic fate »f the isotope

in tree tissuer wes slse sought.
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(1) Yrtese of 4pplied Isotopes

In Herch 1964, 5 pc of the 14§~1abe11ed isotove were

applied to 2 yesr oid peach trees, either as a leaf apciication

or &8s & shoot injection, znd the tress were harvested after =z 24
hour period. Kesults indicated that only 37.3% of the 140 which

had beon applied to a lesf surfice entered the tree, wvhereas

46 whigh had besn applied to 8 shoot entered the

14

39435 of the *
tree. In addition, 50.57 of the = 'C whiech had been spplied to the
leaf surface was recovered from tree tissues, c.f. 8l.6% recovery
from tiseues of the ghoot injected trees In subsequent experi~-

ments, isotopes were alwpys appiied to trees by means of the

phoot iniection technique.

’ o 14 :
{2) Distribution snd Tramslocation of ~ ¢ in Tree Pissues

lats relating to the dietributior snd translocation of
14, . . . ‘ . . e
€ in tree tigsuss over the 24 hour period iz set out in Tables
214, 21B =nd in Fig.22. It is evident frow this datz that almost
14, . ;
all of the 43 recovered Tfrom trec tiscsues wes found in the egbove-
ground parts of the ftrees, Lrrespective of the wsy in which the
igotores were asplieds Hurther,y it i appavent thet most of the
14 S Biins = _ N
C zetivity reasined in the strested orgsne
% 3 & £ 14 1
- Liowever, while the amounts of ™ ¢ which were transiocated
fron the injected organs anpesred 0 be small, resvlts of auto-

radiogreshic studies {Flg.22) indicated thet moveuent of l4ﬁ



TABLE 21A
avouNes 0P 14¢ KECOVERED (po) T¥ TRER TTSSURS 24 HUURS APTER INJECPIHG Spo L-ARGiNING-guenido-
Mo My ROILORITS (850 A FOT 03 A 2 THAR OLL PEACR TRER

Treo ! Soluble Activity | Insolublo Activity | Totel Activity
; ! ! 2
Tissue i a4 ¢ Y % 14, 4 of 14, f 14, % of 14,
§ in ?ree in free | in Tree
' ’ ? 3 .l
Stem + Stock + | : |
side shoots g 199 43.74 | 1.52 4T.27 1 Be91 9600 |
i _ : i ;
| Roots [ 0,01 G I a ' 2.01 De%2 |
{ i i { :
| | |
| Leaves ! 0. 06 140 Gl0M 395 | 5419 25
; : : !
b s‘ - :
| ? i %
i Buds (o015 1.8 | a.n 2015 | 006 1033 |
Totel , 2,11 5le64 | 1. 43437 | 488 1000 |

14

* = 31.53% of the ~  taken up by the tree

641



, TARLS 21B
sones oF Y rocoviRED (pe) IR PREE PIASUS 24 HOURS APDRR AP/LVING Spe LeSRGINTHS-gusnido-
LA v OGO I TS BT 4 LEAF OF A 2 Y&Ar OLD PEACH TREE

Proe | soluble Activity | Incoluble setivity | Total Activity |

: v } ) ‘ : 3 : ‘ 3 !

| (Heme | Mo soette i Mo 2ot Yo i Mo aeelh

; : in Tree | in free | in Tree

% § H i

{ Stew + Stock + | _ :

| glde-ghoots |  D.0¥ 2,19 | © P 0e08 L%

s - f:

| Boota | 0e04 %96 | O o | GuDA 3e96

{ - :

| *

| Leaven 3053 5e6% 0e37 33,22 | 0490 9335

: { ., ' i

i s 3

| tads [ 9 u ; o o a ¥ i
; , i
1 i il

i .

Totel 0459 61o78 | 0.37 38.22 | 0.96% 1050 |

!
H : :
; i :

14

* = §0,5% of the — ' taken up by the tree

941



PICUDE 22 Metridbution snd amount {erbiirary units) of
M‘G ip tisgues of 2 yeer olid meagch trees 24
wours after spplicetion of 14{)—1&.1:5119&

arginine ¥C1 to & shoot {4) or a leaf (B),
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INJECTED SHOOT
-

SHOOTS, LEAVES AND BUDS
BASAL | TIP BASAL | TIP
SHOOT | BASE | TIP | |Favs |eaes | BUDS | BUDS
s1 = nil nil nil nil nit
S2 s Frevs - — . P
S3 +H =+ nil -+ nil nil
S4 + -+ nil s nil nit
ROOTS, STEM AND  STOCK
FiIBRoUS| R1 R2 R3 R4 R5 R6
ROOTS [ nit nil nil nil nil +
MAJOR [| RI RI RII RIY
R2 ROOTS || ++ o - *
R1
R6 ST st
R~ R4 STEM =, -
£ : STK
T e [ [ A

RS

SHOOTS, LEAVES AND BUDS
sroot | mase | P | SAL |, Do | BARY | aubs
S1 nit nil nil nil nil nil
S2 e nil nil nil nit nil
TREATED S3 nil nil nil nil nil nit
LEAF  S1 s4 | nil nil nil nit nil nil
S5 nil nil nil nil nil nit
ROOTS, STEM AND STOCK
FiBROUs(| R1 R2 R3 R4 RS
ROOTS + + nil nit .
MAJOR R1 R RM RI¥
ROOTS ++ -+ nil nil
stem |-ST1 | STO
-+ nil
stock |-STK B
-+
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$througiout tree tissues was nonetheless exitensive. Marthermore,
the pattern »f =ovemsent of 14% was dependent uvon the way in
whicih the isotupe wes applicd to the trees. Thus, if the isctope
was injected into = shoot 145 woved both upwards and downwards
from the point of applicetion, but if the isotope wes applied to

4
the upper surfsce of a midsioot lesaf l‘ﬁ moved downwards only

146 rempined in the treated

{Fige22}. Since nmost of the applied
organ, it was conciuded that there im no evidence to support the
hyrothesis that the appiied arginine would be translocated to,

end would aceumilate in, storage tissuea duriag autusn.

; 4
(3) #stsbolic Fate af‘L~$rginine-gaani§gr1'C—HGl
14§ cetivity wes found in ticsue residues efter

extrectior {insoluble sctivity, Tsbles 214, 21B), #ud, since 146

Ginee

setivity wss found in the sugar plus orgenic scid fraction {ex-

tracts were fraoctionsted ou ecolumns of iovv-exchange resin}, it was
; 14 . . 7 A

concluded thed éc—labelled srginine HCl was wmetabolised in tree

146-

tissues during =zutumns Ko atbanmrt was made tu Ldentify the

labelled products, but chromabogrspaic snalyeis of the fre¢ amino

acid snd protein amino acid fraetions in the atock + ssem + gide

ahoot tissues of Lhe shoog-injected ftrec wuz carried out. The re-
» y p g Tope s 14, 2

sulis, which are¢ shown in Yable 224 indicate that ~ ' zrginine wes

the rredominsnt gomponent of both the free amino acid and the pro~

tein anino acid frestions.



TABLE 22

2

e

DLSTRIBITION oF 140 AMONGST FRES AMINO ACIDS AND PROVEIN AMTMO ACILS OF THE STOCK + STEi +

SITN-SHOOY PISUES OF THE SHOT-INSL0TED TRER

i ﬁAetivity in Free Amino Acid Frection® it betivity in Pretein fmino Acid Fraetion® |
% ; i : |
}3 Svot ‘ 14(’; % Totel letivisy ! 140 # Totel detivity
3 {eps per Compound | {eps) per Compound

‘ .

| Urigin ,’ 305 Lo ; God Ge2

' ! ;

drginine | 1.9 51e9 t 2229 9502

(A1l others |  10G. 4.5 S 1 ‘o5 |
i i H
' votal {23243 10Ge0 | 2341 1300 |

e

* Yolvent systems used during neper ehrometograpuy:
{1) nebutamoliacetic acidiwster (12:7%:5 v/v)

{2} phenoliwater (431 w/v)

65T
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(i1) Zxperiment 2.~ Translocation and Hetaboiic Fate of
T Apminis et A 1‘&: 1 % 3 R
- ATFInine~ManLdy-  U-donohydrochloride snd Leisp-

. 1“~ Faogh & s N
aregmne- o {1 in Dorwoant Pesch Trees

14 1abelled smino

In this excerimenty 20 ue of the
eeids were fed %o 2 yeor 0id pesch trees {(dormsnt end leafleas)
in June 1964 b f{he shoot injection tecknioue. %¥rees were
Lervested ot sooroxi wiely 10 or 24 nours after creatment. All
treghinents wors sarried sad in Juplicate.

)

il . - - - Ls e 2
(1) Sisiribusios and franslocation of ~ ¢ in Tree Pissues

regults rejuting to the disvribution mnd trunslocetion of

14 . : .
¢ apeyoxinately 10 and 24 houre after trowsaent sre set sut in

faples 234, 23R and Fire23%. It w11l be ohgerved thaty in €11 trees

5 el \ X 14 . ‘
sxcert hress A snd 8 (vehls 2%4;, %03t of She T ¢ roeesined in the

injzeted shoot lrrespective of the gomudund injected or the treat-

14

“

ment times T frees 4 smd 3, howaver, the Bulk oF the T 0 zot-
ivity wes found in shoot and shos bissues wiieh were close +o the
injected snoot. Sinece it wee snows bhal the injeetad shoots of
rees 4 end 8 were chorior then those of bhe ensr trees, it is
thougnt that arester "usntities of Lhe injeched isubosces were able

B0 move out of the injected shosts of sheie dwo trees pefore Ghe

negnsiva tension in the yyle wag sousllsed by chne wnjected llandd

R " ;' s = - o a ET pre - 4
(Foseh 19363 de@e 8 spill-sver scchsnisw Sverateds



AHOUNTS OF 140 (pc) 1K TREE TISSUES AND AMONGST PRACTIONS CONTATNING FR:E AMINO ACIDS, SOLUBLE SUGARS AND ACIDS, AND PROTAIN

TABLE 23A

AMINO ACIDS APTER INJECTING 14C-LABELLEB ARGININE HYDROCHLORIDE AND ASPALAGINE INTO TREE SHOOTS

161

(Pigures in brackets = % of 14: recovered in tree)
i P ;
Tree No. | Uptake Mo | treatment | Injected Shoot Stock + Stem + Side Shoots |
and Treatnent per Tres Time ' : T §
Free Amino |Soluble 3Sugars: Protein Amino| Totsl [Free /iminojSoluble Sugarsi Frotein Amino| Total
{pe) {hr) Acids and Acids Acids : Aoids and Agids heids
1-1*¢ Argintne 19.87 9425 10.75 2,36 1.3 1441|2020 0.% .48 | 2.84
HC1 (61.29) (13.46) (7.41) (82.16) (11.97) (1.71) (2.51) (16419)
2140 irginine 19.68 7.50 12.56 3449 1.33 17.98 0.14 0.0% - 0.02 0.23
HC1 (69401) (19.18) {10.05) (9824) (0e99) (0.16) (0.11) (1.26)
s.t4g Arginina 19.66 24.50 4.19 2.68 1.69 8456 0.6% 0e19 0.21 1.03
HC1 (43.51) (21.83) (17.55) (33.89) (6+54) (1.97) (2.18) (10.69)
4*149 Argininu 13.90 25-, 25 262 1,18 1.56 5035 1.62 00'93 1.07 '5052
HC1 (23.95) (17%.04) (17.24) (59+23) (17.90) (10.28) (11.82) (40.00)
5-t4c Asparagine 19.74 10.00 11.28 4.7% 0445 16046 0.19 0.04 0.0% Ce 26
(67.%) (28.22) (2.69) (98.21) (1.17%) (0e24) (0e18) (1.55)
5-'140 Asparagine 19.8% ’ 9,2% 11.9% %41 $e75 15.69 273 0.7 0.18 | %e 22
(62.36) (17.97; (1.84) (82.67) (14.7%3) (1.63) (0.95) (16.96)
7-*4¢ 4sparagine 19.36 25,00 1.39 %79 1.00 6063 Be X 0422 0ell | 0e63
i
(25.68) (51.49) (13.59) (.76 (4.08) (2.99} (1.49) | (8.56)
| | |
8-14c asnaragine 17.33 25400 Qe85 189 | 047 | 32 %35 1.30 2,55 | T.90
(7.62) {16+93) L (4.21) 1(28.76) (31.31) (16.13) (22.35)  |(70.79)
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TABLE 23B
AMOURTS OF 140 (pc) IN TREE TISSUES AND AMONGST PRACTIONS CONTAINING FREE AMINO ACINS, SOLUBLE SUGARS AND ACIDS, AND PEOTEIN AMINO

ACIDS APTER IﬁJECTEMGl4C-LABELLED AKGIRINE RYDROCHLOKIDE AND ASPARAGINE INTO 7k SHOOTS

(Pigures in brackets = % of 146 recovered in tree; figures in brackets* = % recovery of Yo taien up by tree)
Tree No. and Uptake 140 Preatment Roots ; Whole Tree
i Treatment ney Tree Tine ; : - ‘ :
! ! Pree Aumino Soluble Sugers |Protein Amino’ TotallPree Amino Soluble Sugars Protein Amino | Total
(pe) (nr) Acids | and Acids Acids Acids and Acids Acids
114 Arginine 19.37 % 9425 0.05 0 024 0,29 12,90 2.66 1.98 17-54
HCL | (0.28) (0) {(1.37) (1.65) 1 (7355) (15.16) (11.29) (38. 27)*
i _
2.14¢ krginine 19.63 b 7.50 0.0% ! 0 0.06 0.09° 12.77 3052 1.91 13.20
HCL , i L (0026) (0) (0.33) {0.43) | (70.16) | (19.34) (10.50) | (924 48)*
|
3.14¢ Arginine 19466 | 24450 0.02 0 0.02 0.04 4.34 2437 1.92 | 9463
HCL ; | (ce21) (0) (0o21)  (0.42) | (50.26) | (29430) (19.4) | (48.93)»
4-**c arginine 19490 | 2525 0.06 o 0.01 0.07 4e 2.11 2.64 9.05
i | |- (0.66) [ (0) (@e11)  i(0s77) | (47051) | (23432) (29.17) (450 48)*
| i |
5-14¢ Asparagine 19.74 P 10,00 ] 0.02 0 0.02 0.04 11.49 4677 D50 16.76
(0.12) (0) (0e12) i(0e24) | (68.56) (234 46) (2.98) (34.90)%
{ i !
6-1%c Asparagine 19.83 - 9425 0.03 o 0.04 0.07 14:69 | 372 057 18.93
' (0.16) | (0) b (0s21) (0.37) { (77.40) (13.69) (3400) (95.71)*
7-%  Asparsgine 19.96 25.00 |  0.03 | 0 | 0.02 | 0405 222 4401 L1413 | Te36
(0.41) (0) L (0e27)  (0463) | (%0016) | (54.43) (15435) |(36087)*
i { ! : | :
8-140 Asparagine 17.%3 | 25000 0e04 ! 0 | G.01 ﬁo.os i 4edd 3. 69 303 ; 11.16
L (0.36) (0) | (0.09) (0e45) | (39.73) | (33.07) (27415) [(64021)* |




TIGUEE 23 Pistribuation and amount (srbitrary units! of

14 in tissues of dorment peech trees {2 years

o0ld) subsesuent to shoot injection with ;46-

labelled amino acidss

Prec Lee hBrvested T.5 hours after breataent

14

with = Celebelled arginine HCl.

Tree He- harvested 24.5 hours sfter treatment

with 140-1&32119& arginine HCl.

Tree Go- harvested 10.2 hours after trevtment
with 143—1ﬂkelled agparegine,
Tree Do~ harvested 25.0 hours affer tresbnent

with 149~lebeileé sgparaging.



INJECTED SHOOT
>

INJECTED SHOOT

SHOOTS AND BUDS e
SHOOT | BasE | mp [BASAL | TIP oo
BUDS | BUDS | sroor | ease | mp  |BASAL [ TP
s1 . il N N BUDS | BUDS
52 + nit + + S1 + nil + nil
S3 + nil + + S2 + nil + nil
S4 EET T Eres ++ S3 + nil nil nil
" ROOTS, STEM AND STOCK S84 fewr [ever | e | e
FIBROUS] RY R2 R3 R4 RS ROOTS, STEM AND STOCK
ROOTS + Lo + +» + Fi R1 R2 R3 R4
muor| R1 | R | RE | R ROOTS |+ . Py "
roots|  + . . . MAR | RI RE RE | R
- ede R4 STEM
stock |-TK =
+ STOCK .
A R3 B

INJECTED
SHOOT
SHOOTS AND BUDS SHOOTS AND  BUDS
BASAL | TIP BASAL | TIP
SHOOT |} BASE | TIP  |"gins | pups SHOOT | BASE | TIP  |Rige” | mios
S1 - + + nit st + nil + +
S2 + nil nil nil $2 + nil . -
S3 hanidill hassaodll Bhaad kg S3 Dl b +~ Raad
S4 + nil + nil Sé + + nil nil
ROOTS, STEM AND STOCK ROOTS STEM AND STOCK
Fierous| _R1 R2 R3 R4 ABROUS| R1 R2 R3 R4
ROOTS | . + + ROOTS + nil + +
MAJOR RI RNl RII IMAJOR R1 RO R RIY
ROOTS + + + ROOTS + + + +
ST1 ST ST1 STH
STEM —, ” SEM Mo T o
STOCK STK STK

' C

R2

ot
N
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Az in Cxperiment I, althoogh wst o khe injected T G
veumxinod in tae injeshad shoort or aearby tissuss, the evidence
preganisd in Mo.d3 indicebtes that smell awounss of 2 0 vere
Srensiocated poth upwards and dowawssds snd shet the aovesent of
¢ theoughout the Sree yvissues was wuite oxbenuive. In addition,
it is intevssticg %o note thad shere was no evidence oy furthew
moveaent of © @ shrough tree tlssues when the (reatuent Lille whe
thuﬁdué feon auproxivately 10 0 24 hoarse This tupiies thsi if
movanent Jdid becg rlace 1L wes not on w selficient scale Lo be

febected by autorad O fngy, o eise Th¥t upuve e and wOVsuweny Of

L

-

¢ Lhaough bree tissven were concouliant and ink »*'m:,,,nn lente

Jince ontor uuzﬁ, nohy e Bnown Lo be o very sensitive process it
ig thouzbht thut the iessoy saibility was operative. Lomeh (127%)

eongidered that o shoot off 4 dovumni plaut waolinves Lise a part-
ially evecusted vez2el snd that injeched linudd sovaes in to
exmaiige this Sensinne. Yiovever, =8 the injected iiuuid noved sliong
tne injectad shwoi, & stage would be reached where she negubive
tension in the xyvlem would be balanced by the frictionsl fores

r

created when the 1iouid

P

soved throusgh the fine ¥yvles soeces. Thus
an emilibriun wozld be esteblished which wonld be mainbained antil
she negetive Sension ineressed thyough trwmiration loss. 3iucs
the rase of transriration of water 1n dorweus tissues is very slow
15%33 eveliminevy injectinn exserih&nﬁs}, this hyosothasis

L . e ot e
would explain why vhe bulk of the *3 remained in the injected

'

shoot, and why, if the eruilibriua hsd been esteblished by the end

o~
3

Losglh
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of the injection period (i.e. after 7 to 10 hours), extensive

movenent of 14c 4id not take place thereafter.

{2) Yetabolic Pate of lgﬁmlabellad Argiuine and

dgparagine in Iorwamt Fesch Trees

The date shown in Tatles 234 snd 230 c¢lesrly indicates
that both 14C~1abelle£ gnins seids were zmebabolised in the dormant
peech trees. After anproxiamssely 10 hours treatment time, €OT-
sliderable smounts of 14@ were found in soluble sugs:s and ecids
and proveln amino acids. This lefter result sugsested thet pro-
tein was being synthesised at 2 slow rate in the tissues. The
level of léc in the free azmino secid fraction decremsed shavsly
vith incressed trestment btime {the rate of breakdown wes approze

A

imsiely econstant} ss would be expected if the comoounds were
{3

. ; e g AR ! .
metaboiised. iHowever, the zmount of ~ ¢ in the otheyr fractions

.

2

did not increase to ony mevied extent with incrsasing treatment

ot 2 2 4 5. 14 0 - - » FY
tine, &nd i% is coneluded that thz ~ ¢ which was not uccounted for
in the analyses {ses ¥ vecovery Piguree, Table 23B} wes incorpor-

gted into irsolubls eompounds othsr $her protein or else was lost

68 14&%26 Sinece the smount oF 14% present in soluble sugars and
aelds renained practicslly constant with increasing trestioent time,
it is suggested that production of this labelled frazobtion was
asgocisied with the entry of the Llsovopes intc the trses.

In sn atteant to identify the nrimary brsekdown products



len

14

of the ~ (-~labelled amino acids, components of the free amine acid

iraction of the injected shoot tissues wsre senarased by paper
chromatogravhy. The results are shewn ir Table 4. 1% is apparent
that aspartic acid wes the primery breskdown praduct of 148—&spar-
agine as might be expectcd. However, the breaxdown products of
arginiuenggnnido-l4S~hydrochlorid® did not appsar to be amino meids,
since l*ﬁ«arginine reméined the predominant compound in the frees
emino meid fraction after both 1U snd 24 hours. I sttempt was

l4(:--laballed amino #cids in the shoot

tissues which had been injected with 140—1&b@11ed srginine hydro-

made to identify the other

chloride, because it was found that the isotope decumposed during
chromgiogranhy.
vhens standard solutions of the isotovss (ex Jdmershem)

were chram&iogréphed by the two-dinmensionel technious, 2 lsrge
munmber of l4a-1abelled impurities were found on the chromatograms
{Tebles 254, 25B)e <There appesred tu be 3 possible exvlanstions
for this:

(4} the impurities were present in the standards when dis-

netehed Lrom Amnershsime
(B} the impurities srose during the storage of the Llsotoves
et ¥alte institute {storase time of 3 montha).

(C) the impurities srose as 2 result of deconpvsition during

peper chromaibogriphye.

The first péseibility wsas ruled out becmuse the proportion



TABLE 24

DISTRIATION 0F TY aMoncsT wRES AvING AcTP
24 Houve apvi

STODATALETR OB 2 JAD OLD
ChERysias Ui & YEAD GLD

(F INTECTED

A Phils Witk

SHOO® TIGEUES APPROXIMAT.G.Y

F -~ 1 Il
tprogamrnivina s 0 Malr LN

3
s

B ORY O CHLUHL B

o AED

ARD AS AFAGIRZE
injzeted fuamoound
| 1$ﬁmﬁrginiue HEYE léﬂ-xﬁ*ﬁrﬁgﬁae+ |
| = 1 siaia e ) o - = i SN i
Spot 144 - Totel fcetivity _l”c ¥ Totel sotivity -
. (eps) ner Compd. ' (eps? per Comnde
] : : i
10hr 24hy Lohr Z4hr i0hr Z4hr 1Ohr 24hr é
- : : . i
Orizin 1%%.6 2744 L T} GeB ECeb 17.¢ ed Vel i
Cystine ey 50 o De? |
}
Aspartic 1504, 74601 303 1502 |
Glutamio 48549 36be 2 Fe 16,0 |
Asparagine - 12645.1 Suve B T8e 3 33e4 !
Threonine 255 Ge 2 Uel Osd ‘
Glutasine 365.1 71e6 2e% 3.1 '
A =Alsnine 47.1 43, 9 e 1.8
i
B -ilanine) |
+ 'ryrotineg 175.0 47.4 1.1 2.1 'r
Lysine %5 ' 237 Go% 1.% |
 Arginine 1266446 4291.% 3605  THed 291.0 12540 1.8 Bef
Proline 51e TUE.G e b 47
I -
x-ﬂﬁz~ﬁutyric 5% 4 172.8 1.5 Foid f
| Histidine 5%46 G Se 3 o }
Serine S 1645 J Vel :
Glycine 4] Lief ) e §
Total 14663.2  5615.5 100.0 100.0 | 16199.0  2232.3 3242

167

Jolvent syetems used during
paney chromatography

ﬁé(l}n‘butanwlaace&ic aoldswater
E {12135 v/v)
((2)phenol:iweter
( (4:1:tTece w/v)

I3

+{{l}n-butanclsecetic acid:waer
% (121515 v/v)
(
(
{
&

(2 pr.enok:water;susonia

{411 :krece w/'v)
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TABLE 25A
BETECTION OF LYC-LABELLED IMPURITISS IK A STANDARD SOLUTION OF L-ASPARAGINE~>TC (U) AND THE DECOMPOSITION GF THIS ISOTOPE

JURIRG TAPEL CHROMATOGHAPHY

Compound .Ghramat.! tige of Acid«} solvent Systens | Propn. Total | Proghe Toltal Eo. Separation
a I N ¢ 3 i ‘ I's I -
Chromatogravhed | losd | weished raper l4u in Compds 14G in Tmparifiss) Sirurities| of Spots
¢ Posls o | |
| "‘»}‘c) I { ) (;’(."-) 1
— ! R | | |
14 ’ ‘ | 1 ]
¢ saparagine | Je 43 - li (1) ne-butmneliscetic acid:waster (12:%:5 v /N ) 35,9 Al 14 | good {
) X ; .
(standurd solr.) | (2} phenoiiwater: :-:H‘§ (4:1l:trace w/v!
|
14ﬂ ABprragine C.U5 - a Ap bove 954 4.6 1l good
{rechromatozravhed} |
]
A3 mbove | Jdeud - N | A8 mbove 9%, 4 Gab 5 noOY
| |
ig above Ve 06 - i(l} n-buterol:acetic wcidiwater {12:3:% v/V) 97.3. 500 . g good
i(z) ghencliweter (4:1 w/v} ?
| I |
l | . |
As sbove ! 2006 - 3(1} n-butenel:5’ sce.8umonium ageluteracetic GTe 2 ] 23 l 9 | good
r i | aoid  (37:25:30 v/v)
i ' phenol:watersammoniug =cetate

”~—
N
e

oy Ay |
(Buszo:l w/v/u) !
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TABLE 258
DETECTION OF 14G-LABELLE§ IMPULITIES IF & SPARDARD SOLUTIVE OF LeARGININce-guani -14Q-EYDﬁOGHLﬂﬁIDE ARD THE DECOMPOSIPIOH OF

THIS I80T07E LURIEG ¢ vul ChiSHATOGRATHY

—trom

Compound Chronat. Uge of icide fnlvent Syastems fronn. Totsl bropu. Total Hoe Senavetion
s s Wé 23] L4 .. Jwr ies 5
Chromatographed Load washed Fuper 14Q in Cannd.ﬁ'c S DRI o Imrurities of Spots

y A f el
(pg) | (43 )]
14‘ P 3 ' . T £ory. m N L g -
C=hrginine (L Well - (1) n<butanol:uceiic ccidswater {1d: %5 v/v) 4465 1265 14 good
{@xnzitipd salx) (2) ﬂbe&nizwatef;wﬁé {4:1:trace w/v)
. |
140—arginine
{rechromatograched) (.19 - s above 5 T1leG d3ad 14 good
As ugove Jall 4 A8 &bove ’ ’ | Tied 22e 2 12 good
‘
As sbove Je 15 - (1) r-butenoisncetic aciciweter (12:%t5 v/v) 3607 6% % 18 good
{2) shenoliwater (4:1 w/v)
A8 shove De16 - (1} v=-butenoi:weter {35:i% v/¥) 91e6 | Bed 6 soor
{2) phenolsweter (4:1 w/v)
As shove Do 0 - {1, n-butenol:5: &c.semoniun acetate: | e & 403 9 poor

acetic meid (37125110 v/v)

{2} phenoliwaiersazmonium mcetete
(80322:1 w/v/w)

.
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of the total 149 content which was uresent in the impurities fu
excecded the meximum linit set by the fmershesm suthovities (1 to
2%)e The pecond possibility was not checked sxporimensally be-
cause the supoly of the standsrd isoiops soiubtione yvan oute Howe
ever the third pogsibility was checked in the following way. 14ﬁ~
lepelled arginine and aspzragine wers separated on paper chromatoe
grams, the muthentic compounds were locected hy sutoradiography and
svecific colour tests, and the paser spots were eut out. After
eack: of the 14¢~labellod anino acids hwd been extracted Irom the
paper pleces with 15 nl of distilled wator (soaked for % minutes
with occesionsl sheiing), the extracts were concentrated in vaecuo
in & rotary eveporator (water-beth temperature 35°c} and the con=-
centrated solutions werez respotted on chromatogrsms. Thse chronsto-
grawg were develoved and the léﬁnlabelleﬁ compounds were logated
by sutoradiogravhy. The results, which are shown in *iate 5 and
im Tebles Z54 end 250 clearly indicate that both 146-1abeilad
amino acids decvmposed during chromeiogravhy. Waile the extent of
brasizdown of lqﬁ-lahelled egspararine undey these conditions may be
considered us nezligible, the bdreakdowsn of 140—1abelled arginine
wes pronsunced. Since closely similar wosterns of lﬁc-labeiled
impurities wers cobiained on autorediogrevhs of sterdard isotupe
solutions and vechromstogrephed isotope eolutions, providirg the
seme soivent systems were used Juring chromstogranhy, it is thoucht
that the imnurities srose as a resilt of the chyoastographic

technigues used rether than as o result of lenmthy ssorage before
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PLATE 5 Autoradiogrephs showing the extent of decomposition
of I;-arginine@yuanida-l4c-hyﬁmch3.ori&e end L
aspamgine—uc {U0) during paper chromatographye

Authentic compounde &re outlined.

: 1 ,

Ae  LeaspRYBZINE- B“G, go.vent systea I.

- 14, ) " -

Be L-asperagine- L, soivens sysien 1l

Go Laargininwmi,mnido-uﬁ-iicl, soivent system I.

T i;-arggininemggmido-u'c-‘fwl, solvent gsysten Il

solivens aystem 1: (1st) n-butenoliacetic acidswater
{12:3:5 v/v}
{2nd) phenol:water ({4:1 w/v}
Solvent system 1I:{lsi} n-butenvl:scetic acid:weter
(12¢3:5 v/v)
{2nd} phenol:veter:amsonia

{4:11trace w/v)

The fivst couponent of esch scivent gyshen was run in
the vertiesl direction, whils the second was run in the

horigontel direction.
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usee Unfortunstely, this could not bs confirmed by chromato-
gravhing the standsrd isosone solutions under conditions whersbhy
no bresicdown occurred, since tests with a vangs o7 solvens
systems indieated thet breakdown of ths compounds ceeurred %o a

greater ov lesser extent in vach of them. (Tebles 254, 258).

{d} Discussion

It is clear thet arginine snd aspuragine, which ares
nown 9 bs eosnssituents éf the storage nitrogsen of Jdormanit reach
trees {bxperimentsi York, Section 4}, 8re metabolized in tissuus
of dormant nesch trees. This resuli was unexpecied since it
was thought thei, in ovder Por these commounds 4o secunulate in
soneentration and smount during sutumn and vinter. they would be
metabolically imert in the tres tissues. % is oossible, of
course, that the method ased to inject the isotonss ints the trees
may beve influenced the resulis; cem. onzymes nay have been re-
lzased from the out tissus, but the faet that furiher metabolism
seeurred sfter untare was complete [e.Ff. reagults after 1) and 24
hour treatment times, Tables 23K, 2%B, 24} suzgests that this

nogsibility could not comnletely zecount For the shserved resalts.

Partheynmors, Bloamsert {1?65@, 1?5533 has recsontly reported that
l%ﬁ~iabeileﬁ thisurea and urea are readily metsbolise? in dorment

seach shootse It is therefore avqarent thai dormsnt neach tissues
are able %o metabolise & range of organic cosvounds.

Although evidence was obtained whick indicated thet
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arginive wag netabolised in dormant peach tissues, chromatow
graphic enelysis of extracia showed thas fres arginine was
present in very high corcentration in the trees sver the exe
perimentsl period. This was exrected in view of the results
recorted earlier (Bwoerimentsl Vorlk, Sectiom 4)s Tt is susgested
that the apparent incorgruity releting %2 the ascommulztion and
degradation of zrginine in tissues of Jdormont trees is due %0 &
tarvnver of the érginine in the tizeunes. The faet thst srginine
was one of the compounds synthesised when 14£~asaaragine vas
mesnbolised in %issues of the doruant trees {Table 24) supports
thiag euggestions

Littie indormation wes obteined t¢ indicate by what
metabolie pethvway sveinine is degréded in seach tissuuse Results

of shrowatograghic snalysse m whed bhet the primsry breskdown

products of arginive Jdo not ineiude other free suino acids | Table

P . 14
a8l the pressnce 21  (-urea

it bissue extrscts, smd this may memn thet arginine is not de-
graded vo ornithine sad urea by Fhe engyne arginsse. fiowevery in
cunirast, tine resnlts indicate thei asparmgine is first degraded
to aspartic meid, foliowias which glutemic acid and a raage of

obhner amine seids are formad {Vebie 24)s These Findings are in

agroanens with the nyeothesis tnat asvaragine ig desminated in the
tiszenes under the iafluence 57 the enzvas ssparagine synthetese

{webstier 1959},
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. . . 14 . . ;

Hogt af the injectad 4& rerained in the injected shoot
or trested leaf ["aunles ¥14, 218, 234, ¥3Bs Figa.22, 23), and no
. - el s o 2 - " . - 14.&

evidencs wag found Por the movement of large amounts of ~ O
through tree tismes even 1f the trestment time was ipcressed
{Pig.2%). It was therefore concluded thst injected amine seids
de not weeanulnte in the woody storsce bissues of the trees. 4an
O Cond dhia bncide oo ooy oop s B
hyrothesisc, which wus pat forwsrd to exolain why wost of the ~ €
vremaire in injected shoot tissues, wes discussed esrlier [see

4
1‘C which

reeults}, but this would not explein why mogt of the
had been spnlie? $o the upper surfses of = treated leal remained
03 1, C i & 3 b 3 2 r - ¥, i 1 4 F e 2 2
wn the lemt.  In fhis latter cese, about half of the ~ Cesrginine
was converted into insoiuble, rresumaply iwnsoblile, compounds
(teble 218}, ond it is nossible that the ressining soluble aote
ivity wes =m0t vrendily trenslocsted to leaf xylem and phloem, from
X 14, . - ; ,
wiencs ~ { would be translicented to other tree varts.

Although i% ig wnown that 2 nunber of smine 20ids dee
compese during paper chronsiogravhy {Lewrence et ale 1360; Moses

- , 14 2 3B =

1322}, the breukdown of ~ (-labelied ayginine snd agosragine
during chromelogravhic mnelysis apporently h&s not boeen revorted

£ . 14, . .
rrevisusly. EZirnece the breatdown of t=iabelled arginine wag eXe-

Geusive in several of ihe soivent systens {Tseble 5B}, it is cleaxr

s ¥eo v Py o
thed the sisbility of ~ Ueisbelled isotoves should alweys be ine

1

verhigated befors resuits, which relste to the meisboiic fate of

the isotoves in plant tissues, 2an bu inferpreted.
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e  COLCLUSIONG

in this section the findings of each of the separate
experimenie have been interrelated ss far as possible, and areas
in which further resesrch is needed have been indlceted.

Young vench trees sccumulated nitroger in proportion to
the external nitrogen sunply. #nsiysis of dormznt trees showed
that, in resvonse to an incressing euprly of nitrogen, soluble
nitrogenous compounds sccumulated in waody storace tissues of the
trees to 8 much greater extent than did insoluble nitrogenous
compounds. Furthermors, the assunts of soiuble N in storsge
tissues Jdeclined during soriug {utilized fox grovih) while the
spounts o4 ingoinble U in the tizsues usually Lnevensed ot this
time {not uvilized for growth). It is conciuded that the storage
nitrozen of the young necelh tress consisted amainiy of soluble
nitrogen. Lvidence was slss pressnted which showed thet at least
part of the inmsolusle U content of the stook + sten + 1 year old
shoot %tissnes scted me = pitrogenous rezerva.

‘nelysis of dormeni trees showed thet most of the
storage nitrozen of the trees wis nresent ir the 1oobts. Congide
erable euantities of thiz nitrogen verec tvensported to the growing
porute durineg the Tollowing saving. Howevery, if $he $recs 1ge
ceived 2 high citrogzen mrplicstion éuring the growing seasoi,
most 0F the storaze nitrogen which was mobkilized for new shoot

growth was obtained fron the above-ground tissues rather then from
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the roots, presumebly because untake of nitrogen vartially off-
sots the losz of storsge nitrogen from the roots. In this re-
gard, nitrogzen uptake ner tree was not influenced by the level
of storaze nitrogen in ths trees

heacouamulation of soluble N in storage tiesues of the
trees coummencsd in December and was especially ranid if the ey

texrnsl nitrogen supsly was highs In trees supolied with ample

nitrogaen, storages of nitrogen took slmee because nitro-on o
exceeded nitrogen cemand. However, nitrogen sccumulsatior &lsn
securyed on & smell sesale Auring the latier half of the zrowing
season in trees which did not recaive fertilizer nitrogen during
the growing season. This Is interpreted to mezn that nitrogen
was tranglocated from leaves to woody f{issues vricy to leaf full.
The soiuble nitrogen in voung dorsmant frees lsrcoely aonsisted of
free crzivine, end the determinstion of the amcunt of srginine ia
the storage tissues gave the wost senpitive indieation of the
nitrogzen stetus o the trees. TFurthersors, the amount of eoluble
% in the trees which was sccounted for as axginise incrensac with
inecressing nitrozen suorly, indieaiing that rceumnlsiion of arg-
inine wis vestricted if the nitrogen sun-ly wes love FYherg arg
inine secunulation was restricted, the iwportancs of asmide ¥ as

& eomponent of the soluble ¥ inereasads Hince arginine also
socumnlstes in mature nench trese during auvbumn and winter in pro-
porticn toc the nitrogen supdly {Waylor, unpublished dstaj, 1% is

congluded that the siorsge nitrogen of both young asud maiure pesch
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trees largely consiste of arginine. 1t is thought that this
information could be used as = basis for the developuent of a
very semsitive method of asgeasing the nitrogen simtus of
sxchard trees.

Two hypotheses werc put forward in an atteant to exe
plain vhy srginine does not eccumulate in tree tissues except
in suturn snd winger, even thongh soiuble K muy aceumulate in
trec tissues evriier tham this. in the first hypothssis it is
guspested that arginipe, whichk hes = low c/ﬁ ratio, could only
be synthesised if the sveilable nitrogen suprly in tree tissues
exceeds the supoly of sveilsble cerbore These conditions would
be patiefied in autusn when crrbohydrate sccumulsiion ceases
{rhotosyuthesis would cease at leaf £211) bui nisrosen aLssrp=-
tlon does not. Alternatively, it is sugrested thai arginine
accuruiates in Jdirect resconse to the environmentsl factors pree-
vailing furing autumn and wintere Fuarther worz ig resulived to
determine whether elther of these hvpotheses is correct.

The results suggested that the =mount i new growth
aade by younz nesch ivees was significantly denendent upon, snd
in prorzoxrtion to, the level of storage nitrogen in ths trees and
$he external aitrozen sunplv, irresrective of how tres growth was
meaguredes Tree growth in early srring was significantly cor-
releted with the level of storsze nitrozen in the Lree iissues.
#fter ¥Wovember, however, tree growth was mainly devendent upon the
external uitrogen sunnly,. 2nd it ie concluded thet the supnly of

storase nitrosen was exhausted cr at & low level by this time.
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Analysig of growth date indicated thet there vwas & significant
negetive interaction 2% the end of the growing season between
the current nitrogen supply end the nitrogen treetment applied
in the previous year; i.e. the smaller the nityorern applicetion
in the previous yesr the grester the effect of the current rnit-
rogen ep:licetion on tree growthy znd vice versz. It is con=-
2luded that deficient %reea respond more nariredly to applied
nitrogen then nitrogen sufficient trees, tut the reasow for thie
ig not unown. Additionel wori on the subject is recuired.

Zn attennt wae wade tv corroborste the mbove results by
injecting & range of nitrogensus ¢ompounds, including congtite
nents of the storage nitrosgen of Jorment pesch trses, into young
peach treess, bBut no sigaificant growth response cccurreds If ds
coneluded that sither irngufficient maantities of the sunstsnces
were injected iubo the tress bto influenee growth, or sise that
littie oy none uf the injected sovlutions were transiocated t¢ the
growiig poinig.

= ; o o ; i4
Exoerimenss chowed that Learginine-szuanido-

G-hydro-

1 PR L. | ” 5 . T ‘14 Y - H i R S e o
cialovide and betgnaragine- € (U, wers meteboiised in dosment
tigsaes of young peach treese This result was unexpected In view
of the facs bued both of these coupounds {especially arginine)
aceuvulaty in gvorege tissues during sutumn and wintere it is
suggessed thet srginine, and possibly asparagine as well, are
gonstantly seing Yturned over' in dormant blssues, and this aug-

gestion warrents further investigation. The primsry breacdown



179

product of %

(-lubslled asparagine wag identified as aspartic
seid, but the breagdown products ﬁfilaﬁ-labelled srginine were
not identifieds It is therefors clear that further work is re-
guired to dstermine by what metebolic pathways arginine ia de-
graded snd synthesised in tissues of perch treese. Considerable
amounts of 14ﬁ-arginine {but not 14€~agparagine} decomposed
during papsr ehromatography, ond it is eoncluded that the stabil-
ity of 1‘C~1aba119@ compounds should always be checked before
results relating to thelr zctabolism in plant tissues can de
interpreted.

The distribution of 14& in tree tissues subsecuent to
aprlication of the isotopas to the trees in autumn énd winter ine
dicated thet wmost of the spplied lé% remained in the treated organ
or in neighbouring tissues. It is concluded thet the bulk of the

injected asmino acids did wnot move to, or accumulate in, the

gstorage tigsues ¢f tha trees.
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PART VY11

APPENDICES

APPERDIX fe Extraction of 5oluble Hitrogen from Feach Tissues

Ar experinent was cerried oud o compore the smount of
soluble N sxtracted from freezedried peach shoot tisaue by 0.U5M
citrate buffer pH 5, GelM phosphate buffer pH Tel ana 80%
anueous ethanol.

1.0U0g lots of dried; finely-ground tissue wers
successively extracted (5 times) with cold (2°C) soivens amnd the
level of goiuble ¥ in &liouoss éf conesntrested extrects ves de-
termined by micro-icjeldshl snalysise Ixtraction, concentration, end
micro-kjeldanl procedures were carvied oul as described in the main
text {Soluble ¥ determinations, sxperimental ¥ork, Zection Aje

fesults of the expsriment sre zhown in Fige24. The total
amount 5% soluble # extracted by eech solvent emd ths amounts of
soluble ¥ in sach asuccessive exiract are shown. 1§ is evideni that
the citrate 2nd shosphate buffers eéxtracted significantly more nit-
rogen from ths tissue than did 807 ethansl. The difference in ex-
tracting power was almwost smtirely due to the saall amount of nite
rogen extruscied by 307 ethanol during the second successive extract-

ion of the fissue. Unly smell amounts of nitrogen were released
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(pg N x10
)

s
o

SOLUBLE NITROGEN EXTRACTED
a

| | I | |

X

A TOTAL AMOUNT  EXTRACTED

N

e EXTRACTANT EXTRACTED (19 LSD
X 0-1M phosphate buffer pH7-0 30-54 5% 1-40
® 0-05M citrate buffer pH50 30-65 1% 3-23
A 80% aqueous ethanol 24-10 01% 10-27

®
X
A
—_—
CITRATE_CONTROL; ETHANOL_ CONTROL. _ __ i_\_j}___i
— PHOSPHATE  CONTROL. —
| ] ] | | ]
0 1 2 3 4 S
NUMBER OF SUCCESSIVE EXTRACTIONS
PIGURE 24. Influence of extractant on the amount of soluhle

nitrogen successively extracted from freeze-dried

shoot tissue of peach trees.
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+ave Y tissue arter the third successive extraction, irrespective
of the extractent uged.
The results do not give smy indication why the soueous
solutions extracted mors soluble ¥ from the tissus than did 80%
sthanol. Howevery the following explanations sre nossibles
{s) protein Lresicdiown occurs when the tissue is extracted
with soueous solutions, but Joes not sceur whsn the tissme
is extyacted with 807 ethapol.
(b) the nitropencus constituents »f pesch tissues are more
s2luble in acueous solvenis than in sthonolic solvents.
(e} the timeue extractesd is mors peraeuble to swmeous sole

vents then it is to 80% shhenol.
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APPENDIX 3.- The influence of Injected Nitrogenoua Compounds on
the Growth of One Year 0ld Peach Trees During a

Single Growing Season

(a) Introduction

An attempt was made to corroborate the results ocutlined
in Experimental Work, section A. A range of nitrogenous compounds,
including compounds which are known t0 be constituents of the
storsge nitrogen of doramant neach trees, were injected into young

peach trees and the growth response was measured.

{b) Methods

(1) The Treed, the Planting Procedure and Tree Management

27 one-year old peach trees (Golden Oueen scion on
slberta rootstock) were selected for uniformity of size end shape,
and freedom frowu damage snd disease, at Balhannah Nurseries in July
1364. The trees were 'heeled' into moist sand until vlanting.
Immediately prior to »nlanting, the riots of the irees were washed
well and any broken roots present were removeds The trees were
weighed and their roots were surface sterilised by dipping them in
a solution of 5.25% NaDCl for 5 minutes. Each tree wes then
planted in & wooden box (painted with bituminous paint inside and
silver-frost sutside) 11} inches square and 12% inches deep (ex-
ternal dimensions), which contained 23.5 Kg of steam-sterilised

goil-mix of low nitrogen content (0.19% on s dry weight basis)
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overlying & 2V loyer of sterilised mmartzite gravel (3 kgle The
follovwing cuantities of cownsreisl fertilizers were mixed inko
each Lalf-ton lot of scil-nix before use:~ ‘hoof and horn' 130g,
superphosphate 560¢g, sulpkate of sotesh 3z, and ground limestone
140g. Ths soil-nix consisted of 3 parte soil, 2 parts sand znd 1

part gravel (1 ineh diame). ‘'Normel' s80il wss not ased becmuse of

3

posaible drainage problemse Fach box wag provided with 7 drainage

R

hoies in ite bDzse snd whe zo comstructesd thet one side eould he un-
sereved aad removeds. Since it was placned ¢ injeet the adiutions
into the wsjor moota of the trees, these roocts were forgibly dire
ected towerds the renoveable gide of the box at plantine. The sur-
face of the smuil in each wot wis covered with g of sterilised
quartzite grevel. After planting, the fop of essh tree was severely
cut back to remove =3 much gtornge material a&s posaible; only 5 or &
1eaf buds were left on esch stene The prunings were weighed and the
fresh weight of the sruned hrees wis calenilated. The pruned trees
were then transferred to the vot-culturs ares in Alvestoize orchard,
Yaite Institutbe.

The suil in esmch box wes ikent moisi by frequent additions
of ten wajery; these were usually spplied every alternate dsye In
addition, Zil @l of nitrogenefree 'complete' nuirient aoiution were
applied to the surfacs of ezch hox &t Pwi-nonthly intevvals through-
out the growing sesson. The comnosition of the autrient solution
a8 the seme 8 that ziver $o the tress in the G trestuent in

zection 4 {sec Tables 2& &nd 2B). A1) trees were sprayed with freshly
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srevared bordesux mixturs at the *nink tip' stagze of budbursi.
ifser bud burst, the mushey of nev shoots ror tree wes reduced to

4 or 5 ané 51} root suckays were sinched off ns wells

{11} The Preatments snd Their Apsiicutios

A list of the oswpouncs which wvere injeeted ints trees,
the concentrution of the maueous injection solutisus, the botal
smount of nitraren injeched iuto eaeh tree curing the growinyg aeasdh,
end she injeesion cates, are siver in Taple 0. The eouodunds were
chegen for the Faliowing yeagons: argivine sud sAspurégine «¢oxe
chosen bettuse they were wnown &2 do conetituents of the stoinge
ol brees, whereas sovine sad %%03 HET@ ilie

cluded Tor comntyative ourposes only, since Lthey were nct lusortant

nitrosen of éovoant

eonatitoerss of bhe storese nitrosens It wves shovught thal 8 cote
parigon o1 the growbth response brought sbout by the wnjectlion of
these cwreusuds Lo trees woula indieate whether the growth rvesponse
wos gregific for each cou ourd, ov waether it wap nereiy vhe yesuly
of an incresse Lo tne wibrogon conbent Of TO¥ TG

The concentestise of pityrogmen in the lnjdeevion solusions
WBS Linloedt $O a0 mere Lhme & ougglonld, sinces Bl higher concentrations,
egubragine crocanliabed ot ol souations. weeh o1 the v treatnents
wop vorlicshed % bimese Howevor, =yior to ciryying oub she firvsi
irfecvion, woe fvees were grooned in order oL masending Iresh weligat
at plantine eng then thag gra was diviced into I ewusl naxts, wach
of which wes asde & restlesbe vad reoresentad & pirticuisr pange of

tree sivess Troatsente were ariocused £% vradom within esch repli-



TABLE 26
AMOUNTS OF BACE NITROGENOUS CUMPOUND [HJRCTED (NTO YOUNG PEACH TRERS

Injection Date

Injectaed Chenical |lelative 24/3/64 8/12/64 Total Amount
Compound Grede N T et of i
Level ¥ Conc. of Voli. | N Congc. of Yol. Injected into
Injected Injected] Injected Injected] kach Tree
Solutions jner Tree’ Solutione ¢ rer Tres '
(mg N/ml) (nl} {mg %/wl) i) ‘mg W)
Distilled Water Control - - 0 20 0 20 0
E-Arginine ﬂCl, Be Do il LIT 1 02 20 ‘016_ 25 { 16
~-AgpBaragine, Merect AsRe 1 0.2 20 De6 20 ‘ 16
]L-aSerine, Be 2 He Le Be 1 Je?2 | 20 Dot 20 16
%‘(Nos, e Do ko Ao 1 0.2 3 20 D6 20 16
-Arginine, HC1,» Bs D.H. LeTi 10 2.0 20 60 20 160 i
-i8peregine, Merch AeBe | 10 240 20 ot 20 169
Serine, BoDeile LeEe | 10 22 20 6l 20 150
KNO,, BeDeHo AT. | 10 2.0 20 640 2 150 i
! i

981
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cate, and the position of the treated trees was fully randonised in
the ares alloceted for the experiment. It was thought that strati-
fiestion of the trees, and spplication of the treatments in thisz
way, »ould mininize any infiuence of imitisl tree size on sub-
geouent tree growbhe

The first series of injectivus wers msde on 24/5/64 Just
after the commencenent of shoot growths The injection method used
was siziler to that woriked wut for the injection of zadio-active
solutions into young peach $rees. Thus the following procedurs was
carried out. “he removeable side of ecsech box was taken vff, & suit-
eble najor root was located, and the terwinel 2 %o 3 inches of the
root were exnosed and cleaned. The tiz of the zoot was cut off and
a polythene ftube ((e5 tu Lot om internal disncter, 15 to 24 inchss
long: was attached tu the freshiy cui snd oF the major voote 4 small
anount of distilled water was immedietely squirted inte the tube to
teer the ent end woist snd to test the connection fnr leatbaze. The
upper end of the injection tube was attached to & woodex stake, and
the tent soiution was then pipebted into the polythene btube. Hir
bubbles were removed by bessing and scueesing the ftube. ring the
injection perisc the exposed zide of the hox wis covered with &
piece of black polythene shestinge. After 21l of (he aclubion hed
been taven up by the tree, ths tube was discounnected, the cul end of
the riot wag danbed wish opruning apstici, snd the side 9% the box wae
replaced.

Unfortunately, use ol this injection aethod resulted in very



iss

variable rates of uptake of solutions from bree t5 $vze: aome tyrees
took uw all of the licuid in one dey whereas nthers iook un the
licuid over a 3-week veriod. Furtheruore, in sowe cases uptaze of
the injected licuid shopped before all of the liouid had been fibe
sorbed. In these ciuses, re-injection of the swome voot did 1ot ree
sult in farther uptake and vhe inmjection could only be completed by
atteching the injeciion tube to & different root on the same Ltree.
This injection metbhod was thereiore considered unsatisfactory and &
different sethod was used for the seccnd series of injections whieh
were czxviesd oub on 4/12/54.

n this date, & pressuve apparatus was used to force the
go utions into the tree stems under & pressure of ﬁula/saumra inche
The apparatus used was desgigmed by ve BeGe Coombe, Deparimert of
Plant Puyaiology, Meite Institute, sad was similar in coastruction
end overation to the pressure injection spporatus descriked by
Sehubert {1363). The recuired presgurs fur the injections wag supe
plied by @ smell cylinder of carbon dioxide gms. However, this
wethod did not prove to be eniirely satisfactory sither because when
the injection head wes scrswad intc $he frec stems it often caused
thew to split, snd, &g & corgetuence, some leakagse of the test 0l
utions asually resuited. Indtially & series of ¢ injections were
planned during the growing seastn, but becauss of the problem of ine
jecting the solutions inic the trees only ? injections wers carrised

ute
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{111} Yemsurement of Tree Growih end Hervesting Techniques

The total lenzth of new shoots ﬁar trae and the ghen
diameter of sach tree {2 readings were wade &t right sngles 4 inches
above the greft union} were measured at monthly irtervals throughout
$he groving season.

£11 trees were harvested oun 3/3/65. They were removed
from the boxes under & Jet of water, the roots were thoroughly
clesned {any root fragments which brokxe sff during this operation
were collected) znd blotted dry betwveen shects of blotting papers
The following dete was recorded for esch hurvested trec.- fresh
welght, total tength of new shoots, shoot rumbers, leaf numbers,
averaze lenzth of rew shoots and the shen Jdizmeters hen this ine
formation had been recorded, the tissues of euck tree were chovped
inte gmail sleces and these were placed in paner hags =nd ovendried
at 1030 for 16 hours. iried Sissues were rasoved L£rom the oven,
allowed to cool @né were then weighed. Prom these remdings, the

dry weight of esch trec wes caleulstede

{e) FRssults

The trees which were injected with the hish concensrastion
of Kﬂﬂa on 24/9/54, ang wiieh rapidly ook un the injected soiution,
showed 1loaf damsge 4 days later. Thua the basal leaves of these
trecs wers wmisshesen, curied inwerds, and wevs blockened and

seorches on margias énd tins. It wes corncluded thet the leaves
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were danared by the introduction of toxie snountg 1f.3333 inte the
trees. Fowever, the observetion alse indicated thal the injected

Kﬁﬁx, and presurebly the other cowpumds as well, was rapidly

trangloceted from roots to shodks. Leaf denmge wes 108 observed

in any sther trestuent.

Phe vemulte cbteined at the end of the groving seusvn are
given i Table 27. The zemgonul grovth Jets hag not been included
becsuge none of the trentments resulted ip sigmilicaut differences
ig gyrovth during tine groving sesson. I3 18 pvident frow Tabie 27
that rone ol the trestments vesulteo in simificartly gresier tree
grovth cefe the cunmirol, excert in regerd ©o the mumber of leaves per

tree. towever, the Aifferencers ohoorved ip the pamber of leaves per

tres are of doubtial sioniticsnce Lzoouse the W 23 obbaired for the

control Sresinent exceedad thoge optroined iz sone of the ather treat-
mentse Lesf gymetons of sitroror deficiency were soted dr trees o

Rll trenteents 26 the ond of rhe Zrowing sesgdn, b laey wore less

severe on Lreey whick ped vecelv 0 the higher anitropen apnlicstions.

% -
4 lise:ssgion
The attemny Lo stimlsla the geowhhn 2T vooyr eish Lress by

injecting thas with aitrosencus Cooounda, leludlng aiapounds which

) = Fomi = . R (T RS 11 L &Y, e i g < - e 3

By¢ mown b0 ba eongiituents o5f the sterepe nitxo en oF dorsant

peach LTyaes, wis oot succeszniul. In vis " the Feob 2bhalt (he trees

3 T o - T Tt e e 5 L i 127 ABAVES T e

in ¢ Frestuents we v nitys o deficiy ¥ ¢ oend of tha EYOVINg
-y s oy a, - £y, = " -

seusun, theis ave 2 engons Ty thig lac f Fezponsss
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IHPLUENCH OF IRJSUPED BIYROCGENOUS 00M QUEDS ON TRUEZ GHUWTH

log

1 ki

e -

i ! 1 = i : i 3 :
; Comyound ¢ Relative: Presh | Imy 2 N0 i Eoe Shoots | Yotal vengikh ; £vge uboct | Stem Dianeter |
i Injected { & | veight f Yaight . Leaves 5 wer Tres of Shaote ; Length pex z pexr freec
{ hevel ! por { per . per i ser Tree | free
| ! | Yrez | Tree | fTree i ’ ,
§ f gy ] (@) ; {cm) [ (ew) | a0 (ine)
i 1 e g B 1 | i '-
: Mistillad ! ; } { i i
| vater ewntrol! - 2514 | 228 | 2,132 | 6,793 | 2,233 L le43 . LeB52 ;
' i { i ! ) | ' :
i Avginine HCLl i 1 L Zedsd | 2.1% Z le 431 Je852 I 26243 5 1. 332 i 3.617 i
$ ! =: % ' !
éﬁsam&-zx‘ézgim i i | 465 | 216} l.261 .71 : 20135 ! 1475 e 841
i i 1 1 | S g
{ Barine DL 2596 | 62| 2,008 | 00333 | 2984 | le420 | Q.68
i i { ; ; i
| kRO, b1 484 258 24056 | D.36L | 2,272 | l.811 | D.652
i ‘ ‘ A , . g 1 ; ) | .
54¢-~’1\rginine HQL [ 1 L PeB524 z ZelnG f Zoi¥36 DeT25 2 17€ i 1,45} De 546
| Amvsragive } 19 ‘ 20473 | Ze1TE ! 22117 | $e352 | 24237 L Le3R4 | 04673
i { ¢ : ? ‘ i
. 8erine | 10 | 2a5B13 ; Fe 2% ? 201733 1e3%% 20 2% i 130 f D. 855 ;
.« ! ' : . : ! | 5 amae
| Ky EORe | 2500 | 2175  2400% | 9966 2e257 P 1e251 | .85
H i < H ¢ :
: == ik j ,’ R LA S R awerd \ A0 ATOHXTS
i Lavel of Signitieance | ‘ |
in VoRe Test | ¥ | S PeDl01 | WS S j b8 | e |
et ¥ - N | 1
To o Do 5% A 90094 - - Po- -
2t | i Del% | S { ;
o2 | | 0.179 | g ; ;

61
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{1) sufficisnt nitrogen was injecied into the trees tv stimnlate

noints, 0T,
(2} insufficient nitrogen wes injected into the trees S0 Shime
alate growth.

Unforturately, the sveileble dats does not indieste which
poseibility was opersiive; in both ceses the ise: of a growsth respanse
would be due to an iusufficlent supprly of nitrogen for nevw shoos grovwihe.
finee differences in leaf enlivur were nobed at the end of the growing
season on trees which had received 1ot versus 16 mg ¥ during the
Sesgon, % would Do expected Yhai most, if nos all, of the injected
nitrosen had been treuslosated inds the new shoois, sod that the laek
of B growth response was due to the fect thas insuliicieas nitrogen
wes injected intu the trees. Yeverthelessy incownlete transiocation

#n

of the injected sclubions B0 the growing points o

the trees is fedgw

ible. For sxemple, Hoseh (19%B) states thut en injeeted solusion
will move through the vaseular systen of 2 woody nlant until the neg-
wtive jeunnion #f the xylew is baluameed by the Tricticwsl force generw
shed wahen & column of lisuid moves Lhrough the Tine graces in tha
xylemy lece She injected liguid may uot veach the growiz noints of
the olanfe Furthermare, 1t was found Lhat, in exnerimenia in which
L4

(~lobellied amino aeids wesye injectesd into woody shoots oFf 2 year-old

veach trees in avtuar and vinder (sec Lxosrizenbtel York, section B),

& iarge provortion of Gae injected raoloactivivy gisysd 1n the ine

jected sboot, even when extensive traaslocstion of the remaining
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redisectivity took rlace in the tree tissues.

{ej Primery Dtz

The primery data for Appendix B is siver om ops 194

0 197.



* fyecy with root zells

HAYVEST DATA

Fresh Yeisht per Trec ig)

Freotment Peplicate
[ i 1 2 3
water | 3209 2395 37443
‘Arg-?;- 1 25?03 2266 % 374--‘3 ;
| Aspe 1 | 2715 2733 333 |
| Ser. 1 | 296e7  320.4 34649 |
 K#0g 1  2TLes 34GeB¥ 23843
| Arge 10 %3 UTeT  ML2
Asps 10 BLed  Led* 322 |
i Sexe 10 Fte 4 3477 3406 |
KO, 15 56eF" 32849 3138 |
Dry veight per Tree (g}
. Treatment fienlicate i
" 1 2 3
! : I
| vater | 15509 13,0 17T |
| Arg. 1 H 12242 119.% 179.1 |
| Aspe 1 © 1331 1334 15845
i Ser. 1 | 1372 1424 1564 4
1 !mi}a 1 f 1339 151.5% 146.8
| Arge 10 | 139.2 1619 16%3 |
| &ape 10 | 1%.5  159.6% 1571
Jeye 10 132.0 15247 1526 |
RO, 20 141.5%  154.2 1530
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HAEVEST DATA
¥ freces vith root gells
Potal Length of New Shoot: per Tres (om)

| Prestment Beplieate

1 2 s

' vater 160.8  191.8 1617

i Arge 1 154.7 185.9  194.1
’Mu 1 15‘-5 198.4 14%.7 |
Ser. 1 196.1 1475 19962
kw0, 1 218.2  170.0%  176.2

' Avze 10 134 14T.2 1667
Asps 10 1%1.2 213-3.' 163.9
| sox. 10 16%.3  162.5  196.4
o, 10 179.1% 1977  166.3 |

Sten Dismeter per Tree (10x) im.

iente

| Treatemnt. Bepl o
; 1 2 -
-

| Wnter De46%  DodaS 4%

| gy 1 0. 978 Be426 D441
| Ampe 1 Se 408 Do 443 0:465
(| Saxe L Ve 459 Ue#ll D« 484
i m, ) D418 Ve 464" 0,465

| hrge 10 0,455 G414 0,461 |
| Aspe 20 D482  D.A64® 0,497
‘ Sers 10 Oeddl 0.454 De 462
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HARVEST DATA

* Precs with xo0s galls

Loaf No. ner Pree

D N— Replicate
A 2 3
Vater 149 133 126
Arg. ) 10% 83 97
Asp. 1 79 102 95
Ser. 1 1% 104 1%
L 124 119% 100
Asp. 10 105 154* % 4
 Sex. 10 1% 19 1%
KRy 10 1z22* 122 128
Shoot No. per Tree
| Trestusit Replicate |
3 2 3 %
Imar ] 6 L f
' dwge 1 5 ] 3 ,
| asp. 1 " é 6 |
| KOy 2 | 8 g* 6
| Args 10 5 5 6
lAspe 20 | B g* 5
| KNO, 10 § 3% 8 9
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RARVES? AT
# Pyges with root galls

Avarage Lengih o New Ehoots ver Tree (em)

Repliests

Trsatnent
& | 2 :

Yster 32.2 2.6 0.2
Arg. 1 w9 2%.2 2.3
£5pe 3 45.8 3351 24.0
8aze 1 8.0 29.% 22:1
K00, 1 273 2. 2.4 |
Arg. 10 775 2.8 WS |
1‘5;,}: 10 26.2 23079 22.9 i
8er. 10 27.2 2%.2 21.8
ENO, 10 165" 247 18,5 |

RTRRREISUCU. | SRt e |
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APPRRDEIX Co (R){i).- Sand Culture Experiment;

fxverimentel Tate

198



159

FRESH VEIGHT PER TREE AT PLANTING (BEFORE PRUNING) AND FRESH VEIGH? OF TP PRUNINGS FER TREE AT PLANTING

!
% Pyees with roof galle

freatment

1

B3

K8

Pree

sua y

itepe Feibe/Tree FoWie Trase  ReDe e 'f;'t-/' Pree  Po¥be Tree FEepo  Peite / Trae Bolite :
¥o. Wo. mB Pig. Prunings J¥ec. No. 2% Pig. Prumings . %0e Bo. | &% Pig. Prunings
126 1 119.2 5%.6 109 i 129.3 5%.2 71 1 1646 G4ed
122 125.2 = 620 32 117.9 52,7 2 L 127 §3.1
. 50 14%T | 65.0 &3 14603 65,0 195 | L1l 49.2
i 55 1 110.2 1 56.0 47 i 1449 5&.9 1%l ; { 141.1 64.4
. 2 151.9 65.% p R ! i1.2 %9.0 ue iTt.2 20.8
132 134.3 | 60.4 | 48 - 24T49 63.0 | 113 | L n2a 53.0
&1 121.% i 82.8 | #3 ¢ 195.0 59.1 T 3 2 115.% 579
1% 123.2 | S0.1 | 1% L 13%.0 55,0 | 60 | | 1%.8 60.9 |
84 125.8 639 | 133 | 128.9 8.9 | 18 L 150.9 67.1 |
107 2 1505 | 630 | 64 2 | 1542 | 92,6 (128 | 2 | 1648 195 |
. 83 15%.8 6%.6 @ 82 P 167.7 TT% « % t i 13%% £2.2 i
P 117 1577 , 52.7 ‘ 108% | 1618 7.0 &t ‘ 160.2 T2.1 |
12 148.4 52,9 | 103 16847 76.0 @ 89 | 2355 518 |
a6 1625 | T34 1 . 15446 0.7 1205 | | 15T.4 6648 |
102 144.9 60.8 & 24 L 16%9 73.0 | 99 16643 T4l |
n 179.8 8%1 | & o 150.7 66:¢ | 25 | 1760 | 758 |
. 167.4 | 68.7 . 5@ | 142.1 . 56.6 106 | | 1383 | 529 |
15 219.0 1170 79 [ 148.2 654 | 95% | | 1630 | TS.0 |
. 81 $ . 17.8 | 9T.1 | 62 % 20,7 | S&s 1A% % | 1720 Thel |
. 56 240.7 . 113%.2 @ 18* 182.4 = 68.0 1118 | 1659 55.2 |
. 55 2%8.2 1159 34 194.0 90.1 | 12%* L 2165 116.2
. 67 206.2 , 105.6 . 88 207.7 209.8 @ 57 L 19%5.1 89.4 |
P B i 1798 L 735 B 208.7 0.8 ¢ L1930 932 |
. 68 [ 1763 L 62T | 4% 178.5 80.8 | 98 | 207.9 | 98.0
P 20 1862.9 © 700 1Y% 218.5% 106.8 | %% ; | 196.0 : 200.3%
. 8l 173.0 S N 226,49 103%.4 21%% | 161.9 | 619
{116 i48.8 | 528 35 | 176.3 756 | 94 | 178.3 | 80.2
101 4 | 196.2 L 60 | 40 4 217.9 BB | 49 | 4 | .8 87.%
60 . 220.8 9.7 1 242.0 92.% ‘ 125 i 249.8 : 112.0 4
. 96 206.6 . 92.4 @ 22 200.9 §2.9 @ 12 | 22%9 | 89.9
- 66 187.9 . 58.4 97 227.2 92,0 | 9 | 160.6 | 720 |
. 48 20%.2 B3 14 2%.9 11%.5 | 34 | 2028 | T9.2
- 6% 257.1 i 2000 45 204.1 84.1 16 ; 134.3 T4.0 l
- 100% 223%.% 105.9 = T4 243.0 99.9 | 92 L 170.6 42.7
1110 229.8 L 100.6 | 69 198.8 9%.0 | 20 . 2091 9.1 |




FRESH WEBIGHT PER TREE AT T“LANTING {AFTE: VRUNING) AND APTER 1 YBAR

8
* Prees with yoot gulls

Preatnent
L s K9
{Prée | Rep. Eoi“ltf’ﬁ‘ﬁﬁ iF.Hte/msi Teoe : Rap. :PQWOIMQ fcﬁol"i’!'ll Tree | Hap, i“-.ﬁ.f!reo r-&to/m r‘
i’@o ¥o. 2t Pte, 1st Year oo ! X0 i at Pig. [ Lzt Yemr | No. i Noe (lt Pige Aot Tear !
1 126 1 54.6 259.4 | 109 % 1| 666 | ;B T ) b 64e5 59%3
1122 54.8 320.0 52 | . 5S4 | W0 @ 2 | 59,0 | 7125
| % 62.8 255.5 - | 614 | 955 1% | 515 534.2
‘13) : 471 - Be.1 | ¥ j $9.7 | 5530 1% 64.0 l 5390
26 | 67.0 281.0 120 | 660 | 49 B 6.2 | 510.2
132 59.5 259.6 | 48 | . 66,9 | 4128 113 | 525 | 83640
! | 641 26,7 | 63 | [ 6%4 | 363 T 43.0 | 636.6
134 597 229.1 |1 | I 0.2 | 3422 @ &0 52,6 | 721.4
84 52.1 2210 |133 | 633 | W21 T | | 668 | 5483
10T 0 2 ] 762 2700 64 @ 2 Tlod | 4640 129 2 76.T | 608.7
8% I T2 322.7 82 3.9 I B%T.14 | B | i 72.8 | 414.%
nz 63.8 255.8 | 108% The3 | 490.,4 | 27 . 61T 860.9
2 73-% 245.0 | 103 7.9 | 440.6 89 | 750 | 60%9
36 | 718 256.0 | 127 L 73,6 | 4029 205 | L 763 |, 1130
02 I 68.0 246.1 24 | 69.1 | 3324 | 99 | Ti.8 | 843.7
1 §7.7- a7 | 8Tt 72,0 | 787.8 23 780 | 7TH.2
0 TTe4 82,9 | s2 [ 72,4 | 4051 106 5.3 | 33T.4
i 19 ! 753 2%%2 | P : b 635 } 5179 i 9s5* | _ T2:4 | 554.9
51 3 90.0 232.0 62 3 0 85.9 | 368.5 1a* 3 839 186.0
56 91.8 253.3 | 18% 90.5 | 66,4 | 118 82.7 | 750.0
I 5% 393 3278 | MM | 36.% ; 379.9 | 129% 18.2 i 6769
. 67 36,8 27%.4 | 88 82,0 | V41 | 57 8.7 | 5820
» 3%5.6 0.8 n i 2%5.7 ( 2419, ' w* ! 33" § 69C.9
& | [ 91.3 277.1 s 82,7 | 424,17 @ 98 L 80,0 | 613%.9
» | 30.6 0.8 | 13 | 9.2 | 4202 @ % . 8285 | 345.2
8 | 79.2 229.4 | T2 | I 9%2 | 369. | Ls* | 86,0 | 545.7
! 11§ i 84.8 22.4 a5 ; 88.4 i %3609 94 31.7 i 522.1
1301 | 4 | 1048 3221 40 4 | 95.8 | 4591 49 1 4 | 9T | 3799
L i 102,3 206.% 1 | 1M.4 | 5640 | 129 | 112,2 | 842.0
42 101.0 . 2.4 & | 10%3 | 5181 | 9% | | 96.6 |  T08.9
L o6 | L 99.8 |  345.3 22 | 94,3 | T3 12 | | 1048 | 6927
66 | | 95.2 #83.3 | 97 P07 | 4126 0 92 L 154 | 929.9
| 48 { 2%9 331.9 114 § 101.6 | 4879 = 54 97.0 | 10445
| 65 | 105.9 2743 | 45 | | 1000 . 448.3 16 L 7B.2 | 09.5
 100% | i 993 299.8 T4 | 112.2 | 410.8 92 | 102.5 :  527.0
110 | § 10%.5 Ni.8 | 6 | 100.0 | 387.7 2 96,4 | 6955.6




201

TOPAL LENGTH OPF T0PS PER TREE AT PLANTING (BEFORE PRUNING) AND AFTER 1 YERAR

* 7yees with o0t gzils

on

Treatment
¥l 3 N9
Tree  liope TeloTe/Tree! TokeTe/Tree $ree | Gope ToluTe/Pree ToleTo/Tree Tres Lape Tebele/Tree Fehois/free
- Koe Ko. at g, | ist Vear Hos | 5D @t “tg. iet Yeaxr A %0e | Boe | at Fige lst Vear
126 1 365.6 3.7 199 1 3635 723 T 1 563 4 243.5
122 545.0 76.5 52 543.0 TR 2 43606 %S
56 | 605.4 | 84.9 . 58 | 53%.5 118.9 1% 359.9 21746
‘11 | 3996 | 3.3 AT | 550.3 | 83%9 13 5709 | 2%4.4
26 | 603.5 | §7.1 120 | | 5057 | 10%.7 | %9 751.4 | 264.7 !
132 | ' 44%.4 | 51.6 43 | = 540.8 105.5 113 5024 | 291.4
I 5 i 562.3 39.1 6% | 800.1 101.4 77 | T0%.8 265.0
134 i 581.8 | 3%.1 1% | 51G.1 122.9 a0 i 45346 3509 ;
| B4 | L 4133 | 69.9 | 133 320.8 740 T8 | 657.3 249.5 |
wr | 2 507.1 | 51.5 | 64 @ 2| 7393 | 126.1 128 2 | 66049 272.2 !
83 | 4.2 | 6lo4 82 | 5731 | 119.8 | 9 | 36.4 172.5 |
117 | 341.7 | 64.4 | 108* | 4733 | 151.3 | 2% | 6729 314e3
112 | 332.7 | 54,7 103 42504 | 102.1 89 | 335.1 2735
36 | 5751 | 9.9 = 127 | ;‘ 5433 | 1%8.3 105 5496 51067
102 5176 | 5907 24 i 625.3 | 122.2 99 539.9 27448
11 6509 | 7.6 CY d é 453.7 | 55.8 23 559 2 3600
L0 ' 569.2 | 117.0 52 g 51%.% | 126.0 106 ; 36569 280.9 |
| 15 15T.3 102.5 79 | 311.2 | 4%9  95* . 6249 7.1
ST 1 % TTle & 555 62 | 3 | 5658 156.7 &% % LTy 3360 2
| 56 | 881.3 82.0 18* ; 437.% | 94,1 | 118 20604 276.7
[ 55 | 67601 | 5.3 54 ' 757.4 | 144.6 125% 815.2 242.7
67 | 776.5 | 10%.4 88 | | $10.9 | 12%.4 57 70405 1535 |
% 653.2 21.6 o 7320 | 140.0 @ ¥ 726, 3 2%38.8
6 | 538, 5 117.7 43 60408 | 105.% @ 8 852.9 181.4 ‘
& | 432.6 8C.9 13 ; 7564 | 1%9.1 | 3 320.3 183%.4 |
| 81 50%.2 | 575 72 | | 78904 | 112.4 | 115* 422.8 185.8 |
1126 030 3.3 | 85 1 460.4 | 1239 | 94 59145 2.8 |
1 101 4 | 383 973 | # | 4| 693.7 | 114.9 | 43 | 4 6T4e 3 236.2 |
| 60 | 599.0 92.3 2 5654 4 144.9 | 129 | 8813 413%1 |
42 739,56 119.% 23 | ' T735.1 138.2 i 2 o | 691.6 232,% |
96 | 508. 6 32.4 22 | 492.1 60.9 | 12 464.2 28549 |
66 | 44645 55.6 | 97 | 65007 89.5 | 91 526.7 245.5 |
® | 719.3 109.6 = 114 | 891.4 | 98.4 | 54 534.1 245.0
65 651.1 148.0 45 | 53546 | 1331 | 16 [ 594.4 ¥21.5
| 100% 780.6 139.3 T 730.8 | 161.2 = 92 5212 175.1
110 491.1 115.0 69 6170 | 1%.2 | 21 66340 240.3




STEM DIAMETER PER TREE AT PLANTING AND APFTER 1 YEAR
ine
* Trees with voot gmlls

Treatment

1 ¥3 i)

Pres | Hepe | Oelo/Tree Sen/Pree  Tree Fep.  H.5u/Tree | SeDe/Tree  Tree Hep.  H.0b/Tree | S iu/Tree

 Be. . 0. " Phgs ist Year fo. ‘_ No. at “tg. lat Year  liv. #the a2t Pig. ist Vear
l126 | 1| 0.3 0e 245 169 | 1 9.%95 8o 330 7 1 | G.446 | ©.500
P12 | Be36 0.253 32 0. 366 G343 2 GeW2 | 3.543
| 50 ol e TGO 2,231 53 I e 411 3. 243 135 Do 543 {30495
111 34390 Ge233 | 4T | L 3.336 | D341 | 1M 9.394 | 0.519

2% | 3,402 Ge2% | 120 | 8.420 | .31 n | D450 | 0350
| 1%2 | 0.%93 Gu24% | &S i 0.406 = G314 13 e 375 'De512
| 6 | 04399 0.200 | 63 | 0.404 | D32 | T | | 8373 | G.523
1134 f | 0331 | 0.223 | 1% | | 0.%8 | 0,363 | 30 | ©e36 | 04541
|"Be || 0.5 | o.242 | 133 038 | 029 | T8 | | a7 | 0.523 |
1207 | 2| 0.9 | 0.285 | 64 | 2 | 92,459 | 0.2 l 128 | 2 | D446 | D.518 |
N 0.412 |  0.256 | @2 | 04423 | D804 » | Ge262 | Ded2y |
117 | G 380 5.23L | 108" \ Do 41l Ge342 | 2T | (6423 | Ged89 |
‘112 | 3.335 | 0.246 | 103 | G.422 | @35 | 89 0401 | 0e508 |
|86 | Codll | 9.289 | 12 | De#l6 | ©a389 | 105 | 0,420 | 0534 |
102 | | 0.360 | 0.226 | u | Do 399 Ge 570 l 29 | L 0443 | 0.507
L | Ded24 ve218 | 87 | 0.429 | 0.0 23 | 0e453 | 0.529 |
™o | 0.405 | S.45 | 52 | | Oedl4 | 0375 | 106 De409 | 04475 |
L de498 = G.28 | 79 | | Gedds | G.282 | g5 Ge442 | Qo512 |
5L 3| 0473 Ge22s | 62 | 3 0.d459 | G324 | 1A% | 3 0.B3 | 0.5%
| 56 | | O.431 | D.2712 | 8% | L G.419 | 0.3 | 118 . DeFT6 Be543
% | Oe500 0.200 | U | | Ge455 | Ge3 | 125% l De532 | D506
61 | 00438 Ge272 | 88 | 0.482 Ge321 | 57 | De430 | Ued87
%8 | De405 | 0.284 | B | | Gedsl | 0323 | B* | Gedss | 04500
| 68 | 0e%35 | 0.27T5 | 4% 0435 | @e%3 | 98 | | G434 | D.439
l 20 { | 0'4&5 '. Be 221 : 15 l 3470 { ‘3'327 ; % ] { 30@79 | $3.499
| a 04440 g.205 | T2 | 0,487 0.402 | 115* | G.399 | 0.438
l116 | 0.406 2.23 | & | | 0e42L | 0u316 | 94 | | 0443 | 9.491
101 4 | 0485 0.229 | & 4 | G.427T | BuBL | 49 | 4 | 0.449 | 04500

60 Ged476 | 0.250 | 1 | Qe4T? Be351 | 129 | De514 0o 547
42 | | Ged68 | 0.256 p2] D508 | Be®y9 | 9% | D.483 3e543
| 96 | 0e486 | 0.2% | 22 | Ged72 | 0.200 | 12 | De4T4 e 437
| 66 | G398 | D222 | 97 | 0.469 G.8 | 9 | 0410 | ©.498

46 | Ge483 3260 114 e 498 B.353% | 54 | | De432 | D526

65 | G.48% | 0.2T3 5| | G.d450 | U.361 16 | 3420 | 0e552
100* | 0e494 G 287 7% GedT2 G361 92 | 0.396 | 0.497
110 04508 Be 303 69 0.481 Ge354 a Be478 | 0.492
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SEASONAL CHANGES IN THE TOTAL LENGTH OF TOPS PER TREE DURING THE PIRST GROVING SEASON

* pees with root gells

Iate
N Tree -
Trectment  Hos 1363 1264 2
16fe @ys WA TAv @i am 212 e 13 2 242!
L 126 @ 1.6 2.7 de% 16.1 5565 el a7 FBeT a7 WBeT
<H§§013 122 1.7 1.7 &% Te % 136 422 TOe5H T6e5 T6eB T6e5 165
50 2,5 5.5 100  18.T  43.9 81T 449 54.9 5449 BleT 349
111 3. 1.1 4e7 Yo% 2.5 %3e4 46.% 43,8 4363 433 £3¢8
. 26 3,3 Bed FoT  ddel  #Be2 0T  H6.% 56,7  S5Tel  5T7.1  S5Tel
! 132 %8 605 Zel 3% 17.% 3‘3@:”3 ﬂos s ¥ 5106 5106 Slos -
61 L 2.5 19.9 19.9 %31 % 25 4 391 B39e1 i P} 33.1 293 |
; 184 o 1.4 %o 503 1%.4 %343 3%.1 331 331 - 331 %361 |
| 7 1.7 TeT 16s3  F1e7 659 6004 6949 633 697 6397 €57 |
; K1 38T 1.5 4.1 $e8  IUe2 24,0 4T3 Gle 2 513 51lo% 5le3 51.%
i (r‘po 2} 83 defi 10,0 1641 2446 4%.9 8L.3 6l.¢ 6le 61.4 61c4 8l. 4
117 Be1l  6eB 1004 1TeB %048 63e6  64e0  6hed 6404 6404 Gded |
] 1z | 32 5.3 10,0 15.1 41 5404 5407 547 54.7 54T 547
, 36 BB 130 18¢%5 23.4  66.5 90D 009 0T 3TeY 3049 FET |
I 132 5305 1203 2@05 ‘51.1 49-4 . 590% 5907 %9'7 §90? 59'? 59'7 :
| 11 Sefl o6 1%:4 18.5 35.0 6led 676 67.6 67.6 6746 67.6 |
.; 10  10.2 22,0 521 8.7 1112 116e4 117.0 1170 - 117.0 11740 117.0 |
| 15 Te% 1640 2503 4401 - 7505 10G.5 102.5 102.5% 1025 1245 1025 |
| m 51 | 6ed 106 133 1541 17Te3 8.3 90T 553 55¢3 5503 5543
i {repe3) = 56 Te? 138 1603 13.8 260  58.2 . #0.1  B2.0 82.0 82,0 820 |
{ 55 447 Bed 11.% 17«4 53-@ G485 B33 HRe% 3’305 5.3 23.% {
! 67 Ze% 302 110 1366 13.% 45.3 85,8 102.6 103wl 1032 10%.4 |
§ %5 Gold 19«8 14.% 19.1 42.1 T7.2 51e6 3L.6 B8leb 216 31e6 ;
E 63 4e6 12.6 25.8 521 93,9 17T 1177  117e7 1177 1177 1177 |
i m 704 .L4‘2 ﬁ-9 3405 6413 8@05 8909 80:3 36.*} 23')'9 800? i
i &1 [ %48} 5.0 bHo'l Geb B2e4 538 575 57.% 575 575 575 |
§ 116 ] ’ 265 %3 Gl 1%.4 273 275 373 BTeB 2713 3103 .
I 51 101 106 &5  Se  1heS  46ed4 5308 96e9  9TeZ 9743 9Te3 T3 |
(reped} 60 | Te4 B0 15,2 20,8 3.1 8LT 920 523 92,3 92,3 353
J 96 2,0 5.0 Se1 12,7  B4e2  TAT  5led  Bled 824 424 B24 |
| 56 542 102 13.4 15.8 22.5 e 544 5506 55.6 356 5506 |
. 46 | 2.3  B5e2 14,5 2Te5 6342 106:0 10946 199.6 1096 1096 13946 |
| 65° 5.l  11o3  20.3  40.1  107.7 146.9 148.0 143.0 143.0 145.0 143.0
, 100% | 5.0 12.8 22.8 46.5 109.2 137.5 13%.3 139.3 133.3 139.3 i39.3
. 110 3.9 100  1ded 1797 430 1052 1150  115.3 1150 11540 |

!

115G
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PUPAL LENGTHE CF TOPE FUR TREE (Contd.)
cn
* Trees with root grlle
! i Ete
: B s Treu e
Trextment | Ho. 1963 1964
{ ¢ !
g "- C16fs 23/ /3 T/ @i /i 21z 23z 13/l 3fe /e
} ‘
% K3 _ ; 103 1.1 Ped Ce'l %o 4 5el 1765 Hueh Tiie s Tdeis 715 Tée 5
; {re,:ml* e O ek fe% 1.}0 & 27 60 5&,‘0:’) 6<e 5563 aEeT H50e 7 33607 '
| 53 Be2  10eH5 1de7  14e2 40.1 TTe6 10961  115.1  113.9 1139 11843
i LT | 262 &3 Ted 1262 234 ASel 738 828  $37  33.9 @33
. 120 45 12,1 20,7 3.2 ALA 101,11 381.9  162.1 027 1036  1L%T |
L 43 | 6ol 11e3 18.0 329 3003 101e6  10%el 1033 104.1 10446 1055
! 63 267 1064 16.7 2")'{’ 17-? 7€-7 e d 1011 1D1.2 191.4 i01l.4 |
; 1130 | 2.0 5.2  Te6 9T 139 3300 9%.1 121.4 122.0 122.1 122.9
i ; 133 ! 2.\3 Ge 15-3 2‘&;2 6‘:‘.:} 72'3 7400 74-3 74—0'} 74.0 7400 f
. n3 B4 | 3ol Te2 13l 23¢9 B5T.2 B33 117.0  125.1 125.3 125.5 126.1
L {repe2) | 82 | Bed 3.2 127 20,3 559  9€.2 136e2 1153  113.9 1134 119.3
. 108% 3.6 1T7.0 29.3  48.5 117.0 144,5 147.1 150.8 151«3 151e% 151.3 |
| 103, 445  Te%  10.2 134 32,5 80,5 10le4 107.3  103.1 108.1 10841
127 | 4e5 14,0 2603 512 1050  13%1  175.8  137.5  137¢5 137.8  136e3 |
24 | 3.2 BeB 540  6e8 13¢5 518 151.1 120.%5  121.4 1222 122.2 |
87*5 Le2 4,6 el 16.8 BleT 51.9 © %3 5% 3 5447 5568 Bhed i
52 | 243 #.2 14,5 23%.7 61.7 10%e4  117e4 12%.4 12546 125.9 12640
79 | 15 1.8 2ot 50 1549 %hel %702 7.2 4243 4365 43¢5 |
N3 62 | 2.7  9e3  LTe0 328 2640 12701  1%2.9  138.7 136.7 1367 17%6.7 i
(repe3) 13% 4.6 7.6 10,1 137 28,0 6942  91e8  9%3  D4.1  94e1 94,1 |
341 2.8 Bed 15.1 29,5 659 12442  140.4  143.9 14460 14445 144.6 |
88 | T8 133 18.6 29.5  T7e2 1l4¢3  118.5 121.8 1234 1234 124 |
38 | 6.8 15.1 24,5 4403 26,3 123.9  135.8 1400 140.0 140.0  140.0
43 ; 1e2 244 4.1 Teh 255 TGed Q4a5 3 iets 10%.4 1050’-.) 195.5
13 1 Se3 1046 14,7 1346 4403 §5e4 1217 13743 136.3 135.7  13%.1
21 75 1le3 133 1.1 19.1 547 95¢7 103¢%  110.7 1120 112.4
85 1 3.5 G0 Bed G680 1344 63.56 11le6 1233 12349 12%9 123.9
N3 43, Tew  1Ze%  17e5 2646 6lal 1020 11062 11404 1149 114e5 11443
(re;.é) i1 ) o 1e5 Bess 1led 435.% 11506 13905 144.% 144.9 14449 144.9
(3 1 %6  10el 18.4 6,3 8747 1343 13,2 133.2  133.2 133.2  133.2
22 | 0.8 2,3 5.4 3.7 167 335  52.4  60e7  60.9 60.9  60.9
2] i %02 Te2 11l.6 172 455 779 G4e5 395 8%5 3065 9.5
i 114 5 205 3e7 1l4e% 18.1 Boeth 9.6 33e5H 9T+ 4 I3e4 986 4 98+ 4
|45 1 6.2 10.3 16,0 22,1 421 33,3 12701 1371 13%1 13%1 1331
T4% 663  1Ze2 16,0 1946 25,2  10%.1 150.2 159.% 160.0 160.5 161.2
62 | Led 6.0 1043 1740 3647 $4.9  115.9  127.6 128.2 128.4 1%0.2
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TUTAL LEEGTH OF TUrs “sh THEE (Comtds)
en
¥ Treea with root galls

Prestaunt

) -
“ e

Boe

inte

8/

3,0
12
91
T
1&
B2
21

Eoat 73 1B Ze 8 Biie S 138,00 2455
(vepel} 2 G283 1%e0  1Te6 5ls0 1423 %1353
194 0 9 s] e% Yieu 178
53 S %6 BB 653 10565 &36e 8
5 Ged ibels B'%ed 128.% abde’t
il Leld fiel 102 Tt 1080
i 1. el i%ex Thed 1iet
iy fe i Be® ded £Te% H7ets
T FO% fe? Yie & delefh Gl
w5 126 Teb 1%e7 e EHe% Bled 118.3 LTded
{reves) i & 1.0 %2 T4 26e4 6lef 367
a7 Bed  L3e%  24eH5 44l 112.1  160.2  206.2
g 1s% 2D Lu GeB %09 e 4 208
305 | 465 1le® 173 29,7 689 1170 1933 J
9% Teh  deB  BeD  1Bel 5048 18067 10804 24444 26847 7205 FTde8
2% o'l Feld 136 2547  134a9 L3de2 Hade§ Bdbed  WHEeH T el
126 0 Gad GeT 1T Toe% 1840 #1e9 P FITT 2 2801
£ §e5 Se¥ Go¥ Gad Tod o2  10%.0 2388 %17l
&% LEéL¥ Geld 154 el %iel2 2388 Tade T
{reved) | 112 Zai de'f Te2 11T 7265 16T
12’3* P ﬂh":.' 11.9 1Tela Ade ™ 242.7
@7 ie% L P fed 119 3es ¥ 15%.8
.557'5 Y Tl idel 1962 i %eld 2%55.8
Pt ted Ge Ted 18 19:7 1514
6 Tol 1246 1%e 3 18.% 41.0 1% d
115* 1ed eit 10e% Zie¥® 129.% 158
4 ok Ta% 1773 18,5 25.6 PRl
e 43 leh Jed EBed HReT  1Pded 193%.1 Lile ETCe 2 296.2
i?ﬁao@a Le% e 13 % Bl Ldek 1%Ge & 2“.5 %le7 4123 41%.1

Dok Seb 1Ge% £3lel 1266 215.% T2 Fhle® %4 2559
ek 1447 Eded 6442 1%0.5 175 2 2320 245.% 245.% 24%e%
Te5 1}l.1 iBe9 484 4 1080 15%e 4 Z41e% 24380 4%z 2450
1he% 24.1 40.0 3% 146.2 2217 %iBa G Z1i3ed  FlUed 2215
€.7 120 20.9 74.% 13,7 153.7 172.1 173.2 173.6 175.1
9.8 16.8 28473 7042 146.1 202.1 2%38.7 240.8 240.8 240.8
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SEASONAL CHANGES IN THE STEM DIAYETER PER TREs DURING THE FIRST GROVING SEASON

0% in.

# Prees with yoot galls

hate
B free %
Preatment | . 1583 1264
510 19/10 9/ v afiz 1yh /2 22/2 /3 11/7
b} 126 & Lov8  ledd  1o5T Folig 20 2% 26 €9 2053 2e8D  CedY
{m.l} 122 o 1.1% 1,54 1.72 1.98 Te 21 ?o',:g 2046 2050 53053
5¢ 1e80  le34  1.51  1.67 139 1.3% 203 1.99 226 Z2e%)
111 D78 lel4 1.44 1.6% 1.38 Zal0 2.17 2015 2,17 2.33
26 Je25 127 1le52 1.76 1.%4 2ol 2.21 2o 33 2% 2.9
1%2 JeTT 1e34 1% 1e851 .78 1e93 2426 2e%3 237 2443
61 1.93 1.42 1.54 1.78 1.35% 2031 256 1,91 1.94 201
134 0e'56 1-2@ 1.58 1.42 1.98 Ze 32 2025 227 222 2023
34 116 1% 1.72 2,02 2025 2032 Ze 4l Lo 38 247 2e42
gl 10? 10172 1053 1.71 1.98 2657 2614 2o 2 Ze 45 -9 @6 Zo ‘55
{rep.2} 8% | 1.20 1.72 1.33  2.17 233 Z2e45 257 2452 257 2056
117 De98  1eZ26 1647 170 1.3% 191 2093 206 208 2.3
112 1.13 1.56 1.87 1027 224 Pe 24 Ze %3 2. 42 2e 42 2¢46
a6 Told 1451  1leTv¢ 1687 2008 He 283 e 3B ge %0 228 242
132 1e%0 155 1.71 1.34 2ol 2e36 2.1% 2.18 Ze 15 226
11 1ell 1e20 1e40  1.62 1.79 1.5C 297 2405 2eld 218
70 led4d 1e71  1e3% 202 212 225 2626 2025 2.0 £.45
15 1045 180 2405 2,25 Zo51 2e 50 25T 2o B 2687 o33
¥l $1 | 2483 1437 o33  1e8E L8250 200 g B0 2425
(repe 3) 56 1e26 le46  1le32 197 2622 Ze b Za 4l 2441 Ze 49 2072
55 1,06 1445 1072 1e97 2432 2653 2o5T = 2464 274 230
87 P36 110  Le36 171 2.06 2¢ 57 2el% 252 267 272
%5 104 1445 leT4  1e97 2014 Ze36 2036 Ze36 243  2.54
63 1626 1+453 Le76  1.93 220 2.24 2025 2627 21T 2.75
2l 1625 1494 1737 1e23 207 2,08 2:17 2013 2,16 2.71
#l 235 1013 Le49 1. 6¢ 1e3% 2ot} 2,00 ‘2_-01 l,o a3 2615
316 G 1607 120 a4l 1e5% 1.72 1.5% Teud 198 2013
g 19 115 157 177 1.54 2ol 4 2019 Ze 23 20 27 Ze 26 2?9
(repe d) 50 122 147 1.86 2.1 2626 204% 273 2648 De46  2e%0
42 136 LeT6 1092 2014 2o 52 245 2:5% 2e5% 2e5) 2656
986 115 155 1.81 1.97 209 213 2+18 2e21 2e 29 20 %6 |
66 1403  1al7  1le4d  le62 137 2,07 2,08 2.13 2.17 2.21
46 | 1e23 1402 1le96  2.1% 230 2 47 2647 2.50 2047 250
5 133 1.73 2.06 2.3“ 2+46 2055 2453 2062 2o GO 2eTH |
1@0"‘ 1. 6’3-0 1. 78 2004 2e 38 2e 59 250 Ze 8e 2653 2e 7‘3 ‘2057
110 | 1e42 1e834 2,17 2.7 Z2e56 2.72 275 2+693 2eT3 3093;




STEM DIAMETER PER TREB {Contd. )
1% ine
® 2yees with root palls
w | Saee Lete ‘
Freatment | Ho. ; 196% 1964
L s/ 19/ /11 312 a1z 1/l /2 2/ /3y /1
COE3 W9 & 1e32  1ed3 172 2418 285 2465 2455 Jel4 BB
| {rendl) 52 | e83  1aZ1 182 198 2,27 2.56 2,89 %10 %29 348
- 058 | LAl L3l 149 .64 L33 216 231 235 2,32 2.8
t 47 :‘ D59 1.27 lq oG 1,93 241 2. T0 %e10 5. 33 %0 30 3e 41 i
. N -4 : 1e24 1. 67 de 92 2.21 2055 250 zugl Reids3 '5:95 50 11 !
i 48 | 1420 160 1479 2012 2.40 271 82 291 292 314 |
i 63 | 110 1.36 1.62 1.96  2.57 264 282 292, 310 32 |
| 1% | .86 1.5 1.32 1.69 204  2.43 254 38 326  3.63 |
| 133 | 1o17  1e42 157 189 2,14 234 256 2,55  2.66 2,79 |
L W3 | 64 | 1407 o35 led6 1463 L85 L9T 218 222 243 250
[(repe2) | 82 | 1e06 1e64 205 2,30 265 308 343 374 %73 404
| 1208% | 1450 1.81 2,30 250 277 291 FH%1T %W %P 542
i 1163 | 117  1.53  1.95 226 271 304 51T 3026 Hedd 355
i 1127 | 1454 1434 2,16 2,62 233 Bell o33 3e42  BeAT 359
. | 24 Gedf  1e03 1053 193 2444 274 Z08 3Bl Tedd  3TO
. BT* | a1l  1.58 1477 2402 227 2.5 269 2439  Ze91 320
| ‘ 52 10‘32 1. 4? 1034 . 27 2- 73 5000 30 25 5‘ '@"; 3'5? ‘5075
| 79 ' o8l 1.%1 1e49 1.74 2039 2017 £ 43 259 2094 2482
' i o g . : _ _ : ‘
i K’ ) » 62 ! 1017 1e ?4 20@9 Ze 39 2e 30 §ogl ?)o 12 ?301& 3-«!0 5. 23
i {?‘Q’Gc 3} : 15% I Y ) 1.% 1.69 39‘-)13 2% 2052 272 2T7 2-?7 ’0 1
| i 34 1016 1457 194 2,30 2671 393 %25 %23 BET 3.4
| | &8 120 1.56 1.73 2o d 253 2+ 65 2e82 Z2eD1 e Be SL
; | 38 Ted5 1eB4 2,01  2.28 259 2485 294 %99 %2l 323
| 43 o 1e26  1oT7 2409 2048 281 Bl4 336 343 353
| 13 1,03 1.3 1466 202 235 267 &9l 31l 312 327
l T2 1e18  1e3Z 1,68 2,05 2044  2e81 %07 %W 553 4.02
| (8% 0095 1o37 1e30 2,06 255 283 320 %47 249 3T6
UOR3 | 46 | Le23 1455 1686  2e@3 259 2,96 310 %24 331 %5l
(1‘3;_3« 4} ! 1 ‘ { ]m 43 1091 ?o 16 2- 62 20:’:6 3O ?5 30 &3 3. 34 5' 35 3051
{ ! 28 le28 1.58 1.81 2612 2447 2069 279 2e82 #.96 2099
- |22 & 128  1eB7 1a92 2023 2,51 256 269 2,79 2.90
. ) 1ei3  1a40 167 2400 2474 258 2,79 2.95 300 308
; {114 118 1.3 177 2.2 2465 2435 %10 %o 46 %052 3653 |
45 1¢28  1e59  1.97 2424 2,57 285 2496 3202 3615 Be6l |
| T4% | 1e2T  1e33  1.88 2442 2,73 30T 31T 337 33T 361 |
, 63 1010 148  1.82 221 2,55  ZeB6 2498 509 3436 3454
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STEd DIAMETER PER TREE (Comntd.)
10x in.
* frees with root gells
1 |
: Pree | e
I Preatnent | No. 1963 1964
1
; 'sfie 19/ /a1 1Az af: uh /2 z2fe  w/3 /7
N9 Tl [1e25  1e51 2402 2072 %% %90 44 475 481 500
(repel) | 2 1218  1ed4d4 1496 2.Th  BeB6  $eD1  4ed9 490 5,07  5.43
1% 0 0692 1629 169 2,16 2,83 364 4.1l 4e54 4495
1181 1015 130 225 2:81 B340 5498 452 4069  5.26 519
3 1639 1eW9 170 2:07 247 2.30 312 %18 349 350
13 10697 1e34  1e895  2o37 %00 354 3.99 4% 4.62 512
TT 11620  1e5% 1eB8 2440 306  3e60 4023 4049 4438 5.8 |
; 80 e84 1el2 15% 2.% 3.8 %33 4.42 475 4,95 5.41
73 '10 1@ 1. 43 1033 2037 209 3. 43 4-20 40 “ 4073 50 23
59 123 1632 163 196 2% Be3% $.60 4.1% 4458 48T Sel&
| (rep.2) 90 W0e77 L¢3 1T 2019 273 318 %52 %82 4T 4.29 )
? BT (1e22 1467 2,06 2,49 %l3 573 4633 4ed3 4487 4499
B89 0683 1032 1e79 21T 2T Fe34 399 436  e61 5408 |
10 121l 1656 1696 2.66 328 383  4.37 4489  5.02 5434
\ 99 ilo 13 1.61 1.90 244 Be 22 %eTT 4020 4 49 4039 £e07
| 2% 1.15 1. 73 2:12 2.7% 30 25 BeB3 4.5% 474 %007 529
106 {leld 1462 1.97 2:46 2,86  Fed3 390 401l 4452 4eT5
95% QeBS  Te99  1le2d 1o64 2.29 293 %73 41T de8l 5012
i
B9 I22% 1642  Le%4  2o%4 29 359 425 4e64 485 S.lk  5.%5
(repe3) 1118 112 1.3 1o94 2,44  %ld 358 4.0 4.T0 5,01 G043 |
126%  0.05 1031 1o#6 167 2015 251 %56  4e11  4e42 5.06
57 ip.a«o 1.09  1e36 - 1e64 207 2e85  Zedl 3095 4e35 48T
%ﬁ‘ §1o@‘ 10 4@ 1077 3. 22 2.»‘3‘ 305‘ @ol‘ 40 49 40 63 5'% ]
98 5639 1.1} 1.15 1024 1.42 1.93 2069 %edl %.98 4¢89
g 36 [e10 1627 1061 2:36 2066 3022 BB 4423 4049  4.97
i 115% 1,20 173 2,01 249 %01 350 3.9% 403 4.26 4.85
§ 94 1603 1,13 1e33  1e45  1.68 2,51  3.00 384 418 491
%9 | 49 [le23  LaT6 219 2,89 333 BeE3 4426 4e62 4T3 5400
(rcp. ‘-) 1129 1e%5 211 2.68 3 %0 Be84 4.,2% {062 4o 38 He 21 5.47
7% B8 1036 1475 2,32 2,78 3046 4016 4a5T 4499 5049
| 12 00 1649 1,94 2,61 313 %65  4edd4 4036 4eT5 4097
| 31 lel4  1.52 1,97 2:64 317 378 4.19 4.43 4,60 493
54  De29 1,73 218 278 T4l B30 4.21 4063 493 5.26
16 2e39  1eU%  Ze40 2092 BeS1  dell 453  4£eTB  5.16 5452
92 De55 2.10  2:55 2:99 BedT 5008 4ed9  4e59 Seld 4437
21 :'10 36 1.78 2:% 297 Fe 4% %e 8% 4. % 457 4,67 4092

G NG S —
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DRY WEIGHT OF TREE PARIS AT HARVEST 1

g

* wpees with roob galls

205

Enﬁﬂ { 4 ! ROP-V Do te Eﬁa‘.‘—'to ,D-%o {tﬁs‘ﬁtn :D. W Tops "‘
‘¥o. Ireatment i ¥o. [Roots [Tov@ [Buds per iree ‘G ¥%, RoOtS |
e | om |1 | 579 | 2456 | Biad 2.3 |
i1%4 | 523 | 168 «3 T30 0.32

as | g 55.5 | 22.1 | 0.43 | T3e4 0.0 |
| 2z | 59.8 2%.i) | 0e45; 8%2 0¢39 |
! 70 3 i B8%.2 29.% De63 | 1154 D35

L 15 [ 66e5 | 2906 | .39 | 9T.0 0e45

| 2 | 3 | 839 {218 | 0.66 1124 0.34

| a1 | 55,5 | 19,7 | 0% . T6.0 0.3

116 | §5.6 | 17.6 | Ded7 | T3.7 0.%3
| 65 4 1785 | 3Be5 | 073 114.8 0e 46

1 106> i 3449 733.‘5 GeB4 | 11Ga1 Q¢ 37
E T | |47 {340 | 2031 | 119.6 Dedl

ﬁ} 33 \ 1 : @*308 3?01 {8053 1?305 % Q-‘Z
1% | L 36,9 | 3543 | 0e52 |124e3 | 0e43
1133 | 92.9 | 27.8 | 0.58 {1213 . Q.31
24 2 1 96e2 |32 | 0.55 128.0 | 933

i aT* | TT+5 e 4 $086 1179 1 0.52
| 52 | Giieh | 4846 | 1629 [160.9 | 043
| 1% 3 ;%-4 50@5 D34 i 15001 [ 0053
;T2 7 018 | .2 | 0,56 140.7 0.3
| &5 ‘. 93,5 | Bed | LeB34{ 133 | 0o 40
I as 4 h11.9 | 46.8 | 0097 158.7 0ed% |
| 4 @ 127.5 | 4203 | 1e3C | 1TLe3 034 |
i 69 i ;’300 349’175 { 1-55 g 1‘55.2 Qo’?
|77 | w3 Q663 | %8t Lo51 | 26643 060
! i . g : 197-9 9106 1-54: 291.1 Qe 47
L8 L 15144 | 8641 | 1731 230.2 0e53
2% | 2 [16905 (1156 | 1.93| BT.D 0.69
| 106 l [143.5 | T4e2 | 2409 219.5 0.53
| g5* 1%7.3 | 82.5 | le22 221.0 Ue61
36 |3 1724 | T3.6 | 136 22,4 0+60
1115& | \ }159e& 2‘31»3 109‘ 24300 0052

94 i (139.4 | 7643 | 2.42 217.7 0.56
16 | -4 h7ses | 95.5 | 2.3, 2734 9456
!. 9z | E 51520‘5 135 205’3l 23300 D.5%
L a | ; 17248 | 9745 | 1,97 2723 | 0.58
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I TAOCH Rt s 3 >N A TENG AT I AT awn
) SH ¢rIo op TRE: PAY Lad A1 ’«;ﬁjt?,&w‘;.‘ 1l

154
* Trses with root zolis

[frec | K | Repe | FeUte | FeWbe | Bo¥s. | PoWi.
{ foe | Treatuent; No. | Poots Tops | fude ) per Tree

177 3MeTi 1ol | 216.7
134 ¢ 137.1 ; 3led 1 U6 | 229.1
84 1830.0 | 43.2! D8 | 22140

' 5 S | 2 | 22831 4311 0.8 | 27127

o - | 230 | 5leT: le2 | 232.5
15 | ; | 19603 | 5%2i 1.1 | 2532
2 P33 25183 | 4345 1.3 | 3013
51 i | I. 13%.3% | e d DeT7 223.4
! 20204

a | m 1

5
&
H
;
¢
i
[

i 116 | 167.9 | 3% 6 : Do
| 65 ¢ I & | 207.4 66,11 led | 2749
| 100% | ; 242,31 5548 1e2 | 299.8
F 110 : . 23,5 61.8! 1.5 | 301.8
| 63 | N3 D1 28%04 | 65T 1e2 | 356.%
fise } C2735.3| 653 | 1.1 ' 342.2
133 | | 250,11 49.9{ 1.1 | 702.1
26 | | 2 272.4 | 58.7! 1.3 | 332.4
are | | 218.3 | 6T.2{ 1.7 | 237.8
52 | i 312.0 | 2065 2.6 | 105.1
13 | 3 I 3266 | D25 : 1.8 £21.2
T2 i | 299,0 | £940 ‘ .1 | 3551
85 | .‘ | 30«0 1 736! 2.7 | 3363

‘528.8§ 80e2 | 1.3 | 410.8
%2 T8 25 | MTT

7T Lt 1 . A55e7 : 177.3 2.6 I 336.6
20 | ' [ 553,5 | 1.8 30l | T2Te4
™ | L3739 | 163.8 j 36 | 5463
we | { i 3341 149.1 4.2 537 4

an* ' 37869 | 164. 4 2.6 545.9
| 3 1 3930 1 149- 5 2. 6 5450 2
| 3699 | 1493 2.3 522.1
b 462.1 | 139.5 3.7 | 655.6

N

-
nt
»

-

.




0. LEAVES, SHOUTS, FLOWH~DUIS, LBAP-BUDS AND PIOVERS AT THE D P THE FIRST CROWIRNG S2ASON

* Trees with root galls

M (zep.l) ¥ {(rep.2)
Tres | Boe- Hoeo- Ko.. Ho. | Boo ree | No. ifoe. | Ko.. Ho.. jNo.
Ko.. (Leaves |Shoots |Flower | Leaf | Flowers |No. |Leaves | Shoots| Flower | Leaf |Flowers:
126 48 ) 13 | 2 2 1107 62 i 23 | 54 )
12z 63 2 12 25 5 a3 64 0 23 2 9
o 65 1 a6 n 10 117 52 ) § 54 3n a8
111 50 0 19 2 2 112 63 2 29 32 5
26 52 o 21 26 8 86 64 1l 4 40 14
132 ¢ 45 ¢ 14 24 % 102 61 1l ol 30 12
61 0 2 30 %6 Q 11 50 1 22 22 4]
134 45 o 13 21 0 70 9 3 44 A2 0
84 62 ;! i 23 28 0 15 73 2 9 37 0
H1 (rep.3) 32 (rep.4)
free | o, | Fo. Ro. i Noo Ho. Tree: Noo Mo. ¥o. i Ho. ¥o.
Bo« | Loaves | Shoots | Flover | Leaf | Flovers | No. | Leaves Shoots! Flower| Leaf ! Flovers
Buds Buds : Buds Buds v
51 46 1l 21 25 4 101 a5 3 43 42 L §
56 65 2 2 3 4 8 33 3 47 p 9
55 66 1 14 57 9 42 35 3 45 B 4
87 64 2 » 33 8 96 75 1l 50 42 7
35 65 1l 40 33 14 66 52 0 26 22 1n
8 ar 3 44 42 1 46 T4 2 52 b} %
2 62 1 50 %0 ¢ 65 95 4 53 44 0
a8l 51 1 2 o3 o Joo* 92 3 4 46 ]
118 51 2 19 7 ] 110 w: 4 35 60 o

1te



e zimma, 8H0TS, FIOVER-BIDB, LEAR-BIDS ALD PLOWEES AT THE ¥HD OF THE FPIRSY !}iﬁ%ﬂiﬁﬁ SEASOR
* Trees with root zalls

| ¥3 (rep.1) 55 {rep.2) |
im ‘ Hoe ”30. Ho. t Boe Moo ;m‘ 1 Hoe - égﬂu  Hoe jaﬁ. ﬁe. ;
0. Leaves  Shoots | Flower | Leaf |Flowers No. |Leaves |sShoots| Flower | Leef | Flowers
, | Buds | Buds | i Buds | Bude | |
W B3 B AL 10 e & i N
2 | 8 2 25 | ® ! 1 | 82 106 1 a 52 3
58 | 83 2 54 4 3 108% | 104 3 26 | 47 1
4T | M 1 20 ! 8 1303 | 97 3 21 | 54 7
120 | 81 2 % 137 0 13 27 | 102 3 n | 4 7
8 | 95 3 a4 | 1 24 | 90 5 a | 4 0
163 | 76 1 32 37 0 aT | 85 1 n 23 i
1% | 89 4 2 43 o 52 | 101 1 B, 6 o
133 | 65 1 | =B 33 © ™| e |1 12 | 2 7
] i '
| ¥3 (rep.3) | 3 (rep.4)
M Ho. Fo. fﬁo- ; 0o Foe ;m. i Eos | 0. i Eo. o Koe | Eoa i
fioe !Lenves ! Shoots { Flower | Leaf  #lowers | Koo { beevea | Shoots, Plower Leef %1@3:@:%;?
;  iBuds | Bude e | | Buds | Buds »-
62 | 96 2 | & 1 M4 ToT % 2 8 H| 18
ae* | 77 2 {4 B|LOT | 1 1% 4 ¢ 72 | 63 19 |
3 | s 2 | 66 59 2 28 9% 4 | 33 ;52 B |
a3 97 2 55 46 6 | 22 82 1 D 0x 33 14
B | 99 3 43 45 6 97! 17 1 % ;R 1
43 | 9 3 26 3 2 }11@ 77 1 % | 42 5 |
13 ;93 2 61 | o | s | 119 4 a | » o |
72 | 86 2 20 B 0 | 14t 15 4 55 | 52 0 }
85 | 123 7 0 510 0 | @& ! 109 3 59 | 40, 0 |

I 04



¥0. LaAVES, SHOOTS, VIOUER-BUDS, LEAR-BUDS ARG FIOWERS AT UHG BND U PHE PIRST GEOVING SEASON
* greos with rood galls

¥2  {zep.l) ¥ (rep.2)
Tree Koo  No. | No. | Ro. |Ho. Tree [Ko.  Wo. | Bo. Mo,  Ho. :
¥oe Lesves | $hooko ; Flower | Loef | Flowera (No. |Leaves Shoote : Flower |Leaf KFlowers
Budz | Buds | Buds | Buds | |
T2 | 135 5 101 | 93 6 |18 | 183 6 84 | 74 @12
2 {196 8 06 (113 13 9% 185 6 59 67 | &
135 | 156 8 | n 94 4 | a0 8 W3 110 A
15 199 4 68 24 1 8% | 240 8 66 126 | 7
9 | 221 5 105 {105 9 105 | 231 7 9. 101 | 9
13 | 184 6 83 83 o 29 | 242 € 61 17 7
77 | 28 9 B |9 0 23 21 6 B 129 | 0
30 | 229 W | 59 123 O (106 | 267 % 8 &3 0
™ | 178 5 | 1 | 62 87 95% | a5 9 53 9% ; o
H  (rep.3) ¥ (rep.4)
Tree ; Ko. Ho. : Boe { Hoe | Hoe Pree | Koo : Hoe { KOs iHoe | Hoe
| §o. | Leavas | Shoots | Flower | beaf , Flowers | Hos |Leaves ' Shoots | Flower |Leaf | Flovers '
* . | Buds | Buds | i juds | |
1121|228 7 99 121 4 9 a2 7T | 8% 9 : 15
118 | 237 9 92 |15 5 1129 ; 259 11 8 (1 | W
125% | 194 8 79 ) S g* | 21 6 94 94 | 13
57 | 142 4 62 67 | & 12 | 2 8 79 6 | 12
V* 190 6 84 65 27 91 | 204 5 68 {103 | 11
98 | 1n 7 26 69 3 54 | 22 | 8 87 {102 | 10
[ 36 | 145 | % 62 62 9 16 | 222 | g 103 (116 | ©
5% 194 | 3 72 | 89 0 92 | 1719 | 3 97 |82 | O
9 | 26 | 1 | 59 89 0 a | 29 7 73 % | @

4 4



214
TRY YEIGH? OF TREE PAKDS AT HARVIST 2 (g) |

* Prees with root galls; *% Pree mumdars
Hoots
| H Replicate
Emmn.nt= 1. 2 3 4 i
Wl'ﬁ} 523 571 T2.5 Tie&
f T (ze)»  (niy) (35) (101)
3?1}@3 53,4 .2 666 T3l
(122) (83) (67) (60)
B E, 6949 52,0 7840 81,5
| 1 (132) (102) {55} (42)
33}?@ 63%.6 10065 97.9% 10%.5
(109) (127) {13) {40)
.;a3 3 173005 113-7* 192n3 10807
| (48) (208) (38) (28)
5’!3}«‘%} 875 96. 1 1307 10%. 2
(s3) (103) (62) (1)
By | 11401 151,32 121.1% 175.1
' (135) (99) (125) (129) |
Riy | 182.7 81.6 129.1 150.6% |
(2) {90) (98) (» |
ol | 142:6 113.3 147.6%  180.0% |
i’ (1n) (39) (%) (49) |
Rew fhoois
i E . Replicatse !
f!'reatmnt 1 2 3 4
} Bylﬁ@ VE Bed Be7 8e¢4 10,3
| t {126) (117) (35) {101)
Ny 243 24,5 20.5 20.8
(122) {83) {e7) (s0)
By ¥ 54,3 44,3 492 8404
! (132) (102) (55) {42)
PNl 25,4 23.0 21.9% 29,7
- (109) (127) {13) (40)
' Raﬁs 415 na” 4%, 4 349 !
{43) (108) {3a) (28) |
m,W, 656 62.9 62.7 43.5 |
g T 1{%8) {103) (62) (1) !
BN, 5547 42.7 53, 7% 5504 |
T ass) (99) (125) (129)
Ty | 76.8 5845 625 78.7%
| (2) {90) (98) (99 !
Sgly | 1048 75¢5 §5. 2% 94a5% |
‘ (1'51) (89) (30) - (49) |




TRY WEIGHT OF THEL PARTS AT HARVEST 2 (g)

* ptyees with zoot galls; *¥ Tres numbers

Abscissed Leaves

215

i ! Teplicats
fTrcﬂtment % 1 s 5 4
s "% (.0 0 Oed ¢ .
1 ' (126)= {117} {253 {101}
[ ®,x 0 Qel Gel 0 |
: i(l?a, {83} {57) {60) ;
i BN, I P 0 Js1 Cel
LT (132) {102) {55) {42)
| e, | 0.8 Do 2 God® Dot |
[ i (209} {121} {(15) 143}
; | Dad Ga 2% e 3 e %
! (48) {102} (32) {28)
| e 0.5 Deb 0.2 |
1 [(53) {103} {62} (1)
I ",’}Tx" | Ze3 1.3 1e 'J* Ceit
i (135 {99} {125) {129)
| H.M 1ed 267 e 2.1% |
| 373 . {2) {90} {93) )
OEE Ze2 1.7 Qe G* Lo 4
Bk (1l {29) {30) {42)
7op/Root Ratic
| N Hteplicates
Treatment 1 2 5 4 ‘
;A :1} ) Dab2 De 43 3e45 Jebb |
LY | (126) {117) {35) (101}
| kW 3489 3-7‘:} DB BeTl
| 13 (122)  (83) (67 (60) |
H. N, | 1le36 1e%4 1.03 290 |
- | (172) f102) {55 (42)
Ko B | DB D469 DebHa® Ce 52
ks { (109} {127} (13} (40)
NN DeTH GeBT* Je37 Ge7l
33 {42) {108} (33) {23
KR | lels 133 107 Ge39
39 (53) (103} (62} (1)
i ]‘.1,3.‘;_,.4 113 Je5l . le24% ‘30' 2
o | (135) {99) {125) giaa)
_‘f‘-' I ao';l ln‘}»f) 1015 4
>3 (2} {39} 8) g?) .
?:.f;5"¢,4 ! 131 1e45 - Jel o 2-:12*
: {13 {89} (30) 49t




IRY WEIGHT OF TRET PARTS 47 DARVESE 2 (g)

* Troes with root galls;

*#% 2ree mumbers

Stoek + Stem + 1 Tear 01d Shoots

! K ! . Replicate
Treatment f 1 . 2 3 R
(BB 1 169 21.9 24,1 360 4
j © {12e)* (117) {35) {101)
| EE, | 2746 2947 34e5 3546
. i(122) (33) {67) (63)
lilﬁg i %17 24.9 .w.i% 23.8
l(132) (102) {55) {42)
| H, | X8 4le3 350 3% 0.9
T (wg) {127) (18) (40}
Waly | 332 A4 4® 45,1 413
:(4e) 1108) {33) (23}
| Bl 1 35.5 4% 7 24,7 48,1
' {55} {103) (82} (1)
Ry | 737 9445 SLa* 10944
{(135) (59) {125) (129)
&‘f}ﬁhs i 89°§ 7307 T57 107-3%
{(2) {90) (38) {9)
KR, | 8l.8 96,5 T9e 2% 1064 5%
((am) {39) (%0) (49)
¥hols Tree {Includes abssissed Leaves)
, % : Replicate '
treatmens Y 2 5 4
EI.E@ I T9.6 8447 105. 4 117.7
(126) (117) (35) (101)
n¥ (11063 126.2 122.4 13545
(122) (33) (67) (80)
WBy 11442 127 158.2 154.8
(132) (102) (5%) (42)
B A, [129.4 1709 155,5% 174.7
7T {199 (127) {18) (40)
Hyiy  1175.9 1604 0% i52.1 185.7
T i(48) (108) (38} {(28)
ﬂ.sﬁg 18049 2%, 2 208.7 19640
; (58) (10%) (62) (1)
Bl, | 24503 2392 271.9* 344.5
: | (135) (29) (125) {129)
; 3595?3 350 4 £16.9 2575 A3C, 2F
(2 (39) {98) (9)
! !559!3'9 $%2e L 292.0 292.9% 132, 3%
‘ {1%) (89) (30) (49)

A R e Bt Ao

o T T Uy

E T
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FRESH WEIGHT OF TREE PARTS A% #ARVES? 2 (g) 217

* Srees with root gells; % free rumbers

Raots
it i , Replicate
zﬁi‘reatmnts 1 2 3 o *
RN, T 21244 20540 24602 28947 |
| (1e26)*  (117) (35) {101} |
f aﬁl 3 ?&3709 356«»9 e d 29%:1 5
(122) (83) (67) (60) |
boH (32040 270.1 1750 35602 |
(132) (102) (55) (42) |
N 24640 36042 28%,0% . 371D |
| (199) (127) (18) () |
i-!?i&§ | 415.4 54800* 40249 4756 {
i e (48) (108) {38) (28) !
i‘%.‘,’faj 4‘3402 39509 4311»@ 416.5 g
(58) (103) (62) (¥ |
B, | 450 53202 4660 TH 57647 i
; t (135) (99) {125) (129) |
| Bgly | 55843 29440 5161 51¢.3*_
S  (2) (90) {98) (9 |
i 3§93§ { 517.1 A1gel 52245% 6460 9% |
; | (1m) {e9) (30) (49) |
Btoeck + Stem + 1 Yesr G1ld Shoots
¥ Fepliocate
zl‘reatnan‘@ i 1 » % 2
iy | 35l 41.3 = 45¢3 6600
i (126) {117) {35) {101)
A | 57e9 609 696 691
|2z (83) (s7) (60)
| Wy § 6243 57e4 6740 61e1
(132) (102) {55) {42) |
Woly | 621 VPR 64.5% 155
| (109) (127} {18) {40}
5 {‘d?} 1 67. Biie 6% 39&0 8103
P (43) {103) (36) (23)
! f%af.ég l 8644 e 377 131.7
% | {58) (193) (62) (1)
L BgE, | 15407 193%.0 19%.8% 2172
| | {135) (99) (125) (123)
| NgH, | 2845 1559 15547 2154 3%
§ > 1@ (99) (98) @ |
| Bga [176.3 2060 170,7¢ 218,73
i (1‘51) (s9) (30} (49)

g

s o e 8T LK 5 S Tt 0 A A ———



PRESH VEIGHT OF TRER PARTS AT HARVEST 2 (g)

* Prees with root galis; ** Pres numbers

Leavesn
R Replicate :
;!rtatmnt 1 2 3 4
NN, | 25.3 19.1 24. 4 o8
(226)*  (117) {(35) (101)
By ¥y 71.9 171.0 624 64.0
(122) (a3) (s7) (60)
LR 146.0 126.8 138.9 122.1
(132) (102) (55) (42)
Rslo 680 1 72.‘3 580 1* 760 2
(109) (121) {18) (40)
Nyl 120.6 92, 3% 120.9 100.0
(48) (208) (38) (23)
ﬁBﬁg 113- & 1755 189.0 13%.1
‘ (s8) {(103) (62) (1)
LA 146.4 125.0 154.8% 157.9
i {135) (99) (125) (129)
N¥, | 219.9 1699 175.2 201, 4%
(2) (90) (98) (9) |
Wg¥iy 27443 241.8 205, 7% 2560 %%
{0 () (89) (30) (49)
VYoody Tisesue of Xew Shoots
] Replicute
Treutaent 1 2 3 74 §
'Blllo 1.8 s Py § {81 1.2 E
(126) (117) (35) {101) !
B, B, 1%.1 140 8e7 10,9 |
(122) (83) (67) (60)
R,y 39.1 e 3 365 305 |
(132) (102) (55) (42) |
N 11.9 90 Ged* 10.6 |
| (109) (127) (28) (s0) |
B Ry 24,2 14.5% 24,0 139 |
(48) (108) (33) ()
B, 33e9 40.3 45.0 2103 |
| (58) (103) (62) 1)
BRy | 256 173 250 4% 17.1 |
| {135) (99) (125) (129) !
’9&’3 [ 356 Wel 0.2 365% |
(2) {90) (98) (9) |
§9N9 | 58.4 B6e 3 29.5* 43.5 |
' i (131) (89) () (49) |

213



FRGSH WiiGHT OF TREZ PARPS A7 HARVAST 2 (g)

* Trees with root gelis;

#% Tres numbers

vhole Tree
L Replionte
Preetment 1 2 3 4
¥, 5, 274.6 266.0 317.9 326.7
‘ (126)*  (117) (35) (101)
M, 45048 502.3 425.1 436.2
(122) (83) {(67) (60)
§, tiy 56749 492.6 61649 572.2
(132) (102) (55) (42)
Hally 36,1 52042 512, 4" 53643
(109) (1em) (18) (40)
BN 6275 643.4%  63%6.3 6753
(48) (108) (%8) (28)
LA 698.1 7009 75%7 6731
(s8) (103) (s2) (1)
LA 7537 868.1 730.T* 968.9
(135) (99) (125) (129)
BN, 998.8 65449 591.2 963, 5%
(2) (90) (98) (9)
Holy 1027.1 905.2 928.4%  1165.4%
{(1n) (s9) (%) - (49)
Mean Yeight per l.eaf
<] Repliocate
Treatnent 1 2 3 4
Hlﬁ‘o Q.28 0.15 Q.17 0.17
(126) (127) (35) (101)
Wyl 0.32 0.33 0.27 0.27
(122) {33) {67) {89)
¥, ¥, 0.35 0.3 0+31 0433
(132) (102) (55) (42)
BN, 0e%1 0.24 0.28% 0.27
(109) (127) (18) (40)
LR 0.32 0. 29% 0s34 0e 26
{48) (108) (33) (23)
¥, 0.38 O34 0+33 2.27
(58) {103) (62) (1)
¥o%, 0,30 0s27 0. o 0.28
‘ (135) (99) (125) {129)
9935 0.34 0a35 0:% 0o 33%
(2) (90) (98) (9)
59159 De %3 Qe 23 Oe 51’ 0. 52*
: (1m) (89) (%0) (49)

219




HAKVES? 2 GROWIH DATA
* frees with root gallass

¥ mpge numbers

Leaf No. per Tree (excluding abscisssd leaves)

-4 i Replicnte !
2rreatment; 1 2 3 4 ;
CAA 91 127 140 186

P {126y (117) (35) (101)
3'51,.&5 227 214 230 237
(122) (a3} (67) (60)
BEy 1 419 410 446 373
| (132) (102) (55) (42)
na, | A9 302 211* 282
= {(109) (127) (18) (49)
Hyll, 373 ns* 353 385
(48) (108) {38) (28)
1:53:;9 452 512 546 483
(58} (103) (62) {1)
SgBy ¢ 495 457 517% 566
t (133) (99) (125) (129)
3%39@3 1 652 436 572 613%
t(2) (20) (98) (9)
VoW, | 839 263 656" 200* |
L (1m) (89) {30) (49)

No. Abacisesed Leaves per Tres indjLent Absoission per Tree

220

# i Replicate and 4 Leaf Abscisaion i
! Treatuent ‘ 1 % i 2 % ; 3 % r} %
nE, | T 71 7 5.2 | 21 13.0 | 11 5e6
(126) i (117) 1(35) (201)
BBy §m %2 | 14 6 | 5 21] 8 5B,
(122; (83) (67) (603
NN, 24 504 | 7 1.7 | 17 37 | 12 3.1
i(:.sa)e (102) (55) (42
Bl 40 154 | 24 Te4 | 2A* 9.1 | 25 Bel
i(m) (127) i(18) (40)
1‘55“3 | 27 6.8 &8 8¢l ;| 32 Be3 | 26 6%
%(43) (108) (33) (28} |
L 25 Be2 | 24 45 | M 549 | 21 41
(58) (103) (62) (1)
Hom, 106 17.6 | 62 12.9 | 64% 11,5 101 15.1
{135) (29) (125) (129}
KgFy 178 10.7 {202 17.3 | 59 9.4 1204* 14,5
| (2 {90) (98) (9) ,
| WpE; 308 1le4 1202 10.6 | S1* 7.2 1201% 1l
g T fany 1 (89) o (m) (49) |




Y VEIGHT OF TREE PARTS A7 MARVEST 3 (g)
* mrecs with roos gsllss

o soce numbers

Hoots
§ ® Rerlicate g
Ireatment | 2 3 ‘ |
Wi 53,1 T0eT " 623 31,7
’ {111) %= {107} {56) (96)
N, 3109.? 10644 1225 133.6%
‘1 (s0) (a6} (63) (46)
B 3’-3?_«: 191.2 144.4% 148.4 192.1%
(z6) {112) (51) (68)
usqg 109.8 114, 7% 11644 147.7%
(47) {64) (83) (97) !
Nty !151.3F 12643 14404 115.4 !
(120) (19) (34) (22}
NN, | 210.° 19%.7 20603 217.8%
-7 1(%2) {82} (43) (114)
B, | 144e3 1393 16541 1537. 7%
' (11) (228) (113) (12)
?*531‘3.& XX 4 2%7, f?v 232 4% 245.7
- (a3 (105} (121} (54)
! )?,3!5 g 19(95 281, 3% 248547 2715.8%
; o 3{39) (2r) - (s7) . (nn)
Yew Zhoosts
§ B : kKeplieate '
fraatmant 3 2 3 4
PR T 4] 6ol Se'l 7.3
; ‘ {111) (107} {s6) {36)
i Nyl 37e4 42,3 36l 43, 4*
§ (50) (86) (62) (46)
| NN, 1272 1264 3% 143.6 134.6%
y | (26) (112) (51) (68)
| By | 14 17.7% 158 24, 4% |
| | (47) {64) (a33) (a7}
i ﬂ.‘i‘ég ' 5606* ;750‘:‘ 51.9 59 }
[ {120) {79) (34) (22)
| B¥y 139,79 135,4 137.3 135, 7%
| (32) (82) (43) (114)
| OBE. | 3T 4345 4445 e T |
I C £)) (123) (118) {12)
: .5 101.0 BZe Sie 1% '390 4
|73 | (1) (105) {121) (54)
; .39!19 1 151-6 143*4* 154. 8 15401*
% | (39) (21) (5m) (91)

221



222
IRY WEIGHT 0P THEZ PARTS AT HARVEST 3 (g)
* %rees with root gelle; ** fre¢ numbers
Abseizaed Leaves

¥ Heplieate
Trestment| 1 2 3 A
N\, 4e9 2.4 %) Ze3
S faaa)ee  307) {56} {98)
BBy 2.3 2.3 245 1.6
{50) {86) {68) (46)
§flﬁ@ 3? % _ Te2 S5el 4
“ | (286) £112) {51) {66)
.'3‘-;"33,} 172 15.5% 1311 12.8%
2E {4 (54) {93) {97)
&.53“3 10. 4% Geb5 Te? 7.1
{120} {73} (34} {22}
3*3Kg fel 6eT 5ed 11. 5"
(5e) (82} {43) {114)
oy 27.1 #%2.2 2447 25.7%
’ {1} {123) {1128) (12)
E. :‘x‘i"g 1409 b 18.4% 19.3
¢ {113) {105) (121) {54)
ﬁ-’?ﬁ:} 219 2 14.2% 16,4 ) 18. 4%
71 {39) (27) (57) {91)
vop/Eo0t “utio
X Replicate
Treatnent - - 3 2
8,8, De 45 0,53 T0.T1 0.65
: (211) {127) {5€) {96)
Elx‘ls Be &7 DeTT 3 67 - Cebu¥
(50} {86} (e8) {46)
LS 1,02 le 2T* 1o 48  Led0*
7 fze) {112) {51) {66)
Nyl De 47 De56% b M) De50%
b (47} (64} (83) {(97)
Tals Fe63% 0487 D30 Ce7
{1) {19) {34) (22)
My .01 l.22 Le3% De32%
) (32; {82) (43) (114)
e {11; (128) {118) (12)
Ayl 1.0 De39 UagT7* 030
) {11%) {105) {121) {54)
%y 1e43 Ce5% 1.08 1.04%
“ {3} (27} {s7) (91)




2273
IRY WEIGHT OF TREX PARTS AT HARVEST 3 (g)

* Prees with root galla; i Prae munbers
Stook v Stem + 1 Vear 01ld Shusts

. Keplicate
‘;.‘re.vmant ! 1 9 3 ‘
Hl 0 i 1.2 2542 B 45.6 |
(Y= (Qa07) {56} {96) |
!515;3 ek 30T 44,1 40, 8% |
(52} (ee6} {63) (46)
By By 6745 56 4% 106 57.1%
(28) (112) (s1) (66)
’N.}!;éﬁ 36, & 47.0% 7% 40, %
; (47) {64} (33) {97) |
ﬁ3§3 45.3% 42«3 675 52+ 4
(120} (19) (34) {22)
E,‘f‘g T2e% 899 733 69.1% ¢
: (32) (82) (43) (114) |
BoF, 11015 108.6 12643 110, 7%
() {123) (113) (12) |
KoFa (1205 129.7 153 2% 1072 |
[ (113) (105) (121) (54) !
Boly 1142 135.3% 105,% 131e%% ¢
i (393 (an) (s (1) |

whole Tree {ipncludes sbsoissed leaves)

S Heplicate j
Ireatment 1 2 2 4 i
WK, 8803 11404 110.1 1369 |
(111} (207 (56) (96)
WE, 1852 1907 206.7 225, 2*
(50 {36) (62} (46)
WKy | 399.2 %344 3% 3727 287.8%
(26) (112) {51) (66)
33?3‘) 172.1 1‘390*’3* 19233 234-3* i
{41y (64) (83) {am) |
¥, | 26401° 2612 231.5 23343
- ' (120} (79} (34) (22
Bofly | 42246 4%Be7 42243 42941% |
| (32) (e2) {43) (114)
¥o%s | 31,9 T14.4 26043 364.6%
| () (128) (118) (12) |
By | 44763 46349 475,1% 462.1 |
| (113) (105) (121) (54) !
B, | 44965 5T40% 51665 578, 8% |
R ) (21) (57 (91) |
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FRs8E WEIGAT OF TREE PARDS AT HARVEST 5 {g)
® fPrees with root gulle; ** Prec numbsre

Yoots
i 7 Repiicute
Trectment 1 2 3 4
HE, 2%15 247.3 214.9 265.5
o {(ae (197) (56) (96)
L 46200 543.1 47001 550, ¥
' (59) (86) (63) (46)
z‘“l f‘;} T1%e1 5%6. 1% 5%e7 £11.1%
{25) (112) (s1) (66)
‘313\} 413.1 409, 2% 4221 51607&
(47) {o4) (83) (37)
igly | 524 b 5160 1 490.1 407.1
(120) (73) (34) (22)
Hghy | 8024 72341 71064 T1l.6*
: (32) (s82) {23) (114
LI B0G o 41565 64649 670, 3%
<K () (128) (118) (12)
Ny, |827.8 3332 B49.0% 101545
7 [(a3) (105) (121) (54)
g, 6390 952.56% 8%%.6 855, 2%
=T (39} (er) (s7) {91}
Ztosik + Gtem + 1 Yesr Uld shoots
] Hepliocate
Trestment % 2 3 4
Wll“& Fleb 5\5‘ 6 6407 T7e2
3 {111) {101} {56) (36)
‘E'l%% 6359 Tie7 TTeé 70 0%
(30} (86) (83} {46)
My 1321 1156 7¥ 132.% 108,1%
(25) {(112) {51) {66}
» gf&fa 64.*3 3L 5* 8305 36&9‘5’
’ (47} {54) (88) {97}
L 82.0% 7604 5549 9243
(120) {79) {34) {22)
gy |132.4 18447 134.6 122.9%
(32) (82) (43) {114)
ig¥y |180.9 159.1 22743 194.0%
’ (71) {128) (115) (12)
*9&5 2204 2330 235 7% 20%.0
(1135) 105}* (121) {54) .
N 3 24040
i Ol i




FRESH VAIGHT OP TREN PARTS AT HARVEST 3 (g)
#* Prees with root galluj

#% Pres runbers

Leaves
i B o Replionte
;l'rcntmnt ; 1 2 5 2
LA 12.8 16.9 13.1 18.1
(111)*  (107) (56) {96)
Hlﬁs E?oﬁ 101‘8 90.9 95‘5*
(50) {8s) {68) (486)
B8 | 269 214.7* 253.2 244,0
' (26) (112) (51) (66)
Ha¥, 2%,9 37.2% 351 50, 2%
(47) (64) {88) (a7}
73’; 114.,1* 150.0 127.3 12%.6
(120) (19) (34) (22)
BNy | 256.9 25647 263.0 253, (%
(32) (82) {43) (114)
iyl 75.8 90.0 90e1 80.5%
(n) (128) (118) (12)
B, | 222.2 152.0 200.9* 1959
; (113) (105) (121) (54)
' (39) (21) (s7) (91)
Woody Tissue of Hew Shoots
‘1' ¥ i Replicate
reatnont 1 2 3 P
LA 3,2 Teb 2.7 2.0
{111) (107) {56) (96)
31“3 18,0 22.2 17.9 20, 5%
(s0) (86) (e3) (46)
K,y | 1035 98, 2% 110.9 35.8%
(26) (112) (51) (68)
Bl 1%.2 P 9.0 15.8%
(41) {64) (88) (o)
Ryl 849 5343 3501 3604
(120) (19) (34) - (22)
ﬂsug 101.8 972 87.9 . Q2,0%
(32) (s2) (43) (114)
K%, 2.9 26.6 3%.2 27.0%
(n) (128) (118) (12)
Wg¥, 562 4540 50, 1% 5140
(113) {105) (121) (54)
Rglg | 1131 84.0 99.7 89.0% |
' (%9) (27) (s7) (91)
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FEESH WEIGHT OF THES PARTS AT HARVEST 3 (g)
* rrees with root gellas

** pree pumbers

vhols Treas
3 Replicate j
Treatment 1 2 3 P |
‘INO 23941 %249 295.4 362.8 !
(211)*  (107) (s6) (96)
Tyl 632:,9 7%3.8 65645 T37.0%
(50) (s6) (68) (46)
BBy |1169:6 959.7%  1027.1 1059.0%
(26) (112) (51) (66)
Hally 520.0 5375 5475 668.T*
(47) (64) (s8) {9m)
Wyl 755 3% 801e4 708. 4 659:4
. (120) (19) (34) (22)
LA 1295.5 126607 1195.9 1179.5*
(32) (s2) (43) (114)
Koty 78606 720.7 9975 972.2%
1 (m) {128) (118) (12)
Fpliy (132844 1%353.2 1338.T¢ 146449
(113) (105) (121) (54)
Kgﬁg 1%116% 1615. 7% 142546 1489.2%
(39) (21 (57) (91)
Hean Weight oer Leaf
i | Repliegte i
@raatnmti N 2 s s
ﬂllo 00‘ %2 De 46 0{ 32 .7
(111) (x07) {s6) {96) .
HyF, 0e50 0043 0.40 0. 43*
(50) (as) (68) (46)
W%, 0.54 Qo554* Q.61 De61L*
| (26) (112) (51) (66)
B 0e54 0. 46# Oedi 0. 49%
: (47) (64) (88) (s1)
L Qe51% D 6 0,51 0.61
{120) {79) (34) (22)
Hy¥y 0e5% 052 D456 0.59%
{32) {82) (43) (114)
ol 0¢ 44 050 0.42 0. 45%
" (1} {128) {118) (12)
x;;ﬁ, 0,50 0.51 0. 44* 0e51
' (133} (10%) (121) (54)
gy 0045 Oed 0.57  0.52%
{39) (21) (s7) {91)




HARKVEST 3 GROUTH DATA
# press with root gallsy ™ Tree munmbers
Leaf Hoe. per Tree (excluding abscissed leaves)

227

. E Replicate ;
Treatment | 2 3 s |
KK 34 37 41 85
(111)*=  (107) (56) (96)
¥R, 179 214 2% 221%
(s0) (as) (63) (46)
55, 402 396% 415 400%
“ (26) (112) (51) {66)
H,H, 44 81* 72 13
(47) (64) (83) (s7)
x.,txs 205* 252 250 204
(120) (79) (34) (22)
LA 492 489 469 40+
(32) (82) (43) (114)
AR 174 180 216 278%
{n) (128) (118} (12)
Hgliy 442 360 456% 393
(113) (105) (121) (54)
Bg¥, s §23* 529 532% |
(39) (21) (57) (91) |
Hoe Absolssed Leaves per Tree and % Lesf Abscission per Tree
i W Replicate
reataent 1y % | 2 % 3 % 3 4
KN, 88  T2.1' 15 670 | 9T  T0.3 107 5547
(1) (107) (56) (96) |
LA 53 22.% | 56 20.71 69  23.1] 4% 225
(50) (86) {(68) (46)
W, 8% 17-1 [128®  24.4) 98  19.1 | 76* 160
(26} (112) (51) (66)
BN, |4 323 (LTT*  68.6 [ 210  TAe5 i 173*%  62.7
(47 {64) (88) (97)
Hyliy 266% 5402 | 146 36.7 |1%9 357 | 136 40.0
(120) (19) (34) (22)
B,¥g 99 16.8 {125 20.4 1128  21.4 | 1%7* 29.1
{32) (82) (4% (114}
N, |26 542 | 276  60.5 | 292  57.5 406"  69.5
' (12) (128) (u18} (12)
Mgl | 297 40.2 (333 48.1 | 344* 43.0{ M 48.2
(113) - (105) (121) - (54)
N, 365 3.2 | 80" 0.8 | 268 3%6: 259% 0.8
i (39) (27) i (57) { (91)




SEASCNAL CHANGES IN THE 707sl, LENGTH OF Nuw SHOOTS
THE SBCURY GHOVWING SEASON

223

TEF TRES UKIKG

om
¥ Tress with root galls
1 “res [Harvest Date
thnt Qe No. 1964 1965
10/10 711 512 1/ /L 3/3
NiNO 1%% 2 5eB 1G6%9
117 2 1] s}
» | 8 15.¢ 24,2
- 101 2 R el
111 3 252 43¢5 43e% 4845 48,8 43.5
100 | 3 1.4 Ted Ted  Te7 Ts7 Te3
56 % 10.4 Zhel 26.8 2740 2669 28.0
96 3 ¢ TebH Ged  Ted T4 Te4
B1R% laz 2 1 2%:8  154.8
a% 2 42,8 155.2
67 2 55 20.0
80 2 6.5 213
50 % 14,0 104.2 137.2 141.7 140.7 141.3
88 3 0 9.2 175.% 191.% 190.2 191.2
62 3 6.3 93%.83 1%4.4 133.1 13%9.2 416
46% 3 10.5 91.0 14401 15647 156.2 156.8
H1N9 132 2 T6e2 3%.3
102 2 Tel 1757
55 2 17.2 23049
42 2 32«1 17362
26 3 32.4 281.0 6%3.2 T2lel  T27.7 T2%9
112% % 1762 2211 5722 622,3 62647 6277
5l % 86.5 425.9  673.1 T18.0 Ti9.4 T21e3
. G6* 3 | 37e5  256.C 53543 53%.4  581.3 53% 5
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TOTAL LONGTH OF Nuw SHOUTS PER TREB (contad. )
om
* 7rees with root zalls
i Tres |Harvest Eave
Troatment | 0. 50 1964 1965
WA 1711 s/ig 1y R/ 33
ARG 103 P 134 197
127 2 339 1075
3% 2 72,4 954
40 2 69.1 115.3
47 % 782 147.1 16646 1693 1693 168.3
64* 3 254 93,9 1066 103.3% 108.3 107.8
33 3 6303 275 1127 }.15.4' 11463 1173
97* 3 550 15907 13105 133.‘3 13505 13305
N3AND 43 2 41le4 2259
1o8% 2 719 194.3
3 2 1%.7 210.5
23 2 8le3d 1751
120%) 3 93,7  291.0 3535 35543 5Tl 35643
73 % 547 23Te8 417.0 4248 425.5 424.3
34 3 Tlef 2170 B0 13T Bl6eT F1T.Z
22 3 5¢6 791 1986 23732 2355 23344
Z3N9 53 2 62.1  F%2ev
103 2 TSeb 3276
62 2 80e9 3731
1 2 D §%e 2
32 3 39e1 1470  TI3e%  T54e3 T5%:1 75546
32 3 155656 421.6 721.8 T66.8 767.9 76643
43 3 TTed 23545 56363 6207 652%1 627,93
114% 3 1604 4390 536.0 T62.3 T62.9 T63.4




AU

TOTAL LeNGTH F NEYW S3RCOPS PER TREE

-
* ¢yess with root zalls

2%

(Gontd.)

ree tiﬂﬂﬂ%‘ ¥oe

.‘5‘4.

P “ree sfrvest

e s T o vk

1s/r,

Pote

195&
7/11

5/12

1365
/T 0/

3/3 |

MO 135

. 8 Y AR 2 ST

1129
n
1128

Fres

WA W R N e NN

PEal
1%.2
“ded
5% 7
e 2
54¢%
172501
40l

Ze
154.2
Zilel
1722
143.1
1355
340G L
19de1

197. %
2HéeE
35Le3
27361

1377 &03e3
%59.1 253.1
3HTe3 3552
Z3le6  280.95

20 u;
25841
HGe B
‘7703'

rgEs | 2

ud

ja%

WO W RO N RS

114e5
Y30
334

L14-.
| 1\)‘1. o
' 115.7

36&0,
2824 4
55&.1
4351

3Te3
3317
351eT

3%6. 6

5477
3% &
45T 4
4545

5840l 5647
45030 49%.3
438.4 A440.3
4233 487.7

56Ce S
433 %
LET
438.3

KNS 1%

WY R O W RO NG IS R

% lﬁl-ﬁ

222
fZeT
17€.1

(124.6

142.6
12%.7
2358

HTie '3
6o 6
25462
45%Ze3
6655
Bl
Sd3e5
£1l.7

h"’ 3&30 1)
7215
8253

1278

203446 10325
8027 D13l
B73ed 37263
34704 54342

e . -

10351.X
8114
2742
a35%e 9




SEAGONAL CHANDES IN STen JLMETEL PER TREE DUFING THE
SECORD GLOWING SEASON

(10x) ine
* Trees with root galls

B ITree|Harvest Date
Treatnaent] No.| Ho.
’ 1 1964 1965 ‘
7/9 24/ 21211 19/12 16/1 132 23/2
HLKRG 126 2 2641 2441 2452
117 2 281 227 2029
15 2 26487 2.5% 2.6%
101 2 2eB4 2045 2.52
111 3 238 238 2.44 2,47 2e6% 2,60 259
107 3 2055 262 2.62 2.0 2530 2«82 2432
56 3 2672 2072 270 276 2,82 2433 2483
96 5 2059 2444 2441 2,51 2,52 256 2¢57
Z1K3  jl22 2 2:57 278 2,39
a3 | 2 259 2,70 2.33
67 2 2064 2,68 2,32
60 2 2,51 2.6%2 282
50 3 2,10 2,10 227  Z.47 2,63  2.TH 2,77
1 86 3 2043 2,47 2.62 2,92 %12 324 %25
68 % 2.2 2% 254 2.86 289 1,04 %09
46*%| 3 2.68 2.68 2.39 Z.13 328 3635 BedT
%1B9 | 13%2 2 2.43 2,71 310
102 2 2027 2:29 2465
55 2 2eT5 %00 336
42 2 ] 256 2,73 2.98
26 3 o34 2.56 %12 4418 4.94 5014 5e24
112% 3 2,61 239 Be24 4,13 4,76 504 507
51| 3 2027 2,66 3425 439 465 5027 5.42
66" % 2480 263 Je79 450 4445 5.21 B840




STEM DIMETER PER TREE
(1&!) ine

* Tress with root galls

(Contd.)

K |Tree|Harvest | v
Prestmont| No.| ¥o. 1y e
/9 24/16 /1) 1912 16/L 13/2 /2
o [109 2 %.45 3048 3.5
127 2 3.54 %62 378
1% 2 5,00 30C 3,22
40 2 340 363  3.6%
47 3 555 3075 5eT3 %73 387 390 3,90
64*| 3 257 2057 2666 2063 2,76 2,76 2,76
88 3 3009 3e24 332 340 3cd5 347 %50
9T*| 3 [ 3.08 325  Bed6 TS5l 3.53 353 3,52
NSNS 48 2 3e14 Buld  Beb4
08 2 3050 3662 3459
38 2 2,25 %55  3.60
28 2 2:95 306 %18
1% 3 %015 3042 3663 %075 397 406 4.07
9 3 2:79 %25 337 398 %98 399 %99
94 3 2052 3066 3684 4023 447 4252 451
22 3 | 293 2.94 18 350 3651 3,97 4.04
o 58 2 2,49 2.61 2,99
103 2 3050 4002  4e36
62 2 |38 375 387
1 2 3,50 %61  3.86
%2 ) ] 3045 Je96 4638 Be09 S5e4T 5053 558
82 5 feld 4032 4,53 5,08 5.67 S.71 5.7
43 3 2243 3,65 415 4eB4 5,00 5¢33 5e34
114*] 3 %50 414  4s29 486 5428 5.37 5e54




ST TIAMETER Pin

{lix) in.
* 2yvees with rosh galls

(ﬂﬂﬁgc»)

233

[ | Tree Harvest Date
Tventaent, No. |¥o.
} 1964 | 1965 ,
g 17/9 24/ 211 1312 161 132 /2
HONO 1% ¢ 2 4.86 530 5.3l
99 | 2 {510 5.16 5.18
125*5 2 4.98 5,00 5«16
i 1129 | 2 15,82 5.51 5.60
i { ni: 3 %00 5290 513 519 5619 SeZ1 5.20
18 1 3 5e13 5619 519 5437 5B 5459 559
18 ¢ 3 15055 5¢5% 553 5¢61l 5463 5.75 5.T%
12%) 3 5,04 5419 522 5.3 5¢35 5.0 5,45
MIN3 2! 2 5:46 5.64 5.TL
23 * 2 4028 4039 5056
’33 g 2 4071 4096 5021
G¥| 2 15.48 5,58 5.81
13 3 5e12 5428 BeTl Se61l 578 5.7  5.76
193 ¢ 3 5e15 535 5a50 5.58 573  S5.72  5.78
121% ) 3 [Sedl Sed44 5052 5463 5.T0 5436 588
54 | 3 A35°13 B5¢42 533 5467 5,70 5.T6 5479
N9 . | 2 5054 5.61 Fe91
83 2 5.02 5425 5.51
% 2 5e03  5.08 513 |
9% 2 5,04 5.2 5.62 ;
| 30 0 3 5.2 5e45 5.6 Gadd 6416 6e32 6o
5 am . 3 4e94 S5el3  SedB 5472 5.3T 5.93 5494
= 57 3 5005 5+08 5423 527 555 5465 5.66.
i NEF 3 5204 5423 5455 570 5473 5.80 5.30°
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SLASURAL CHANGES I8 The TUTaL BO. NG SHUOTS "Bl PREE UIRILG

THE SECIND GROWING SEASOH

* Trees with root gells

Date
B freeg Qarvest
Treatment | iice NOe 1964 1965

10/ /11 51z 11 2L 33

HlNO | 126
117
35
101
11
107
56
9

¢ ETE R 16

O 2 O30

WA AW N RN R
]
|y i
MWWV G @O s

11 11 1 11

FIRL 12z
33
67
€
11 11 13 i1
2 12 i2 12 12
5 12 12 12 12
13 18 2 2 2

8o

AW WD NN R
WAl O e Aot RO WD €0
[
-

46*

b3 38 132
' 102
55
42
26
112%
51
66%

B
3 15
6 22
10 17
& z 27
22 2%
27 27
22 22

g 19
15 2

DERE RV RE R S B s
P ]
ot
;q.-l
[#
NN RS
B PeY =
A N
AN AR
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POTAL NO.NEW SHOOPS PEK TREE {Contd.)
*Trees with root galls
: ate
. Tree | Harvest
Treatment | No. Noe | 1964 1965
L 10/10 7/11 51 1/ A 33
N3K0 109 2 6 11
127 2 7 15
16% 2 15 17
40 2 17 0
47 3 16 16 19 19 19 19
64" 3 9 19 2 20 2 20
28 3 17 19 2 0 20 22
9T* 3 12 18 18 18 18 18
| NSN3 48 2 13 26
, J08*%| 2 11 19
38 2 21 23
2 2 25 3
10%| 3 16 22 23 24 24 24
79 3 10 17 17 17 17 A7
34 3 12 27 27 28 ) 28
2| 3 3 8 19 2 20 20
N3NG 58 2 19 n
103 2 b4 § 32
62 2 20 %6
1| 2 o 13
32 3 17 17 33 ) 34 34
82 3 26 30 3% 33 33 33
43 3 22 ) 36 37 %7
11 4% % 26 2 35 36 %6 36




TOTAL NO. NEW SHOOTS PER PRIEE
* Zrees with root zalls

(Contd. )

236

R ' Tres |Harvest se
|Zreatment | Eo. Koe 1964 1965
10/ 7/11 sh2 1A ®/1 33
NOXO (135 2 13 3T
99 2 9 23
125% 2 17 37
1129 2 24 41
. TL % 18 57 37 38 23 o i
128 3 19 28 32 32 32 32
1118 3 41 49 43 43 49 49
12% 5 19 26 34 38 » B
NON3 2 2 29 43
90 2 25 b2
28 2 16 33
B i 2 32 47
113 3 35 49 53 53 53 53
105 3 - 29 49 52 53 53 53
ia* 3 40 56 60 61 61 61
54 3 33 48 44 53 53 5%
¥9N9 1% 2 48 58
89 2 13 56
0t | 2 26 4Qa
A49* 2 47 55
39 % 32 54 57 59 59 49
2 3 35 50 55 56 56 56
57 3 25 43 44 46 46 46
91* 3 44 5% 58 60 60 60
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SEASONAL CHANGHS I[E Hi AVARAGE LENGTR OF BiW SHOOPS FER TRBSZ
MRING THS SsCUED GROWING SEASON

cm

* Treea with root galls

Date
N Tree |Harvest
1964 1965

Treatment | Fo. | Noe liynp 7m1 52 14 0/ 33
Mxe  |126 | 2 1.8 5.0

117 | 2 |10 10

15 2 2% Bels

wr | 2 1.0 1.8

1m | 3 209 462 49 A9 4G 49

107 3 le4 Ze5 2.5 2.6 2¢6 2.6

56 | 3 21 27 2.4 24 204 2.5

9% | 3 1.8 1.3 1.5 1.5 1.5 1.5
CMFs (122 | 2 50 1.1

83 | 2 4.8 11.1

67 | 2 2.8 8.2

6 | 2 2.2 76

s | 3 3.5 9.5 125 12,9 1238 12.9

86 | 3 1:0 7.7 1446 16.0 1509 1549

68 | 3 2.1 10.4 11.2 116 11.7 11.8

46 | 3 306 Te0 2.0  Te8 TB  TeB
e |132 | 2 448 15.7

w2 | 2 |24 1.7

55 | 2 2.9 12.3

2 | 2 3.2 10.2 |

26 | 3 2.9  17.6 256 26,7 27.0 26.8

1wzt | 3 (1.9 12.0  26.0 28,3 28.5 2.5

51 | 3 5.8 213 2503 26e6 2646 2647

66* | 3 %A 12.2 2546 26,5 2604 2645




238

a.2

AVLRAGE L 9GTH OF Ni¥ SHCOTS PER TREE  {Contd.)
em
* Pprees with root galls
N Tres |Harvest Date
Treatment | KNo. Hoe 1964 o .
wWAs 1/ sh2 1A ® /3
W30 109 2 3.0 T.2
. 127 2 4.8 Te2
18" 2 4.8 5.6
40 2 4.1 5.8
&7 3 4.9 Ge2 BB 83 Be8 Be9
64 5 2.8 4.5 5.3 5¢4  Sud Sed
88 5 3.8 5.1 5¢6 5.8 547 503
- 9T* | 3 4.6 29 10.1 10.2 10.2 10.2
N3N3 43 2 B2 3.8
108*% 2 6.5 10.3
38 2 62 13%.5
28 2 303 5e6
1207 3 ‘569  1%2 15.4 14,83 14.9 14.8
™ 3 5e5 17.0 24.5 25,0 25,0 25,0
34 3 o2 Bl  1le4 1le2 1143 112
22 ] 1.9 ded 1045 1le3 118 119
E3%9 53 2 Ze3 107
103 2 L 102
62 2 4.0 1044
1 2 1.0 7.2
32 3 5e8  B¢6 2103 2E.2 22,2 22.2
82 3 6e0 14el 219 2%2 2%3 2%2
43 3 305 Ge4 15.6 168 16.8 1740
114% 3 e 2 1646 19.6 21.2 21.2
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AVERAGE LENGTH OF NiW SHOOPS PER PREE (Gontd.)
om
% Prees witi. roet galls

< Tree. |Hurvest s
Preatnent| ¥o. Noe 1964 1965
we 7/ sfi2 1L WA 3
) 135 2 2.1 75
29 2 2.1 Ge T
125* 2 5.0 12 3
129 2 2.7 402
n 3 2.2 4.0 53 52 5.3 5¢3
128 3 249 TeD 20 B.l 8.1 Bel
118 ) Be 2 5.9 Te% Te3 Te? Te %
12% ] 25 Ted Be? Ted Ted Te %
wnx3 2 2 4oy TeB
3] 2 Fe8 Te?2
33 2 5e8 14.6
9’ 2 20 6 9' 3
113 3 %5 Bel 10e3 10e6 10s6 1046
108 3 4o 3.0 9e3 9.2 3.3 L
123 3 227 £ Te3 8.0 840 8.0
54 3 b 23] 70 Ge3 9.2 9.2 92
£9x9 iR 2 4.2 10,7
89 2 17 505
0% 2 24 Te2
43% 2 3T Be2
39 3 369  12¢3 17«3 1Te5 175 175
2 3 462 105 1%8 143 1445  14eS
57 3 409 128 18e3 19.0 190 19.0
91* 3 Sed  1lel 1403  14el l4el 1462




CONCENTRATION AND AMOUNT OF TOTAL N IN TREE TISSUES AT BARVEST 1

* Prees with root gallis
#%* pague from all replicates bulked befure smmlysis

1%ree | X |feps |Comcn. im Goncus in gonen. in | Amoumt dmount in  |‘mowss |Jmount |
[Wo. [Preat- |Ho. (Roots ock + | Bads ** [ im [3goek + An ‘in g
% ment | Stem + Side Roots }&m + 5ide iPuds | Troe -
; { i _ :;snuot.s :  $hoots 3 ! .
(wgti/x dewt) [(mgi/g dewt) |(mgti/g dewt) | (ma) gme.!') {mgi) | (mg¥)
6 1 om | 1| 783 | &s1 | 10.253 469.3 | 18305 | SeT | 69949 |
134 } _ " 3,167 f T-955% i 433,0 ’ 1269 Se2 £1%.1
34 . Be334 { 6e143 470¢3 | 1359 4ol 610.6
x| 2 e 250 { Go 28 i 532 % | 144.4 | e £51.%
70 | * | 5.693 } Ge310 | 531.2 | 136.1 7.0 774.3
15 "l 7.191 | 5.762 | 43746 | 170.8 S 66443
bl 3 | 50646 | Ged2d 564e2 | 150.7 P G2 7217
81 " 84065 6.355 455.1 | 1%5.1 BT | 59348
1le @ 5 T92 Ge 330 { 436.8 | 1123 Aot £1%,9
65 & 54930 5.323 | 4§97 | 26.7 77 | Ti4.1
100% "L 6e220 4.540 | | 5TSe4 | 14841 Bef | 7%.1
110 "o Ge62 S 5.551 | 570.2 | 1357 Be3 ?5?.2!
3 v | | | il
6% S | 1 30.799 9733 | 1%.548 | 985.7 | 36l.d Be¥ | 135507
1% " | 10.152 2585 | 915.3 | 3528 | Be8 | 12735
133 " 12.271 | 20.051 i 116248 © 2794 L Fef | 1429.8
24 2 | 10.2% | 10352 | 989.8 & 341e7 To2 | 13387
a7 v | 1234 | won | o751 | 8.6 | 112 | 13929
52 9,259 | B.d24 | 1039.0 | 498.4 1648 | 1465.2 |
15 | 3 | Be500 | T.369 | | 891e4 | 40448 123 | 1308.5
72 | " 9,548 94504 | | 989.7 | 363.1 7+3 | 1360.1
85 | "o oa0.53 | .47 | | 10134 | 361.6 17.5 | 1392.5
4% P4 2133 | Be8TY | 105T.4 = 436.2 12,9 | 1476e2
74% | L om | T.346 ‘ 7.514 | | 1061.5 | 3.7 131 | 14333
6 | oL 9.764 | 9866 | | 101%9 | 336.2 17.6 | 13677
Cg7 | w9 | 1 | 10,935 | 12820 | 15.866 | 3843.0 | 1R@EI2 | .Y | AI%2
| 80 | Lo 12.m3 | 18.519 2474.0 | 96345 26,0 | 34635 |
73 | L on | 13,897 | 11.283 2107.4 | 97TL.S 21.5 | 310844 |
23 | |2 | 11463 | 9.647 | 2000.8 | 1115.2 | e | T146.6 |
10 " 14.280 13260 | | 2088.2 | 934,06 | 332 | 0754
95% ’ Lo 12.668 110203 | 1767.9 | 940.7 (1944 | 272840 |
36 | | 3 | 14.501 11.576 1943.1 | 309.9 | 2.6 | 28706 |
| 115% | | 14235 L 11.9%2 | 2232.8 | 3701 W7 l 3233.7 &
94 | L | 12.164 | 11.359 1726.6 = 373:8 225 | 262246 |
16 | | 4 11.725 | 10.%06 | 2086.6 @ 98442 36e5 | 31075 |
92 | L™ | 15.198 | 12,243 2340.6  96l.1 FTe§ | I3
22 s 12,343 106 450 2153.3 10123 The3 | 320345




CONCUNTRATION AND AMOUNT OF SOLUBLE K IN TREE TISSUES AT HARVEST 1

* Trees with root gelle
** Pigsuc from all replicates bulked before enslysia

o

?mg | B | Repe | Conen. in fiomen. in Efiom. in , Amount iAmount in | Amount Amount

Fo. |iremb- No. | Roote ' Stoek + i Buda® in {Stoek + in Bew in |

{ment | i | Stem + Side ! Boots |Stem + &lde Shoots Tree |i

| i | Shoote P _ i Shoots ' |

] (mgh/g @owt) | (wgh/g devt) !(man/g dowt) | (mgw) | (agH) (ngx) |img®) |

66 ®m | 1 2.817 1751 L 16868 1651 | Fiod G | 2024 |

1134 Lom 373 2.7% | 167.5 | 45.2 0.5 | 2149 |

34 | | @ 2.733 1.536 ; 1531 5.l 07 15309 |

11 | 2 2.454 1.49%0 i 1467 | 34.2 3.7 | 181le6 |

70 |l 1.698  laas | 1446 | 42.6 L2 | 188.4

15 Bl 2.070 . 1.297 ' 138.3 3.4 1e0 i77.7 |
20 3 | 1.861 | 1.:3 | 156.1 | 3645 L1 | 1937
31 " 2.877 | 1533 i 160.% | 302 Geb 191.9
11 Y 3145 1+915 1743 | 33.7 BeB 209.4
£5 4 | 1.792 | 1.2% f; w;.?’ 435 1e3 185.5
100% i n | 16550 | ‘:}.625 | } 13106 r 18,1 1.1 1515
119 { ® 1 1. 434 ' 1.102 i -!, 12%.7 ' 374 33 | 164.4

H i X i |

63 | H3 1 | 4802 40482 | 4.015 | 436.0 | 16643 2e8 0501 |
1% | w | ge379 | 064 0.5 | 15%2 2.1 | 535.3
1133 | " i 6523 | 42364 ! £15.% ;‘ 121.% 2.4 7750
L 24 | 2 5.045 | 5041 : 435.3  157.% 2.2 64445
L 5,970 A.644 ‘ 447.2 1830 e d 6336
52 | " B.TT4 | 2992 418.9 | 145.4 Sel | 5694
13 | 3 %e 374 | 2eTT3 . 3320 | 140.8 Felt | 4766
72 " | 3.967 | 3.669 10%.8 | 14042 2.2 | 546.2
85 | |5 | 4.813 34305 ,‘ 434.7 | 149.9 Ged 59040
45 | |4 | 3.467 | 3.202 | | 3980 | 14945 200 | 54L.3

| 89 | Pooe 3. 241 L 4467 ' [ 320.9 | 1555 Sed 431.8 |

| e ' ; l - | : : -

| W | 1| 7272 | 5.618 ] 54525 | 1208.3 | 5528 e | 17721 |

C O \ " 6734 | 4925 | | 1342.6  451.5 Sel | 13031 |

T3 [ " .13 5.675 { 12%51.0 L 26 17293 ‘

| 106 ’ L 2503 6.52? | [ 1221.3 |' 2345 ilef 1716.% i

g5 f 6335 Be377 I ! 245.0 | 443.6 (% 139503, |

| 115% ' " 2.374 5+373 | 14131 ! 4775 IQe6 1%21.4 .

94 | | 50556 5.383 955,77 41%.9 Te2 | 137744 |

16 | 4 6.441 5040 | 11300 431.% 12.7 | 1625.0 |

92 Lo 3,349 6. 368 142%7  49%9 1%2 | 19%.3 |

21 | " 5.932 4.949 1157.8  480.5 0.9  168%.3 |

7e



CONCENTRATION AND AMOUNT OF INSOLUELE N {6 PRED TISSUES AT HARVEST 1

* froes with rood zails
#% piasns from all ruplicmtes lulked before anslysis

Amount in

Tree | Repe Gonene in gonere in | Coneme in | Amount | dmournt  fmount
Ho. ; freet- o, ROnts | Stoek 4+  Bude** | im Stook + ; de P in
i Sten + Side | FRoots Ster + Side Puds Tres
: ¢ | Sheotw f ! Shooste '
; | (mgi/g dovt} (ugh/g dewt) (ugifg d.wt)| {(omi} | (meh) (g} | {mgh)
= =1 -1 s a.ss4 | 2.2 | 5.5 105 | 4G5
B4 : @ %o 646 40562 ‘ g ‘:. : ?‘7 | 39342
13 | 2 ' g 7 6 o o ; T2 1005 5.? 421.7
7d | i @ f e g{, ko 79(} | 555' é P 3182 3¢9 4637
15 | T -~ 401365 | 43645 1435 Be8 | 38543
- | sl Eee :-:{;5 4503 | 1322 el | 4BGeB
81 | | e r.lgg .-\8 %Qu'% 1l4e2 De7 52dey |
e [ 4! ;'14? dod 5 511e9 155 Ae) 10445 |
105*' | L : il 459% 5 )8l 163%.1 Eod 52835 |
o : bl 4,215 4432 1254 5 578
110 ! “ e 1 - ,05 37003
| ; | 5137 e 443 144.5 151.3 Tai | 6028
63 | |1 54997 5,051 5.9%4 | 54947 | 15848 P I
: & e ® e 7 OSE Je ieis el 750 B
i;g I bl §°§ZZ 5*?33 5350 4 1933 4eT | 13747
24 2 ;elsu 5637 5?7'3 15361 Be 2 BG0 o8
g | & | g' -i 5.911 59445 134e d Beld | 69%e9
52 | -] oo =4 525.9 | 225 TeR 75943
13 ' | = '&;Z 36432 | 621 2640 11.7 | @95.8
12 I i E } :)’E‘f 50336 | 25304'3 26Hed BeH 5364
35 | = ?.312 5'§32 | 59549 #2249 Hel | 21363
= . a ?0(66 5051.—. ‘ ’33{507 211le7 12012 ':.3‘5.)205 !
Ta* - ?.;ga 5nﬁ7z i ?éﬁ-l ?55,3 Hed 9%4e% |
- | : - Il ér %a)?‘) | 39462 2125 Gal 916.1
; LT Be523 50193 6970 130.7 12,2 | 335.0
77 | 1| 5.045 T2 0. 744 53307 1987 13.7 | 1316.1
" | B 54590 | us.e | sz 17.0 | 16604
o | 2 | e gy 87344 432453 17.9 | 13791
106 ! . | Ce i ;9?2’3 1%2»3.2 €497 0.0 | 173%.9
o8> | .| 3eTaR €.734 #3702 | 49307 21.6 | 1352.5
o | eSS 62026 Ba2e2 49701 126 | 1331.9
L 3 | S50 50800 3234 45509 1364 | 1292.7
9’4 - Se 361 ﬁﬂ)?? 314e7 §9%e Hied 131273
5308 5976 TT069 45946 147 | 1245.2
1o 4 5234 5.266 9555 50240 2%.3  1432.5
92 N 5350 - 5.875 2i6e% 45302 24e7 14415

5e 416

5.521

35545

Died

1514.2

Zye



COBQENTRATIOR AND AMOUNT OF ARGIRINE N IN TRES TISSUES AT HARVEST 1

*prees with root galls

¥pisme from 81l replicates bulked before snalysis

Amovnt :

| "ree | & | Fep. Comem. in | Comom. in | Gomonm. in | | Amouns . kmount | Amount
| Hoe | Trest-  NHo. | Roots Stock ¢ | Bude™* ! in | In Stook + |in | in
ment | _ Stea + Side | { Roots | Stem + Side ; fuds | Tree
:, ! | Shoots R | Shoots i‘ ’ |
{ § (mgi/g d.wt) | (mgh/g dovt) | (mg/E dewt)! (mgh) | (mgh) | (mgh) Z{nsn)
61 | ML | 1 | 2.5% 1.635 1014 | 147.6 48 | 0e6 | 18440 |
134 | ;. 2.619 2.275 | 138.3 8.2 | De3 | 17643
S 2 | 2,168 1.028 : 129.6 23.6 Ge5 | 1537 |
0 = 1.332 0.798 113.5 2%5 ST | 1377
15 u 1.677 2.853 112.0 25.2 De6 | 1375
2 i3 1.594 0.892 1337 24.3 D7 | 159.2
31 " 2.0% 1.186 113.7 23.4 De4 | 137.5
116 " 2.795 1.555 155.4 27.4 G5 | 1833
| 85 4 1.265 90624 99.5 22,2 De8 | 122.5
100% | @ i 2837 Q.11 1.l BT 0-6 The2
115 * o 1.0%4 90609 276 20.7 2.8 | 109.1
63 ¥3 1 | 4363 2,631 30332 396, 2 13447 2e3 | 5332
1% | | " sem 3.291 315.5 | 121 1.7 | 438.3
133 f F = i 5977 %8323 555.% 106.% le% 6635
24 | 2 | 4.501 4.249 4330 132.6 | 1le8 | 567.4
e " 4797 4.119 | 371.8 162.3 | 20 | 53740
| 52 | = %,057 20109 i 339.3 10245 ' 43 446.1
13 3 2.642 1.620 | | 25949 32,3 Tl | 345.3 |
} 72 | | ® 30430 2,173 | - 3543 3340 1.9 | 4352 |
| 8% | l b %555 3. 464 1836 1330 4-5 527.1 |
| 45 4| 2.6 2,227 292.7 | 104.2 %05 | 400.2
e | » 2.169 1.086 27645 85.0 %3 | 364.8
69 Lo 14308 30572 188.6 124.3 45 | 317.4 |
77 n B9 | 1 | T.489 50495 4.596 11245.4 | 540.7 [ Be3 172404
| 80 | LM 6,316 3463 11249.8 | MT.2 [ 7o | 1574.6
T P 7.928 5,593 1200.3 | 4820 | 7.6 |1690.2
| 25 | | 2 4.716 3.799 799.4 4%.2 ! 3.5 | 1247.5
106 | jo" 9188 60330 1313.0 51142 3.6 |1833.8
95" | | n 6o 537 4. 736 376:: ] | 39“8 ‘ 5.6 1277. 3
3% | | 3 7-360 5.589 | 945 | 4%.3 5.0 |1419.8
L 115* | = 2.351 50932 114343 43603 3.9 |198%.5 |
Y | . 6.502 5.311 | 906.4 40844 | 6.5 |1320.3 |
16 4 Ge 454 40522 113%3 431.9 10.5 | 1575.7
92 - 7.336 5.355 1117.3 4675 | 11.0  [1595.3
a j 5.711 3.947 53609 33448 2.0 |1380.7

cve



CONCENTRATION AND AMOUNT OF TOTAL  -4HINO K IN TReE TISSUES AT HARVEST

* treen with root g=lis
#* pigsue from 3ll replicstes bulked before analysis

ifvec | ¥  Rep. Comeni im | Comem. in | Comen. in | Amount | imowst im  Amounmt

Amouns
iNo.  (Prest- [No. |Roots  Stook + | Buds ** in Stoek + in in
| ment ! Stem + Side | Boots Atem + Side Buds Tree
E ' _ - &hoots | N ) Srootn _
| |{neW/g d.wt) | (ngl/z dovt) | (maB/g dovt) | (me¥) | (mgh) (mg) | (meN)
61 | N | 1 | e.s;m | G389 | 0.852 | 4TeS | TeZ 303 | 5540
134 | " 1.111 | De761 ; | BT 12.8 De2 1.7
| 84 v 04396 ,  0.%8 | 501 | Be§ | De2 ‘ 5849
11 2 | 9.79% | DM | 47.2 249 Ged 57.3
7 on | 05 | 0.3%6 5.5 | 10.5 | 0.4 | 56.4
i 18 " 3.684 ! 0e35% 4547 ! 14 | Ge3B | 559
20 3 0e56% | D320 ;- 4T.2 Bel | Bef | 5645
81 " | 04989 | 04466 | 5502 902 | 0eZ | 64e6
116 "o 1016 | 2.5% | 5645 97 | Ge3 | 6645
65 | 4 | 0.493 | 0.2 | 3.7 | 943 | Ged | 4844
: 103* l ? Do 4T l 4'3-153 ! 4907 i ded I e 4 ! 4502
118 | ® De413 l Oe 265 ; 150 L 1% E el ‘ 44.5
63 | 3 | 1| 1627 | 1178 | .24 | 147.7 236 | 9.8 19241
130 [ = 1347 | 1.086 ' 117.1 | 49.9 | Qa6 | 15767
133 | Lo 2,073 | 1.233 | 192.6 | 343 | 9.7 | 227.6
24 L2 | 1504 | 1.286 | 144.7 | M | Ue7 | 18545
- | = 1.357 i 1.278 | 143%.9 504 | el | 19504
52 . 1.227 Ged3 | 1362 40.3 | 1.6 |178.1
13 = 1.1% 0aT61 | 111.2 3.7 | 1.2 (1510
72 ‘ " | 7.m8 1068 | 13402 18045 | @7 |[275.7
85 " 1.545 1100 | 152.2 42,2 | Le7 | 1961
45 ' 4 | 1.127 | G.33% | 125.0 21.3 | 1e2 16745
|74 | om | 1,026 L g.782 | 130.8 32,6 | 1.2 | 1646
69 | " L2 . lm | 120.8 44,2 L9 llﬁé-?
| I i E i |
77 e x| 2189 1533 e E6S | 3607 | 150.8 -1 BideH
80 | = 2.150 L L.27% | 425.5 | 11643 2.7 | 545.0
78 ! » 2.282 | 19455 34{)-4 1%0@ l 26% ! 47447
23 2] 1740 | 1.22% 294.9 | 1414 | 32 | 438.5
| 106 " | 2.540 | 1.T19 364.5 127.5 | 35| 495.5
95% Lom | 2.0m 1. 460 234.3 12045 | 240 | 406.8
36 i3 | 2898 | 1.493 .. - 33T 117.5 2.2 | 45C.2
115% Lo 2.57% | 1.582 | 411.2 | 128.6 | Ba2 | 543.0
9 | | om | 2006 | 1.4% | 27946 | 1194 2.4 | 392.4
16 | L4 1.923 1.266 | 3377 | 12049 T8 | 462.4
92 | Lo 2,801 1L.7%% | 42646 137.56 4.0  568.2
n | w 474.9

2.0090 L le292 | | 345.6 | 1206.0 33

vve



CONCENTRATION AND AMOUNT OF AMMONIUM N IN TREE TISSUES AT HARVEST 1

* Pracs with

oot galle

*% Mague froc 2ll replicetes bulked before anklysis

Trec | B | Kep. |Comen. im | Comes. in | Conome in | imount  imount in | fmounmt  Amount |
No. |frest- |Wo. | Roots | Btoek + | Budg** in | Stoek + e | in
: ment ! : | Sten + Side | | Roots | Stem + Side Bud Tree
! | ; | Shootse z : | Shoots ‘ |
; | (mgi/e @owt) | (mgh/g a.vt) | (mgh/8 d.vt) | (mgH) (meH) { (mg} | (mgh)
61 | M | 1L 0.0 | 0.0%7 | 00143 D6 | DeB | Bed | Le5
134 | Lo* L 0,055 0.0%3 2.9 | Deb T . 8
n | 2| o0.0m 0.098 2.3 | 23 | 6. 4.7 |
7 | Lo 0.0 0.100 3.2 300 | @4 6.3
| 15 | Pl 00022 0.040 1.5 1.2 | 9.1 2.8
2 | 5| 0.046 2019 39 0e5 S T
81 | "o .04 $.0%9 2.3 0.8 |l | %2
1216 | " 5,042 2.079 2.3 T8 | Bal | 3.8
| 65 | 4 0.9% 0.0% 2.4 1.4 L0 | 39
| 100* | " 0.019 D. 060 j 1.6 | 1.8 Del | o5 |
(a0 | w | 9.915 | 0.069 | .3 | 23 | 9.1 | %7
., { -, .
| 63 | u3 1 | o.062 54049 Ge134 5e6 | leB N S X
1130 " | 9,028 2,060 204 22 | Gl | 47
i133 | & 94049 0.476 4.6 2.1 | 9 | G
24 | 2 Ge42 | 0.075 4.0 23 | Bel | ed
| 87* R 0.950 Q.Gﬁﬂ 3-9 2.0 ﬁol | 603
1 52 i '3.056 Be 0% i 605 1.9 Ge 8 | ‘70?
| 72 " 2.049 Gel35 | | 5D 5e2 | Gl 103
25 ] " 0.0% L 2.037 i | 3.8 le4 | G2 Se4
| 45 | L& 0.0% | 0.05% N 2.5 | @l 5.0
| g | Fonl 0.0% L 5060 | 46 3.0 2.1 Te7
69 " 0.0 | 2.051 38 | 1.8 02 5ot
'l owm | 1| .13 | e.013 50116 2.2 1.3 | 9.2 5.7
| 80 | » i D040 | GeO4L | 7.9 } Teid " De 2 11X
| 78 i L 3. 043 ! DoAY | Ge5 | }.Z .i Te 2 10.4
2% ] 2 0.01% i GeLOS 2.2 | Fe¥ Ge2 Bel
| 106 " | 0.059 | 0.058 ., Be5 | 43 De2 1%40
g5 | || Geusd | 0.085 | 7.4 3.7 8.1 | 112
| 36 3 | 0.056 | 0.042 | Ted | 33 o2 13.9
115% | L om | g.013 0,029 | 241 | 248 Fe2 8T
24 L J.950 l D062 [ ‘ 7.0 | Aei3 Do | 1264 II
16 | & | GeD40 G042 | 7.9 | 3o D3 11.1 |
92 " 84015 {9,087 | 2.3 | 6.8 ©o3 9ed |
21 " DTS 0.066 . 1%.0 | Sed Ge2 136 |

Gye



CONCENTRATION AND AMOUNT OF AMIDE K IN TREE TISSUES AT HARVEST 1

* yrees with root galls
## miague from all replicates bulked before anelysis

{ Zonon. in

! Coneme in

| tree | W | Rep. | conen. in , | Amount : Amoumt in | Awount |Amount
| No. |Tremt- Fo. |Roots Stock + Buds** 'in | Btock ¢ [ 1n in |
imemt | [Stem + Side | Roots | Sten + Side |Buds | Tree l
i : Shoots i i $hoots ; ) i
_;‘ (mg/g dowt) | (mgB/g devs) | (mgh/g d.ut)| (mgN) & (mgr) mgtt) | (mgW) |
66 | m | 1| 0.8 94061 8.0 | 10,9 . L3 | @ | 122
134 "ol 0.258 Do 240 | 136 | & | 8 | 17.6 |
84 “ 9+199 2123 b 113 | 2.7 0 | 13.8
1 |2 | 0.1 2012 | 7.1 ] 0.3 0 Tok
7 {ow 1 0,094 00140 |30 21 | o 12.1
| 15 | » 0.152 2.133 | 10.2 %e9 e 14.1
2 | 3| D.156 0.167 | 13. | .6 | @ 17.7
21 I » | p.281 90164 | 161 | %2 | o ig.g
116 " | 9,182 0,180 | 10.1 %2 | 0 3.3
65 | 4 | o088 | 0aRn L 69 | 47 | 0 | 1.7
T* [ @ I Ge L5 J 0141 i 12e% ! do% 14 166 |
no | ® | 04106 P 0.1 2.0 | 3.8 | .1 | 12.9
1% LT ] 0.197 94137 173 | 50 | 4. | 222
R || um | uh Bal e (4|3
a7 Lor | oemz 8.221 26.5 | 8e7 | 0.1 | 33
| 52 L | 5.183 0.272 2.3 | ls.g @.g Zgg
| 13 . 2.129 D.221 12T |  1lei De .
72 ’ " | 0,210 00320 | 2.4 | 125 Gel | 3440
| 85 " | D.254 %e271 | 25.0 | 10.2 02 3506
45 | i 4 3198 D6 230 | 22,2 13%:1 Ge2 5B
74* | " | 0.6l Ge243 | | 20,5 | 10.4 0.2 | 3Ll
| 6 | L ov | 8.292 .16 | | 289 | 155 Be2 | 44.6
EEEERERRE D151 | 0.6 | 492 | 149 003 | 64ed
| 80 | | ® | 0,249 0.257 | | 4943 23.5 0e3 | T3l
! 106 | o D. T8 0.444 ‘ 3% | 523 Jed | 15’2
{ Qﬁ%l 1] l Be%14 D.444 | 1 4%.1 :I 55.6 De2 . TG99
[ 35 | 3 90195 90569 I %'8 . 2303 e 2 | \3“’,5’0
| 119% | e | o.214 0.221 | | 342 | 1840 Ge3 | 525
94 | | " D265 0.455 | 26.9 | 356D Ge2 | T2.1
. 16 4 $.187 D443 P %28 | 423 Ged 750‘5|
92 Com | D.349 9e1T2 L 532 1%4 Ged | 670 |
21 " 0.229 L 27360 . 39.6 3501 D3 7540 |

N
o



CONCENTRATION AND AMOUNT OF TOTAL N IN TREE TISSUES AT HARVEST 2

. % ¢rees with root galls 247
{ Tree = ¥ | Rep. Concn. in foneDe ix . . = : —
| Bos | Prest- | Wo. | Roots so‘:@? - S g g imount | Asount im | Amount | Anounmt i
-ment tfcﬂ. + e g t"bﬂ@i@sed in Sto.k n . = s n iR munt
- ‘ Stem ¢+ 1¥r Shoots Leaves | poegts | Stem + 1Yr "mxev .-ef«hscisa@d in
| | {mgii/g ¢ T et | 2 ' o cld Shuoz:. el | dwce
T 3 — lﬂ; Qldcm;}% (M‘/K dewt)  (mgh/g ﬁc%)l (mg:»&/‘g Govi)  Emgh Emgﬁ') i (ngt) |(mam) (nel)
i D 5912 | 3585 T T R oo L Ol e -’
E 2| 6% | a4 . 2.600 | = BB AR | 58643
| 101 1 222z | 16.654 | 2.5 | 4287 | TIT | 117.4 | © 548.2
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CORCHNTRATION AND AMOUNT OF ARGINIKE B IN TREE TISWES AT HARVEST 3
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CONCENDRATION AND AHMOUET OF TUPAL ~A8IN0 W OIN TRES TISUURS
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5 | (mai/e dewt) (ngt/z devi) {mgl/g dewt) {ag W) {(mg ¥) (mg #) (mg ¥}
a1 REy P 1| G2l 0.489 0e295 | 323 Laj le4 | 1546
| 107 | 2 Je151 i De T2 Je 232 10.T 265 1-4 14.6:
| 56 3 | 0.148 34093 0.224 %2 Zed 1e3 1403
96! L4 0.143 0073 0225 117 %3 Leb | 1646
50 | ¥ N, | 1 Ge502 0e 352 (3o 232 5501 1246 1.5 78.2§
‘ 86 2 The G {Je 259 J.216 31e 9 103 Ged 5le35:
| 68 3 3 TeILH Da 255 Qs 224 3330? 11.2 SeT 5302 i
| 46* 4 De 2% De 175 e 187 2803 T7e3 Sel 43°Zj
| 2 alﬁq 1 Uo 446 {6135 De 314 253 12.5 Fle 137.7?
[ 112% 2 Ue B2 D373 Qo446 566D P2le3 56D 164.5 ;
{51 3 0573 94257 Dedd2 85.0, 18.1 672 | 17043
66* 4 Lo 516 Do 275 Do 365 }501, 1507 4—‘301 ! 153.9
T Ue 283 Ge115 3271 3Ll 102 3¢9 332
64 2 J.211 Del23 De.222 24.2 6e1 Fe 3442
| 88 3 Je 215 D. B2 314 . 25641 e 2 449 3313
‘ {‘}7*‘ 4 3016\} inl}. 9021':; | 23’ 6§ 595 5'3 '5404 i
i 120% W 5”"3 1 Gae %43 D177 D176 31091 el Liser | Tﬁ.‘)df
79 2 Je233 00149 Qo247 435, 63 127 65e 6 |
i34 3 0. 205 04115 0.1338 23.6 7.3 11.6 | 49.0
| 22 4 De434 e 259 3327 4249 131 194 = 32¢4 |
; : :
32 w1 0.333 Ge237 Ge 26 3008 1Te3  45.5 14346 |
32 g 2 D401 0. 230 Ge 337 T1eT  23.0 460 | 151eT |
4% 3 Y ] Je33%0 (e 428 13909‘ 24,2 6662 233.3 |
114% 4 D546 0s244 0719 13,9 16.9 | 34.0 | 225.B
i 71 %gﬁo 1 De526 G 250 O« 437 759 255 165 | 1179 |
128 2 3636 0. 346 D.3%92 37.3 376 172 | 152¢1
118 % e 580 V.14 Qe id5 62T 2445 136} 1073
12% 4 04336 De 204 D.%69 T4e? 2266 lde6  11l1.5
11% §3E3 1 Tel34 QeABU Cel35 2.1 GeT 1%.6 51le4
| 105 2 0. 250G Ue 110 0 245 6le2’ 14,3 20,1 35.6
121% 3 (e 226 Qe143 0.236 525 1%.2 25e73 975
| 54 4 e 150 o138 De2l2 33¢3 1leb 13.0 69.9
30 HgEy 1 G417 o353 Ged26 80e3 3.0 6Be 18Tl
. 27* . 2 QaOTL Qs31% Je 355 18583 42.% 509 232.0 |
| 57 2 Qo532 De428 0e 406 128.1 45.1 62.6 235.3
| 91* 4 Ue 547 Ve 349 Do 450 15@)& 3 1600 693 2662

942



257

APPENIRY G {a}(ii)e= Send tmlture Nxnoriment;
Treatment Yesms eond Leassy Zignificant

Differences (Fitrogen Maia)



THEN TISIUES AT BAEVHESE 1

AMOHRTD OF NITEOGLNOUS ClnsBLTs

bog me &
L3

2.179
% TOL
401300

Fe 247 | 1034
D724 | 24382
1ed72 | %241

353%06&: 4'* |33 l Ge2%3% g 3e 572
§

{he | 40745
LE@ten - ) " o~
§ Sid; f K5 4 0e'31% Ye H5F

ishouka | R | 74826 | 6,260 | S.243

“?'O jl‘} 'J) :

(R NP

( A ’ ) A ~?v,'>~»v¢ ———— -.T- c.:-a::-c-v-a-»-m.m- R .»tw};ﬁ:-« A B 1 T R o e R SRS * N R g '-M(r...d'l!‘? m o _’ .
g@r&e { B i Pobal ¥ Siinble ¥ Fneoiuble § | Arginine ¥ ; swmonium ¥ | Amide ¥ | Total ~Amiso G
{Pissue ; Treainent | i ; , i |
N i ] £ H :
: L i i ; TR i - : i
Roots | ' o | ¢ ] : = ! s ~
;:c_ﬁ\'»}ﬂ”l} & ) : TYE T : Bei g j Seif72 ; 4o 7098 : HeBB1 i 26398 ! Re 34T :
i { . i . i N : - { , B i ; !
i é 13 t Ge3l% | Heur 222 { 6,263 i 5e817 ! 1e400 T B 060 j 4317 §

: : wtan H i 'l r i — { i :
i ; g f T 626 f T e85 { 5773 ! G315 ‘ 1l.641 | De@mi I 54850 !
¥ - A . ) 1 } i 3 i
b s i o} P A } : - ;
; tm e e 7l 3 Se 7B ; Ged7 i U106 C Dedbs i e df Ge 3% ‘ J. 109 g
g @ S F + & i L] ; “ ! . ? ¥ 3
: 1 ; P RS Welah ] Lel4d | e X114 § e b4 1 He RS ! Yol g ;
i @ ¥ T 1
t ey H - "~ R * ' e { - ; . f %
i | (elZ6 Je135 De13% ! ite 2EE : HelU5 . e 34% g JelE i

: 3 ! H - ' : . * .

;

{

i

1

Sel24 | 54235 e 419 6473 24154

(;\
G-.
b
)
s
S —. S

10996 | 0135

et U, S

§i

f

:

1 .y - 3
TLie 30 Do 5%
!

i

T . e Rt o L Sl e B g

o o sttt P

; L De1B2 | el8% Jolai Ge %38 Gra 5 Y T 20203
| ’ a4t » « { A n ™~ ¥ o DI = ; R B | ’
T SelT4  Ced5 Go 225 DeSLT | GeTEL | Ge257 GelT3

15174



AMOIINTE OP A BYRAINE A
NITROGENMOUS CONGTITUENTS I ThelE TIosULE
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CORCEUTRATION OF NITROGENOUS CONSTITULETS IN TRUE TISSUSE AT HARVAST 1
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ANMOUNT OF TOTAL RITROGEXN IN TREE TISSULS AT HAGVEST 2

hage R ¥
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15‘ Ua174 Gel74 Deld3 Del4% De 204 Jelll Gelld 3o T43 Ve 148 e 34 , 2,084
inter- |
actiop nil nege. " nil neg.

ail




AMOURD UF SO0LUBLS RITADGK IN Toos PILEAN AT HARYEIT @
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AMOUNT UF TOTAL A «AMIRO KITROGLHE 10 ThulE TISWaAS AT HAEVEST 2
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CONCENTRATION OF TOTAL K «AMIND NITROGEN IN TREX PISSUES AT HARVESD 3
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(2) 2 wvay A.0.V., type 2

449/M123/25 EXPT I BN CONC STCK+ST+IYROSH MGM/GDWT LOGE

BIOCK MEANS SED 3.9771B-02
0s4484E 00 1.4445E 00 1.3372E 00 1.357TE 00

ROW MEZAKRS SED 3.44438-02
1.7669E 00 1.3622E 00 1.46)7E 00

COL MEARS SED 3+ 4443802
1.25558 00 1.3719E 00 1.5634B GO

R*C MEAWS SZD 5.9657E-02
1,2327E 00 1.19%F 00 1.3407E 00
1.31668 00 1.%2628 00 1.473%0R 00
1.5512E 00 1.5675E 00 1.5715E 00
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ERROR 24 1.70830600E-01 7.117941668-03



(3) $impla Regreseion Analysia
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(b} Exmmrle of Covariance /imalysis
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UPTAKE OF AMIKD ACID SOLUTIONS (ml) BY 1 YBAER OLD BELBERTA PBACH TRESS A4S A
RESULT 02 ROUT INJECTION OVEN A 31 HOUR PERIOD

(Pirst injection expt.)
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UPTALE OF AMING ACID SOLUTIONS (ml) BY 1 YEAR QLD SLBERTA PEACH TREBS AS 4 RESULT OF ROOT INJ ECTION OVER A %) HOUR PERIOD

(Second injection expts)

Date and Alr Soil | ¥ater Temp. |Water Temp. | Concne of L-Arginine in Injection Conen. of L-Asparsgine in Injection
Time Tenp. | Tempe (500 m1 vol.)| (50 ml vol.) Soln. (ps/ml) Soln. (pg/ml)
(oc) - | (°¢) (°c) (°c) .
50 500 - 5,000 50 500 5,000
9 s.m0 | 185.2 1248 12,9 140 L - - = - - - - - - - -
0 = 19.5 14.0 16.5 19.5 0.051{ 0 0410} 0015 ! 0405} 0.10 | 0.05! 0.10} 0.10} 0.20 0420 | 0,05
112 = 19.3 16.7 20.7. 26.0 0,051 0.10 | 0.25] 050 | 0s25| 0420 |0.05] 0025 0s35}| 0440|0410} 0,05
12 e 6 19.2 2l.% 24+ 3 06151 0,051 0e40! 0e45] 0e35] 0020 [0.05] 025 055 | 950{0625 | 0.05
- 1 petie | 207 20.% 21.5 22.6 0020 | 005! 0s55| 0,60 | 0+40| 0430 {0420} 0435 0470 | 0460} 04 30 0.05
¥ g = 22.5 21le1 2146 22.6 0.20| 0415 0450 060 | 0e30! 0e30 {010 | Ge30 ] 0s60 { 055035 | 0405
» - 22.2 2l.5 225 2246 0015 | 0.05]| 0e45] 0s75]| 00| 0040 [0.05] 040 | 0060 | 0265{0030 | 0.05
o 4 " 18,9 21.8 22.% 20.8 025! 0620 0645] 0090 | 0e35] 0.40 {0015 0,40 | 0665 | 0.70{ 00 | G015
b = 16.8 21.2 20.4 18.8 0620 ] 0:10| 0e35]| 0060 | 0425| 0,25 [0.10| 025 | 0a 45| 0.55/0%0 | 0.05
&6 v 15.9 19.3 18.5 1649 0620 ] 0.10] 0e25] 0445 0.20] 0415 [0.05] 015 | 070 | 0.35{0425 | 0,10
¥ 16.1 18+4 17.0 16.1 0015 ]| 010 0020 0040 | 0020 0.20 |0.10 | 0435 | 0c35 | 0035{015 | 0.10
S pem. | l4.4 12.4 12+9 14.% 1620 | 0a70! 1e65]| 310 | 0690 | 1420 [0o60 | 1s05 | 2020 | 2045 150 | 0u 60
o0 ® 17.1 13.7 153 17.8 0.05| 0 0.05| 0415 | O 0.05 {0 0.05 | 0.05 | 0.10,0.05 ! 0
Su" 16.9 15.8 19.0 2%.1 0.05| 0 0610 | 025 | 0.05] 0405 {0.05 | 0.10 | 0.15 | 0.18{0.05 | 0,05
= 12 17.4 17.6 1849 20,9 0.051 0.05] 0625 0a25 | 0410 | 010 {0.05! 0.10 ; 0.%0 | 0.70{0.,10 { O
W 1 peme | 17.6 18.3 18.7 19.9 0610 | 0:05! 0025] 0e35 | 0215 0,75 [0:.05 | 0.10 | 0435 | 0e25!0610 | 0.U5
“ a2 " 19.2 1807 18.9 20.0 0e15 | 005] 0201 0435 | 0e15 | 0415 {0.05 | 0410 | 0035 | 0e25(0415 | 0.05
30" - 19.0 13.0 2i.4 0.1 010! 0.05| 0,30 | 050 | 0e15 | 025 10+05 | 0620 | 0040 | 0. 25{015 | 0.05
4 " 16.9 19.0 20.6 18.9 0015 | 0.05! 0020 ! 055 | De15 | 025 [0.05 | 015 | 0035 | 0300620 ; 0210




UPPAKE 9OF AHING ACID S0LU2i0ES (@i} 8Y 1 YEA( OLD PEACH TRESS AD A
(Segond injection expl.)

RESULT OF SHWT [NJuCTION UVE

A %L

HOUR PERIUD
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