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CHAPTER ¢

~ INTRODUCTION

Due to elimate and other natural advantages; the
liveastock industry in New Zealand is based upon a pastoral
ceconomy. The large-gseale use of grassland and its products, hay
and athku. for feeding the 1mim, gives the industry its
low-gost production structure. However, one of the problems
associated with this dependency upon grassland is that of
fitting seasonal production of pasture to stock requirements.
ueieekan (1952) has listed the methods through which the solution
may be sought. One of these is the use of supplementary eropa.
Hadfield (1952) estimated that 75% of the million acres devoted
to eropping in New Zealand was used to supplement pasture.

In late summer and autumn, two periods when pasture
production is unreliable, one of the most suitable crops for the
provision of supplementary fodder is marrvow-stem kale. Evidence
of this 1s afforded,; at least in part, by the inereaseld acreage
of marrow-gtem kale grown over the past few years. According
to a supplementary report on the Farm Production Statistics of
Few Zealand (1954), 8000 acres of marrow-stem kale were grown in
19335 whilst by 1954, the acreage had expanded to 110,000,

There is a dlstinet paueity of published literatuve
concerning marrow-sten kale, compared with that dealing with other
erop species, possibly beeause it 1s a relative newcomer to
agriculture; 1¢ was introduced to comnerce at the beglaning of
this century, Buropean authoritice are responsible for the
bulk of experimentation on this erep. Calder (1939, 194k) has




published data on marrow-stem kale trials in New Zealand.
Robinson at Massey Agricultural College has alse studied eertain
aspects of marrow-stem kale growth in recent years.  The
experinent, which 1s the subjeet of this thesls, wes designed
to add to existing knowledge of this erop under New Zealand
conditions, |

Bxperimental work was undertaken to determine the
effest of different thinning treatments on the yieid,
composition, palatability and digestibility of marrow-sten kale
grown in #m.




CHAPTER I

REVIEW OF LITERATURE
This review will be presented in three sections

as follows:

(a) Literature relevant to the yleld of marrow-stem
keale; with speelal reference to the effect of
thinning treatments.

{(p) Literature dealing with the composition of

(¢) Literature concerning the palatability and
digestibility of marpow-stem kale,




(a) Yield

One of the methods of expressing the productivity
of a farm crop is that of yield in terms of green or dry matier
weight per unit area. This method is most accurate when the
whole ¢erop is harvested at mtwity or at some definite stage of
growth. These ylelds can be further supplemented with an
indication of nutritive value as determined by chemical anmalysis
and perhaps digeatibility trials. With marrow-gten kale,
experiments have shown that the echemical composition of the
leafage differs from that of the atem, sc that in eatimating the
feeding value of the erop, the proportion of leaf to stem is
important; the leafier the crop the higher will be the nutritive
value, .
Yield data from ‘. series of trials on marrow~gtem kale
are set out in tabular form in Table I. Green matter yleldswere
presented, because in the bulk of the literature reviewed, the
dry matter ylelds were fyequently not listed. '

It would be invidious, perhaps, not to deal briefly
with the effect of nitrogen fertilization on the yield of warrows
stem . kale, since many of the aforementioned trials involved
treatments at different levels of nitrogen manuring in conjunction
with the effect of thinning. In general, experimental results
consistently showed that yields of marpow-stem kele were increasged
by nitrogen fertilization, The reporte only differed as regards
the level of nitrogen manuring beyond which no further economiec
yield response was fortheoming. This point was prebably governed
by elimatic, soil or blological factors,




Table I

Summary of Data in the Literature for Green Hatter Yiclas'
{Tons) of Harrow-stem Kale, Unthinned and Thinned

Green llatter
R r_um(rom/aml Statistical
Authority Signi ficance?
Unthinned Thinned |Unthinned Thinned _‘
Rothams Ann.Rep.
fg?éd a iy Unthinned 18" apart 26.58 2h 140 S
1932 » k" apa 12" apart 25,16 2h.01 s
1933 & Unthi 18" apart 13,05 10:.2% 8
1933 b " apart 12" : 33, 30.8 a2
1934 Unthinned Thioned 32.7h 33.2h s
1935 %ﬂmst t bunches 9-10" apart 38.73 3h.52 ns
1936 Unthinne: 56"apapt vherd 36.19 30.38 s
, weeds abundant
M. bt Gemm, | BB o=H) B
) nwis * apar pl °
1938 b Unthinned 10" apart 37 %.1 5 ]
hame 7 g Unthinned 9-30" gver. 18| 13.8 to 1”
' P S Je ( O
" . . , apar “%,'7 12.6 iy
. '”sm 6" apart 12" apart 27.2 2h.3 8
. a 1 e
1937 A 6" apart 12" apart 18.3 7 S
’%ﬂ ‘ Unthinned 6" apart 22,05 24 70 Hot given
n.x.g;gs Ann.Rep. ¥ | o - - B '
1946 2" apart 18" 25,08 22,53 s
1946 9" apart 18" apart 25.79 22.53 S

'!!tm green matter yields are means of yields obtalned from thinning treatuents at

geveral levels of nitrogen

i
2sualgaiﬂmt

except those from the Rothamsted Annual Report

NS = non-simnificant

(tsﬁm)cuch are means obtained from a thinning treatment at two levels of cultivation
ntens ty.,
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Reference %o Table I brought several salient points
to light:. In the majority of the trials; unthinned marrow-stem
kale gave greater green matter yilelds than thinned. Though, on
the basis of these tabulated results, it would appear that
thinning did not cause a marked depression in yield where the
spacing intervel between plants was twelve inches or leéss.
Appraisal of those results subjected to statistical analysis showed
yield differences to be frequently significant where the spacing
interval in thinned marrow-stem kale was twelve inches or more.
In papticular, the eighteen-inch thinning treatment appeared to
cause significant yield redustion in comparison with the unthinned
treatment. The results from the Rothamsted Annual Report (1936)
should be interpreted with caution, as the thinaing treatment was
not uniformly applied and was therefore not capable of future

repetition. ,
In Wew Zealand, Robinson (1956) conducted trials on the

mwnumuuMMMnsmmmmcmm
The yields obtained from different sced rates did not differ
significantly and this was in accordance with previous years'

worlts Though the ¢losely spaced rows outyielded the widely spaced
rows on this oceasion, previous work had shown the value of the
latter where woed competition was severe; weed control by inter-
row cultivation had been at least partly effective in inereasing

vields.
It can thus be readily seen that the effect of thinning

on the yield of marrow-stem kale has been by no means consistent
in the past. Indeed, on this au‘b;}wt, Sanders (1949) has stated:




"Experiments comparing thinned end unthinned kale ceontradict
each other so dlametrically that it can only be concluded that
there is little difference in yield." ‘

In addition to total yleld, the importance of the
relative proportions of leaf and stem components in merrow-gten
kale is recognized in the literature; several authors have
recorded data on this aspeet. In the Rothamsted Annual Reports
(1932, 1933), it was reported that the ratic of leaf to stem was
pignificantly greater in thinned than unthinned plots, both on a
green and dry matter basls. Further, as the erop matured, the
ratio of leaf to stem decressed; this was partly due to continued
development of the stem component and partly to shedding of the
lower leaves. ,

Similar results were obtalned from investigations at two
different centres in Sweden by Edin gt al. (1933),who found that
the percentage of leaf in marrow-stem kale decreased from 73 to
374 and fvom 63 to 49K (green matter basis) at the respective
eentres, over a period of only four weeks., It was further found
that the leaf percentage tended to be higher in thinned than in
unthinned erops, A decrease in leaf %o stem ratio with advancing
geason wes also reported in the Rothameted Annual Report (1932),
by Bunger gt al. (1933) and Robinson (1954).

S8imola (1932), a Fionish worker conducted a series of
experiments dealing with the effeet of thinning on marrow-stenm
kale growth, Leaf percentages (dry matter basis) of 53, 52, 58,
60 and 60 were obtained for unthinned, 4, 8; 12 and 16-inch

thinned erops respectively. He commented that larger differences
petween the well-thinned and less-thinned stands might have
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resulted but for a period of severe drought. |

Pagan gt al.(1943), who studied the effect of thianing
on the composition of marrow-stem kale, aleso noted that & higher
leaf percentage was evident in thinned than in unthinned crops.

In New Zealand, Robinson (1957) cempared the effect of
different row spacings and different seed rates on the leaf
percentages of marrow-stem kale. The pesults indicated that
row spacings did uot affect the leaf percentages whilet the
resulte from several trials on different seed rates were
inconsistent and no conclusion could be drewn, |

The leaf to stem ratio was also influenced by the type
of marrow-gten kale and in New Zealend, two types have been
marketed commereially through the sertifiention schome of the
Department of Agriculture. These two types, "Coverment
certiried” glant and medium-ptenmed maprrow-sten kale respectively,
were the result of selection by Oalder (1939, 194h), Ne found
that although the glant marrow-stem kale had & lower ratio of leaf
to sten than the medium-stermed marrow-stem kale, the total-leaf
yields of the two types did not differ greatly because the glant
type had a higher total crop yleld. Robinson (1950, 1952) slso
leaf to stem ratio than glant marvow-stem kale,

At Reading, Bngland, t»al plots of an English commereial
marrow-gten kale were compared with plote of the above two
gertified New Zealend types; the New Zealand mediumestemmed type
produced a higher leaf yield per acre than either of the other two
(w.1.8,0, ' veport, 1906).

THationel Institute for Reseepeh in Deirying
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(b) Composition

Chemical analysis may be regarded as the starting- .
point in assessing the nutritive value of animal feeding-stuffs,
By convention, a feeding-stuff is generally analysed for crude
protein, erude fibre, ether extract, mineral matter and
nitrogen~free extract. In the following review; the dry matter
percentage of marrow-gtem kale ie discussed first and then each
of the above respective feed constituents in turn; discussion of
the latter is on a dry matter basis. Experimental data on the
composition of marrow-stem kale have been summarized in Table II.

Reference to Table II showed that Bdin gt al. (1933)
quoted dry matter percentages for marrow-stem kale varying from
12,5 to 14,8, These figures were caleulated from investigations
in Sweden, Finland and Denmark, Kivimse (1950), on the basis of
a number of trials over four years, found dry matter percentages
ranging from 13.1 to 16.4, overall average 14.5. It was suggested
that the variation from year to year wes eaused partly by climatie
factors (temperature and precipitation), partly by the type of
marrow-gtem kale and partly by the density of plants per acre.

This investigator further concluded; from a series of weekly

samples cach year during the normal utilization perdod,; that the

dry matter percentage during the season did not change systematically.
Axelsson (1949) distinguished between leafy and stemmy

types of marrow-stem kale and gave respective average perecentages

of 13.8 and 143,
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Pairly pgood agreement with the aforementioned reanlts

in German investigations by Bunger gt sl. (1933,

and Jantzon (1935) and Sehmids et nl, é%é”ﬁ}; the

variation in dry matler content and oblaimed

and 17:5%:. - Values ranging from 1.5 ¢

Fopweglan trials were reported by Eresby sund

Fron dry uatier determinations of thinned end

marrow~atem kale, Woodman gt al. (1936) concluded that
exercised 1ittle effect on dry matlier content; the Ligures 4id
reveal inopes v tstter percentages with advancing season
the

the descending oprder of stem

ugh.  Plant component-part dry matter percentages
rind (rind being ¢tissue exterd for to

aprow respectively.

the stem waprow), totel stem, leaf and stem w
A tendency of increasing dry matter percentages with advancing

season was also indiecated by idt and Schleinitzs (1933),

and Horton (1936 and Pagan %% gl, {1943), Prom the Rothamsted

port (19%2), monthly annlyses from Novewber to Mapch

m ¢ be higher in dry matter eontent than the leaf,

except during the latter half of n the

position was reversed.
Contrary to the findings of Weodman and his co-workers,

Hiller (1933}, Horrison and Hale (1936) and the E.I.R.D. peport

imed that thinning cauged a Qecrease in the dry matter

{1oh6) ola:

pepcentage of marpow-stenm kale., The latter report further

stated that thinning 4id not affect the dvy matter content of the

lesves, but reduced that of the stem, It was alse noted that
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nitrogen fertilization sliphitly redused the dry matter
o (1943) obtained

percentages of leaves and gbemn.

valoes for unthinned mogrov-gton kale in the %iﬁ%m ol 3 to 55

ore than for thinned; eon another occasion though, (Pagen gt

1945} 5 they found the Gifference between thinned and unthinned

to be less than 14,

dry matter

E

s%i’:? ages in the descending order of leaf leminn,

- @%3‘%:%;}?@ "f*’ i %

gﬁ%;@%m rind, E%% petiocle and sten marpovw Pesp

teials in Yew Zealsnd, Robinson (1957 feund ‘%ﬁ&% the

sepics of

ow-pten kale was invariebly higher in doy
different

leaf component of nar

mtter content than the stem component, Figures from

. gimilap
in Pindand

Swedish centres guoted by Edin gt al

results. They also noted however, ths
aryy that the dey matter content was higher in

found, on the contre

the stems than the lesves.

%3%{ ‘?%53; 4

erude protein peresntages of marrov-gten kale varied within

Acesrding %o the date collated by

Danish

narroy 1imits, 11.9 te 12,8, except the average value for

wos quoted as 18.4%. In explanation of the latter,

powth perisd, varietal

were among the factors
o was indeed a leafy

pereentage of

4

growth, the erude Libre

wrisingly bish. However, Schmidi

elso %%’%3&@ ¢d high values for both crude

i:%giz sampled a%@% in the seceson.




From & geries of triasls, Kivimde §§§§%§ obtained an
average value of 11.3% erude protein. Over a giz-week sampling

1 Oetober to Hovenber, weekly figures averaged for

period from
four years showed that the content of erude protein was higheat

beginning of Oclober, and decressed siightly %o an

v sonstant figure during the latter nart of the

sroxinmnte

protein %ﬁggé@ sape with advansing

8ea60h. Deereasing crude

0 noted by Fagan gt 81.(1943) Por thinned aad

4 marprow-sien kale and by Sehmidt and Sehleinits (1933).

sugeested in the literature that the deeline in crude

tage with sesson was chlefly the result of shedding

protein percen

pioh leaves ag the plant matured, Orude

protelin

of the protein-
yvalues falrly similer o those elready mentioned woepe listed by
watoon and Hopton (1936) and Krosby and Ulvesii (1953). Axelsson
(15L9) quoted Pigures of 15.9 snd 13,3% crude protein for leafy
my warvow-sten kale types pespectively.

Woodman gt a8l. {1936)who investigated the composition

of thinned and unthinned marrow-sten kale in detail, did not draw
eonelugive results as to whether or not thinnlng influenced the

de protein percentage of the plant, Thelp results did indieate

that the leaf component was highest in erude protein, the stem

rind lowest and the stem marpoy only alightly lower than the leaf,

This was Purther verificd by Pagan et al. {(1843), who alass found

arkedly higher value than the leaf

¢hat the leaf lsmine hed & ¢
rior in cpude protelin

aponent was supe

Bunger ¢t_al. (1933, 1935), 5din g8 8l. (1933), wWatson and Horton

=0 =y ->
Qg silgiia

{1936




- 13

Report (1946).
The effect of thinalng and nitrogen fertilization on

ge was also noted in the latter report.

grude protelin percent

<

In marre

w-gtan kale which did not veceive nitrogen, the averspe

percentages of erude proteia in the leaf dry matter were 18.3,

17.3 and 17.3 for the 2, 9 and 18-inch spacing respectively,

hilst for the crop which did regelive nltro

gen,; the cpppresponding

percentages were 21.6, 22.1 and 21,4, Likewise, in the dry

matter of the gtems, the average percentages were; without

nitrogen, 5.2, 6,9 and 6.9; with nitwogen, 7.3, 10.9 and 11.8,

efficacious in reising the erude protein

Thus thinalng

pereentage of the erep by haviag greatest effect on the composition

m component. Simola (1932} found thinning to camuse en

of the B
percentage of both leaves and sten.

de prote

&

incprease in er
cating that thinned marrow-stem kale wes

Fupther resulis indl

wmarkedly superier in crude protein content to anthinned were
presented by Hiller (1933), Morrison and Hale (1936, 1937), Fagat

ako (1943, 1945) and ¥

rosby and Ulvesli (1953).

@y

ergente

eprude fibre percentages with advaneing sesson, as evidenced frou

values obteined at different times during the year.

t 2l1,(1936) found no great difference in the erude

e

mmreoT-aton Bale. Heither was thepe any

of thinned and unthinned
peraentage incpease as the season sdvancsd, the walues vapying

within narrow limits, for both unthinned and thinned marrow-sten
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k)

he most fibrous papt of the §3§%%

Eg%‘é%? g?ig %?§§ %%3 c‘%é%ﬁ;;g g:g
was the stem rind, followed by the stem marrvow, which in turn

was only slightly greater than the leaf., The Rothamsted

?33;%2% ﬁ%ﬁ% ;E %ézg& .

Annuel Repert (1932) end Wo (1934) also noted

age than

s

fibre

percent

that the leaf cemponent was lower in crude fibre

the stem component. Fagan

s of the plant component parts to be in

pe %éﬁgéﬁw :

opder of stem rind, leaf petioley leaf lamina end stem maprow

respectively. (oatrepry to Woodman and his co-workers, Fagan

so-workers further found that unthinned wmarrow-stem kale

hed e distinetly higher percentage of erude fibre than thinned,

As sepovate anslyses shoved, this was the esse in both leaf and

no marked pereentage change with advencing

seasen was noteds

ke

iiller (1933), Krosby and Ulvesli (1953) and Simola

have also ooted that thinned marrow-stem kale was lower

£ibre percentege than unthinned. The latter authop

noted this %o be the case for both leaf and stem componenta. In
two suceessive years, Morrison and Hale (1936, 1937) reported

very 1i¢tle difference in crude fibre percentages of thinned snd
slightly higher

anthinned marrow-gten kale. Unthinned plsnts had

rtages the first year though.

Contrary %o some of the aforementioned pesults showing
little change in crude fibre percentage with advancing season,
g, indicated that

- & e 3 2 ;“,3 o e ‘AP ” 2 PR o .
data, collected by Kivimae (1950) over four year

the percentage rose slightly from begimning to end of the peasong

the range of variation was 16,9 to 18.4%,
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The difference betwesn leafy and gtemy types of
marrov-stem kale wag shown by Axelsson (19h9}, who presented
erude fibre percentages of 16,7 and 18.9 for these reapective
types. Watson and Hopton (1936) gave o percentage of 11.5 fop
a erop at an early, leafy stage of growth whilet for matuve

eropss the values ranged from h.9 to .75,

reent

ption of the pegoentage

Only a very small DEODC

k4

row-atem kale,

composition is represented by ether exztract in mar

asually less than 5 Values quoted by Edin et 8l.(1933) varied
iive

within very narrow limits, 2.6 to 3.4%, whilet those given by
Rivimée (1950) ranged between 2,1 and 2,6%. In the latter’s
investigations, as in those of Edin gt gl, and Schmidd and
Schleinitz (1933), the ether extract percentage showed a tendeney
is

tendency was also noted by Woodman gt _al.(1936) and Pagan gf al.

wr

to deerease from the beginaing Yo the end of the seeson. T

{1943} ‘The former, in additien, found that unthinned wmarvow-stem

kale had a higher percentage of ether extract than thinned,

Analyses of the plant component parts showed the leaves fo be

highest in ether extract perpcentege, followed by the stem marrow
and finally the stem rind: That the leaf component was superior

Fagan and his cowworkers; further fractionation of these

1 eomponént was also borne ocut in trials conducted by

componenta by the latier workers showed that percentages were in

the descending order of leaf lamine, leafl petiole; stem marrow

and stem rind vespectively. In ascgordanee with %%@%; Axelsson

(1949) found leafy forms of marrow-stem kale to be higher in ether




Bimilar results were

eztract percentage than stems

tained by Watson and Horton (1936) in & comparison between

immature and matupe erops.

An outetanding feature of the marrow-sten kale orop
was Lts value as a souvce of mineral matter., Edin gt al,(9933)
recorded Pigures vanping from 10.5 to 18.9% in their table of

an different Zuropean centres. The veristion in

resulés £

values quoted by Eivimfie (1950) was less than the sbove and was
within limite of 10,8 to 13.3%, with an overall average of 11.8%,
for a number of trials over fouwr years. He also noted, as 4id
Bdin and his co-workers; a tendency for the unineral matter

centage to decrease Lfrom beginning to end of the season.

In their comprehensive investigetions wilth narpov-gten

u

ale, Woodnan et 8l1.{1936) recorded values ranging from 11.5 to

15% and further noted that the values tended $o decrease with
sdvancing season. Ho conelusive results were drawn on the effect
of thinning the erop. Analyses of the component parts revealed

highest in mineral matter percentage, closely

the stenm marrow to be

followed by the leal and finmally the stem pind., The constituent

elements of the mineral matter were also presented and the

was the high pepreentage of

notable feature of these results
ealeiom and potassium in the erop. Chlorine; sulphur and
phosphoric seld were also falvly well represented.

Inventigation of the distribution of minerals in the

namprow-aten kale showed the leaves to be rlchest in caleium and

sulphur, whilet the stem narpow was vrichest in phosphorie aeidy




- 47 =

potassiun and megnesium, The stem rind, though poor in mineral

matter pelative o the leaf and sten marrow,; nevertheles
useful contribution to the minerel matier content of the plant
a8 & whole.

1e( 193, 1945) observed that thinned marrow<stem

kale had a higher mineral matter percentage than uvnthinned; the

ges with advancing season was

tendency of decepsasing pereents
oD Yaluves Tor

marked in both the thinned and unthinned ep
ealeium and phosphoric scld were similar to those givén by Woodman

and his ss-workers and by Yatson and Hopton (1036)., The peaults

further showed that lea? was the maln source of caloium

the main souree of phosphoric asid., The superiopity of the leaf

component over the stenm component as & source of minersls was als

£

33), Rdin et 81.(1933) and Withycombe

noted by SBuager et a

w { Ao
Bradley (1906},

n (1949) s who distingnished between leafy and

marpow-agten kale, found the former fo be g%a htly
hizher in mineral natier pepesntopge. The effect of leafiness

o further demounsirated by resulis given by Watson and Horton

{1936); they found pereentages of 15.8 and 11,6 to 12,0 for

leafy i

eture and mature erops respsctively,

Referepce to the values quoted b
indicated maprow~stem kale nitrogen~free extrect percenteges
g from 42.5 to 60.5,
gtuff constituents niltrogen-foee extract %%Q%%g the greatest

variation.
Tor

Eivimae (1950}, who obtained an average of 56.




nitrogen=free extract, found 1t to be at its highest level in

the middle of the season, éﬁ%@}% in their

analyses, could not dlstinguish any marked trend in nitrogen-free
r the sesson, nop 4id they £ind much

and unthinned maprov-ston kale, They

plant was total sugep

the marvow of the

Exsmination of the component parts proved gtem marrow

et percentape, followed by leaf and aten pind

in that respective order. Fagen gt al.(1943, 1945) obtained

rrow stem kale wa

values indicating that uvathinned o

nitrogen~_free extract than thinned; whilat the superiority of

sten over leaf was also marked. Component-part

in the desgeending order of leaf petiole; stenm mavrow, leaf lamins

et 933} also stated that

&

and stem rind vespectively, Bunges

the stem conponent was pleher in nitrogen-free extract than the

leaf conmponent.

Azelsson (1949) found very 1litile Aifference between

the nitrogen-free extract contents of leafy and stewmny types of

naprow-sten kale, though the latter was just siightly hicher.

nppov-sten kale analysed by Yatson and

he early leafy crops of «
Horton (1936, also gave e lower walue, L7.25; then more mature

y eyopss whieh ranged from 57.1 to 61.45.

L

Only one yefepence, that of Eivimae (1950}, was found

sw-phen tale, Fop

deniins with the cavotene dgontent of marpr

sevepal analyses in each of four yearass he obtalined aversge

sarotene contents of 71, 121, 60 and 69 & pew gram dry matter




woekly eontenits over a

respectively. He also obtained

in each of these years. The

ek peried from fet October to 12%h Hovewber iunclusive,

ane contents averaged

peekly eare

o

for the four years, were 105, 103, 85, 72, 78, 67 and 60 pe
per gram dry natter respgctively. The eapplene gontent

fyvom the beginning to the end

thepelore deopsased continuslily
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{¢) Palotability and Digestibility

~ Buch literature has been written sbout the palatability
of food for animals. Probably the most notable festure in the
writings hes been the controversy which gﬁ?@@@ﬁﬁ@'%%% é@fiﬁ%@%gﬁa
o one definition bas been universally ecceplted as yet.

In the literature perused, no eritieal ezperimentation
dealing with the palatability of marrow~sten kale eould be traeced,
alatability with o

with food for animels generally, lies in the extent to whieh it

Coneelvably, the value of 3

w2

aproy-glen kale, as

influences food intake. ®he impor

tance of the latter has probably

been best summed up by Brody {(1945), who stated that:

"Hormally the greater the Pood consumpiion, the greater the

speed snd economy of the production process (growth, mil

production, egg production and so on), beesuse of the reduced

overhesd mainiens

nee cost per unlt food consumption.

57

gtibility

In evaluating the nutritive value of food for animais,
it has slreedy been noted that the starting-point is chemical
analysis. It is then required to know how much of each individual
conatituent is digestible and therefore utilizable by the animal,

This is acc

wplished by digestibility trials and these bave formed
the besis of many investlgations iln snimal nutpliion.

~ghen kale Lrom ¢
peries of trials are presented in Table I1I. In his publiecation
on the digestibility of the feede er (1947)

listed a total of fourtesn references, ten of which were by

bata on the digestibility of marrg

of the world, Schneld




Tanle 111




Table IIX
Spnmary of Date in the Literature for Apparent Dipestion Cosfficlents of
Harrow-gtem Kale Chemical Uonatituents

(determined in trials with sheep, unless otberwise stated)

peseription 1 heseription Digest C 2ients’
L : geation Coefficients
‘ Qi&%%%é%ﬁ, @%ffi@%@@%% of Authority Comments ’ & o6 | ’

of suthority sormenss .
Haprow~sten suthority Comments : - Marpow-sten ; o —
Kale o _or _or wn 7w Hale oM CP OF EE NFE

o 2ids s

t & British

Sehmidt and Garman
triale

Danish Sehleinits trials
Var, 2, {4933 76,0 85.4 UL45.8 88,1 82.0 Sept. 80,8 81.6 66,6 59,8 88,0
Bng.Van 80,8 85,8 55,6 95.2 86.4 Jan. 80,1 76,3 61.9 64.9 88,3
‘ ) i}ggé g@; % ?%g Gg : %Zg %3 §‘§ & 3 %ge 5
78.8

$E R 4 8
. ?%g@*@ a % s T I ¥ : ; £ )
ot % ’ggiﬁg 0. e i P Thinned 2 S8 ?%é;? Bh.2 UL7.9 88,0
Hature an,7 &3.8 859 &L B BH, 2 ‘
) 3¢5 55,9 O3 3.2 Wateon and  British

P4

Horton{ 1936 trials

Sy

Bung
{1

Riehter and Geroan ac ¢ -
Ferber(1933) trinls 85,7 69.3 82,5 71.h
85.7 82.3 65,3 = 82,3 68,1 7.6 65.9

i}%;% ?;;g. @giéf} st ‘éﬁi}é% 5?6? ?%;% ?i,%

82.1 68.8 755 65.8

3 88.L T8.8 69.1

Wohlbier and German Eﬁ%ﬁ%ﬁg@ 85,2
; 2 Sehrama( 19, trlals V

Leaves 87 8 %0 L7 % f watson (1959) British

- : e : A a8 trial

Hature 85,0 88,0 Th.3 68.4 874

%%§§@% §§§ i %-%?i,
antzeon(1935) Crials ‘
Presh a i §?%§§§ 83,6 73,7 6L.6 342 92.6 Hatson (1940) égéiig%
Dried (1932)  80s8 72¢1 59:7 56,8 90:2|  pasw o : |
Fresh b 5%%§§§ gggzg 85,0 %gg é‘% g .1 Hature 82,7 68,5 T76.1 68,6 B87.9
din et al, Swedish Jchneider  Heview
1933) trials (1947) Pabloe
Unthinned a End Sept 75 73 L7 68 88 igz of
Unthinned & HMigd.Dee, 80 72 57 67 Y riale;
Unthinnedd End Oet. 79 78 L 65
Unthinnedd %@gﬁ%ﬁ%Q 76 78 35 64
Thinned Pinnish |

trinl 87 75 75 73

Bdin and Swedish
o = Sunderlin trial
Ped dpy~ {1930) €8 68

gi 72 60 57 90
66 68 535 25 77

82 8z 69 58 88
8 74 P70 62 89
78 75 L8 66 88
; 80 6l 56 89
79 78 58 58 as
85 a8 h 68 a7
&7 a3 S0 L7 90

30 51 &9 88

By

Lo
s

Sl
W
3

Erogby and |
Uivesli(1953) tris
Unthinned 7% 75 5 «
Thinned 79 81 87 - -

%@&%ﬁ%ﬁ
Stem

45

0
&
i

Vspbreviations ss in Table II. Digestibillity determined by "difference” wethod. 5 ipest] @%ﬁ%%ﬁ‘ﬁé%ﬁﬁﬁégéé uging csttle.
O = Opganic Hatter
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German authors, for digestibility trials condusied with

marrow-sten kale,

o

irsch and Jantzeon (1935) end Edin and Sunderlin (7930),
using sheep ond steers respeetively as experimental aninmals;

determined the apparent digestion coefficients of the

o

conventionzl constituenis of murrov-stom kale fed dry. The
values obtained did not differ greatly froa those quoted %g other
workers,; who fed fresh marpow-stem kale,

The digestion ceeffiecients quoted by Schneider (1047)
rrow-gten kale

for the conatituents of ure and pre-bloom ma
teanded to be higher; though not consistently so, than those

quoted for the constituents of meture marpoweston kale. Thic

cement with the results obtained by watson and Horton (
ale(1933).
fioodman et al.(1936), who obtained the digestion

in agr

coefficients of thinned and unthinned marrow-stem kale, found
1ittle difference between them, exzcept in the ease of the crude
fibre and ether extract coustituents. In these, the ccefficients
were several pepr ¢ent less in thigned than unthinned marrow-sien
kale. This was not in accordance with Edin ef 01.(1933), whe
guoted figures showving thet thinned movpov-gten kele counstituents
had higher digestion coefficients than unthinned warrov-sics

kale constituents. The valuegs recorded by Erosby and Ulvesli

(1953) also indlcated that thinning hed raised the 4

£

dicestion

eoefficients of merrow-sten kale constituents.

The dipgestion coefficients of marpow-sicnm kale lpaves
and stems respectively were determined by Wohlbier and

Higher cogfficients were obialned from the leaves




£ibre constituent.

then from the stems, partieularly for the crude
Lespt difference in the ccaefficients of the two parts of the

plant wns found in the erude protein and nitrogen~free extract

conatituents.




follows:

This section will be pre

(a)

IIX

&
]
b
[+ ]
i
et
oo

YIELD

o

sented in four paris as

E

eng of

The planning, layeut and establishm

the experimental ares.

The exzperimental procedure employed with

vield measurements.

The experimental resultis obtained fron

trial.

Diseussion of the experimental resulis.




{a) Plenning, Layout and Eptablishment

The site chosen for the experiment was in paddock

sduction-pep-fere trisl dalyy farm

jja% of %%ng Py i, §§&§%‘§

soject wae outlined by

Agrieultural College. This trial m

dget (1954). The paddock was sown to pasture in the antumn

19L&, following o crop of maprove-sten kale., The history foy

the five years prior to ploughing wass

1952
1953
1954
1955

astare.

1956 Hay and pasture; oversown with barley, grase
and turnips (February).

Superphosphate, at the rates of 3, 0, 6, 2 and 3 ow. per acre

for the years in order as sbove respectively, was applied.

The soil, formed fyom a piver alluviwa, was clessified

&

as a "Regent Soil" in the Few Zealand goil Bureau Bulletin Fo.5

1984). The profile characteristies, detailed by Pellok (41957)

A

{}&%% E‘E?@%}*ﬁ %%E% zmﬁg

8ilt loam,

10=12" Yellow-brown

Yellow-brown flane sandy lean.
20-36"+ Fine to medium sand.

The paddock (i sores)was used to over-winter the Jersey

lacements in 1956 and from late summer
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to the end of the winter, forage cprops,; hay and spllage were fed

8 visible and the soll surface

eut; by spring, little herbage

& {?’%gﬁ %5 e The o

ek wae ploughed at the

&

was severe¢ly pugee
wnust and dlsced twice. It was then levelled; disced

end of A

lightly and finally rolled with a Canbpidge poller,

=

nt wes an aree of 56

The part chopen for the experime

apds in the south-western portion of the paddock

The avea was falirly level and though sheltered from wind by

hedges, whieh englosed the paddoek on all sides, was still eopen

i

%o the sunp.

i

E t Lo, S e B i, Y o L = b o Y 4 2 £ o
youts two Tactors were Saken inteo

&

aceount; fLirstly, sultability for etatistlicnl exami

nation of
the results and secondly, sufficiént area to provide sampling
aposition determinations, sufficient

material for yield an
feed for digestibility trlals using sheep and sufficlent "guapd"
meterial %o prevent border effects.

ized block deslgn was chosen (Snedecor; 1956,

A pandon

0. 291 et saa). Within eamch of & total of four blocks, the

L &

three trestments, namely, not thinning, 6 thinning and 12°

thinning, were allocated at random, The Sreatments were therefore

by 26 yards,

replicated four %imes. Each plot, measuring 7 yards

wvas demareated with wooden pegs. Around the perimeter of the

experimental area,; 3-foot dlscards were left %o facilitate the

removal of ¢

sraples fpom the erop. A 3=-foot digeord wag also
between Bloeks I, II and III, IV, The final layous

iz shown in figure 2,
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Figure 1

Pugged Soil Surface in Paddock No. 8,
August, 1956
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Block IV Bloek IIX
3 i 2 2 |
A
|
E ]
h !
|
28
- 2 3 | 3 yds.
)
|
[
i
[
v
<= --=--25.5 ydgm -~ -~
Block I Block IX

B

t Unthinned
thinned

R

2" thinned

Experimental Layout

Plot Xo.

Figure 2



Within the plots; marrow-gtem kale rows were spaced
21 inches apart and each plot had a total of thirteen rows.
Pive az'mﬁumguwm; the two outer rows and one row
between esch of four idmat pairve of sample rows, Along the
sample rows, 6-foot lengths, reserved for yield determinations,
were alternated with G-foot guard lengths, except at the end of
rows,; where the guard lengths were 9 feet. There wan thus a
total of twenty-four 12-foot sample lengths (in paired G-feet
lengths) in each p!\at. Purther 3-f00t lengths from the middle
of the above sample row guard lengths and from sorresponding
positions in the guard rows, were vesesved to supply feed for the
sheep employed in the palatability end digestibility trials and
to provide samples for carotene estimations. A plan of these
detaile with one plot as an example, is shown in figure 3.

The seed, obtained from the New 4ealand Department of
Agriculture, was Mother Marvowsatem Kale Seed, Certified Giant Type.

After the flnal cultivation of rolling, superphosphate,
at a rate equivalent to 3 ewt,per acre, was drilled into the
experimental avea using a seed and fertilizer drill with the
coulters spaced 21 inches apart, Fo further fertilizer was
applied at any time during the gourse of the experiment.

0n Septeuber 215t 1956, the peed was sown on the flat
using a modified Planet Junior hand seed-drill (fig.h). This
arill was designed for small plot work, The shallow furrow left
by the coulter tip when drilling fertiliszer was used as & guide
line to follow with the seed-drill, Due to stirring of the soil
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2]

Paired 6' lengths
reserved for
yield samples,

3' lengths reserved
for feeding sheep and
for carotene samples.

Guard row
lengths.

Bigure 3

Bxperimental Plot

N
B
=
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odified Planet Junior Hand Seed-drill
(fertilizer attachment since added)

Figure 5

Hand~operated Rotary Cultivator
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by the fertilizer drill coulters, the soil surfuce was rather
loose and the seed-drill roller was not heavy enough to effeet
gonsolidation, A weighted wheelbarrow with a broad rubber tyre
was therefore used to consolidate the soil along the fertilizer
row before drilling the seed. ©Seed rates equivalent to 3 1b.
and 1 1b. per acre were used on the plots to de left unthinned
and thinned (6" and 12") respectively. Establishment was poor,
probably due to a combination of very dry weather and insufficient
conselidation, Plant counts showed adequate numbers in the plots
which were to be thimned, dut it was felt that the density of
plants in the plots which were to he left unthinned was not
sufficient to offer a good contrast to the thinned plots.
Consequently a seeond sowing was carried out on Oetober Gth with
seed rates equivalent to 2 1b, and 1 1b. per acre on the plots to
be left unthinned and thinned respectively. By sowing all plots
at rates proportional to the previous rates, each plot had a similap
proportion of plants from the second sowing., A bdias in treatment
aifferences due to age was therefore prevented. Establishment
following this was good and plant growth soon appeared to be
fairly uniform.

Thinning was effected by means of a push hoe; at first,
a wooden pole, six feet long, marked in feet and half-feet; was
used as a guide to the spacing intervals; but was soon replaced
by eye appraieal. Occasional check measurements of the intervals
were made, but no marked deviation was apparent. Thinning was
carried out at the rate of a block per day and was completed by
October 26th,




A hand-opepated miniature rotary cultivator (£ig. 5)
was employed for inter-row cultivation; cultivation beyond
that necessary to control weeds was not undertaken., The procedure
with the cultivator was to cultivate between pairs of rows twice,
following the edge of one plant row closely first and then the
other plant row. When the plant leaves were beginning to meet
aeross the rows, further weed control was effected dy push hoes
A final weeding by hand of weeds growing higher than the marrow-
stem kale plants was completed by December 7th and after this
date, no further weeding wes done, The most coumon weeds

Plgures for rainfull, evaporation from a free water
surface, minimum grass temperature, soil temperature measured at
h-ineh and 12«ineh depths and the number of sunshine hours,; for
weekly intervals over the experimental period, are presented in
Appéendix 1. These figures were oblalned from the records of
Grasslands Division Heteorological Station, uhicb wag adjacent to
the experimental area. The total rainfall, the namber of days
on which rain fell and the mumber of sunshine hours over the
experimental period, together with the average figures for the
equivalent period, abstracted from Grasaland Division's records
since observations began in 1928, are presented in Table IV,




Table IV

Total Rainfall, Number of Rain Days and Sunshine Hours
for the Experimental Perioed, 16/9/56 - 24/3/57, and
the 20-year Average for the Egquivalent Period

—

Rainfall lig. of Sunsghine
Inches Rain Days Hours
Experinental period 21.35 83 1291.5
29-year average 20,28 85 112649

The experimental period therefore reoeived juat over
one insh, or approximately 5%, more rain on two less dayy and

16l4,6 hours, or approximately 15%, more sunshine than the 29-year

average for the equivalent period.
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(bv) Experimental Procecdure

Sempling Regime

To allow the paddock to be sown down to pasture and
establiched before the onset of winter, it was necessary for the
experiment to be Pinished by April. The sampling peried
decided upon was ten weeks in length, from 11th January to 22ud
Mareh 1957. This corresponded closely to the normal summer
period of marrow-gtem kale utilization to supplement dairy
pastures, A total of twenty-four semples was avallable in each

rlot. '
In order to obtain an estimate of the number of samples

per plot required to give a reasonable detectable difference
between treatments,; four samples per plot were taken at random on
the first sampling date, 11th January. Each sample of twelve
feet consisted of paired G-foot row leagths., Statistieal
examination showed green matter yields to have a coefficient of
variation of 16.3%. Consequently it was calculated that
treatment differences detectable at a 5% level of significance
would be approximately 258, 174, 14, 124, 114 and 10% for 1, 2,
3, 4 5 and 6 semples per plot respectively. Three samples per
plot gave a detectable difference of 4% and thereafter the gain
- from increasing the number of samples was small., It was therefore
decided that three samples per plot was a satisfactory number.
The sampling regime was ns follows, with 10-day intervals
between sampling dates.
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11th Jan.
21t Jan.
18t Jan.
Oth Feb,
20%h Feb.
2nd Hap,
12¢h May,
22nd May.

Co OV E LIRS &
PO e e i A

Sempling Teehnfque
The randonly-drawn samples were located by weasuring
off the required distance from the bottom of the sample rows.
A six-foot long wooden pole was used to mark off the actual
sample lengths; which were then cut with a sickle at a height of
two inches above ground level, By cutting at this height, the
extremely woody bases of the plants were excluded, After removal,
the sample wasweighed, This was done by use of a canvas sheet,
a tripod and & spring balance whiech could be read to an aecuracy of
%25 pounds (£ig.6).
The sample was divided into the following component parts:
{1) Upper leaf
(14) Lower learf
(411) Upper stem
(iv) Lower stem
Each plant from the semple was eut at the mid-point of the steu;
leaf and stem above this point were termed "upper® whilst leaf
'aéd stem below were termed "lower", The mid-point of the atem
was found by placing the plant along a flat board, marked out in
measured lengths and the cut made with a heavy-bladed kitechen
knife (£ig.7). The leaves were stripped off the stem by hand
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Figure 6

Tripod, Spring Balance and Canvas Sheet
for Weighing Samples. Also 6-Ffoot
Pole to Mark Off Sample Lengths
and Sickle for Cutting.

Tigure 7

Board, Marked in Measured Lengths, and
Knife for Dividing Plants into
Component Parts



this method resulted in e clesan break between lea? »etisle

G

les were

=1 LR £ s o v e wo B e
nd stem. The coumponent pa

'

o
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weighed individuslly and the summed weights wm

the £irst weight of the total sample.

From each of the sample component paprds; a representative
subegample wag drawn for dry matter contont determinations. These

oparate plagtic containers and kept

sub~ganples were stopred in

ple

in the shade, This procedure was repeated on every plot san
all the

gaken. The sub-pamples of each component part oo
gamples in any one plet were bulkeds This waes done ap 4% was
not practicable to determine dry wmatter contendts of the component

part sub-gamples from every plot sample, Each block therefore

supplied a bwelve sub-gamples i.¢, one subesample from

cach of the three treatments. DBlocks were sampled at the rate

[

ay exegept during the palatability and dipgestibiliiy

To shorten the

of tvo per &

trials with sheep, when the rate was one per

and prevent excessive wilting,

period of storege in the fleld

subegamples were taken to the dryl

of one block was completed,

From

Dry watter determinations were w
each sub-gample, two representetive 300-gram lsboratory samples
were welghed inte wetal trays. To ¢nsure representative sampliag
and to faeilitate the drying-ocut process, sten samples were chopped
into shord lensihs and split into sglivers with a knife, before
the laboratory sample was drawns Laboratory samples of leaves

from the whole leaves, but when necessary, large fleshy

were drawn




petioles were split with & knife to aid drying-out. The trays

af material vere dried in a Torced-draught $ype of hot air sven

a8t 173°F for twelve hours, Upon removal from the dwylng oven,

the tray sampleés were weighed immediately; dry matter weighis

were therefore expressed on & moisture-free basis. This method

was preferred to that of allowlng the samples to eool €o & congtant
molsture content before weighing and expressing the results as

“

5 saw i%? &é%a ??i%ﬁ,%

air-dpicd welghts.

of 0,7 pgrang.

2, which eould be read

The pesulting dry matier pe zach averaged

ighta of the plot samples to give dry matter weights pep

The laboratory samples from sampling dates 11th Jan.,

%48t Jan.; 20th Pebs and 12%h Mar. were ground in a lgborator
<

will after drying aend stored in sealed glass jars for

ehemiecal apalyses,

The following information was pecorded during #

experinent:

General observations of growih

Sy,
Sepp®

o,
o
Bt

Whol
Uppe
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g%%,igyﬁgaxﬁﬁé%@g basls).

Leaf percente

5,
0
Wd

(a) Dry matter percentages of
(1} Upp ?/i%&fa
(44) Lower
(144}
i:%}?’g
(v} W
(e) vy matter ylelds of:

hole-plant samples.
i) Upper-leaf %&@@EQ%Q
141) Lower-leaf samples,
égg Upper-sten samples,
{v éﬁ%ﬁ%-:é@% aa %Kéﬁﬁ

£ perecentage (dry matter basis).

oy
¥
Wiy

1 , . .
The leaf percentage 1s defined asy

Welght of Total Leaf

Welght of Total %@@g %+ m%%&z @%@@

M
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(¢) Experimental Respults

The experimental results will be presented in five

gseetisns as folle

et
{1) General obgepvations of growth during the

experimental period.

{11} whole plant and %ﬁ%?$§%§% nart preen matter

yields,

wy matter

{141) Whole plant and component-part

3??%@3,;

{iv} Leaf percentages (grec
(v) Leaf percentages (dry matter basis).

In the presentation of the resulis, tables of original

data and detalls of statistical analyses of these data ave
placed in the appendix vhere possible, Taobles of mean valuesg
together with the results of statistical tents are precsented id

the body of the thesis,

Geptain conventlonal abbpeviations will be used.

These sbbreviations and their full meanings are as follows:

Ut = unthinned marvow-sten kale.

8% = 6% thinned marrow-sten kale.

]

mappow-gten kale,

2% ghinned

o)
ol
i

B = the variance ratio, for specifiecd conditions,
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Heanh = the mean wvelue for speeifled characiers.

= the standard errowr.

.8, = pepult not statlistiecally significant.

@ = result statisticslly significant at the
<05 (or B%) level.

o = vesult statistically significant at the
+01 {or 1%) level,

d 05 = @ifference reguired between two means for

that difference to be significant at the

d between two means for

d 59 = difference require
that difference %o be significant at the

0t {op 18) level.

Gata, it was

With reforence %o the leaf neroenitage

conglde
warpant aengular transformation 5&§g3§ = are sln /pereentage)

before statistical examination of the date (Snedecor, 19456,

pp. 431 et Baaj.
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(4) General Observations

of weed control employed were effective in.

The methods

preventing serious competition from weeds throughout the trial.
in Hovember, small patehes of maprrow-giem kale appeared

%o be of a lighter preen colour and t6 be glightly shorter than

the main body of the erop. These symptoms were also disegrnible

in a erop of soft turnips growing adjacent to the experimental

apea, The condition disappeared after the heavy rainfall and

subgequent rapld growth in late Decewber, Sample plants showing

sroal” plants were taken fpom the

the
border of the experimental apea in Hovezber for erude protein

yaptons together with

protein values were alumost thres per egent low

analyscas.
in the light gr

with the obsepvation of Faleon (1957) that prior to ploughing,

gen plants than in the others. In conjunetio

E

clover growth was not uniform in the paddock in which the exmperi-

mental area was situated, the sbove factors suggested

&
e |

itrogen deficlency ag & possible explenations On the othe

hand, it is aifficult to envisage this nitrogen deficiency in

view of the heavy ocohcentration of stock carriesd by the paddock
in the winter of 1956 and which would supply considerable dung and
arine to the soil, The patches mey also have been the sites of
Peedins treughs thoush. The dissppeavance of the condition after
heavy rainfall suggests movement of goll nitrogen,

Growth ?¢@§§§%§ & stimulus from the heavy rainfell in

late December and early Januspyys especially as the rain was

is of sunshine (Appendix 1). Lesf

followed by long perio

shedding was most evident after the unplanted space between the

rows was over-shadow rrowe-gten kole growth, suggesting
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¢hat lack of 1llight may be e contyibutory factor.
Differences between the treatnenis in vegstative
growith characteristics became manifest within 8 few weeks of

%

thinaning being completed. Unthinned msrrov-gten kale wac

characterised by tall thin atems with most of the leaf growth
concentrated near the top of the plant; 12" thinned was less
$all; had much thicker slems and leaf growih extended fairly well

down the stem; 6" thinned was intermediate. These differences

betantisally maintained throughout the ezperimental peried.

ede

3

Exemples of the type of vegetative growth of unthinned, 6"thinned

figures 8, 9 and

and 12" thinned marrow-sten kale are shown i

g agtively

10 respectively. The erop still appeared to be growin

at the terminntion of the experimental

s

Yrangverse sections of the stems three trestuent

b

types were cxamined by use of a lowspower {10 xz) binodular
microgeope. Stems from the unthinned treatment showed narrow
bands of woody xylem and marpow centres asmall in avea, whilst
stems from the 12% thinned treatment showed wide zyléem bands with

entres large in apves; the 6" thinning treatment was

ediate, Seetione from all treatment types, taken just

above ground level, showed splid xylem throughout. The thickness

£ xylem deereased gradually up the atem and nesr the top, hecane

very thin,




Fipure 8 Tigure 9 = Figure 10
Unthinned 6" thinned 12" thinned -
Marrow-stem Kale Marrow-stemn Kale Harrow-stem Kale

(A1l photographed from a distance of 6' on 2nd.lMarch 1957)

_ggga



{11) Creen Matter Yields

The green matter welphits recorded for each plot
{whole plant) pumple, together with individual preen matter
welghts pecorded fop the component poarts of each sample, at each
sampling date, arce presented in tebular form in Appendix 2. The
mean green matter weights per plot snomple and per component-part
pample, calculated from the total number of samples taken from
each treatment type of marpow-sten kale, ot each pampling date,
are shown in graphical fora in Ligure 11,

To eiuvcidate the relotionship between the yields from
different treatments, individual snalyses of variance (Snedecor,
1956, Pp.291 et squ. ) were carried out on the plot sample yields
and each 0f thelr component-part yields, 8t each sampling é&g@a
The relevant details of these analyses are set out in Yable V.
Yields of lower leaf were not analysed statlstleally after the
pecond sampling date, as thereaflter, particularly in the unthinned
and 6" thinned treatoents, lower leaf was absent in many of the
plot somples.

Comparison of the plot sample yields from the three

treatmente showged thot no one treatment held yleld superlority

n

conosistently over the sanpling nerliod: unthinned maprow-nten
kale had the greatest yield on four somplding dates ond the other
treatment types on two sampling dates cache. Treatnent ylelds
for upper leaf were in the descendling order of 12" thinned,
unthinned and 69 thinned reopectively, at the majority of the

pompling dates, thoush,on a panple basis, the dlfferences between



Table V.




Table V
Results of Analyses of Varianee fopr Flot, Component -Part and Total-Leaf
sample Green Matter Yields at each Sampling Date

Sampling | Treatment Means g.m.s  p p | Treatment Heans s.m.s gy p |Treatment Means ;5.4 P

’,%%; B of %?"' . | ‘Regult e af TP | : : 4 . a1
(1957) | vt st ¢ weams "0 TP} gy gy my wmeans or0f RO 4y gy py  ygang 'olue’ Result

&

' Whole Plant | ~ Upper Leaf ’Ei@@z* Stem

Jen 11 et B2.6 LhoO 22,6 Ou11 N8, | 15 140 15,9 21,0 0.9 NS, {135 11,0 10.6 0.9 3,07 F.8,
Jan.21 | 7.5 Lla3 6.1 2.4 047  WMS. | .5 dheb. 45.2. 0.6 OB N.B. |54 12,5 433zl 1 L9 WE,
Jane31 | 48,5 U7.2 L9sO 2.3 0018  FoBu | 1ls5 1ha0 15,4 20,6 140 WS, |15,3 U5 15.0 $1,0 0419 zsw
Febo10 | 51,2 51,9 49.9 22,6 0015 | N8, | W3 13,8 5.3 40,7  4.03 N8, [17.6 17.2 5.2 1.0 4.5 WS,
Pebe20 | B4e2 53,9 H4.0 31,8 0001 ToBe | 13.0 92,6 1had  20.5  2.79 NiBe |20.5 19,2 18.2 0.8  1.89  N.8.
630 57,9 60.7 £2.6 0,95  W.S. | 15.2 2 15.3 40,8 0,67 NS, |27 20,8 20.8 idi2 268 ..
6le9 68,0 63.2 13.5 0.49  W.8. | 15k 15.6 16,6 0.8 0460 FeB. |285.7 25,7 23.1 z1e7 * ‘

Maps22 | 67.1 68,3 70.6 2.4 0,53 W8 | 15.4 12 15,5 2067 0496 .8, |26.3 2643 26.4 0.7 0,01 N8,

Ln

o

Total Leaf | Lower Leaf | Lower Stem

Jan. 11 16,0 17.3 20,5 £%.0 beB9 - TeHa | 145  3eb 2%5 £0.3 B3.16 @2 446 el 131 310 078 HeBe
Jone21 | 15,0 16,0 17,4 307 2,25 B, | 0.5 1.6 19 0.3  heSh T8, [17.3 16.2 6.4 40,9 0.40 s,
| 0.9  0.05  H.8,.
£t 0.73  N.8.
30,8 0,54  M.3.
+0+9 0. 1 E&ggi??a
PR 1.63 #.8,

1.0 2,75 H.8,

Jan. 31 15,2 16 6.3 10.8 1.12 KeS. C | 18s1 18,2
Pebs 10 | 1he5 14,3 16,1 20.8 .47  H.B, 192 20.4
Pebs20 | 13,2 13,0 4.5 ﬁ%&é 4,66  N.8. 20,6 21.8
Map, 2 | 15,2 4.2 17.5 1.2 2,04 W8, 23,1 22.9
Mar,12 | 15,4 45.6 16,7 0.8  0.82  N.8. 23.8 26,8
Mar,22 | 15, .2 5.5 0.7 5 N.S. - o |25.4 27.8 28,

s required, 05 (.01) = 5.1 (10,92)
21n addition, Regresaion **
Deviation H.8,
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Mean Green Matter Weights per Plot Sample and per

Component-Part Sample of the Three Treatments
{12' sample)
(1l tinly by 207.3 4o obtain vield ver acre)
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ways less than two pounds welght. Yields of

nd of increasing ylelds with lnereasing

lower leaf indicated & tve

severity of thimning. Total-leaf yields, that is, 2 combination

e

epr-leaf an

lower-lea? yiclds, followed the order ass above

of upp

for spper leaf, With the uvpper-sten component,; the unthinned

treatoient ylelds were consistently siightly greater than those of

9

¢he other two treatuents; those lstter fwo d4id not 4iffer by wmuch,

e of yields of lower stem, to one treatment held yleld

onzistently over the sampling period.

Referenee %o Teble ¥V showed thet in every case bulb one;

treatnent differcnces in the plet and component-part sample yields

were not significent, The exception was the lower-leaf component

at the firet sempling date, when the itreatment ylelds differed

significantly and sleso showed & sicnificant linesy regrosgion -

with

with non-significant deviation « of increasing ylelds
ineresaing severity of thinning,

The peneral patiern of yleld over the gawpling perlod
for plot snd coumponent -part samples in each treatnent was

essentially similer, # the plot semples increased

fairly steadily £

| the first o the last sanpling dete, Upper-

leaf ylelds tended %o vemain approximately level over the sempling

sy never very high,

period, but lower-leaf ylelds, which w

decrcased $o zero in all treatments before the end of the

duping which upper-leaf,

reppectivelys were falrly similar, both stem-component yields
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- leaf. This occurred in all treaimenis

S &

g the first half of the pampling perlod.
g dates, lower-stem ylelds were

greater than upper-stem yields in all three tpestments; the

difference on a sample basis wag frequently less than four pounds

weipght, The range of green matter ylelds on a tons per acvre
samples of each treatment
presented in Teble VI,

To esteblich the velationship between yilelds of plot

and component-part samples from the thpee treatment types of

maprpow-gten kale over the sampling period, analyses of varlance

were carried out on these respective sample ylelds and on total-
leaf ylelds, ovepr mll the sempling dates. This was done by use
of the split-plot type of experimental design (Snedecor, 1956,

vas that of randomized

pp. 366 et sqq. )

£

mmin plot analysis
blocks with three treatuents rveplicated in four blocks and the

sub=plot analysis was that of elght dates of sampling randoniged
in each of the twelve main plots. The anmlyses of varlance are

gedt out in Appendiz 3 and the pelevent detells of these annlysss

prepented in Table VII. Lower-leaf ylelds were not analysged

beeause of thelr inconsistency after the second sampling date.

The regults from the analyses showed that the
differences between treatment means for plot and component-part
peuple yields were non-significant in sll cases, For total-
leaf yilelds, the differvences between treantment means were

ipnificant and 5 t-teat demonstrated that the 12" thinned
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Table VII

£ Amnlyses of Variance for P
Papt and Total-Leaf Bample Gpeeun HMatter Yields

over all Sampling Dates

otConponent -

Sample
Treatuent

Total

LE8L

Plot
Sample

Upper
Leaf

Upper
Stem

Lowey
Stem

{a) Treatment Mea

ns

Unthinned
67 thinned
129 thinned

B:.2.8 of weans
P test results
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troatment mesn was significantly greater than the means for the

other two treatments. Differences between date means were

plgnificant for plot, all coumponent - pavt nnd total-leaf sample

yields, Further, in the case of plot, upper-pten and lower-gien

ectively, the means showed significent lineay

sample yields resp

tlons «= of lnereasing

regpessions - with non-significant devie

yields with tine,

K TR

(111) Dry Hetter Vields

The dry metter wolghts recorded for each summed plot
togather with individual
the s

are presented in tebulay form in Appendiz L. The mean dry matter

8 recorded for

ed component parts of each pample, 8t each sampling date,

nead component -part

weights pey sumed plot sample and per st
%%%%%%% ealeulated from the total number of summed samples taken
from pach tecatment type of marrov-stenm knle, 6t each sompling
dnte, are grephically shown in figope 12, The meens Por the

firat and eighth sempling dates, when four and two samples per

plot regpegtively were taken, were adjusted to a three samples






Table

VIII

Regults of Anslyses of Varilsnce for Plot, Component-Foprt and Total-Leal

“In addition, Repression *7

Deviation H.S.

Sample Dpy Hatter Yields at cach Sanpling Date
Ireatment Heans . Treatment Means o Treatoent Heans R
Sempling SeBeB © 7 ’*?'*i‘ffé B ® g""g’ ° v ¥
ﬁf ; .é* & % 4% > Oz £ ? ' £y s ‘ . 0 . M R e : E?i ,S{:}iag> ¥
{?i;?}} Ht 3 T Heans %ﬁig@ ;%%3%&% Ut E}% g Heans ?ﬁl@ R@gﬁér s gﬁ g Veans R R s
LR )
Yhole Plant Uppey Leaf Upper Stem
5&2&%}@ ?é %8»% %@a@ %8@% g‘i;? ga“gé% I‘Ig%g Q9 ?c%% ,6*@? ﬁ;@@fﬁ {j@ ﬁ‘? egi’g@ b?ég %ﬁ} J%% “@e féar;i} ﬁ:f?;)*‘@
(1) (1h.3) (13.5) ; {5.2) (5.6} (5.8} (3el) (2.7) (2.5)
eé‘ga‘g%ég% é%ﬁ% 4§§$§3 %503 $?¢§ @“?g zﬁ:ﬁgﬁ §°? g,‘% §a§"‘" é;ij”ﬁ‘s ?56,%} go e 2%96 E?Twé% 595 ;3:.{352 ?iﬁeﬁé ?Eggé
dan.31 ;1 17.2 173 171 FAPE 002 Helds 569 5.8 505 20«2 3.08 Hale Yely L6 Zs 204 0 Haide
E’?@‘%ﬁéi@ %%og’ gg&% ‘%?Q{E g‘;&?a § 2& 6§ gégo éusz'; ges gaf} ;‘};{36’5 5‘}@ 953 2\;*"3%! féég“& é%ﬂo? if@*’!’ﬁ 3,@%3 fé‘ﬁ?ff’ 5’“§§§f§
Eﬁ%agﬁ 2?;"‘5@55 %%az g&ﬁ:i} .ﬁ{}s% 8‘9 %ﬁ; | @g ‘"/’a‘g ﬁcg‘;} ig@ K} i’;{;cﬁ f}a‘?g Ha3, ?Q% ﬁaé;% gsé @52\?@3 é{}g?ﬁ ‘:?f
Map, 2| 283 21,6 20k £1.5 349 WS, | 6.5 6.0 6,0 0.4 0,59 8. | B Gl 5.3 z0.3 28,89 D
dar, 12 | 2hls 25,5 22,7 1.9 035 1.5, G.4 6.1 To  20ab 1.8 H. 8. 8,1 Te b 7ol #0644 171 T3
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per plot basis, in order to be directly comparsble with the

meang for the other sampling dates; these adjusted mesns ave

ckets in Table VIIL,

e

shown in bw

cayried out on the sy

d component-papt ylelds, at cach sampling date.

T & L o patey Ry Ve o
e on the greeh matier

analyeses of veriance

welghte 1

within plot variation could be separstely taker

i that o

£,

out: +this vas due fo summing of the plet samples for ¢

anslyges are

apiged results of the

- matter eatimations. The somw
Be¢ out in Table VIII., Yields of lower leaf were nost cnalysed

beyond the third sampling date due %o their inconsisteney.

Inspection of the data showed that unthinned marrow-gtem
kale had frequently the grestest summed plot ssmple yield during
the sampling perded, whilst 12" thinned had frequently the lowest

vield. The trend was therefore one of decreast

yields with increas!

ere not marked and only aftalned significancs

treatment differences w
at the £ifth sompling date. Treatment
in the deseendlng order of 127 thinned

respectively, at the majorlity of the

oL &

order as above for upper leaf. The treatuent differsnces were

non-gignificant at all sempling dates in the case of upper leafd

s




and total leaf, Lower-leaf treatment ylelds

date only and alsp showed &

significantly at the Pfirst sampli
slgnificant lincar regreéssiocn == with notesignificent

deviation = of increassing yields with inercasing sgeverity of
thinning. ‘Treatment differences Por lower stem Gid not attaln

significance at any of the sampling dates.

acomponent,; sigunificance woes

sixzth sampling dates; at the latier of those dntesthe

ap regresslion - with

means further showed a significant 11

Pt
o

reasing yields with

nop=gignificant deviation - of dec
inereasing severity of thinning.

The general pattern of yleld

@

ed plot and component-part

for sum

entially similar, Thus, in all treatuer

ess
yields inereaged fairly steadily
gampling date, whilet in the same perled, u

leaf yields 414 not fiuvetuate very much;

gampling period. Beot

%g’%‘@ Lty ?ﬁi% ’:,::%‘

ylelds than the upper-leaf component at the b

2 period in all

the upper leaf., This

sampling perded in the ¢ pten, whieh

was conslstently lower U longer 4o

outyield upper leaf. The range of dey watier yields oo a tons

per agye basls for whele plant and component-part samples of




=

i% -~ ey %) %9 2w £ % ¢
ling period is nresenied in Table IY,

each treatment over the somp

nt-part and total- leaf dry ual

e ST
med plot,

yields respectively were ¢ach adjusted to a mean individaeal

plot semple yield vasis (that is, o simllar basis to that of the
green matter yilelds) before subjecting the yields over all the

variance. A before, the splite-plot

samplin

desipn was uged. The analyses are set oul

=

she relevant detalls of these analyses are

differences between
total leaf and lower

stems pospectively, were not slgnificants The meoans differed

significantly in the ease of the upper-stem component though and

iition ghowed & slgnificant linear regreseion - with non-

in ad

decreasing yields with inoreasing

glgnificant deviation - of

severity of thinning. Differences between date ueans were

significant fo the plot; upper-leafl and both sten-component sampl

Fupther, in all these samples oxcept upper leaf, the treatment

nifiecant linear regressi
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Results of Analyses
Papt end Total-Leaf Samg
pver a1l Sampling

Sample

Leag

Treatment

Unthinned 649 2,0 2q1 2,

!
)

OB b
b
o

6% thinned 6.5 1
12" thinned 6.3 2,1

e
23
5
wille  malle
e
B3
o
by ok O

o
XS
w

B.E.8 of means 20,2 £0.1 %01 £0,.1

. A wr o8 B L% "y 0% % 3%
:{% %@%% Zé?%%%%ﬁ% £§&3£§ égaﬁ»éa itsile Py N

Regression - - oo -

Deviation - - -

Heans

e
By
g
s
“
0
g
&

ﬁi%ﬁ?? §$§ %#g éég ’%gg
53 250 2:2 1:3 2e
%g ? %§§ 23 *% ﬁig L g;%g :f?

P test result &% S Hel, a R

tegression | . ee - -

g@?é&%%&ﬁ Zgg;;ég s ) i gagé

4 reaqd, 05,01 .
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{iv] Leaf Pevcentage {green matier basis)

i@ at each

The leaf percentages for each plot sam

an leaf

sampling date are tabulated in Appendix 6, whilst the me
pereentages per plot sauple, calenlated from the ¢otal nuiber of
samples taken from ecach treatment type of marrow-stem kale, at

each sampling date, are graphleally presented in figure 13,

To interpret the differences between leaf percentages
resulting from the different treatments,

gcarried out on the leaf pereentages at

The resulis from these analyses ax

The differences in leafl peracntage between the

ell marked al the beginaning of the sampliog

treatnents were w
peried; 129 thinned maw

percentage, followed by 6" thinned apd lastly unthinned. From

row-gton kule had the highest leaf

the middie of the sempling periocd onwards, however, the differences
tended to be emell and by the final sampling date; the differences

between treatuents were less than threes per cent. Heferense o

Table XI shos

ed significant differences between itreatments at the
first, second, £ifth apnd seventh sampling dates. Purther, at the
foraer two of these dates; the means showed signifieant

ificant devistions - 0of inerpecasing

regressions - with non-sig

leaf persent

ages with inereasing severity of thinning. Thergafier,
4

no consistent trend was followed, eéxeept that the 12" thinning

treatment hod slightly higher leaf peveentages than the other

treatunents a¢ all the sampling dates except the last one.

In ell three treatmenis, there wepre trends of degpeasing

zae was greatest

leaf percentages with timej
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Higure 13

Mean Leaf Percentages (green matter basis)
per Plot Sample of the Three Treatments
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Figure 14

Mean Leaf Percentages (dry matter basis)
per Plot Sample of the Three Treatments
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at the beginning of the sampling period; bult wvas much slower
towards the end.

To eluecidate the velationship between leafl percentages

from the three treatuents over the sampling perlod; an analysis
of variance was carried out on the lea? percentages over all
sempling dates {Appendixz 7). The relevant details of %%z:%‘;
analysis avre sghown in Table XII,

There were sipnificant differences in leafl pepsentage

betue

en treatments and between dates,; whilst there was aleo a
significant dates x treatuents interaction. The treatment

%

Gemongtrated a glgnificant iinear regression -

i

meansg further
with non-gignificant deviation = of inereasing leaf percentages
with 4nercasing severity of thinning., The interpretation of the
interaction was that the differences between itreatuent means did
not remain consistent over the sampling peried, but varied so that

the statistical simificance of the treatnent differences also

o

8 was 88 already

changed. these chang

indizated by the results from the analyses of variance at each

sompling
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The leaf pereentages fop each summed plot sample, al
y date, are tebulated in Appendix 8, whilst the

each sampiing
ealeulated from the

mean leal percentages per summed plot eample,

total nusmber of samplos tehen from cach treatment type of

ey at soch sempling date,; are graphically presented

To satablish the diffepences belveen leafl percentuges
vapriance wepe

resulting from 4ifferent treatments; analyses of
corried out on the leaf peveentages at individual sampling

28 5 - =

e pelevant detalils of these analyses are prégeated in

in pergentage betyeen

treatments followed the ceme pattern as those of the lear

percentages on a green metter basis. The differences were

greatest at the beginnlang of the sampling perdied, bui by the

final gampling date, weve less then two per cent betweesn treatnents.
The resulés from the amhelyses of varlance choved that the treatments
aiffered significantly at the £irst, second and fourth sampling
dates. At these dates; the Sreatrent umeans further showed
pignificant linesr repregsions o %ﬁ%ﬁ non~gignificant deviations -
of inereasing leaf percentages with inereasing severity of

thimning. This trend was not consistent throushout the sanpling

veriod, but at all sempling dates, the 12Y thinnlng trestament

%

A

the highest pereentage.

&7 o

L

Aa with the leaf persen %@g&% on a

21l three treatments showed penepal trends
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nepreentages with time; {the greatest rete gsf degrease oceurped

at the beginning of the sampling perisd,

x\

To define the relationship between leafl peroentag
from the three treatments over the sampling perled, an amalysis

sntages over all

gaprried out on the leaf pers

't

of variance wa

sampling detes (Appendiz 7). The resulfs of this analysis ave

summarized in Teble LIV,

wre were significant differeuces betwean $reatments

and between dates,; whilst theve wag &

ents intepaction.

& slgnificant lincar regression < with nop-sipnifisent

deviation - of lncreasing

geverity of thinning. The significant interac

5

ment differences did not remain conslotent over the

that the tres

gampliing perleds The precise natupre of the changes in the

treatuent differences over the sampling period was as elrcedy

d by the vesults from the aaalyses of varlance at

pling dates

each san




Table XIV

......

{dry matter basis) over all Sampling Dates

{a) Treatment Means

Ireatment ﬁwgg@

ool 53,;& : , e
Ut 2% pig - Heans

Regression Deviation

lieans Sta1 3342  36a3 F W ad

=
&
%

{b) Date Heans

- 15 =

Jan. dJan. Jan. Feb, Feb, Haw, Har. Har. [8.E.8 of F teat

& required

4 29 24 40 e o 19 22 | Heans Result
11 | 21 3% O '&@; 2 @m,’ 22 Heans @Q@@&% ~on o1

%

Heans |h6.2 U0.7 37.3 36.3 29.3 28,2 27.9 23.4 0.8 ST Bod
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{(a) Discussion of Results

the matepial

and of exsmination ¢ tal layont

tisfactory.

proved to be gt
gufficient to allow poaconsble
%o be detecied %M stntiatienl

Y 2 s
affsct the whoie-plant oreen

reegugnt with the rpesults vresented

e
o
€
L
e
e
o
[
£
=4
o
ot
W
Jedte
e
@

at 3@ ééé”%ﬁ?} and
?gﬁ%% {éij;;;?%

gther hand the resulis

ot affect the whole-plant dry matter ylelds

£,

There has been wmuch coutroversy in the past over the

%

L

effeet of plont population on yield and in spifte of the volume
work eondueted; the problem is by no means solved.
tated that plant growth shows & "proplaguity”
yield from & vepy small arvea is largely affected
itz plants have to meet from surrounding areas.
ble 1

s

nyenent trial and those refepped ¢

2
w§

L
&

in ®

ab
had no effect on yleld, msy be concelvably attplbuted in part to

ty effect, in that the wider spacing interval

t

this propinguil




=5
- oy =

pensated for by the extrs growth of the

£

between plants wvas o

£

plants. dince Table 1 also shewed that thinni

vield, it is quite possible that a 1limit in epacing é%%%g?%é‘%%

reached where the compensatory ¢ffect cannot wholly wmake

ant populatisn. - 1o view of the f&@@ that
B

g«w

nave

saring thinned and unshinned merrow-sten kale erop yleldas

{ven such contrediotory resulis, it is obvicus that the propins

uity effeet i not the only influsncing factor.

It 48 intoresting to compare the level of yields
chtained in the cuprent $rial with those (all from Suropean trials)

mtter ylelds,

presented 1o Teble 1, In the present trial, green m

%‘Qg

four to six nmonths, ranged frém forty

to sixty tons per acre in all three treatmgnts, Overseas ylelds

timately six %Yo  elght montha

panging from ten to thirty-aiz tons ey adpe.

ntter pereentages were cou

S e e
Since ecurrent v o

may be assumed that totel

obtained in several overseas trlals, it

tter ylelds from the present triel would be at & higher

&
ﬁ*%

level than oversess yields

In search @f an éxplanasion of

nte between Hew Zealand and the Zuropean

?%?%&%@@ﬁ in elix

cg&%%fﬁfg ig probebly a wajor factors In addition, the preésent

experimental area recoived more rajun in £
sunshine than the 20«yesr averape for the sauivalent pericd. Seed

y be other contributory

w@

nd inhevent fertility of the soll me

®

variety
factors. The effective weed controel employed in the present
ailse have béen partly responsibvle; partliculsdly in

trial may
1ight of results from another trial at

peey Agrieulte




College in which & "¢lean®™ marrvow-sten kale arop gave sinty

per geut greater green matter yield and elighty per cent grsater

dry matter yield than & "y
{1956) has also shown the beneficial
eultivation to sump

also be a contributory factor, since th

reas weeds. A high ool

stock carried in the winter of 1956 would

srn of dung and aprine

supplying donsiderable nuirients

he solly The beneficlsl effect on yleld

eturned to a pasture has been desl? with by

Partly countérbalaneing the supply of

experimental area io the fact that green matler ylelds gquoted

Table 1 were chiefly the weans of yilelds obtained from thinanin

treatments at several levels of nitrogen manuring.

treatment and in one year, it appear
growth was not alfected by the mevere poaching suffered by the

soll prior to pleughing. Juedging fronm the yleld of coft turnips

adjacent to the experimentel apes; thies grop was not

graen

affected either (Nalsen 1957). At present the vet

grops %0 "pre-poaching” 4= epeculative.

The effeect of thinning on the green and

yields of the component parés was evident only in the case of

Jower leaf and upper stem, Both green

the former increased with Inereasing severity of

Y

effect of thinning on lower leaf is relnted to the ohservation

made that the unthinned treatment gave fall, thin-stewmmel

with the leaves concentrated near the top whilat the 12" thinned
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med with the leaves growing fairly well

s thinning 414 not

plants were thich-stes

down the stem, In the case of vpoer sien
affeet green watter yields but caused dey watier ylelds to
deereage with inecreasing severity of thimning. Phis latter
effect was the result of decreasing plant dry matber percentages
with inercasing severity of thimning.

e 11 and 12 shows that in ail $hves

. Referenge %o figu
treatments throughout the sampling peried, the green and dpry
matter yields of upper leaf remeined pelatively coanstant in

son with the sten

-gomponent yiclda, which lnereased over

the sempling period. Lower-leaf yields whieh were never very
high soon declined %o sero. It is therefore apparent that as
the plants matured, the stem continued to develop, whilst the
leafage retalined on the crop 4id not inerease proportionately,
due in part at least to shedding of the lower leaves, Yields of
lower sten frequently outylelded thosme of upper sitems This mey

nation of

be attribated to the nature of the stems as exan
erose-gections showed that the proportion of woedy zylem was
greatest in the lower stems Green and dry matter ylelds of total

leaf (see Tebles V and VIII respectively) if graphically vepresented,

would show a "eurve" of initially deereasing yields, levelling off

to a relative constaney over the sampling perlod.

In view of the sbove facte, the folleowing may be

dedueed, In warrow-stem kale, total-leaf green and dry matter

rimam lewvels Binee the

yields inerecase from germination to a ms
leafl yields were in a declining phase at the start of the present

sampling period, it would appear that the maximum level is reached

before the age of approximately four nmor deelining
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phage is followed by cone of relative constaney and this constont
phage bepan between the ages of four to Filve wonths in the
present trisl and was still continuing when the trinl ended.

The effect of leaf shedding proebebly plays o uajor
L] R ok Al

part in these changes. Visual observations of the present trial

suggerst that leal shedding begine shopily after marrpow-stenm knle

5

1 factoyr seems

growth ecovers the ground surfaces Shade as a cuus
implicated but stage of maturity and other factors are also
probably concerned as unshaded, isolated plants alss shed lower

lenves. Hypothetically, leaf ylelds rvosch a maximem level

t 2

leaf production more than compensates for leaf sheddings The

ding or, after the otise

either just before the cnset of shed

declining phase results when leaf shedding excesds leaf produstion

and finally the relatively constant phase is when leaf production
equals leaf shedding, A study of the following problems would
glve valusble informntion in interpreting variation in marrowe-gten
kale growth, particulaply in view of the imporiance of leaf to

the value of the erom

augal factors initiating and governing the rate of

leaf shedding.

{b} Stape of maturity at which (i) onset of leaf
begins, (11) waximum level of leaf yields is attalned, and
(114) onset of the declining phase and constant phase begine

{e¢) The length of %time during which the constent phase i

naintained,

The relative growih rates of the three treatment types,
as judged from the green and dry matter yleld inerements between

the sampling dates were not constant, nor were they uniform
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between the treatments over the sampling perlcd. One
cheervation from the growth curves (see figs. 11 and 12) is
that the growth inereaments duping the latter half of the

pampling period were in general; greater than during the flirst

half. This can probably be regarded as an espression of

t is, as the plant growe in size and the

"gompound intereat®; tha
photosynthetie tissue ineresses im area, 8o also does the rate of
growth, at least during the initial st
ryed from the me

®s of the plant’s life,

s (Appondiz 1) that

It was cbae

dnrdng the latter half of the experiment, rainfall incressed

and evaporation decreased, However, in the interpretation of

th of plants, many Cfactors are involved., Watson

the rate of grow
(1952) has astated:

“The probler of accounting for varlation of yleld in terms

at of the erop plant is obviously very

of growth and developme

conplex, for éé%%%&%@ig it involves the effeet of ezternal

faetors on all the physiclogieal processes of the plant, the

ggsesy and thelr dependence

interpelation between different proe
netleal eongtitution of

on internsl fegtors determined by the ge
the plaat.”

The £inding thet lenf p

F

cpgenteges in the presgnt frial

were influsneced by thinning is in agreement with pesults frex
e (1933), Simela (1932), Fagan g al. (1943) and the

Rothamsted Annual Reports (1932, 1933)., These authops did not

comment that the effeet of thinhing decreased with time as in
the present trial, but this may have been because of a shorter

sampling period or a fewer number of sampling dates. Conseguentlys

E
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with

material of giz to elght nonths of age, ao that the erop may

would be missed. They were also dealing

guch an effect

have passed the stapge when guch an effect was desecernlble,

The decrease in leal perceniages with $ime in all the
g in

treatments, cbaerved in the current lavestipgatic

§‘§§§}9 Bdin g

‘5?3‘

accordance with the resulis of B By
{1933), Robinson (1954) and the Rotha
1933). This deerease is attributable to the comtinued growth

of the stems whilst leafape did not incresse proporticnately,

{

nated Annual Reports (1932,

ding of the lowep leaves. This

due in part at leagt ¥o shed

%@ggaga elong with other fugtors affecting the leafepieonm

relationship heas alyeady been discussed.




follows:

{a) The experivental material:s

to determing the composlition.
{(b) The experimental results obfalned,

(¢) A éismcussion of the sxperimental results.
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imental Hateplals and Hethod

The experimental materials and metho

s employed to
deterniine the dry matter percentages of the component pavés of
the three ip

eatment types of marrow-gtem kale have been already

degeribed (see pp.38-33).

ermine the dry matier peraentages

ded the matérial to determine the orude

protein, erude fibre,

matter and nitrogeun-free extract

The analyses were conducted on representative

laboratory samples drawn ing dates, 11th

January,; 31st January, 20th Pebmuary a

Chemicel annlyses were conducted in duplieante aecording

to the methods recon

mended by the Assoeliation of Official

rpicultural Chen

s

&
.
e

iste (1952).

Since the number of analyses that can be done by one
pergon is limised, the component-part semples of each treatment
foom
gubse

the four bloecks were bulked at cach pampling date, In the

quent analyses of variance (Snedscor 1956, pp.291 ot BaQe)s
neither within«plot nor betweensbloek veriations could therefore
be peparately taken out.

otene estimations were conducted on ssmples taken
from the lenzths of sample vows reserwed for the purpose (see
£ige 2)s Samples were taken on sanpling dates; 31st January,

20th February and 12th Harch. One 6-foot sample was faken at

rom each of the treatment plets within e block; this
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was rvepsated in all four bloecks and the eorresponding trestment

semples bulked. Each 6-foot sample consisted of palred 3-foot

paired

lengths taken from the middle of the guard lenpgths in the
gample rows. For each treatment type therefore; & 2li-foot

sample was obtained. Each semple was then divided into the

regpective component parisy that is, upper leaf, lower leafy

cach of thepe parts, repregent-

=

upper stem and lower stem, Frow

ative sub-samples weve taken, sealed in plestic containers and

ative 2BO-gr

an leboratory

removed to the freeze-~delier. Represent

4

samples of cach couponent part vere fyeseze-dried.
To cosure repregentative sompling and %o facilitate
arying out, stem samples were sliced ints thin cross-sections

with a shaprp knife before the laboratory sanple waa drawn,

Laboratery ssmples of leaves were drawn from the whole leaves;

which were then ¢lipped with seissors into small pieees to aild

the freezc-drying process.

After vremoval fyom the freese~drier; the samplepn were

ground in a laboratory mill, sealed in siptight glaes jars and
stored in davikness in deep fréese until the caroteng deterainations
were condusted, These were conducted asccording to the method
of Worker (1957) and the carotene contenis expressed ds wmicrograms

7 matter.
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(b) Experimental Results

The results will be presented in thyree parts as

(1) Dry matter percentage.

> bapiss

ltion = percentem

(11) Chemieal compos
(144) Chemical composition « yleld basiss

The presentation of resulte is similar to the
previous seetion on yield and the abbreviations used ape the

Again, transformation of the percentage data for the

pereentages did not vary widely.
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2

(1) Dbry Hatter Percentage

matter percentages, calculated for the

individunl gummed cooponent paris of each summed plot sample

at sach sampling date, are presented in tabulary fomn in ndiz

4 component

9, The mean dpy matter percentages for coch pum

d eomponent-part

part, ealculated from the total nu

ber of sunme

at type of narrove-sien kele, at

samples ftaken from each treatme
ng date, are presented graphicelly in fipure. 15,

batwe

To ¢lucidate the relationship en the dry matter

:nts; individual analyses of

percentages from different tread:

varianee wepre carried out on the pummed component part samples

The resulte of these analyses

at each sampling date
narized in Table XV, Whe dry matter percentages obiained

Q‘%"»{

for lower leaf were not analysged beyond the third sampling date,

as thereafter, particularly in the vathinned and 6" thinned

marpow-sten kale, the plot gcamples had either no lower leaf, orp

vielded smounts %oo

mall to galn necurate evaluations of thelr

dry matter pereentages. /

mparison of the upper-ieef dry matler pereentages

(it

1 the three treatments during the sampling period showed

no one treatment geve consistently higher percentages than
another. The treatment dlfferences did not attain statistical
ng dates. Similer results to

significance at any of the samg
these were obltained with lower-leaf dry matter pereentages.

“ith upper astem, the dyy wmatter percentegec

decrease with inereasing severity of thimning;

difrferences were significant at the third and £ifth ssmpling



Table XV




Results of the Analyses of Variense on the Dry Matter Percentages of
the Cemponent Parie of each Treatment Type of
bom Kale at each Sampling Date

sl

Sampling Treatnent Heans Treatment Heens

L Bl by ¥
Eﬁf ‘% neauld
esng 000 Heeuwl®

Bellen 7 i

of cdud Remwit
Mogne Vorud' Resuly .o g

gy B 0% 7t

Date
| *i??ﬁ?? |

Upper Lead Upper Bienm

8.5
»
Daly
1048
1,20 1,8, }11.6
1.5

e

HeBs

.8,

| 79
847
8:5

2e54
2+31
LeB2

0,18

12,2 404
he2 40,4
2 10,2
he3 2044
1hels

1341

13.2
et
139
a5
13.8
e 1
i3.2
13.6

1,5
13.2
135
he7
15.0
.
13,7

o 1

Jan. 11
Jan, 21
Jan. 5t
Feb, 10
Peb, 20
Hars 2

25.27
110
3e93
6:09
Qeli5

8 . 2482

", 8.
W8, :

@5 . 4
Heds

HaBe

;%;%cé
geé% gﬁﬁ?

1.26

Bap,12
Hap, 22

k ‘té§%§§
12.2

;ggg%g ’
.8,

1.5
12,0

Jan. 11
Jan. 21

10:2 304

Jans 31
Febs 10
%@%3 o 20

Hap, 2

Hap,22

& )
- 113
hels

;1,_%§£§%
1135
8a [13:8
1347
he 1

123 0.5
?2:% @é?

?&%

124

‘%%gﬁ

13:4
12.5

HeB,
B
Hets
HeBs

simile

HeBs

1549

13 1

uived, 08(s01) = B.14(10.92

24 vequir

53% additien, Regression *
‘DPeviation N.S.

oy 405(s01) = «8(1.2

)




Samples

Component—Part

Summed

-3

Unthinned

thinned

6"

thinned

12"

o

16|

o) o

Lo T e——» Upper Leafl
. ‘
x o-.....-0 Lower Leafl
X~ — — =X Upper Stem
a--.---a Lower Stem
A, o -
AN N
/ . . .
. » » ./ N '
- SRR Sta”
./"gt\: / .°. .‘.
T - N, /' . .

o s " |
aT G
o) . 7 TS~

- B W e
Ko - ~
- - T -t ~ ’
x” \‘K/

12.34567:8‘

Sempling Number

Picure 15

Mean Dry Matter Percentages for each Summed
Component Part of the Three Treatments
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gresgion -- with non-gignificant deviation -

iry matter percentages with incressing severity of

showed & similar trend %o

Lower-atenm pereentages
those of upper stem, but the differences were not significant.

Purther inspection of the data showed certain

distinguishable trends in component-part doy matfer pereentages

during the sempling pe tmenta, and at the

aponent-

dates in esch treatment, the e

majority of the sampling

P ¢ leaf,lower sie

3 were in the deseending order of upp

levels of upper stem and lower stem fluctusted ¢

mpling peried; & general trend of lnoreasing dey
e with time

date, lowereleaf dry

88
was evident. After the

percenta

8 showed great variation,

nmbter percentage

To eateblish the selationship between the compon

ntas over the

r matter percontages from the three treatm

: period, analyses of varlance were earried out on these

2

Bg ﬁéﬁ%’lﬁg% %?%é{? i

in Table XV
analysed fop reasons already given.

The results showed that differences between treatment
wr stem did not attain significance,

meeng fop gnner lend and dow

but those for lower leaf and upper stem differed significantly

ficant linear vegressions = with

i

|

and fapther showed sig

non=significant deviations - of decreasing dry matter
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Resulis of Analyses of Varianee on the Dpy Hatter Percentages
of the Component Parts of the Treatment Tyves of
Harrow=cten Eale over all Sampling

Sample Upper Uppes . Lower

stem Stem

(a) Treatment lecans

Unthinned 13.8 12,1 10«5 1341
67 thinned 13.8 11,8 97 2.4
12" thinned 13,8 11,2 8.8 12,0

8.,E.8 of means &0 40,2 0.3 £Oely

P test veould HiB. = HeSo

& h

) %5 3 = .
R I P Y I “

Date (1957) (b) Date Heans

Jan, 11 12,14 10,2 8.2 11,0
Jan, 21 1348 2 %2 11,7
Jane 31 1369 11 965 12.5
Feb, 10 115 12,1 9.7 12,7
Feb, 20 1lioly 13:5 1641 12,9
Har, 2 1349 - 0.0 13.3
Har. 12 13.7 - 104 130
Har. 22 13.6 - 10,9 Thele
Means 40,3 +0s4 0.3 405
F test resuls s e o i

s2 o G




percentages with increasing severity of thinning,

date means differed significantly im ell four components;
lower leaf, upper atem and lower stom also ghowed slgnifieant

lineayr regreésaions

Wwiey were ctlculated at

the plot {whole

o the four blochks were

¢ totals combined

otals to give the

} m

stween treatmenta, & trend
pepoentasees with inéreasing severity of thinnlng was aprarens,

though 4% was not wholly econsistent Zor all sampling dates.

Bebwoen datesy & ftrend of

time wns evide

treatne

asa

B

not difler sipnificantliy.
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: ition of 5 f
s Three Treatnent ow-Stem Kale

papin)

Date

(1957 | gy sy

Hineral Matber

Treatment

Jans 11

1.5

Jans 119

g@ﬁﬁ 31
Feb, 20

Jan. 11
§§§a§'§
Feb, 20

Whole

Plant

Jane 11

é&%égé

Febs20
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Chemienl Composition -« FPepcentage Basis

The percentages of erude protein, crude fibre,

ether extract, mineral matter and nitrogen-fyee extract,

determined for the ecomponeat partis; and fer the whole plants
by ealculation, of the three treatment {ypes of marrow-sitem
kale at the first, third, £ifth and seventh gampling dates
regpectively, are set out in tabular form in Table XVIIIL,

cen the percentazes

To elueldate the relationship betw

the different treatments over the

of chemical eonetituents from
sampling periocd, analyses of variasnce wore capried ocut oa the
percentages of cach constituent of each component paré; and of

the whole plant, over all sampling dates, The relevant detalls

of these anelyses are set out in Tables XIX-XXIV,

trecatment neans, only mmell differences,

reflected in the non-signifieant resulis from the analyses of

ey sten differed significantly

and fuprther showed a gignificant linear regressien - with

protein

wignificant deviation = of inoressing crude

pergentages with inereasing severity of thinning
means showed significant differences in the ease of uppepr leafl

pper atem, The latter in eddition showed a sisuificant

pretein

Reference {o Table XVIII shows that the
percentages of the component parts in each treatment were in the

desecending order of upper leaf, upper stem, lower leaf and lower

i
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stem respectively at the majority of the sampling dates,

"

Table XIX

Besults of Amaly £ Varispee on Ueuds Protein Percentages
of the Gomy Three Treatment Types of
Harrowsstem Xale over all Sampling Dates

Upper Loweyp Uppar
Leat Lea® Stem

{b) Date Heans

Jan, 11 18,1 99 12,6 7.6
16,7 9.7 1646 7.6

Har, 12 6.6
8.E.8 of mesns 1003 £0.h +0ls 2001

ke
ol
&
oy
@
anlly
@
o

Feb, 20

]
el
£
1o
&
o
&
*&w

W
]

F test result M58, B
Regression - - o -
Deviation - - Hels ”

4 regd, 05 1.0 - - -




Teble XX

Unthinned 138

Lt
&
b
il
o
W
20
9
o
hot G
f
K
{‘:2;3

g{g?

el
e

sl
L
.
s G
willy b
[
i "
£
il
]
L

12"

%

[« SN ] : . T PR
Seha, B ©F TLETE liy 2

Yo
B
un
e
o
& Ay
.
[
W
L
e
e
A
o

Ao O ]

P test result

Jan. 11 16,3 7.2 19.8 31.6
Jan. 31 1340 flsals 21:3 3048
Feb. 20 1147 16,6 2247

Hay, i 2 ?ga E} had 20, % %# 2

8.E.8 of meang 2046 2046 £0.5 2067
P test resuls w8 He8. & HeiBe

é reqd, 05(.01) 2:0{3: 1) - 1.8 “

Within eacli compotient part; the treatuent mes

erude fibre percentage did not 4iffer greatly and in no casg were

the differences sufficlently large to attain statistical

significance. Detween-date means differed significently




p-aten &*%w&%%ﬁﬁﬁa Regpective

in the upper-leafl and

nonstreted that the mean srude flbre percentage at

twteste deu

alonificantly less in the case of upper Stem.

onent parts

In the erude fibes pepcentages of the

B 2w
216 s 325

. thrpoughout the

%ty lower ptem was
* and finelly

£ cruds fibre

periods upper stem was next,; Lfollowed Ly lovwer

seneral theps? §§e§ the opday

that found with epude proteln percentages.

sten was very uvarked.

pepcentages in the vegion of thirty

were often be

pereentages

enees baetween the

the differences atatistieally sign

ifieant., The boetwecn~date

&

means showed signifieant differences in both sfen eomponents,

but no significant differences in both leaf componenis.

eference Yo the datae indicated that the component

g in each freatment type of narrowe

descending order of lower leaf; upper leafl,




Table XXI

Results of Analyses of Varlande on Nther Extract Percentages
of the Component Parts of the Three Treatment Types of
Harrow-stem Kale over all Sampling Dates

Sample
Treatment

Upper
Leaf

Unthinned

6" thinned
12 thinned
8.8.8 of means

P test result

363
B:h
ﬁ§g§

H.8.

ate { %§?}

Between the treatument w

eans, only small differences,

reflected in the non-significant results from the anslyses of

wariance, were apparent in all the component parts,

Between-date
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means differed sipgnificantly for the lower-leaf and upper-stenm

esomponents., Tio general %ggﬁﬁa with tise wepe apoavent in any

of the compouent pards except lower leaf; in which the date wmeans

showed a significant linear regression == with won-significant

deviation - of lneressing uinepal matier porcentages with time.

&

ercentagea
pes of

%&%@%@«tﬁﬁm %% @%@% s%i *f Eéﬁg @@%@g

Jan. 11 15,9 1643 13.7
Pebe 26 4h.8 , 2045 12,8 197

S:E.8 of means ;s;,fgg *%@&{; é;%gi@ @iﬁsﬁ
P test result W8, = o H.8.

Regresaion - e - -

‘ Deviation - H.8. - -
a ?@%ﬁgg ;%%55»%’?} ) - ; - %g?i%%} -




The component-paprt percentages followed a patiern

similar to that of the erude protein p

upper leaf and lower leaf con

2,

Lower leaf had the highest mineral watter percentage

)

s followed by

upper leaf, upper sitem and lastly, lower stem,

g%

Types of Herrows-sten Kale over all Sempling Dateés

Bemples
Treatment

A

a) Treataent Heans

Unthinned 51.0 58,2 5L, 2 19,0

6" thigned 511 5245 ,

§27 thinned 51e1 51,7 53,8 500
A

gﬁg "iﬁ'i:%sé% &igf;?»?

8.8.8 of means +0.6

pate (1957) (b) Date Heans

i
il

@
&
Boiad
o
il
bl

Pebs 1¢

B
L
e
Lo
&
'y
W
3]
et
E
wenfly
o
o

Har, 12

8:E.8 of means ”
¥ test result wa Hals e B

reqd, «05(.01) 2.5(3.8) - 165 -




Within each component part, the treatment means for

nitregen~free extract perce
pences sufficlently large

ignificances DBetween-date means differed signific-

antliy Tor the upper leaf snd upper sten componends. The

irs

variation between pereentages during the sampling perlod wes not

eonslstent im all conponent paris and eonacquently,; no general

&

L

¢rvonds woeve evident.

Throughout the sampling perdod, variation between the

wonent parts in

niteogen~frec eztract pepsentage leveles of the es

all treatam

gonpiituentalevels, However, reference %o the data showed a

al pattern of nitrogen~free exiract percentages in the

- gtemy lower leaf, upper leaf and lower

stenm respectively,

Ghemi

The {rentment-menn pereerniages in each of the chemieal

al natter and

sonstituents,; erude £ibre, other extract, miner
nitrogen-free extract 4id not d4iffer greatly end in each case,
the differences were agﬁ»gégg.ﬁééaﬁaak with erude protein,
however, the treatzent means Aiffered significantly and also
showed a slgnificant linesy regresalon - with non-significant

8 with

saping erude protelin percentage

deviation < of inew

inercasing severity of thinning., The between-date n

e

signifieantly with cach chemical constiluent except ernde Fibre.

¢ protein date weans further showed a significant linear

Tt

régression - with non-significant deviation - of deereasing

ents was greater than that existing in the other chemies

=

cans differed
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Teble TV

Results of Analyses of Variance on the Per L
of the Plants taken ag a Whole of the Thres Treatment

Types of Herrow-gben Kale over all Sempling Dates

Chemical

tment

Gonatitue ’
- nae ¢ ﬂﬁg%@%%

Gpude

Etheyr

(a) Treatment Means

&%  ¢thinned
12® ¢hinned

23:2

i 2.6
L 22,6

@ o
o oo

il

&
w0

'
[
&
e

N84

13,0

13,3

fg@gg

R Y

-

P
T

dan. §§
Peb, 20

S

Har, 12
8.E.8 of means
P test result

Deviation

d reqd; »05(,01)

2.4
167
1.6
17

40s1

4

L= R TS

o = B O
. hd & &
B oW B W

i
ﬁ,

v
#

=

%siﬁigﬁ*%}




With ether extraet and mineral m

28, respective tetenits demonstrated that the date

=

peraent

means ot the flrset sempling
than thoge

In the cepe of nitrogen-fpee exiract, a t-test indl
the date mean at the firet se

date were significantly greater

at later sampling detes, for both chemleal constituents,

cated that

mpling date was of

enificantly less

than the means at later sampling dates,
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s Gonmponent Papts 46d Whole Plants
es of Marpow-sten Rale

4 setple basis)

of the Three Treatuent
(stated in lba »

Grude Zther Eztract Hinepral Hatter
Component : N B e

Part

e Teoa Treatnont

g 8¢ @ | us 8¢ 0 TL

Jandft | 3,78 3.93  he20 | 3,09 3.93
Uppes Jan.31 | 3.85 3,88 LokS | 3010 281 3u5
Leas Febe20 | hell 3470 1403 | 2,79 2,32 3403
| 402 bS5 | 3,29 2,96  3.31

3,66

Har.12

Jan. 11 0.18  Osb2 054 | 0.36 0,69 050
| Leviep Jan, 31 0.08 0.08 0,13 | 0,12 0,10 0.2
Leaf Peb, 20 0,03 0.06 0,05 | 0.05 0.10 0,09

Yar, 12 - - 0.01 -

dan, 11 1,68  1.26 1,38 | 2,71 219  1.92 | 018 0,15 0.12 | 1,86
Upper Jane31 1671 2.04 167 | 3o71  be47 3404 | 0:19 0419 0417 | 2402
stem Febe20 | 2,49 2,30 2,40 | 6,70 heBh  Leh2 | 0,235 0,20 0.18 | 3.34
Har 12 | 2058 2093 2090 | 7a35 6407  5el3 | kS 057 0539 | We61 W31 b

o . g?z §% Qs %% gb gﬁ
Lower dan. 31 178 2, B 77 b Gs09 3620
stem Peb, 20 2,33 1498 9:39 37 0427 Lot

Marot2 | 218 2,79 258 |12,70 11,80 0020 0.2 | Ua68

Jon, 11 1.56 1.68
1

1629 137 | 7.65
105 1.26 | 8.88 55
1,22 4,17 | 10,06 bl 571
1258 1675 | 13.02 12,48 12,07 |50.67 U9.6:

Jen, 14 717 T.28
Whole Jdane 31 Tolt1 8410 ; e T8 |
Plant Pebe20 | 8,99 B.08 9403 (20,13 16:65
Han, 42 8,82 S.74 10,08 25,34 20,83

15485
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(144) Chemical Composition - Yield Basis

The yields of erude protein, crude fibre, ether

miter and nltrogen-Cree extract; of eash

extract, mineral u

suEm uponent-part sample; and of the whole plants, of each
treatnent type of marrow-agten kale, were calculated at each

regults presented in Taeble V. The

g from the £irst saupling datey when twe

were taken, were adjusted to a three samples per plot basis, in
order to be directly comparable with the ylelds from the other
gaupling dates.

To define the relationahilp between the yields of

chemieal congtituenss fron the different treatuents over the

sampling peried; analyses of variance were carried out on the

F

yields of each constituent of each component part, and of the

tails of

whole plant, over all sampling éates, The relevant do

@8 XXVI«XZXI,

Tyoatment sppoared to exercise 1itt%le effect on the

onent paprts except upper

protein yield levels of sll the comp
leaf, In the éé%%%gg the treatuent means differed signifiecantly
and a t-test devonstrated that the mean yileld from the 12¢
thinning treatment wep significantly greater than the wmean ylelds
from the other two treatments. Date means differed significantly

ne

o

ponent parte except upper leaf. In addition, the me

in all com

¥ gtem showed significant linear regressions

for upper stem and lowe

= with non-significant deviations - of inereasing epude
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protein ylelds with time, whilst those of lower leaf showed a

legnificant repression with non-gignificant deviation ==

of deercasing ylelds with tine.

e

hout the

In 2il treatments throug pling period,upper

leaf had the higheat yleld of grude

protein snd lower leaf the

and lowe:

loweat. DBetween these two components lay uppes
stem with falrly similar yield levels,

Table XX
£ Analyses of Variance on Crude Proftein Yields of
gnponent Papts of Che Three ﬁ%§ﬁ>aeéw Types
Harrov-cten Kale over all Sampling

Sample
Treatment

{a) Treatment Heans

Unthinned 0410 2. 12 1. 56
6" thinned © By80 e 15 2.4 2ol
129 thinned s 31 Os2h 2,08 2.2
G«B.8 of meaus 20: % g§¢§ +041 ;

? %% %% é%%gizfg% @ &4 zxﬁ & zg«; &»E #

Date i%& (b} Date Heans

Jan, 11 | 3,97 0,38 dil 145

PELP E’;"% é%gg}g %a%%} ?gﬁ%% gé{?@

Feb, 20 3497 0405 2s440 2429

%ﬁ%&g@% s 2;%% §¢§2
1

201 2041 £0:2

W
1
o
L

b teat g’%%&é% H.8. we

Qb\
E
&
E

Regression -
Deviation s

P s PN ethy




Teble

%fgjﬁgg

Upper

Unthinned
6* thinned

3.05
3,01
3u43

&%{-}gg

R g

wiis

{b) Date Heans

FPeb, 20
Hap, 12

2.5.8 of means

F test vesuls
Regresalon
Deviation

0.65
0.t
0,08 5432
- 6e2

6f the compopeut paria, only upper-gsten treatument weans
differed significantly.

linear regression == with non-s

gunificant deviation

This part alsc showed a significant

- of




de £ibre yields with incressing severily of

i ficant was evident

4 similer ¢trend though uset aig
in the lower sten component. Date means differed significantiy
in all eo

leaf further ghowed & &

mponent parts exeept uprer leaf.

gnificant linear

non-gignificant deviation - of dg

nificant linear regrepsions - wlth non-significant deviet
= of incressing ylelds with time. The situation with erude

was therefore similar to that existing with erude

Pibre ylelds
protein yields,
Componentepart crule fibre ylelds of the three treatments

were in the descending order of lower stemy uppe:

sampling perisd,

and lower leaf respectively throughe

Lower-gten yields were much greater than those of the othep

=@ approximately half of the total erude

G

components and provi

st 8t each ¢

£ibre yield in all three treaim smpling date, Upper

stem and upper leaf components which had initlsily falrly similer

inereased over the

ained relatively statlonary. This cecurred in sll three

tveptnents.

Treatment means d4id not differ significently in any of

the component paris. However,; date means differed significanily

for both upper-aten and lower-sten components.

between the mesns of the latter componente was not consistent and
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eongequently no general trends wepe evident,

5

In comparison with yields of the other chemical

&

nts, ether extraet yilelds

treatnent %szg

upper leaf had the

of marrow~sien kale were low, In all $reatments,

bighest yleld and lower leaf the lowest; betwess

these two lay upper stem end lower stem with falrly similar yield

laveln,

o

&
¥

Resulis of Anelyss

Harpow-gtem Kale over all San

¢

Unthinned 086 0,05 0.27 0.23
%?é‘ %%%%;%’%{g%& §§?§ Oe g:}% Ta 28 o
127 thinned 0,86 0u10 0,22 0,23

Y58 L means 2041 £0.03 £0,02 50,02

F test result H.B, Hatis 0.5,

dans 11
Jans 31
Peb, 20

8+E.8 of means #0e 1 40403 #0.03 £0.02

teat result Hole Helis a6 T

read, J05(.01) - | - 00(etl)  oolls07)

oy
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T B B
Tuble

Resul$s of Ansiyses of Verdence on Uineral Het
She %{3%%5%{5%}% @&g% gf the é%é@?@% Tooataent Typss
Harrow=gten

Bample
nt

Treats

Unthinned 3650 0,17 2.96 3a5h
6% thinned Bolily Ge32 2,66 Be 24
2% thinned %485 0:39 2,49 3,07

| {}f meang ﬁ%e § ;é;g}a k] ;%f};g { 2iis 8

B
F test result H.8, H.8.

beviation s - H.8, P

&7
*‘4&5{ @
o 2
&
sl
L

e
#

&Y

£ b 4
% il
m ﬁ’fv il
O W i &
® & W
r B
& = o @
ey e 0%
W ol
F oA R 8
R . o &
wh G WD WD
ol w43
Doy
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sl
sl

e

gk
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The betweesn-treatnent ne

in aay of the component parts except
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part further showed e significant linear regres

with non-sgig

i ficant deviation < of decressing ¢

yielde with increasing severity of thinmning. 4 similor tvend,
the

Again, with the exception of upper leaf, the date weans dif

gh non-pignificant, was evident in the 1

significantly for all component parts. Lower-leaf means showed

a significant linenr pegression < with non-significant
deviation <= of decreasing wineral matter yields with increasing

L

whilst those of lower stem showed & significant lineap

sasin:

sression, with nou-significant deviation, of iner

?3% %2 %‘é@;ﬁ 2

¥ineral matter yields of the component parts of the

treatoent types of warrpow-sten kale were initially in the

lower

descending order of upper leaf, lower stem; upper sten and

leaf pespectively, However, as the sten-couponent minepal matier

yields inersased with time, whilst those of upper leaf remalined

relatively constant, the erder in deseending levels, at the finsgl

£

sampling date, wes lower stem, upper olemy

leaf respeetively,

pper stem.  With the fommer, a t-test

the 12¢ thinning trentment was
significantly grenter than the mean from the other two treastments.

Upper sten means showed a significant linesur represcio

2

non-significant deviantion- of decreasing nitrogen-free estroct

yields with inereasing severity of thinning. Betwesa—
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mifleant diffepences in 811 eom The

oth sten components also showed significant lingar

ificant deviations = of
with time

if%cant lincar ze

- with noo-sig

8 On the other

free extract ylelds

incpeasing 1

hand, lower-leaf mocns showed s si

with non-sigulficant deviation <« of decercasing yields

In each treatment type of wap m kaley oltrogen~free

f%’

extract yield levsls %%%% initisliy & - degsending order of
uprer leafs lowey sien, upper 8 sten and lower leaf vespectively,

owevery stem-component ylelds incpeased with time whilet the

=

yields of upper lesf remained relatively constants conssquently,

by the end of the sampling ?@gégﬁg the deseonding order bécame

lower stem, upper stems uppey leaf and lower leaf respectively.

Lower-ptem ylelds wepre slways considerably highor than wpper

Yields of Chemical Constituenis of Whole Plants

The differences between treatuent-cgan

of the chemienl eonstituenis were not sufficiently large %o

attalin statisticnl significance. Coantrary to this, between-date

enns A1l significantly in all chemieal constituents. In

%>%%§%§§ with the exegpiion of ¢thepr extraect; all %%ﬁ chemieal
conntituvents shoved glonificant lineer regrecsions - with

geviations -~ of inoreasing yields wilh




j‘iﬁggzgzy {}éﬁ ﬁ%ﬁ%é%@% % agf%ﬁié%@%
or the %3&%3’%& taken 8o & w%%ée:» of the Thyee Tpegtment
Types of Harrow~stem Kale over all «:@%@Zé&%ﬁ* Dates

Crude Crude Bthep
Protein Fibre Extract

oe
;«u@ %M%@

Jreatment

{a) Treatnent Heans

Unthinned 8410 17:98 1:58 1013 39.58
6% thinned 830 16,66 1.29 9+57 38405
127 thinned 8.70 15,85 138 9,7t 57,75
S:E.8 of means 40.2 #5067 0.1 0.2 XS

¥ % 88 %@%% H.8, HeBs He8u HeB, HeBs

Pate §*§ 575 {b) Date Heanam

il
il
.
£
£
oo
el
e
o
?ﬂ
gl

Jan,

Yk
wills
on
£
&
il

J8h., %
Feb. 20 8.70 18,56
1

Hap, 12 G5 21.03

E 2 t & B . Bk

¥ test re
Regression

Pa i N ) w wo g,
Devistion | N Tells = Tlsia j B

& pegd, (05(:01) - - «26{.30) - -

The cervotene contents determined for the component

parts of the three itreatment fypes of marrow-sten lkale, at the

third, £ifth and seventh sempling dates respestively, are
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presented in Teble XXXIZI. The carotene contents of each

treatment Sype taken as e whole were caleulated from pelevant

data and are alse presented In Teble XIXII,

Table XXX

Thole Plants

Cavotene ﬁ@%%@%%% of Component Pards and
of each Treatnent Type of Harrow-gten Kale
at each Sampling Date

prme dy matter - moisture-free basis)

1957 Unthinned 6"¢hioned 12"thinned

34 161 287 156
Feb, 20 137 176 12k
18 : 201

]
oo
Pk
W
3
g

Wiy

200

Ly

5
P
il
i

Feb, 20 - - -

ar, 12 - | - -

dans31 6.8 L0 %&é%
T g s \ . ‘
Upper . Febe20 549 baT 3o

Btem s, -
; Har, 12 10,2 5.2 648

Jane 31 3.8 2,0 2.4
uower Feb. 20 5e7 365 2ely

Har. {2 B2 3s7 3.0

Jen. 31 59 98 66

é%%zi Pebs20 K2 54 4o
SABnT .y
. Har, 12 66

%
=
5
o

e 3

Reference to Table XUII shows that the 6" thinning

treatment had the highest carolens content at the vajorisy of
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the sampling dates in the cape of the leal components whilat
the unthinned frcetment had the highest content in both stem

components. The enrclenc contents showed no clearly defined

trends with advaneing seasen in elther of the nent parte

cen the eomponent parts, it was

or im the whole plant, Bete

evident thaty the leaf components wers much higher in cavotene

gontent thoan either of the sten components,




owegten

The dry matter percentages obtalned for marp

ment with those quoted by BEdin gt al.

kale were in

. % e A 5 U £ o ok P T - % - L s E ¢ s %
(1933}, Eivimae (1950}, Anelsson (4949) and Pagan gt al. (I6L3)

(@ee Table II), In many eases, though, the upper

pereentages quoted by these workers was higher than w

in the pregent ¢trial, Howevers in the latter;the crop was

sampled at an earlier stage of gvowih and sgeveral authorps have

found that dry matter percentages lncreased with time (Schmidt

initz (1933), Woodman gt a@l. (1936), Watson and Horten

L

and Sehle

(1936) sad Bain gt 8l. (1933)). Present results from the

unthinped treatment wore in accordance with thiss but no cleare-gut

trend wvas appavent in the other treatuents. It 48 conjectural

whether such a8 ¢rend would have occurred in these treatments,; had

in his experiment, perecentages 4id not change systematically

(1950) reported that

pling period been extended. EKivimae

throughout the season.
The current flnding that thinning caused a decrense in

dey matter percentage is in appeement with the findinge of Hiller

{1933) , Horrison and Hale (1936) and Pagan gt _gl.(1943, 1945).

Contrary to these results, Woodmsn gt al, (1936) Ffound that
¢hinning had 1ittle effect. The decrease in depy watter pereentages
of the sten componentes with thinning, coupled with the finding
that the leaf? component pereentoges were not affeected; is in

I }%,;

ance with the work of Fagan gt al. (1943} and the H.1.R.D.

accerd
RBeport {1946). The latter authors dealt with the stem as & whole,

£ Y




Bince the erude profelin content of narpov-gten kale is

governed to & lapge extent by the smount of leaf pregent,; eros

variety is inportont. The Vvoriety used in the curvent ftrinl

selected by Calder (1939,

fehh}. It was thercfore prebably of e different type then the
varieties used In the oversecas trisls and 4% is not consideped
to have & high leaf %o stem vatlo. Both Calder and Robinson
1952) found thet the leaf o stem ratic of the Glant type

wag lower then the "Government Certified Hedlum-steumed Ty
ge with

The deeveass in erude protein pervcenta

sing seagon as has bheer
Js Sehmidt and Sehleinits (1933) %éﬁuziﬁﬁéﬁg gé%§§§§
latter found thet the pe y eveatuslly reached

w decrease was attributed chiefly to

a conatant level, 7!
shedding of the protein-rich leaves., This iz borne oul in the
current trial as the leaf pereentages by welght sbowed o decrease
from

beginning to end of the sampling poplod,

Though Wosdman g% 21, (1936) 4id not £ind conclusive

]
oy

¥,

reaults as to whether %%%ﬁ%%%% infiuenced the erude proteln

content of the plant, the present finding that thimning caused

an inorease was in agpeement with Hoprison and Hele (1936, 1957)s
{1543, 1545}, Ehe N.I.R.D. Report {€%\$§§

H.1.8,D. Report, which further showed that thinning hed iis

W

greatest effect on the sten, was borng out.

Pregent resullts gggﬁi?@%ﬁ reports

Bunger et al. (1933, 1935} %§§~%%% HoXoReDo I
leef was superior to stem in erude protein content., Thoush

lower lea? had sliightly smialler persentages than upper stem,; the




ceauge of the very

the plants taken

due %o the g%on o

inereasing dry

proteln pepeentages

mattor glelds,

gave gpprozimately

doolined

spude protein. Ly

vields =

',

eonstant level, cauged a ve

of the vhole plants,

protein ylelds

wepe not effected Ly thinning, %%5? ineresse was

de protein

choepyed in the gien conpon
lgaf were not affected by thinning.

when congidereble leaf shedding had

3 yizld of the plant,
to sten in the evaluatien

in thepe? shwiocus,

for the whole

ICULTURAL COLLEG
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plant were comparable with those guoted by Eirp
{1935) ; Schmidt and Sohleinits

1948), They were howeve: @ found by
3} Watson and Horton (1936) and Hdin et al

gt al. {ig

In view of the %&%2%%%@% in @g@é& fibre content
¢ countrien, 1%
ant fagltor.

shomieal constitvents, can slge
be influenced by other bilologiesl fustors, soll fastors and
elimatic factors,

Bo change

season was noted in
recuent with the resu

ateady ineresse in crude fibre content with advancing season,

e would not affect the eruds fibre pepcsntage as &%ﬁ* sted

by routine analysis, since the separation of carbohydrates inte

ge extract and crade £ibre is purely empirical,

nitrogen=Ly
s fibre content and

Thisniag 444 not

Horrison

thia wes in accordance with
and Hale i%&ﬁ% 19373
Ulvesll (1953) and Pagen gt al. (1943) ted that thlioned

aaby and

gontent then unthinned,

marrow-gien kale hed a lower crude

The latter workers also noted this %o be the case in both leaf

ne had not affected

and stem, Pregent pesulis showed

the erude Pibre content in any of the component narts.
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than sten and
} Eitstil g’?@fﬁ%@%
codman ¢t ol

£ibre perveentaoge than rind, it was

sten had a lower srude Pibre percentage

2

hout the sampling periosd This was due %o the sten

components whose ylelds inoveased

deciined to zero and those of

eonstant. Thinning caused

yield, chiefly bec

Yields of erude

shinning.
vields of ¢rude rer half of the totel
1jority of the sampling

for a very emall proportion of the

he later sie of the trial,




Tk

&

ether exiract counlent of the

=

have reported

aensois

However,
deerease

PR
workers Lupth

E

Snertnnt,

thinning

L2

Present resuits showed that nooe of the

affected by

increaped slightly over the sampling perded chiefly bec

increased whilst those of lower

the sten somponente, whose

leal decreased to zerc and those of upper leaf remained relatively

© extract was the leal which

e

component

considerably
¥y leaf accounted L

vinndng did

yields did not differ v

more than half of the total yield of the plant.




5% o ooy 2 un éﬁ b T
The value of marvow-gtem kale

ssent lavestiga

to the majority of the walue
Gehletnitz (1933), Kivimas
1, (1936} ;. Yince the leaves are the nineral-rich

The ptem aloo

pard of the pland, erop varviety aay be

maken a useful eonteibution thoush

z’c

1 the carly etapges; no rell tendency %o

Contrary %o this, a decrease with

{1933) 4 L ivimbe

Woodman gf al. (1936) that thianing had

L mmtber percontage vas confipmed,

minepal countent was in sccordance with

and Pagan gt al. (T943).




The ylelds of mineral matter inereased in the whele

plants throt

ghoat the sampling peried due tov the inepyease in dyy
matter yields of stem componenta; the mineral matter percentages
of the latiter remained relatively constant. Lowepr stem ylelded

than uypper gten and 1% was only in the later
stages of the trial that the stem components outyielded upper

leaf. Thinning caused a slight decrease in mineral matter

yields. Since dry matier ylelds were not affected by thimning,

the deerease was chiefly beeause of the slight trend of

mponents. . Thinning 414 not affect v

Proportionately, upper leaf mccounted f£e

of mineral matter at the beginning of

either of the plem components, but by she

stem and lower stem were uaking approzimstely equal contelibutions
to the tolal,

The nitrogen~free extract porcentages obtained in the
current trial for whole plants were compavable with those quoted

by Banger et al. (1933) and Schmidt and Sehleinitz (1933), but

were lower than those quoted by Bdin gf gl. (1933), Watson and
Horton (1936) and Kivimae (1950}.
Fo change with advancing season was noted in the

present trial and this was in accor

dance with Woodmen et al,

sever, Bdin et al. (1933), Selmidt and Schleinits

19%3) and Fegen gt al. (1943) fourd an inerease with advancing

civimae (1960) £ Ehat dhs V e e
seasons Kivimae (1950) found that the nitrogen-~free extract




content was at its highest level in mid-semson. The inoresse

with advanelng season noted by these suthors may be gonnecited

with leaf shedding and the consequent reduction in leaf to

sem ratio, as it has been shown that stem has a higher nitrogens

@

free extract content than leaf (Fagen Pregent

reauléts ghowed thet the nlitrogens extract of the componend

papte did not differ by much; whilst Woodman ¢f al. (1936)

found little difference between maprsy, rind and leaf., Ho effeot

of thinning was noted in the present ftrisl and this wes in

agecordance with Woodms Gn the other hand, Fagan

g decreased the contents
ras showing that %%i%%iﬁ@

increased the content,

en-free extract

28t range of veriation in nitsop

content of narrowesten kale shown by the vesulis gollated in

Teble II and by the present trlal can probably be explained, at
least in part, by the faet that nitrogen~-free exiract is determined
by difference instead of direetly in the approved method of analysis.
Conseguently, it includes the cumulative ervors of the other
deterninations,

Over the sampling perlod, yilelds of nitrogen-free

plants inopeassd (see Table V)., This

extroct from the whole 1

wag ehiefly due %o the stem components, whose relatively level
e

nitrogen-free extraet percentages cosbined with inereasing dey

matter ylelds pave o net increase, It was also paptly due %o

upper-leaf yields which increased slichtly due to o slicht trend
of inereaging percenteges allied fo relatively level dry matiey

yields., lLower-leaf yields soon declined to zeroc. Thinning




- 406 «

did not affect the level of plelds in the uvpper leafd thoush

it enueed s siizht decrense in the sten componentass Propopt-

nitrogen=£ree

ignately,; leaf accounted for siipghtly more

nents at the beginning of

an either of the stea comps

extract th
nee had

the sampling perioly bDut by the end, both sten compone

pling dates, lower sten

outyielded upper leaf, A% gll sar

aceounted for a greater pro ey sten.

Refeyence to Table XXIT shows

variation of the carctens content of the whole plants; sll

ineluded, wae LO %o 98 migrograms per gran

htly less than that found by

matter, This pange was slipg

Kivimde (1950), vhose values ranged frem 60 to 121 over & Pourw

ary o the present finding that the carotene

begiuning $¢ énd of his péried,

tieslly Guring the sampling 1

eontent did not change system
Kivimfe found & decrease from

of growth than the present

His erop was at a mo

ShEe




CHAPTER V¥

{a) Palatebility.

o

d methods.

]
]
Hodit

} Experimental materials =

1
{14) Experimental vesults.

e

Py
W

Digestibility.

methods.

.

(1) Experimental materials an

(12) Experimental results.

(¢} Discugsion of the results from the pelatability

and digeastibility trials,
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(z) Palatability

To cobtaln information on the relative paiatabllitiecs

[

of the three treatuent types of marrov-sten kale, an experiment

imental animals was depigned. The sheep

Prom & £flook of

» Hew Zealand Eoaney

wether sheep; twelve animals were provisionally selected for the

expepinent. In order to reduce individual variability as nmuch

as possible, the animals for similarity in age,
weight and genepol condition. After a peplod of "acelimatization”
in the feeding shed, the finnl cholee of the nlne sheep vequired

for the aetual trial was made. The sheep had ospeviously been

graging eyegrass-clover swards at Crasslonds Division and all

appeared to be in good health,

A A

The sheep were housed in a
cattle feeding trials; the stells were converted to individual

sheep pens and slatted wooden boards were used %o ralge the

mnimals off the concrete floor. The conventionsl type of feeding

boxz for digestibllity trials was originally employed, but waa
found to be unsatisfactory; ocousecuentlys; feeding racks of

large-gauge wire nosh were constructed: Sacking was siretched

below this and held in position by a wooden bar at bresst helpght

this prevented soiling of food pulled from the ra

&

Fresh
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water was avallable at all times.

=

Harprow-sten kale for the first pre-experimental and

firat experimental feeding pericds was obtained from land

adjacent to the experimental aves, in the same paddock. Thi

erop was sown in September, was unthinned and utilization by

dairy cows was begun in Januvary. In further reference to this

g-aten kale will be used.

erops the term “non-expe

montal and second experimental

For the second pre-gEpel

marrouv-sten kale not reserved for yield deteraminations

wae |

from the experimental plots (see £ig. 2}, The three

treatment types of wmarrow-stem kale were taken from one bloek

L

each day and the blocks were used in contilauocues rotation, so

that eny one blogk was uged opce in four days.

1ieation 2atments

To allow for variability in individusl intake,; &
covariance design (S8nedecor, 1956 pp.3%4 et sgg.) was utilized.

The nine experimental sheep, designated nes. 1 to 9 regpectively

on the basie of livewelight,; were divided into thyee groupe

ants were alloeated at rand

Within each group; the treato

& total of three replicates (Table XIXIILI). The sheep were

pandonly allocated to individual pens.
finished oun 22nd February 1957, was divided into four perloeds;
& firat pre-experimental peried of ten days to allow the sheep

to settle down in their new surpcundinga, become sccusiomed o

to the diet of marvow-sten kale

hapdling and
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wr

tal peslod of seven dayss during which all sheep werpe

4 intakes

fed non-experimental marrowesten kale, Individual foo
recorded over this period were used as the independent variables
in
of five days during which

varisnce analyses; o second pre-experimental period

sheep nos. 2; 4 and 9 were introduced
to unthinned, nos. 1, 6 and 8 $o 6" thinned and nos. 3, 5 and 7

to 12" thinned experimental marpow-gtem kale respe

».»

lastly, a second (final) experimental period of ter

which the three groups; enumerated as above, continued on their

respective feeds, Individual food intakes recorded over this

#

period were used as the dependent variables in the covapriance

apalyses.

Table XXXIII

Oroupling of the Egperloental Animals

2

and Alleeation of Treatments

LCTETR |
=

%%%?iﬁﬁéé
I 12% thinned

o |

{2 %éé nned
III 6% thinned
%%‘%a ﬁ«%%ﬁé

L Cyed
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In the first pre-cxperimentel perviedy the sheep were

fed an admizture of marproweglen kale and herbage for a few days.

was then eut out completdly and marrovwe-gten ksle became

Herbage

E 4

podnan

the sole feed. 1In trials conduacted by

was experienged in securing

it was atated that no difficulty
complete consumption of rations of unthinned and thinned marvow-
stem kale, whose stens were cut into short lengths. OConsequaently,

in the present triel, a turnip slicing wmmchine wes used to chey

the marrow-sten kale stems before feeding, However, extrene
geleetivity resulted and only leaves and the soft ¢

the stems weve caten; the fibrous lower paprts of the stens were

left, Freguently, the outer shin of ¢

soft marroy of

through %6 the woody zylem and sometimes

the stalk was nibbled ends of pleces of stem, When the
conventional type of dlipgestibility feeding bhox was upeds the

food was often acattered over the pen floor and soiled, so these

& by feeding racks and sack!

; E POy YO TN W W
: adequate intakes

these conditions of gelectivisys 1t was necessary to fe

sentis

in éxcesa of that celedated Yo supply malintensooe requlp

re given, intakes fell below

When the caleulated quantities
that required for maintenance. Intakes similarly fell when

to accuston

marpov-sten kale stens

therefore deelded 4o feed

the sheep to eatiang atens.
only the upper past, ineluding leaves, of the warrow-stem Rale

and to stop chopping the stems, as this did not a

&

eny advanbege. The point chosen to divide
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lower part of the plant was where the lowest leaf was still

attached %o the stem. This point had the advantege of being

%%?Ej“ f%f:f%ﬁ@& ”‘%@ ”"‘%’3 "*ﬁg}&szf %5:3 %%ﬁmﬁg oy
the trial. The eulting vpoints and examples of the three types

win in figs. 16 and 17 resvectively.

of experimental feeds are she

The wastage in utilization (dry matter basis) with

%@%%%ﬁ%%%@%g for

binned experimental woarrow-site

&L
[ w

vepresented the means of samples faken dally during the course

of the ezperiment. Ssmples of the feeds were analysed daily for

lea? to stem vetios. On g dry matier basin, the lesl to aten

ive

ratios wepe 63 %o 37 56 to Ly and 5% to L7 for the ve

experivental feeds in order ag &bove. The non-cxperd
marrov-sten kale gave a lesf to stem ratio of 62 %o 38,

m kale reguired to feed

The toitel amount of narppu-at

prevent eéxecasive

feeding shed prior to the morning feed,

wilting

S

during the day, the feed was siored on the conerete Lloor

in & ecool part of the shed and covered with

daily vation of 25 pounds fresh o

10, 5 and 10 pound amounts at 9 a.um., 1

each 2hi~hour period,

dividusl

respectively ¢o each

Puse weighte

%&5

this is, Just bBefore } a.m. feed, in

were recorded. All welighings were made on &

Balanee, which could be read %o an accuracy of 0.7 pounds.
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(a) Unthinned

(b) 6" thinned .

(c) 12" +%hinned

Figure 16

Cutting-points of the Three Experimental
Types of Marrow-stem Kale for Feeding to
the Sheep  (20th Feb., 1957)
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pamples of the feeds and individusl refuses were taken
and dried in & forsed draught type of hot alr oven at 173°F for

twelve hours. The samples were Bhen welghed and the resultand

( U N '
dry wmatiter percentages used %o ealeulate dally individeal dpy

2

matéer intakes of tach animal. A1l weighlings were made

on an

o
P

Triple Deam Balance, which tould be resd 4o an accuracy

of 0.1 grams, The spamples taken durdng the Final experimental

period were ground in a leboratory mill after drying and stored

in sealed glase jars for futwre chemiesl anelyses. This wae

done as this period was used to determine the digestibilitiea of

the feeds simultanecusly with palatebility me

1w durdng €he trial;

namely, at the beglnning and end of the firet and

perimental periods respe

$

! et em em T 5 Pk L% w & P
A gpring belence with eling

harness (fig. 18), suspended freon a Poof bean,

this means, sheep were welghed 1n their individusl

mnintoun disturbanse,

3ed during the

{a) The behaviour, general condition and health of

the sheep.



- 19l -

;

the daily individual intake snd pefuse welghtis
5

of fresh wmarrow-atem kale, of cach sheep.
The dry wmatter conients of the dally feeda end
refuses, of eagh sheep.

The daily lsdividual intake and refuse weishis

of marrow-gtem kale dry matier, of each sheep.
The liveweight of each sheep at the beglnning
and end ¢f the Lirst and finel experimental

periods respectively,
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Figure 18

Teighing the Experimental Sheep

Figure 19

Experimental Sheep Fitted with
Harnegs for Collectlon of Faeces
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11} Experimental Resulds

Onee the initlal difficulties,; outlined under the

ment section, had been overcome, the feed

feeding and manag

intakes peoached o satisfactory level.

day=to=day fluctwations in individaond
some variation though not extreme; in the intskes between sheep.
Compered with the firet experimental pericd, mean dally intakes

of fresh marrow-sten Eale duping the final ezperimental perisd

deereased slightly in all groups

marpow-sten kale, where & slight inergase oceurved.,. On &
matter basis, intakes increased slightliy in all groups excent

that fed 12" thinned marrow-gtem kale, where a negligible decreasce

{02 pounds) cecurred,

&

Selection was prastised to a certain

the leafage was consus

of pieces of stem. Bhesp no.bl w select

vefuse conteined both learl apparent deeline in

cbeerved. The

@

very wvell and sooh Becane accustoned to

sheep settled down

3

frequent handling, All meiniained good condition and health.

gan dally intakes of fresh warvovsaten kale

Total and w

al periods,

by each animal durlng the Lfirst and final experiment
ape presented in Table NIV and IV respeetively. Individusl
day-to-day feed intake records for the same periods are lodged

with the Fleld Husbandry Department, Hassey Agplicultural Cellege.
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During the 7-day first experimental period, the mean

daily consumption of all groups was 20.2 pounds of non-gxperimental

The wean dally consumptions of the three

groups, cach of three sheep, selected to receive unthinned, 6%
thinned and 12" t¢hinned mnrrowv-gien kale respectively during the
final experimental period, wepe 20.4, 18,8 and 21,5 pounds

respectively,

During the 10-day finel experimenta

??gﬁ end 18,3 pounds. The unadjusted mean intake

%3;
gﬁi
o]

unthinned marrow-sten Eale was thevefore L.8 and 3.5 pound:

& of 6% thinned apd 12" ¢thinved morpow-sten

greater than the intake
kale respee¢

The analysis of coverianee, test of siguificameef the
adjupted mean intakes of the three feeds and the analysis of
erpor variance are pregented in Appendiz 11, Resulis showed
that intake ﬁ%?f%%é%%%% between the e were not sipgnifiecant.

e

In the anolysis of ervor varisnce, although the redustion in

suma of squares due Yo regressicn was not significant, the mean
red

squape Lo error was reduged from 1341,99 to 646,273 this indicated
that the use of covasiance had inereased the precision of the

experiment. The efflelency of covariance relative to amalysis

. more

of variance was 20 Without govarianee thepefore, 108
animels would have been reguired %o achieve the same preeision.
Total mean daily intakes of the three feeds,
unad justed and adjusted for regression, are presented in Table




1§ )
ean Total and Deily

Table X2

Unadjusted and Adjusted &

Pregh Haprrow-sten Kale Intalkes ovep
*inal Experimental Ferlod

Hepprov-aten

EKale 5

Adjusted
1ba,

21,58
18439

17,13

Unthianned
6" thinned

12*¢hinned

an differences between adjusted

Althouph the me

intakes were not signifieant, the existence of differences

; A&

between the unadjusted and sdjusted mean intakes provide
further evidence that the uvse of govariance had incrpeased the

precision of the ezveriment,

Hean dry matter pereentages of the non~experimental
aental feeds,; offeved to and refused by each sheep

z the first and Finel ezperimental o

and expes
sriods; ape prosented

E

durdn;
in Tables XIXVII and ZXXVIII respeetively. Individusl day-to-day

dry matter percenteges of the feeds offered and pefused are lodged

with the Pleld Husbandry Dept

staent, Hassey A

values were used to determine the dry matter

These

ental periods,

each sheep over the ezxperin

The dry matter perceatage of the

was slightly lower than the perce
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#ith unthinned marrow-gten kale, this difference was less than

1% and with the 6% and 12" thinned marrow-piem kales, the

difference was just over 1%,

Daring the flrat ezperimental pevied; the mesn dry
matter percentapge of ¢uch sheep's refuse was less than that of
the feed, but only By Just over 1% in mest cmses. Similagly,

lower thon $hoge of the

refuse dey matier pepeontapges

corpesponding feeds by amounts ranging from 0.9
during the final cxperivental pericd. The lower values recordsd

for refuses indlcated that the sheep were selestive to a copfain

degree. %%E the leafage wos coten and refuses consisted mainly

stemy the vefuse of sheer nodis the least selegtive,

of pieces of
was, as would be expected, closest %o the feed in dry matterp
%o be lower in dpy

-

percentage, Béem had alrveady been found

E

sntape than leafape (see pp.69-73),

experimental porleds;
are presented in Tables LIV and XXV peppectively., Individeal
take recopds for the same perieds arve lodged

During the ?&éﬁg first experimental §ﬁ?§%§g the mean

daily consumption of all groups was 2,43 pounds of nen-experimental
sm kale dry watter. The mean daily consumptions of the

groungs each of thres %%@%;g geleeted to rvegelive unthinned;

6" thinned and 12" ¢hinne ézﬁ%?@@§W%§%% kale during the floal
respeatively.

perimental peried, were, 2.45, 2.27 and 2,58 pounds pe




During the 10-~day filpal experimental period,

£

zan daily consuaptions of the three

réspective ¢

rder as Sbove, were 2,70, 2.45 and 2,56 psunds

e of unthinned marrowesten kale wes therefore 0,26 and

mean intak
0, 1l: pounds greater than the intske of 6" thinned and 12¥ thinnsd

mar

row-pten kale respectively.

The snslysis of coveriance, test of signifi

the adjusted mean intakes of the three feeds and the analysis of

error verlance are presented in Appendix 12, Resulls

- that intake differences between the groups were not significant,

In the analyais of erpor varilenee, although the redustion in

zgsion was not signlfieant;

suma of sguares due Yo regy

square Por ervor was reduced from ihbl to 5.96; this
that the uee of sovarianee had increased the prseision of the

The efficiensy of covarlance relative

of varianse was 2425, Yithout eovarlsnce thevefore
animals would bave been required to achieve the same precision
Total mean dsily infekes of the

) LT

zpsiong aps prepented LBLE Aaniins

and adjusted for regr

een adjusted

Although the mean differences bete
intakes wore not significent, the existence of 4ifférences

jnpted and adjugted nesn intakes provided fusther

between the unad
evidence that the use

of covarlance bhad increased the precision

of the experiment.




Table XXXIX
Unadjusted and Adjusted :
Haprrow-sten Kale Dry
he Final Experim

an Total end Daily
tter Intakes ovep
ntal Pepled

Total Daily Total

. Intaks/ ° Intake/ Intake/ iy
arrow-sten Sheep Sheep Sheep Sheep
Eale Unadjusted Unadjusted Adjusted Adjusted
b,  Ibse 1bs, ibs,

Unthinned 270 2,70 26,76 2,68
6 ¢hinned 2h, 56 2.4 26, 0% 2,61

12" Yhinned 25,61 2,56 ol 13 2.4

The livewelight of each sheep at the beginning of the

Pirst and flnal éxperimental perlods and the change over these

perlods are presented in Tables XXXIV and XV respeetively.

During the firat ezperimental perioed; small apparent

weight losses were recorded for sheep nos. 1, 2, Ly 6, 7 and 83

@;%EE i @{é g;}%? %%ﬁ@é@ ﬁ&g‘{%#gg § %gg

g, All sheep ezeept vos., 8 and 9 showed small apparent weight

lesses during the finel experimental period.

On average; apparecnt welght losses were recorded fop

all groups in each experimental pericd; the losses were very small,

However, variation in initial liveweight, individual intake, water

consumption and “gut® £111 eould be among contributcry factors

obseuring the liveweight changes; 8o that no significance was pesd

into the apparent liveweight gains and losses.
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{B) Digestibility

The sheep employed for palatability measurements were
vericda, that is,

L

pimaltaneously used during the latter two

epimental and final experimental, of the palatabi

gecond pre-exp

trigl o determine the relative digestibilities of the different

nte in the three experimental tyves

conventional feed constitus
of marpow-sten kale feed. From these, by standard procedures,
the starch eguivelents, total digestible nutrient contents,

digestible orude protein contents and the nutritive ratios were

ealeulated,

(1) Ezperimental daterials and Hethods

elys anlnals, housing

The experimental materiale; new

and feeds, have been already deseribed in the previous section

ot palatability.

The grouplng of the animels and sllocation of treatments
have been alrendy deseribed (see p.909). The design was thus

a randomized bloek types with three gheep per block, within which

the treatoents had been randemly alloeated (Snedecor, 1956, b.
2 &

201 et 800, ).
The ¢trisl which began oa 7th FPebruapry 1957 and finished

prised of the latler two peviods of

oh 22nd February 1957 was com
the palatability trial, nomely,; the second vprelismdnary pericd of

experimental period of ten days.

five daye and the fipal

kes and faseal outputs during the 10-day

Individunl feed inta

experimental period wepe used in the digestibility determinations.
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The apparent digestion coefficients of ecach feed were

s

determined in tpiplicate, using sheep

unthinned, 1, 6 and 8 for 6" thinmned and 3, 5and 7 for f2°

hinned maprpowe-stem kale respectively.

The ¢tschnigues employed in thepe dutles have beéen

alpeady deseribed (see pp.111-113),

the conventienal

apparatus used

&

it consisted

was that deseribed by Sears and Goods
essentially of o leather havness with attached rubberized

canvas bags for ecllecting the facces (fig. 19). Sines neither
pitrogen nor wminerel balances were underteken, urine was not

eolleeted,

& were harnessed during the preliminavy

ugtomed o wearing the

period of the trial and soon became ave

hapness and %o the frequent handling assoclated with its use,

fuibs

“he gollection bage were emptied three times daily, onee priop

te the first and third feeding $imes cnd at 9 psms  The fucees

Prom each animal was individuslly weighed at these times, stored

in plastic containers and kept in a cool past of the shed.
Deily, the total wet facces volded by each sheep was mized

sempled by teking an aliquot part egual to one

thoroughly and

tenth of the total, To detemine dry matter contents, the

1 dn & forced-draught type of bot air oven at

samples wel
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tvelve hours. The samples were then erushed and

173°% for
dried fopr another twelve hours, as there was a tendeasy fop

the supface of the fasces to beéecome dry and hard, thereby
terial from drying out. After welshing;

preventing the inner we
shoratory nill and stored in sealed

re ground in a 1

the samples we

glase jars for future chemical analyses. All weighings weres

PN

on an B,T.A. Tpiple Beam Balance, which could be read to an

ageuracy of 0,1 grams,

m kale feeds,

Compesite pamples of the three marpow-ste
wade up from the

A1} analyses

individual refuses and individunl faecges

daily samples taken during the collectier
were done im duplisate on rvepresentative samples by the method

recommended by the Assogiation of Offielal Agwieultupal

Chemists (1952},

w2 folloving information was pecorded during the

(a) The behaviour, geuneral condition and health of

the sheesns

The éally ilndividusl

&,
o
Bt

fresh sarrovesten kele, of each sheep.

The dry natter contents of the dally feeds and

S
o
St

refases, of each sheep.
5¢ welights of

‘he daily individuoal inteke and

SOy
st
¥

marrow-glten kale dry mattor, of each gheep.

} The daily smounts of wet focces veided by cach sheeyn,

™
5
Bt
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matter content of the daily wet

of each sheep,

o

£ g ’ , o B oo momim : B G
(g) The dsily weight of faseel dry matter voided

each sheep.
{(h) The liveweight of each sheep at the begimning

and end of the experimentsl perliod.

opded as above were used %o caleulate the

pparent digestion coefficients of the differ

eonstituents in the three feed types of werrov-sienm kale,
sptlible nutrient contents of
vodman (1954) 3

igestible ether extract

Valnes for the Sotel dig

£ibre and

e

protein,digestible crude

irogen-free extract respectively.
ralues were esleuleted by the method
{§§§$§§ %?ﬁ%% %«%? %;‘?

sutlined by W

adding the produsts of digestible crude protein x 0.9

ether extraet x 1,91, digestidble erude fibre x 1.0 and digestible

nitrogen~-free extract z 1.0; the total cbtaiped was

muléiplied by the corpection faector, "V', of §3.

determined asccovrding to the

expression given by Woodman (1954}, vize,

Hutritive Ratio =

(% aig.ether extract x 2,3) + % dig.carbohydrate .

% dig.erude protein
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{41) Experimental Hesults

palatebility and digestibility measurements have already been
presented in the palatability section. These wore ag follows:

General observations.

o
g

arrow-gten kele (Tal

o
Wi

Peed consumption ~ fresh u

Dry matter coutent of feeds and refuses (T&

Ay Ay g
- L
oo

again be emphasized

narrow-sten kale

The chemical composition of the three
feeds, together with that of the refuses and fasces of each
gheep are presented in Table Xi.

Feed snalyses showed that the chemieal composition of

the three feeds was essentislly similar. There was a slight

pend apparent, hovever, of decreasing rereontages of

was veverned.




mpoaition of Peeds, Refuses and Paeces

(atated as % - on & moisture~free basis)

Fercentage Composition

Harrow-

&ggﬁﬁia

E

a1 85.9
?ﬁﬁg %Z%g;%z»
2.1 87.9

Unthinned | -~ | 12,2 15,0 15, 2
6" thinned| - 13:0 b9 15.6 2
12" ¢hinned| - 12,9 4.7 15, 2

B 2 %%a% ’§§% %§§% ?@@ ﬁ%g% %gﬁg %%é%
Unthinned b 113 e 15,8 2.2 53¢l 13:9 86,1
% §§§§ %%? g%w% %e% %%ﬁ% %§§§ %?%@

1 | 10.1 41,3 18,8 1.0 56,2 12,7  87.3
6% ¢hinned| 6 .7 11.3 21.0 0.8 k.6 12,3 g?ag
& | 90.7 H.2 25,6 1.5 B0e5 115 48,
3 [ 10.3 10,3 239 1.2 53.0 11,6 884
12%¢himned] 5 | 10.1 40,7 29.9 1.1 Bh.o  12.3  87.7
? ’?%;g} géﬁg w?}%g %aﬁ% §§§§ %;Eé% ;?2 aé@r

Unthinned

W o
S
LA
(e e

1 35.5 12,5 9.5 13,3 22,9 4%.8  5B8.2

6" thinned| 6 311 15,6 9,9 11,7 28,3 25 65,58
& | 313 1h.6 12,8 97  33.2 29,7 70.3

. ) % zég*? %25"?3@ §§§§3 %ég‘é ggﬁ? gi%%f& g‘"géﬁ%
12"¢hinned| § | 39,9 k.1 2.4 10,3 31,6 31,6 68,14
7 31.1  15.5 %ﬁeg 11.8 21.h §%a§ Gl




& that individual refuses of all

Refuse

animals ezeept sheen no.ly were lower in ¢sude protein; ether
extract and mineral matter contents and higher in ¢rude fibre

s Phis was furthe

contents thean the corresponding feeds

indication that selective fesding was practised 4o g

ee by all animels exeept sheep no.lLs whose refuse
cloaely epprozimated that of the feed,
' Although ezhibiting sosie variebility; rerticularly 4n
sosition of the individual faceal

degr

the dry matter content, the com

outputs did not 4iffer greatly. In all sases, the dry matier;,

ether extract and mineral matter ebntents of the individual

faeeal outputs were mush higher then the corresponding feeds

i

erude protein was only sometimes higher; whilst the nitrogen~free

extract and crude fibre conltents were alwyays lower,

8 of the feeds were

The gpparent
calculated by using the dats for each

w

shgep pertaining to the
4 abd gxereted, Sogother
Detaliled calculations

amounts of dry natler of

ith their pespective compos:

"xggﬁ to which they were

the coefficients and the anslyses
é%&@%%%%& %eﬁ.& :; ? ‘%E and ggé%s %?}?ﬁﬁ@%%f L

subjected aere

The mean appevent dipestion coefficients of the varisu

constituents in the ¢ foeds are presented below in Teble
The mean apparent digestion coefficlients of all the

feed congtituents exeept grude fibre, increased slightly with

cen goefficients

inereasing severity of thinning; differences betw

were greatest for the erude protein and ether exiraet constituents.




Heann Apparent Digestion Coefficlents of
the Feed Conptituents in the Three
Types of MHarrow-gtem Eale Feed

Unthinned 6% thinned 129 thinned
Feed
Conastituents

y matter - B1.5
Crude protein 80.6
GCrude fibre , 5.7
Ethep extract ' 38.0
Hitrogen-free extract 89.3
Orpaniec matter 88.3

Refereneé to the analyses of variasnce showed that
althoush varintion cecuepred between the feed conabituent

s of marrow-sten kale

digestion coefficients for the three type
feed, the differendes were not signifieant for any feed

2ndix gi%e} ®

constituent (Appe

relative nutritive values of the three feeds
are presented in Teble XLII,

r chenical eompositiens

Linked to the essentially simila

apent digestion

@

of the feeds, the trend of increasing mean api

sduged

goefficients with ine

easing severity of thiuning hag pr
& pimilar trend in the total digeetible nutrient content of the
three fecds. The stareh eguivalent values likewise followed

this trend. Only -slight differences existed between the




geatible erude protein contents., IBosed upon
the nutritive patios, whish were very similap, would all be

termed "medium” ratios.

Table ZLIX

Hean Veluea for Total ﬁ%dgé@i&%@ Fatrient Contente, Stareh

Gta
rude Proteln Contents end
g@%ﬁ%% 3%”5%%%@% of %*3%}5: Three Typen of

Harrow-gten Kale %@%ﬁ

(fresh matter basis and dey matier basis)
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12" thinned [10.2 79.0
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{e) Discussion of Results

The plan of the experiment proved satisfactory frow

the viewpoint of exemination of the results.

trial,

The pesulis obtailned from the experiment can of

gourse only be atrietly applied %o the condltions under which

These differed from those present

2riment was condueted.

‘under normal grazing of marrow-stem kale by sheep. In the tpial,

the sheep wepre not given acgcessg ¢o narpov-sten plants as a wholey

but were limited to the upper parts. The point chosen %o divide
the upper fyom the lovwer parite of the plant was elearly defined

and had the sdvantage of being eapable of repetition. It is

L2

sing from the behaviour of the sheop, when initially

probable, jJud

hat they would seleet the lcoves
in the field . This

fed whole mapprow-gten kale; ¢

and relatively soft upper paris of the st
is borne ocuts at least ln part, by practical obsepvations. I%

has also been cbserved thet thickly sown wmarpow-stem kale, whieh

develops a thin-stemmed crop is utllized fto a greater exient in

the fleld than a thinly eown crop which develops thick atens

The increased utiliszation of the former is due o more stenm belng

eaten. Conseguently, although the results from the trial showed

% and 51% for unthianed, 6"
thinned and 12" thiaoned marrow-stem kale pespeatively; thése would
not neceesarily be the figuros obtalned under normal greasing

Indeed; 1t is possible that the order of the

eonditions.

i wonld be reversed due €o highes

utilization of the thin and mediun sten

s of unthinned and 67 thinned
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marrow-niten kale respectivelys This was certainly the ease

og-gien kale

with dairy cows breskefed on the ezperimentel nam
remaining in March after the experiment was Linlshed. By

trinl instead of

feeding the pheep a fixed vation duriang &

in the determination of digestibility, was prevented.

ug, execessive selection, a factor of particular importance

The dirfferences in fresh and dey natter intakes of

groups of sheeps fed on the three treatment types of

ov-sten kale respeetively,did got differ sigalficantly,

g

Consequently, this tpial besed upon invskes, showved no difference

in pelatability between the three feeds. Unfortunately, there

asre no published deta available fos
stion en

of HWoodman gt (1936) was not designed to goin inforu

gpevtive intakes of anthinned and

palatability, but perusal of re

thinned marrow-gten kale, in thelr dlgestibility trials using

sheep, showed 1lttle difference.

chemical compositions of the three treatment types

+ fed were epsentielly similar. In view of

tes of the

this, together with t¢he Pfact that regpective ints
sopesten kale did

groups of sheep fed on the three

P

not differ much, 1% was bhardly surpelsing that little aiffere

igeation

ezisted between the respective
eoefficlents. What were of little practical

significanee 1te obtained showed that

the marpow-sten kale fed, was & highly digestible animal

feeding-gtullt,

3y

The results sbiained fron entibilidy trial are




not strictly compersble with those presented in Teble 11X,
sinee the latler vosults were chiefly cbinined from wnaprov-gien
svers in splte of thip end the faet

kale fed ss a whole. How

that the results in Teble III vary widely s certain features oye
of dntersat.

Crude protein digestion coefficlients obtained in the
present trial are comparable with those found by Sehmidt and

Sehleinits (1933,

933), Richter and Perber {1933)

i

and others fop with waluss

o

recorded by Wohlbier and Schramm marrow-gten kale

leaves and stems respectively. This suggeste that crude protein
throughput the marrow-gtem kale plant 1s equally digestible.

However, in other trials by Hdin et al. (1933), Watson and Hopton
(1936) end Kirsch and Jantsen (1935), ecefficlents, less by

varying percentages than these found in the present trial; were

regorded, Among possible reasons which may be advanced in
ezplanation; there is the verietion among indlvidusl anlmels and
the effeet of envirommentel and physislogieal conditions;

ineluding all errors, inherent in work of this mature. There is

also the question of plant varlety and stage of madurity.

and Looasli

Coneerning these, 1% may be pertinent %o quote lMayuard
(1956)3

o

"Hierchiotic setion plays a

with the fibrous rations of Herbivore

amount of ceude e present are luportant factors goveraing

pestibility of the various nutrients in

the extent of the &7
%%&3@ gggg?
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present trial; were mueh higher than the majority presented

Only one trial by Watson and Horton (1936) and

spareble values,

and Jantzon {1935) revealed eo

mmprove-gten koale, A compapable value

y tohlbler and Schramm

ol

vh s evouesten ; It is conece!d

de Llbre

of the o in the feeds of the present

éiffered from that of the lower pards of the plant.

fibre of the latter would therefore affect the

ghen vhole maprowsgten kale wan fed.

on the compositisn of experimental marrowsgtem kale

A

showed that the crude fibre contents of the present fescds wom

isas than those of ghole marpavegten kale,

equiveient to the values obialned for leaf,

The majority of the digestion coefficlients for ether

&

spented in Table IIT weve

the current teial, Elrseh and Jentaor
Sunderlin (1930) were exceptionsy who obiained lower soefflcients.

n (193] obtained a comparsb)

Wolildbier and Sehw

arrow-gien kale leaves. zther extragt content of the

pere eguivaient to those of nmarrove-gten kale

wposition of

tal marrow-sten kele. It may be therefore, that the
digestibilities of ether extract in the present trisl were

influenced by the ether extract intskes,; which were greater than

which would be ingested had ¥hole marrowentem kale been feod,
There is also the possible influsnee of the othey feed constituents

on the smount of metabollc fat in the Paccal ether extwact.




£y
Zurnas

that the nitrogensfres e

is equally dige

e

segtion coefficlents of the or

‘ . T ™
were alse in

31 sequel as both the ehemienl compositions and

m

* the feeds were egsentially sinmilap,

relative nutritive valuwes of enthinned

kale eeiculs

in Tab

found in the
s values were
-ptem kale

buring the present ezperimental periled, liveweight

along with

ehanpes in the sheep were recopded.

visual observations, served as a gulde to

Yo %}% gl fiennes

health of ¢the

g;‘ﬁt

B
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oo

E

& different experimental procedure would have been

Yeble XLIII

Contents, Stareh

Centents and

f

Harrow-gten

ale

)
E

§§%§2§;§§§§%§ %%g é ?2%%{; g:*}@ 5% {E;%e% §§? %gfg %
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of the resulds

ligestibility trial they




Ay,

o,
g

L

4 ptudy hos been made of the effeet of different
thioning treatuents on the yileld, compositions paletability

and digestibility of marrow-sten kale grown in pows.

The thinning treatments had no effect on the green

nafber ylelde of whole planty upper leaf, upper sten op

wepeleaf yields incrensed with increasing

lower steny but leo

geverity of thimning. Likewlse, the treatments bad no
effect on the dry matter ylelds of vhole plant, upper leaf
or lower stem, but lower-leaf yields increased and upper-

stem ylelds doercased,; with inereasing severity of thinning.

Leaf perecntages; both on a green and dey uatter basis,
tended to inercasge with inercasing severity of thianing,
the effect decreasing with advaneing season. Fupther, leaf
perecentages decreased with time, the greatest vate of

decrense oceurring at the beginning of the sampling pericd.

f leaf shedding would a2id in the

interpretation of vapintion in marpow-gten nle grovih.

matter pepcentages

Thinning decreased the dpy

stem components and whole plant, but had 1little effect on

the leaf comporents.
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Thinning inerecased the erude proteln pereentsges of
the stem ceomponents and whole plant, but had 1ittle effeet
on the leaf eomponents. Ho effect of thinning on the eruds
protein yields of the eomponent parits and whole plant wae

obaerved.

Thinning had no effest on the orude

of the component parts or whole plant. The erude flbre

vields of stem components and whole plant were decreased

by thinning, vhilet lesfecomponent yields were not affected.

Thinniag had no ¢ffect on the ether extipac

or gields of the component parts and whole plant.

Thianing had no effeet on the minersl matter percentages
of the component parts or whole plant., Hinersl matter '

yields of the stem components were deercssed by thinning

whilst mineral matter ylelds of lower leaf were inerveased.

Upper-leaf snd whole-plant ylelds were nol affeected.

Thinning bad no effeet on the nitrogen<free extract

E

percentages of the componeént parts or whole plant. Nitrogen-

free extract yields of upper leaf and whole plant were

8 were

affected by thinning,; but stem-component yleld:

decreased and lower-leaf ylelds were increased.

Fo gonslastent effect of thinning on the cavstene

content of the component parts or whole plant wae o




(12)

- 1 -

In general, advaneing seuson had little appreciable

percentage eouposition exeept in the sase of

&

effeet on the

i@ protein pepreecniages, which deeressged; ether extract
and mineral matter pepcentages also decreased but the
changes were slicht and occurred enly in the initisl stascs

of the sampling peériod. The ylelds of all the chemical

was dus

constituents incpcased with advancing sesson. This
to inereasing stem-component yields rather than to leafs

gmained relatively constant.

component ylelds, whieh z

Thinning had no effect on palatability as determined

by the fresh and dry matier intakes of sheep.

4

&

*hinnin

g had 1ittle effect on the digestion coefficients

larly, little effect

of the various feed constituents.  Sim

was cbgepved on the total digestible nutrient contents,
starch eguivalent values, digestible erude protein contents

or auteiiive patios,.
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Analyses of Varianee on the Dry Matter Fersentages of the Component Parts

Appendix 10

of the Treatment Types of Harrow-plem Kale over all Bampling Dates
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Appendiz 13
Caleulated Digestibilities of the Peed Constituents % the

Three Types of Experiwmgntal %ﬁ%@@%ﬁ%@%&ugéiﬁ%
(welghts in grams obteined by pounds x 453.59)

(a) Digestibility of Dry Hatter

Dry Dyy Dry Dry bDry  Percentege
Batter Hatter Hatter Motter lHatter Digentid-
Offered Refused Consumed Exercted Retained _1lity of
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(b} Digestibility of Crude Pretein

Crude Crude Orude Orude  COrude Percentage
O o oo Protein Protein Protein Protein Protein Digestib-
stem """ offered Refused Consumed Excreted Retained 1lity of
&@1% o %ﬁ%a g%g gﬁwgag %%ﬁ%%ﬁ Semnl e %%
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2193.25  U453.1L 1740, 11 295.

1
2193.25 108,62 2084.63 376.37

2157.03  220.95 1936.08 276.21
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Appendix 13 (contd, )

{e) Digestivility of Crude Pibre

Cpude Gpude  Opude Crude Crude  Percentage

Fibre Pibre ~ Pibre = Fibre = Fibre ~ Digestib-
Offered Refused wned g?f;éw%ﬁ E%s%@%sé %E%i‘:g of

ﬁfgﬁﬁ Fibre
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(@) Digestibility of Ether Extract

Bthep Ethey Bther Biher Ether Percentage
Ezxtract ZExtract Tﬁzgm@% Extract Extract Digestib-
offered Refused Consumed Excreted A@%ﬁ%ﬁ.@%i %%%%?@?
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Appendix 13 (contd.)

{e) Digestibility of Nitrogen-free Extract (IHFE)

il B )

NPE
2p Offered Refused Consumed Exereted Retained
< g, gms, e, fraiia N

Tk 53
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{f) Digestidility of Organic Hatter

ntage
tib=

Opganie Organic Organle Orgenle Organic
Hatter Hetber HMHatier Hatter Hatler
Refused Consumed Bxcpreted Retained

T8
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WASTAGE IN FEEDING CHOU AND KALE e

Wastage figures werc obtailncd under English winter
feeding conditions and were reported in a recent issue of
"Agriculture', Lossces werce calculated on a dry matter basis.

Therc was an average wastage of 5.6 percent with cut and
carted chou though this figurc ceicludcd subscqouent wastage during
feceding. This loss was small, The wastage was rclatively low
(14.2 percent) for grazed chou when the cows had access to only
onc or two rows. This cntailed moving the fence twice daily on
occasions, Grazing wastage rose to 28 percent wherc they gave
the cows thrcec or more rows with cach move,

They measured higher wastage figures with hcavy chou
crops than with poor crops (a point stressed by a farmer at the
Dannevirke forum). This accounted for lower wastage figures with
broadcast crops (19.L percent loss) when grazed 2 to L yeards at a
time because broadcasting halved the yield, It is for this reason

thot there is less wastaoge with thousand-hcaded kale (11 percpgﬁ)
as comparced with chou (17 percent).

In general, high grozing wastage was assocliated with an
excessive frontage of break per animal.






