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' BESPONSES OF THE CUTHBERT RASPBERRY

o] MIKERAL TREATMEHTS

Intro&udtion

In. the Eraser Valley oi British Columbia many plan-
tatlons Qnee: producmng vigorous raspberry plants have suffered
a gradual weakening and.decline in health, Thus plants are
:nOW\smaller'and less productive than they should ‘e accordlng
- to past atandards, Gsually no pathalaglcal symptams are -
noted, althmugh,thegland has been planted to raspberries aonAr
‘tinuausly in_many cgges. fiom ten to Lifty years. From these
:facts and earller work on thls problem (9, ld),ylt geemp Very

‘prabahle that the trauble 1s a nutrltlonal one, theraﬁore, it
.kwaa decided to study some factors affecting the nutrition of
the raapberry,plant..ty

It was decided td.groW the,blanta;in‘ﬁell washed sand
and aupp1y‘£ood,eleméntﬂ in solution: because the soil is such

‘a complex body and provides so many unknown aﬁdfféiiable
'factors that it is difficult to study responses of the plant
“to treatments in thls medlum, (27}). |
| Now,,Ltklsx&stahllshed that the following elements are
knéceséary foi planﬁ growﬁﬁ: nitrogen, phosphgxus, potash,
éaicium; gulphur, m&gﬁe&i&m; iron, haron, &anganese, and zinc,
and,prahably oth&isvsuch as Qappéraa Hence, deficiencies of

tha~elementsknitragen, phnsphnrus,‘potassium, caleium, and
sulphur, were studled,andAoompar&d.w;th.plants whlch received

‘all the necessary nutrlents.,
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For v1garous.plant growth.lt is 1mportant to have a
balance in thﬁ necessary food elements, because a. large quanti-
ﬁy’cf one nutrient in relatlon to the @thers may prove harmful
to the plant. Elso,~the lack of one: nutrlent may cause a
,VIrtual excess of sam& ather elament and produce pooxr planta.f
’Thereiore, studlea were made,on tha affectsvof heavy appli-
cations of dne\eleéant in’relati@n to Oﬁheﬁvnutrients, and .
L“éxcess“ quantities of nitrogen, phbsphorué, potassium, and
’ ca101um were used in,treatlng some planta. |
In recent years many'of the ao-called deflalency dlseases
‘,have been/found to be eaused by lack of the mlcro or trace
elementsw ihus, thﬁ use,of boron, manganeae, and.zlnc was ins
fcluded 1n these atudieso | | |

Occaalonally sall aubstances may be tox1c or lnhlblt
plant growthw &1um1num is knewn to be harmful in acld,301ls,
- and since the SOllS ef the raspberry grow1ng areag in Lhe
Fraaer Eallay ara‘acla, and-frequently very aeld,(QX, lt‘wa&
dé,c'ide;d to sfmy the effécts. of é.lﬁminum on thé‘igf‘owm of the
raspbérry'plantf V

By the use of sand caltures‘torgrow_raspberfies with
‘_variousfnutpient treafments, it Waé~expected tq~fulfill two
dbj&dts:'fin&tly, to study the effeots df essential mivieral
elements an the growtﬁ Q£ the,r&spbarry piant; s&condly,~to
 pr6duce under,knbwn<and Q@htrolled~conditiona, a plaht con-
ditiQRVSimila:kto thatyfcund in the unthrifty field plantings.

Review of Literature .

In the: latter»halffof,the nineteenth centuryg.sachs,*‘

Knop, Nobhe, Pfeffer, and others did a great deal of work to
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determine what elements Wefe esSential to{plani growths Théir“
work showed,that carbon, hydragen, 0Xygen, nltrogen, phosphor-
us, pota531um, caleium, magne&lum, sulphury and'lron are eg-
‘sentlal\ta~plant life. Since then workers like Brenchlay (1),
and MﬁHéigue (17) h&vevdemonstrated the eaaentlal nature of
{he,micrd elements, boron, manganese., z1nc?~and cqpperu Thls
Wbrk Wasiacaomplished;Om proxad:by=the“use.of sand and water
cultures.r | ’ 5 |

"The present]day t&dhniquehaf‘using sand éultures and
'nutrient solutions has heenfdenéiOQed‘hy'Hnagland,’ShiVQ, axd
others (13;;27). The aymptdmsxqi d&ficienciea~andhexcasses;mﬂ Lo
ﬁhese;plahx‘idod élamants’as,ahown.hyfvariéus parts of the
 7 plantjﬁaveqbeen4atudiedAéﬁd,rennrded for many speciés (3, 4, 6,
12, 19, 28). e o

: Muchyliﬁeratuﬁerhas been!qulished ihfan]atﬁempt to
“r make-1ah0ratory d&tarminationslgive{én'exgressian:df the re-
sponses noted in the field. One;df'the mastbfafqgredkhg& been
fhe:soééalled.Qarbéhydrata nitnogen ré£iQ'a& aniginéily7£ormu~k
iated’by Keans and Kraybill (14),'when‘mnrking‘With.toméﬁoes;
vshow1ng the relatlve proportlon of carhohydrauea to nltrogen to
be a. 51gn1f1cant facﬁor in determlnlng vegetatlve and repra=
= ductive actimltles., Th;skwnrkthas.b@en_developed by many.

kwbrkeﬁi, and,eyid&ntly a narrow;iaiio;~orkléw;carbohydaﬁés in

"p£6poitioh,to hitrngén~is cdnduﬁiveAto:ﬁegéﬁaxive grthh,
whereas a;wideLraﬁi@,,highwcanhahydiate contenﬁ-inkrelation to
 nitrogen, ia;cdnducive.td fr@iting."‘
| “ Apparently tﬁére'is noyliteraturaVin thgrabove woiks

&ealing’with the raspherry. Publiaations onAthiS crop deal
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largely with the cultural aspe@tsg

|  IﬁAi937, Harria (9) namad;eightzﬁactors,as being the
.Qausaé of raS@he#ry failures on 3ame;plantings invthﬁ5Fraaer<”
Valley. These were: (1) a nitrogen,defi¢iency,'(2} a lime de-
fioiency,HCSlMa,phaspharus deficiency, (4j‘afpc£aasium |
~,,déficiancy, (5) soils ﬁaing too~aeid,’(6lk§n’unbalancéd supply
’of plant,nutriénts, (7) the:exhaustivéffirst yeaxr effeaﬁs‘of
cover cropping an.péor 6r impOVerishedQsoila, and (8),"w&t’
"feetﬂ or%root'injury.due'tbéah exceﬁa,of Water1in‘the;soil.‘
@fher‘wurk'(gi statad that thé~decline was'initially,aue‘to
'lass of erganla matter w1tq its regultant effects of allowing
leachlng‘and,undeslrable S&ll Condltlons to develop. Thus
starvatlon produces weakened plants.

Materlals and Methqu

Raspberry planta of the Guthbert varlety were obtain-
ed and passed<by Government OfflCIalB as healthy stock.k These.
,’Were grown ln fresh water, pure,quartz aand, held in l2—1nch
olay flower pots. Slxty such pots were drv1ded,1nto flfteen
groupa of fdur, and eachfgroup rece1VYd~a different nutrient
golution. The fifteen treatments weres:
ffl.f Complete nutrlent solutlon

2. Nitrogen deficient mutrient solution
3. Phogphorus defi&ientfnutriént solution
4, :Potéssium deficient n&trient solution
;5‘ Oalcium‘deiiqignt nutrient sulution
. 6;' Sulphur*défiqienﬁ;nﬁtfient solution
T GOmpletékhﬁtrien£~sdlut10n plus excess nitrogen

8. Gomplet& nutrient solution plus exceds phosphorus
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9. thmpleté’nutrieﬁi'solution'plus excess potassium:
10. GOmpIétéknutrientuaolutian plus excess caibium
11, Cbm@lete:nﬁtrient'soluﬁion plus 5 p.p.m. bdrnn,

2 p.p.m. manganese, 1 p.p.m. zinc
‘ Iz; ,Cbm@leté:nutrientfsolution plus 5 p.p.m.~bcmoﬁ
13; Gbmplete nutrient solutlon plus 2 Do p . manganese
1145‘ Complete nutrlent solutlon plua 10 p.ps e alumlnum

The above fif teen nutrlent solutlons were based on

beagland's Oomplete Nutrlent Sclutlon (13) which has a cpncen~f¢]

'tratlon of appr0x1mataly 2OOQ PeDels
In preparing the nutrient aolutlons, st@ckﬁsolations
were made.up by dlssalv1ng thﬂ‘follow1ng walghts of Qhemlcala,
ylnd1v1dually and maklng the valume up to 2 lltres~
1. Complete Nuﬁrlents
 (a) (184 g. KNO5
(aom‘g..mg504.7fﬁzo
‘cb)~‘416»g,,ca&N03Igg'4 Hp0
(c)"lQO ge KHQPO4
‘2@ 'Nittagen Deficient Solution

(&) élOO g. KC1 ~
. 200 g.\mgso4. THoO

| (e) 176 g. CaCla
(¢) 100 g. KHgPOy
3. Phosphorus Deficient Sblution

(&) (134 g. KNOg
‘ (200 g. MgsOy.7 Ho0

(b) 416 g. Ca(N0g)p.4 Hy0

(f) 55 g. KGL
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4. Poﬁdssium;ﬂeiigienﬁ Salati@n

() (114 g. WawOz
(200 g. MgS04.7 HoO

| (h) »100[ga‘NaHQPo4
5 Calclum Dailclent Sclutlaa

(a) (154,g.,KN03 ,
(aeo g. Mgs%.? ng

'-(i) 150 g, NaN03
(e) 100 g KHgPOy ,Y
6. Sulphate Deflciant Solutlon

(J) (132 g, KNQ3 :
(164 9 g- mgclz. 4 Hao

‘(bj  416 g. CE(NOS)Zo‘Q‘Hgo
,Cal‘ 100 g- e |
'(Asbrachet indlcates that tha chemlcals grﬁuped together are
klnaluded41n tha same 2=1itre atock,) |
| Those serles recelving an excess or luxnry feedlng of
fnltrogen, phasphorua, potas&lum,’and,calclum racexved flve
tlmea the;normal‘amgunt of each oi-th&ae,1nd1v1dualfnutxlents~
ﬁin their reépectiva diatas The. gane atocks as ﬁor-ﬁullvnutri~ 
eﬁﬁs ih'Sblﬁtidn“l’were_uséd plus thea@fat&ak&: | ’
To Excess.Nltragen |

‘ (k) 1649 g. NaN03 made up to 2 1ltres.'

~ 8; Exceas Phosphorus

k(l) 406 g NaHQPO4.H20 made up to 2 litres.

9. Excass Potassium

(m) 613 g Kﬂl made up to~2,11t1es.



10. Excess Calcium

(n)’ 782.5 g. CaCl, made up to 2 litres.

Those groups receiving“thﬁ.micro elements, boron,

| manganese and zinc, were given full nutrient solution plus

thede elements in the~respectiva'doncentrations‘of.5;pep.m;,

~and 1 p. p.ma Th& stock solutions were made: u51ng the follow—

1ng quantltles of materials made: up to 2 lltres.

11. Complete Nutrlents plus Boron, M&nganase, -and Zinc

(o) 18. 32 g. HgB@S (Borom) made up to 2 litres.

(p) 4.6 g. MnCls. 4Haos(manganase)‘made up to
' 2 litres.

7(q) 1.34 g. ZnClg (Zlnc) made up to 2 litres.

132, Complete Nutrlent Solutlon plus Boron Stock.

',13."&omplete Nutrlent Salutlan plus Manganese Stock,u

14. ~Ccmplete nutrlent Solutlon plus Zlnc Stock.

15. Complete Nutrient Solution plus 10 D p me Alumlnum.‘

_ ﬁri 56 2 g ,Alz(sa4)5uKZSO4f24 H2O:m&da«up to .

plants,>

dlluted

2 litres.
The&a’étacks Were:dilated beforacbeingAféd to the
The ﬂallow1ng quantlties of stoak solutions were

to 4 litres 1n accordance with the precedlng llst of

, stacks used to- prepare each,of the flfteen nutrlent treatments.'

22 c.c.
726»c.e¢
12 daC.
| 10Q c.co
18. 5 Co
26, O Ke

of stock solutlons (a) (a), (8), (i)
of;stde.sélutions (o), (e), (1)
of:éﬁaak'sqlutiona (CJ; (£), (n), (l)
of stock solution (k) | |
ec. of atoeck solutlon (m);

¢. of stock‘aalutlon (n}
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- 12.5 g.ce of stoch,solutions (o), (p), (q)

| When ‘the: dllutlon was made Juat hefore feeding, irom
was: addeaAaﬁ the nate af 1 CeCe oﬁ 1 Der cent ferrlc tar- |
trate _solution per litre of nutrlent aolutlon.

The raspberrles were set 1n,the ‘gand with one yaung
suCker-cane.per‘poxa E&Qh group of feur-potarwas placed,xn
‘:a~3qwana7&ol&:ig:the earﬁh so that about an inch ef:eaah,pot
w&s:ahova~ground,lemel@ ‘ﬂhejhnle,Was’crihbei to keep modl |
kéﬁay;from‘tha pdts;,an¢ &;h&avy layer of excelsior had been
put on the bottom of the hole %o prevent any contact betueen
the: pots and s0ils ‘The spaces. between pots, and pots and
criﬁbing,.wéxéﬂﬂilléd!ﬁitﬁ;sh%vings. ﬂhus av@porating;suriace
way cut down and no SQll touched the. pots.

i Planta mere get ln.the.p@ts of sand on May 12, 1937,
and left for Qﬂﬁ;Wﬁek.t& start reoot d&m&lopmeﬂt. Eeﬁdlng
wéé‘sfarie&’Mayfla,‘19&?@ ﬂhe pIaﬁﬁa&Waref£e& tWie& weekIy
wntil June 21, 1937. At that tiue the plan.t;s were making
vigorous: growth and it was decided to feed them three times
e&@h.week. They were watered whenever the feeding &id’not
;aupply adequate waters. . / ” : “ |

Daily obaervatlons Ware4made on tha davelqpment of
the plants.

The'planta were fed until the middle of October, and
as the: season was vexy Mle and soma.grawth,was stlll,helng
made, they were left untll,November 1, 1937, before aamples
for analysis. Wera,taken, Tmnerepreaantatlve;pl&nta from
each grbup;meraktakén.inmavtha laboraxory ﬁarwanaly&i& excgpt

in the cage of the nitrog8n and phasphomus,&eﬂiciant;group3.
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Thesa latter g::oupa produced. sueh: small plants that four ha.d
to be~uaed to prov1de sufficient materlal ﬁor'the laboratory
determlnatlonse‘

Elnal obsarvatlons on the plants 1ncludlng examlnatlon
of the roots were made, and then the roots and aarlal.parts
7were«sgpanated@ ‘The roots were washed fg&elai aandg andzth&,
freshkﬁeights.of rooia;&ndfaarial paris were mea&urad. |
Leayés.én& atem5 wérerepératéd?and:r&apegtive1£reShfW§ights
determined. Then dry welgnhs of roots, stems and leaves wera
‘obtalned by drylhg to cohatant Welght in an electrlc oven at
8@0 G Sancafthavstemarandkngotszmere.th&ck, after 24 hours
~inqtﬁeyaven,:&achilqﬁlwas groﬁnd, re-weighed, aﬁd pﬁt»b&ck‘t@
dry to cnnstant’waighﬂ; 511 material,brbught into the labora-
‘ tary waa;dﬁied, an& a£tér;grin@ihg wa.g used for>£urtherVanaly—
sés. The;roat'sampLea were foundu$o»contain aansidérabl¢
"fine;gréinazcﬂksandyvﬁeneaAthia?maierial was not used for
further analytical work. | .

a,mhe'ash;weighta\ox mineral aantentfw&sfdateﬁmined'an
Ieavea and: danesfby haating 10-gram aliquots in a Mkifle
furnaceﬁat 600° G. for one hour- ' |

Allquota of stems and leaves were analyzed.far-raiuc«
ihg5augarS¢.sucroae, star&h,,an& taual.nltrpgen, Reducing
augarS/and.aucroaezwére determinad by the4Lana‘and‘Eynon
method, starch by the hydrochloric acid method, snd nitrogen

by the Ejeldahl method (22).
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’ \Rgﬂult&
&  OBSERVATIONS ON SAND GULTURES
k : ihénevwa&'QQmarkad(difﬁerence in»tha re$ponsa of the
~rwspberry’plants aconrding'ﬁo their5nutrieﬁt traatment. fh&
follow1ng descriptions of eaeh;group are condensed fram.the

sesdon's observatlona.;

1. Complete Rutrient Solution. - This grOup’praduﬁad
'narmal,ﬂvigoroué grawmh.éll,séasbne At the and of Ehe
.se&son the canea were aheut flve and one half feet tall and
heavily hranched. The leaves wera.a healthy, dark green
colour all through;the,aaasonjn Wbﬁﬂgth& rogts~mere axamlned;
they wereziéund'to be very well develapédeith.abundant
“fibrouS'rdets and %any'raotfhairss' In eVeﬁy regard@ this
group cauld be conaldered haalthy, normal, vigoreua, zaspherry
plants, and is used.as the cheek 1nlc0mparlaons made 1n |
follow1ﬁg obsexvatlons.‘ a

2 .N;trogen Deiicient Sﬁlution.- This group was the

- poorest in*thabwhole,serie$ all*séason.lp%heae.plants madezné
H ﬁéieeptiblé.gaiﬁ in;growthiaﬁtér‘the en@ of June. In July,

,therwhole;leaf sufiace was distinetly xéllaw; and the bright

red of th&kanthQQYénin;pigmenta'wéa;ve:y,mérked; By August
 almost the entire:ieai suxﬁa£ﬁ=Waﬂahright‘red-with;the‘midp -
rib and large veins showing yellow. In September defoliation
nbégah,and cdntinﬁed:rapidly,'althoughfréﬁaining'grdups re~
tained their leaves and many contihued making new-gromth.
'_‘The largest leaves only attained a aize;about:on&~qﬁartar‘Of
ﬁhat of émerage.leanS»On.tha completevnut;iant solution

~ plant.
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At the end of the season, the canes wer‘e-irom 6 to 12

inchés hfgﬁ;L.&lso, tha.roots were very scanty and consisted
kof a few langfstrlngy, thin ones. ‘

B Pho@phnxuﬁgﬂeiicient;Sblution.~ Next to the

nitrogen &eﬂicienﬁ plants, thiS'grqup;Was the poorest in the
series,;‘Early’in<the»season, fainly ta@id growth.ﬁdok place;
but not as much as made by thﬁ,cheak,‘ B& July thé leaves
were showmng a marked. dark colour of a,bronzed.purpla hue.
Growth~ceaa§d 1n.&ugustfand the purpling of the leaves be-
came mOre:inténse;and.hegan~to éhow7oh the Qaneae' At the'end
o the season thﬂ plants were stuntedicomyared‘ta the check
' and the helght of the canes axeraged.about a. feet. The canes
were vexy,thln, weak-laaklng, and an extremely dark’reddiah
o purple:caldﬁr; mha ieava& were ahvety'&arkhgreen=overlayed
w1th.a dark.hronze-puxple colour, and,only about one~half or
lesa the alze of those of “the cheak plants. Also, the~r00tsk
were~small, stunted, and generally paorly developed compared

to those of the checLJ~

4. Boﬁa&alum5ne£ieientjsblgti@n(ek ﬁhis‘grougkma&e_
'lewer;growih_thankthe;ehank, but thefgéneralﬂéppearancé was
normal. By July some of the lower leaves showed a yellowing
and dylng;around leaf marglns and theae lower leaves Were the

nly ones Wthh sh@wed pota531um.de£1a1&ncy symptoma. The
, top5~eontinued,makingnapparently normal growth,alth@ugh,it‘
kwas not as vigorous as that made by checks. At the end of
the aeason the plants were smaller than the checks, as the
canes were about 4~£eet hlgh¢ and lower leaves shoWed de~

‘ flclency symptoms, hutkotherwlaa tha,planta appearad;normal.'

s
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fﬁe.roots,mera'relatively'mell demeloped.eomparad to those dff
L \

the ahecks, and shewed excgptlonal dewelopment of root hairs.

5.  Caleium Deficient Solutlan,» This group mada:

 ﬁ0£mal.vig0xuus,growth untll.ﬁugust'and,then‘didkndt eohtinua‘
guite so rgpidly or vigorously as the echecks. In July some
kluwer‘leamea hegan~te shQW'yell@Wﬂstreaking and'm0ttling, and
’ thls condltlon develmped @ver morevlaaves as the season ad-
vanced.' | | |
ﬁtktha énd of tha'&éaaoh these plapﬁsteré almost as
. large as the checks, and leaves were the same size as those
on the Q-he;c'ks, ‘but the fol,:aagé of the whole plant was a
‘lighterfére@n\ﬁhan the ehédka. Boﬂer,leav63~werekdiatinctly‘

mottled.and.streakad w1th.yellow. The foot system was excel-

- lent Wlth.a strong developmant of fibrous roots.

6. Sulphate Deficient Sblqtian@n In{tha early part
~of‘the'seaaén; ﬁhesé~plants~preééﬁfed a narmal appearance,bth
made weaker and slawer growth.than the checks.‘»ln August‘the |
plants were gr@Wan very- slowlv, and the fcllage bagan to
kturn a light green. At themend~o£ the season vary marked‘déé
ficiency symptoms were showing. . Leaves were gmaller than
é’those of the oheaﬁé, and were mottled yellowland green. The
mottllng wasg very fine, thus it gaye a general appearanca of
a unlform llﬂht Jellow green calour. The Q&nes were also ak
very light yellQanreen and agveraged about 4 ieet in height.
The root systems were well devéloped with abundant fibrous
roota. k

 7'; Ekceas»Nitz&gen,Sbluti@ngnz These plants grew at

the same rate as the checks, and the leaves and stems were
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ébout the sama gsize as those of the checks. The only appaxent
'diﬂferenéhﬁwas‘the“Very rich, darker green Qdiour:of the
,Ieavea compatad.ta thoseiof cﬁeck,plants, and this increase&
d@ldar*Waa~nataa duringfthﬂ:wholé gioWingjperiod. ‘Thearaoté
‘ﬁEerVery smcéulent and‘fleéhy,'also.ﬁoﬁkvery exﬁensivé;;

There were practically no rootlets.

‘ Y

/ 81"EXGéS&'Ehnaphorus Sblutioh,~‘fIhis.greup wasg out-
&tandingly’the best in tha'sé:ies during the whole season.
From June till the end of thaféeaaonfthé»plantsAwere taller
rand~made’moreﬂgrowth;than'any othsr*group; Gﬁuﬁﬂh‘wa& nermal.~
Tﬁe size and coleur of leaves was the same as for the checks.
The canes were ashout 7 ﬁeet ﬁigh¢ thus’béing taller than thek
eheeks.\ $hera wasg mofa heéVy‘Branchingken.the‘eanes and
grqwthzfrom<the crawﬁ.tbanrfor any athﬁr'group.’ mhe root
sysﬁamuwaa‘éxnéptianailywwe11 daveldpgi;~ea¢h~system'haing,
Iargér‘than ﬁhoae invény aﬁher groﬁp; ‘Fihroua roota were so
:abuhdant that'the,rOQﬁ‘system‘appeared theimOStydensa,in the
‘entiré'serias;~ | | »

9. Excess Potassium Solution.- All through the grow-

ing season, fﬁe plants in thisﬁgroup W@fe’apparently the same:
as ﬁhe ohecka in iiﬁg and colour of danes and leaves. The
naats were well devéloped and -ghout thetaame‘size;as those of
the: cheéka,but more flaahy‘and;succﬁlent'thanfall other

groups except that receiving excess nitrogen.

- 10 ExcaastalQiumASblution,—~‘mhg plants in this
‘ grOup grem:n§fméi1y7infthe’&arly,part aof the season. In ,
KRugust growth;slowe& down materially, and lower 1eaves showed

brown,,deadnmargins giving;thﬁua@pearanca‘aﬁ a. "gecorch'. The
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;plants made very small'iﬁ@reaaes in growth for the rest of

the: season and at the last examlnatlan, they’aﬁpear@d stunted

1n camparlson to the c¢hecks. The.ﬁollagé:waara:lighter*éreenr’

- than;that of tha checks, and more leaiea~had dead, brown
marging. ‘The raot ayaﬁém$VWerekr&latimaiy WQll~develqpeﬁ,

’and had many fleshy,‘3uéeuléht :Qots‘sihilaiﬂtaythoSe,Qf‘th&f

:axcess paua531um plants. | e | |

11. Gbmplete Nutrlent SOlutlon,_plus Baron, Manganase,

‘and Zino.a' Ehls group of plants was practlcally 1dentlcal
-w1th the: check‘plants.; Th&.plants grew VLgorouﬁly all season.
 The raots, hewever, dld not appear as" dense and well developed

kas thoae of ‘the checkaplants.~

12. Cbmglete Hutrlent Salutlon, plus Boron.- This
group was also Very 51mllar to the chechse In Iuly and |
: August, ths plants made very rapld, v1gm10ua growth,and were
"second anly to the excesa phoaphoraus plants. Hewever, by
iSeptember lncrease in growth was alow, and at the flnal |
 exam1nat1an they were apparently the same as tha check plantsv
 1n regard to helght, amount and colour of follage. Tha roats
were denseiand welludevel@p&dg being almllar to those of the
ohecka. : ’

13. Gomplete Nutrlent SOlutlon,Aplus Manganeseo- Thls‘

group was apparently the sama as the: chacks with regard to
'Slze and Qolaur'of canes and leaves. Tha roots, however,
wefe scanty'with‘more:fleahy, succulent roots and,fewer

flbraus ones than the check.plants.

14. Comglete Nutrient Solutlan,gglus Zlnc.~~ This

7 graup was alsa~the sama a8 the checks 1n.appearance of canes,
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leaves and roots.

15. Qo@ylete Nutvlent S@lutlan@”p;us Alamlnum.» Thls

:,group‘waa alsa th& gsame as the,chaqks in appearanca~of canes,
leaves and iaots. | | ’

The deficiency sywmptoms exhibited by raspberry plants
{I&Qking’nitrogen, phospherus, potasaium, calcium,-aﬁdAsulphwr k
Yare typlcal of sympt@ms of such deflclen01es a8 descrlbed by
| @ther Workera (3 4, 6, 19). |

‘B LABOBATORY’DATA

ﬁhe freah.weights Qﬁ roots and aerial parts, and. the
froat shoot ratlo are given 1n Table I.f The xoot shnot ratla

'vwas determlnpd hy leldlng the welght oﬂ shaots by that of the

. rootsg.

The most noticeable point ih.mableyl is.tﬁat'tné
ék&esikphnéﬁhhzus plants had‘thé,laggéat weight of cane and
leaf,kand 18 En exgelléﬁt*third inkéegard to weight of roota.
‘ The:root shoot ratio hoWeiar does noﬁ illustrate this dif-

- ference.
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=16

. Erash,Welghts of HRoots and Shoots,
‘ and the Raoot Shaot Ratlo°

- GROUP

Noe

of
Plants

Fresh weight
~of shoota

»Eresh‘welght}

of roota ;

weight Ave-)

rage.

welght Aven
of 2 rage

Root
Shoot
~Ratio

5

12,
13
14 ie

e

B l.Oo
ir.

155 -

Complete

5.

Complet&

W
T
iR

L

4K

' 4Ca

+AL

+B,¥n, 2n

+B
#Jifn
+Zn

EXNNE VR O CUE VR I RN CHE I - N SR CHN S R

111.0 |
352.0
| 186.0

| 338.0°

217.0

of 2
35%?6 178
22.2 | 5.5
‘ 27.7
504.0 | 152.0
176.0
138.0 | 79.0
193.0
446.0 | 223.0
169.0
228.0 |
218.0 | 109.0
352.0
108.5
305.0 | 152.5

327.0 | 163.5

178.0 |

127.0
100.7

 255.5

114.0
283.7
176.0 |
150.3
- 175.4

gm.

279.8‘ 139.9

14.Q 3.5
50.7 | 12.7
188.6 | 94.3

63 ® 51

200.5
127.8
210.0
175.0 | 87.5
' 141.9
216.0 [108.0
75.2
87,7

133.3 | 6616

‘lzl;61 ,
1:2.78

50.4
100.2 |
| 1:l.74

105.0 | 121.61 |

1:1.27 |
1:1.57
1:2.18

1:1.46
1:0.92

181.30
120.77
1:1.63
l:l.44
1:1.74

182,45 |

The dry weight determinations for the canes, leavesg

~and roots are shown in Table IL.
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TABLE II.

kPercent age Dry WEJght of Leaves, Canes and Boots.

GROUP ~ Ty Percentage dry w&mght

Leaves7’ \Ganea7 Raats7

{1. Complete | 3680 71@5.89‘ | 45.2
2. N | E eieem | 42062 | sL.8
- A I e 38.29 47.83 - 44.5
4. -k - - s7.87 | 47.05 38.6
.35;, ~Ca LB f “ ;38,13  1 47.19 | 46.8
6. -S04 o | sseas | av.ow 4.8
(7 4@ 55.80 | 42.88 | 53.4
la. S k_ 1 31.99 | 41.68 | 45.5
190 & o | 35.09  @@39,  40.3
0. €2 32.89 41.29 46.2
. Gomplete +B, Mn, Zn | 35054 | a6.21 46.5 
li2. comilete 48 | a7.09 | 451z | 42.5
[13. complete #m 36.65 | 45.40 | 41.8
14, Ciompl‘.e.te. +Zn e | 3333 | 44.75 ; e 4]1. 5
15. Compieta:+£l | | Br.3s | 44.20 36.2

The above figures appaaryhigh»f@r‘percentagas ary
welght Qn‘material ir@m.rasgh&rry plants;:hOWeVe:; th&'sampies
were gathered when carbohydrate reserves would be high/gfterja'

geason of active growth.
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Rapld healthy growth,la aa5001ated with low tat&l
'fsolld,and hlgh water*aontenta (7). In Table II$ the percentuk
age dry'welght,of laaves is low far the planta tregted with
 eomplete,nutr1ent suiutlon, andg axceas phoaphnrua, w1th excesg
calclum,and complete.natrient solutlon;plus zine alse being
‘low. Slnce thelcalclum axceaa plant& were 80 abVLGualy uli-=
jhﬁalthy, and.prnbahly ‘had theAentxan&e af many nutrlent&
 inhihited;~it‘ides”ndtsgompare‘with¥oth&ra in thia,groUp;k‘
:VThefpechntage dry weight ﬁbr5gana&f&hows.plan¢i~traated with
iexﬁe&é?phdéphnrus,,aXcas&‘dalcium, snd nitrogen deficient to
‘be the loviest. Oi the ﬁormal‘vigorauﬂ plants deairedkhy
?growars, thevexcaas phpsph@ras is th& only one,enterlng this
:low percentage dry welghﬁ Eroups j

| The values for roats cahnot be canslderad accurate
3because of the dliflaulty of remov1ng sand &spealally from;the
’well developad root aystema. e

: The percentages of aah for the canes and leaves are

7’fg1ven 1n,Tab1e III.

~
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' TEBLE III.
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Perc@ntaga~&sh,oi'R&spbﬁrry Leaves and Canes

- GROUP

Canes

Leaves

% ash
lef dxry

70, a.sh
af green

% ash. | % ash of
of dry | green

weight |

- welght

weight | weight

| 1.. Complete

2. -X
3. ;P ‘
5. «Ca
6.

L7

+X P
+p

8.
+K

9.
+Ca
hI. Complete
12. Complete
3. '
14. Complete

15.

Complete -

f@bmpléte '

+B, Mh, Zn

13.00
14.60
“2,022',

13.76
2,38
| 243

l2.16

%
1.37

%

1.96
1.08
2.99 1.41
1.83 | 0.86
1.77
1.02
1.01
2.87 1.25
| 1.22
2.10 - 0.98
0.97
2.60 1.18,k
2.30 1.03

1.81 0.80

. 5.29

- 6.62

- % ‘

5,69
' 5.52 2.11
5,13 1.94
£.75 1.81
- 6.09 2.34
1.88
6.26 - 2.00

2.32
6.86 - 2.25
4,94 . ]1.76'
5459 2,07
5.24 1.92
6.13 2.04

6.40 2,39

ﬁ@ﬁarently no consistent correlations between grdﬁth

and

percentage ash can bhe made from the above table.

The: analyaea of carbnhydrataa*considered.a& atailable

for

the raspberry plantfs life pfoceSses-ar& shown in Tables IV.

- and V. Values for reducing sugars, sucrose, and starch are

expréssed,in_percentage ¢f both green and dry weights.
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(Inaert'fablekrv.l
'there are no appare.ntly auts tandingly unlf orm differ-
ences. ln these~analyaes for reduclng sugara, aucrose and |
'~‘starch, The,best grow1ng plants wexe‘nelthar hlgh»nor low xm’,
;deiollatlan, it lS hardly to be expectad that they Would.glve

,1ndlcatlana~q£ behaxlqur,durlng rapid growing season.

(Insert Table: vz)
Tha excess phosphurus plants have the hlgheat per-

,éentage of reduelng sugars. Ehe poorest graupa 1nclud1ng'the"
pot3551um.daflclent and char deflclency'graups show the lawa'
k,estvperc&ntag&s. It lS notedAthat most groups of plants having'

thgh redac1ng sugar content have a‘lowysucrose contente The
*starah flgunes show 1no. cansiatency 1n.that poor‘and d&slrable
 }p1ants have simllar values in thase datae

o ~£he't@tal carbohydrates 1nalud1ng r&dueing,augars,
sucxose, and atarah, tatal nltrogen, and’ thﬂ.carhehydrateu
~n1tragen (G/N) ratlo for leaves and canes are shown in Tables

: VIp,andiﬁll., respeotlvely,



TABLE Iv. ’
: Peroentages of Reduoing Sug?;s

Sucrose

and Starch in Baspberry Leaves._',f

GROUP

} Beduoing oug ars g

Sucrose

Starch

% of .| %of
‘j‘green B ary;

weight

% of

ffgreen;::

of'

dry
weight

T % 0%
~ green.
wéight

7 of
7‘_1‘, dry -
" welght

1.
| 2.
3.
4.
s
,'5*
g

8.

9.

1104
11.

12,

13.

14.

115.

Complete

L

+@a

vComplete+B Mn Zn,

Complete 4B

kbomplete(#Mn

Complete +in

Complete +A1

7.85

FO e - ——

6410 | 16.50’

4446 | 11.85
6,26 16.50
6448 | 164,90
4,98 | 13.86
6.41 | 19.92

B:45 | 24.06

8.85 | 26.89

9.84 | 27.71
6028 | 16,92

7.87. | 21.42
7.04 | 21.13

8.78 | 23.51

weight .
26.33 |

1.85
1.88
| 5.48
.07

| 1.27

2.24
1.24

1.08
0.24

1.07

weight |

1.71 |

12,

%

5434

’5616
'4;69
H5;©0

4.85
7.09

5.72
5.76
6,79

 6.42

4454
6y 16

7,17

6.08

"11.20 ~

o — - -

‘15.79

11,01
13,09
11.80
| 17.03

15,10

20409

21.80

15.49
18.56
19.26

| 16.28

~Tg=
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Pereentages of Beduclng 3 ugars

GROUP

ReduoingﬁSugars,MA

Suérose

' Sucrose ;@5

and Starch in Raspberrg, Oanes.“ o

o % ot

‘green

L welght

% of"

| weight

% of .
green
welght

"% of
dry

| weight

1;WQi€ht

S Stareh,
P 0T

green

dry

- Welght

1.
2.

6o
7.
8.
9.
;;193

;12.

| 14.
;lﬁd

3. -
4.
5.

ll;k

13,

;Goﬁplete  ,'

-50 4
+3 
+P

+¢a,

Lomplete+B

Complete

Cemplete

Complete

égmplete

N

+Mﬁ

+7n

#AL

émn;*Zﬁ o

o, .07
8.53
6431

6,17
6456
7.38

| oee
| 856

| s.83 |
“~  6;74

.06
7,73

| 7.54
8.32

- 15.40
,i 2oaoo
13.20
1890 |
ﬁi&ﬁ5,‘
'.19.06“ 
’22.56Mf‘
| 21é79
'16.2v;ﬂ“
;” 15452
| 18.92
17.01
- 16.80
’18i8®~ 7

1.67
1.48

i o i S

1.95
- Do BB
1.56

0.6 |

5664 |

/1§58‘:i‘
1,99

1.18

- i

3,533

- ol

sy

o

%.00 |
a0

4420

526
| B3.53

13,21

10.42

"5156

10!58_«'
10.12 |
10460 |

12.50 |

9.1
8.66
19.15

9,34
11.30

- 9.60
9;141
9,06

28.81
‘;15.85
21.84

22,62
21,20

22,25
29.01
22.25

19,97

22;21

21.12
',25500

20.06

20,29
20.24

;%gg
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 TABLE VI.

~ Percentag@s of total Garbohydrate, -and total Kltrogen, and
The Q/N Raﬁlo of Raspberry Leayes on the Fresh'WElght Basis.

T s Total | Total | GAL
'SAMEEE g I carbo- | nitrogen - Ratio
- hydrates | - S

w7

ha‘

| cotiprete | 1s.08 42| ‘ ,3,66
bapooio b aaiger ol mioe |0 ause
N | 10,02 | 4;e@_k‘ 1 2.701
| -ca 1 ”‘,7 S L4@75~ s 4.09 | 3.60
l-s0, | 15,00 | 4.36 |  3.28
e 71’7 e 14.32 3 4.67 B . 3.06
'k£Pk-k~ (T k "”12$53,~ |  ‘3;4¢~‘ 4,31
ia&, T 16.82 | 4.20 1 3.91
‘§+aa \ﬂ‘ . = s 173 | a.0n | 440
'COmplete +B, Mh,vZn B 17.80 o 3;18' ~ vk N 5;65_
"bemPleta +B : “:  15;28- ; #:«:3‘74‘ 7  ’, 4.95
| complete 4  15.74 A   5.21 310
~Cbmplate,+2n L = 13.70 3.86 z 7 3.54 
’,Oomgleteyqﬁl EAE - 15.93 | 4}32k L 3.69

e

| Iniiéﬁlé*VT,,'the eiaass ﬁoféﬁéiumguéX&ea&kcaiﬁi&m,
_and camplete nutrlent plua horonﬁ manganese and zine planta

‘have the highest percentages of total carbohydrates¢ The pote
'asslum.daflclent plants have the lowest tatal Qarbahydrate (24}).
The phaaphurus dﬂilClent plants, excegs nltrogen, and ccmplete
nutrlenta plua manganese, have the hlgh&ﬁt percentages of nitre-
: gén. Besmdea hlghest total aaxhohydxates, the complete nutrlents
plus boren¢ manganese, and Zan, planta have the loweat tot&l

; nltnogen cantent, thus glVlng'thla,group the highest Q/K ratio.

Rty
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..24.& ’

Ailkdafigient plants and thenexcess=nitragen‘planta have a low

y
s

& tio re
TABEE'VII.

Percentages of Total Garbohydrata, and Total Nltrogen, and
The: G/N Ratio of Raspberry Canes.

S ;f S Tctal iv‘ ‘“ 1@ - in"  héZN ‘ 
SANMPLE ; o carbos- n‘ltrogen o ‘Ratio
| 7 ‘ o hydrates , o ;

e

  ébmp1até»'ka"‘ -7 W“ 20,92 | 3.39 ; °" Ge14
o T - Sileadg ol
£ S RN R ’  22?57,, oza0 | 9.32
ih S i " _1ﬁ,85 e 3533;‘,'>‘ .55
~0a L e “;1;8.3;51‘ : | ,2;.."06"‘ ] 9,09
as0g | 198 | 2aa | 7.95
4N o 20 | Bz | 6esa
B e Carer | 2.53 6.7
PR . 17;49,'f  206 | 6.8
sa | 159 | 3.8 4.84
Complete +8, Mn, 7Zn i?.ésJ | mo2 | s
Complete +B  ! k k~~21J84, L 3;48; o 6.28
Cbmpléﬁeyrmh": " = 19,28::f 1 3.95 ‘ 4.88
r@bmpleté‘+znb o ’lngQ  ‘ 3,29 | 5.78

f(CComplete +&l, i 18290 E B.43 | 5.50

; ﬁ‘sample too amall~far analyals.’
In Tahle VIIO, th& complete.nutrlent, phosphorua demi

kflclent, and complete nutrlent plus boroun, have the highegt per~

centagea oﬁ'total earbohydrata. The: nlurogen and potasslum de~

,flclent plants have the lawest.  Eh&~complete,nutr1ent plu&

: manganese planta have the hlgheat percentage of tetal nitrogen,

and the calclum\deflclent plants show the lowests Ehe excess

~ca101um and the complete. nutrient plus manganese.plants ‘have
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the~lowest Q/N ratlo, and,the.deilclency groups have the highest.

DISCUSSION

Observatlona an the r&spherry planta.gruwn 1n‘aand B
‘cuItures pnaved.that they Wlll grow satlsfactorlly if they can
obtain the necessary nutrlants‘ Klso these same observations
showstha4£alsen&3$ o£7an id&é pravalent,among‘grdﬁﬁrarthat~the'
_CUﬁhbert‘mariaty ha&‘degenerat&d, W&mn;ahlewﬁqfabtain thﬁ;es;
senﬁiai.fdod,elements’in &dequéme Quantitiea, the Cuthbert
,vaiiéty"Will produce{haalthy plantss

| The plants grown/in the nltragan, phosphurus, pctas~
51um,,and snlphur'deflclent groupa promuced follage symptons
a;milar tq,thasa iound_ln many field plantlngs, preaentlng
,further é#i&ance that &ecline aﬂ réspberry’vigogr is due to -
nutxltlanal canses. Gi those plantS'grbwn in the exCess groups,
the phosphurua plants demonsgtrated th&.need for an excellent
&upply of phosphorus. kExldently many farms do not supply this
lnutrient 1n,adequate quantities. =

It is reparted that Eraser Valley soils are acid, and
many are extremely acid (9). The raspberry thrives best in a
vaoil of prﬁwZ,to 6.8, aceording tobergan, ‘Thus a slightly
aci&lsoil:isrdesixéblen However, high'acidiﬁy or low pH causes
?fiXaﬁion,df phd&phorﬁs (26, 30). Thus phaaphatic fertilizers
do not prove of mich benefit. On distinctly acid soils in
,Quabaa,bit was found that;aurﬁace applicatiohs ofiphosphatic
fertiliz&fé merely incredéed the: readily'soluhla:phgsphnrus.in
tha surface_one»hali inah.laYer’of soil (29). Hence, since
Fraser Valley soils are acid, it is very pgéﬁiblé that the

‘plants do not have access to sufficient quantities of available
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pha&photﬁs; The: pooxr growth in thﬁ;éx&eas~cal&ium~&ezias‘waﬂ
poésibiy=&u§kto lack,cf‘adaquate phcsphor&s, Eecause‘this
: eIemenﬁ iﬁsfiXédvaSAinsolubl& triealciééphﬂSphate.f Thus lim-
~ing to correct acute soil acidity may reduce the: avallahllltyk
af phoaphnrusvas found in studies by Pierre and Brownlng (23).

There was no apparent benef it from/the uvae of boran,
manganesa,‘and,ZLnQ in the one season's work. Slncefthese,
~elements. aré*neaded in such minute’qﬁantitiea, it‘ié‘likely
thatvthazplaﬁta dhtainad;enoughjfrom the sand‘or”pot, and
© thus the grawth.of these partlcular groupa thig season does
’ not pre&lude.the.pOSSthe need<o£ such.elemants on 30115
.cropped(fer’a.leng perlod of timea |

1he graup reca1v1ng alumlnum.ahowed no toxic &ffectaa
Slnce MbL&an and,Galbertreported plant growth to be- d&preased
by Qoncentratlona of 3¢5 DepeMs af ‘aluminum (18), it is evldent
| that the tox;clty of thlsAelement had been reduced. Since
| alumlnumgls pxea;pltated by ca101um,and phosphorus (18, 30),
‘the alumlnum content must haxe heen raduced from the tax1c
level of 15 PeDo m. Lo a nonsingurlous concentratlon by ph05~
phorus and calclum in the nutrient solutlon.
| Since the execess phosphnrus plants produued the most
&a&inablefplanﬁa,ln‘thla\exyarlmenh, it.waa azpa&ted‘thaﬁ this
superidrity would he shbwn’in the lahoratory work. These
 ’pianta did prﬁdua&;the largest Wﬁight_af lgaVaa:and,aanas by a
conaiderahle~amnunt@ The weight of roots was a little less
than that for plants recelvlng a complete.nutrlant solutlon,
and the: same solatlon plus. boron, manganese, and zinc. How-

ever; ainceipbosphcruaﬁprumoteékroot‘formaiian, especially
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'flbrous roota (21), {(25), these)planta probably had.a,more

‘:eff1c1ent root sy&tem than any oth&r—group. ~fhe‘ﬁﬁlght’ls
llkaly tokbe toa:low,ln‘comparlaan to other plants;becaHSe'&
greater proportion of flhrous roota Would,be loat when.washlng

The raot shnot ratlos apparently show.no con51stently
'favbrable;data for the beat geriea, but 1t is 1nterest1ng Lo
nate)that\tha pho&phorus deficient plants h&ve & smaller
amount of shoot growth in relatlon to the roota than the
kexcess phosphorus plants,‘

Es:nmﬁedibeﬁore the most actively grawing;plants re-
ceiving a&aquaté.nutiients have a,higher'pércentage of water 
drVI@werhdrﬁ weightsﬁ(Tk; ﬁﬁe data show that:theiplants r&é‘
“‘celv1ng complete nutrlent solution, excess phosphorua,’and
 1eycesa Q&lClum had the lawest dry welghx £or~leaves. Davis
(4) ﬁound,exce&&xealelam/to increase dnyrmattar in aampérison
>to checka, hence the abhaove d&t& ma& he a nesult oi a sampling
eTT oL, Hbmever, since the type of plant.produced with excess:
'*caldiﬁm»is~not‘daairedyfth& iavorahle dry‘welght data are of
n0~b§ne£it._‘3iﬁce the pencent&gé dtykW£ight of the 33033&;—
 pho5phbru$’andrcomplete nuﬁriemﬁ plants is sc much lower than
'Wforvather tre&tm&ﬁta, it.éppeats avaignifieant'point in show-
~ing that,theae planus were asuperior to the others."ln com= "

‘paring data on the dry welghts of canes, the excess phosphorus,
- excess calclungkand.nltxogen deficient planta’ahaw'tha lowest
gpexcentage. Thus for the deaired’typefof plants, once more
the eycess phasphorus plants are shown up fayorably.'

Nb-correlatlon between/growth and pezcentage ash

‘.@ouldgbe,found. The worst plants appeared almost at extremes




hms
oi‘high.andﬁlom~aah.aontenia& ﬂh&:varyingjd&gr&eﬁ of maturity
 &5 causa&yb&?the.nutrient treatménts‘may cause ﬁhesg data to be
insignificaﬁt, gince the amounts of mineraLS'ﬁaken up hy plants
Variesvaccording‘tohthe stage of;gr0Wth (2@ 16). Elso‘it is
possible that there is an cptlmum.percent&ge of mlnerala auch
as the value for the axcaas phosphorus plants whlch w1llApro~
ducektha‘most.dealrahla plants.

Since carbohydrates are the means of Storing &nergy
in«5;plant;‘it ia.expe&ted”that planté.with.tha greatest carbo-
"hy@rate;re&ekVesﬁwilthava the largest store of energy, and .
‘anIY‘viggroﬁsly‘grawing'plants\can.bﬁild up such a supply. . Ihe
&ata,in £abLe Imi"give ﬁha'péréeniagQS"af the carbdhydrat&' |
fractiona*in‘thd leaﬁesjsampled‘in:thiﬁkwunk;f'Snma‘ﬁaéts su¢h
vas lack of pat&ssium pradu01ng law,aarbahydrata content are
Bhown (2&) Slnca, however, the. carhohydrate content of the
leaf is sa varlable, depenélng not only on nutrltlenal dlﬁfer=
ences in m&tabollam,but also on time af day of sampling (20),
sfage of maturlty, and the fact that these aamples could not be
Gollectedvaimultaneously, the data,cannot be Judgad,an a cod~

: paratlve bagis:.

Tha results in Table V. show1ng the carbohydrate frac-
tions of the canes may be 51mllarly ragardad as not comparatlve
for~3udgment. Howevexr, the carbohydrate»content 1s\more~llkaly,
to be atable in this part of the plant according to Hicks (ll
In that llght, the excessg phosphorus plants sh0W1ng the hlghestv
percentage of reduc1ng sugars may be a 51gn1f10ant pOlnt 1n
favour'of this. grqup of plants, The f;gurea;fox sﬁarch.&eam to

be too similar to allOW;muah_interpr@tatian, and evidently the:
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 vaiuﬁs’£or t@tal,amailable edrﬁuﬁydratai&how.mdre significance.
Total catbohydnate,éVailablefﬁa planﬁ‘liie»process&&

and total nltrogen.content,qf planﬁ tissues have‘been4used in
‘an attempt to evaluate growth.IQanonses since the 1n1t1al work
of Fischer (5). It is Qustomary ‘to expressa these values in

the Q/N 1‘3&:&1@@&:& &one.hy Kraus. and K:t:aybill in their work with
the>fomatb (14). Krayﬁill et al (lﬁ)kfonnd that it made no’
 &igni£i¢anf:diffarenae toftha!picturéfmhghhar'the~rati@’ia
axpréased on.&,fiesh.or*dry weight hasis. Th@.data-on.thEiQVN
 raﬁio»oi-raSQEEIEy,leayaa>and:eanaa are presented so as to
‘compare!with‘ﬁhis‘previauﬁ work. Itkhaﬁ beenunnted whidn
;gnompsvoiyplants;had the highast and lomest C/N ratioca. If is
‘inteneéting t@gnnﬁezthai in.ﬁh&~nitrogen, phqéphorus, potaﬁsi&m;
calcium, and sulphur deflcleat groups, that the leaves have the
:klowest ratlos and the canes have the hlgaest ratios in com~
parlson to the otheL plants.

chks (11) in studylng the: ¢/N ratio found con81darable

vgriations of the rathfln different organs of the plant. Ha
'bendjﬁhat(the aarbohydrate;COntent did:not vary in the stem,
hgwéver,\the,nitrngen.did vary and mdtaVWas present in the |
“younger tlssue. Aiao, the ratlo varied a great deal w1th1n
ﬁh& leaves.r Thus it is to be»expected that the canes of the.
raspberry plant would be less likely to be inflgenced,and varied
by SQChcfactoré’as differen093~in~stage<di growth as the leaves.
In oon51der1ng the G/N ratiog ln the canes, the deficiency
groupa show hlgh.lathS, and.thls iz fto bhe &xpacted (14) a8
Kraua‘and;Krayhlll,found high C/N ratios accompanied by a weak

yvegetatinkcanditian,’,&iso, an exceedingly lowrG/N;ratio
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accompanies a weakly Vegeﬁative’condition,(14), and'thia
probably“écﬁounts for thé exc&éa‘calcium planﬁé'having'the
lowest ratiofathhey were adequately'suppliedfwith.nuﬁrients,
 'yet were poor planﬁs in comparlson to the,checka. The com-
: plete nutrlent plua manganese plants show the &econd lowast
rath, and as thesa)plants‘appeared egually as good as the
“checks, it is,pOSSible‘ﬁhatwan;ezpeﬁimenﬁalyetrdr in sampling =
f0r analyses may acqounﬁffdrfthis situation, or it may be at
 thekextreme:end of optimum.Q/N ratios for raspberry plants
for maklng satlsfactory grawth. | ,
Gurgar (8) found . that th&;C/N ratio of the tomato
' Vari&d.from axtremes,oi_lQ to 2, but that the fruit was borme
 wheﬁ.thé‘fatiaé7we$e.Eéﬁween.4»§nd'6w Thus it seems likely
 ﬁhat'the raspb&rry~haa a gimilar optimum ratio.
| ihe‘éxceSQ‘pho&phorus plants'didfnbt appear luxuri-
"“antly:vegetatiVe, and'fiom tha fir;ﬁ'yeé: appearances, it was
ju&ge& that suchﬂplants“would.prnduce'the~daairad type of
cTop. Tha'Q/N ratio of 6.97 is well hetween the extrémés of
4.84 for the excess calczum,plants and 9.31 for the phosphoras
’deflclent plants. Thuﬂ‘lt seems,probablevthat,thla ratio ai
- 6.97 may be: in;thé thimum;Q/N'ratia range‘ior'raspberry plants.
A1l serieé‘which.made good growth--complete nﬁtrient? excess’
':ﬁitrogén,‘phosphorus,'potasaium,“oomplete nutrientaﬁplus boron,
"manganese and zine, and complete nutrient pluﬂiboron and zinc
alone, respectlvely--have ratios between 5. 78 and 6.97, which
may be within or close to what would be the optimum range of

C/N ratios for rasﬁberry plants-.




| ;;Tha labdraﬁory work does not apparentlyw&haw\the~ex?
éeﬁﬁ:phosphorus pl&nta to be abnormsl in any wdy; but rathef
makes them aggear superlorw' ance;~the red raspberry neé&s a
plentlful.supply of phosphgrus, and some, 1f not most of the
trouble: with Erasergvalley‘rasphexry plantlngs can-be overcome
wﬁenuaxmeang oiysupplying=tﬁﬁ.plantsuwith;plenty¢9£ thSquruak

ig found. | - S | \

) i ‘I‘ B

; Baspberry plants‘aﬁ th& Guthbert'variety_were.grown ~
in sand em;_mmg with fifﬁt'ezenﬁ different nutrient treatmenta. |
Obsarvations on these plants were: recorded. |

Plants show;ng sympﬁoms of nltvugen, phgsphoras, pot=
aasium, and sulphurvdeﬂlclancles ware:51mllar tavplants_ln |
many commerCLal plantlngs. |

A liberal supply of phoapharus produced excellent
plants shawing that the raspberry'will grow if gi?én.suiﬂiaient
nutrlents and also the Cuthoert varlety has not degeneratede

Laboratory Warklfurther shcwed that the exceas phos~
phorus plants were superlor. Hence tne problem.resolves it-

self 1nto finding a means of supplylng adequate phosphnrus to

,thﬁfraspbexry plant.
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