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Table II 

sumna17 o~ Dftta 1n the Lltel8ture for tbe P•r<tentage Oompoattlon ot Unthinned 
and Thinned Kai,row-steru xale, and oomponent Pal'ts ot Marrow-atem Kale 

(417 •~tev baaia) 

Authority 
an4 

Oount17 

B41n 
(193 
Sweden 

DesoJ:tlptioa 

Marr:!-atem Sampling 
Kale Date 

Un.thinned 
Un.thinned 
Unthinned 
unthinned 

Thinned 

Peroontage Oocnpoa1t1on1 

Ill OP OP EE lWS IOl 

.Allthovlty 
Bild 

Country 

Un thinned 
Thinned 
tJntb.inned 
Tbtnned 

(A'Vel". ftnrd.Bh 
Trials a) 

(Aver. · nn. 
Trialu, b) 

(A'\l8a nan-

14.1 14.0 14.6 ,.a 6706 10.s Pagan s M• 
( 1945) ' unthinned 

14.5 14.a 16.5 3.3 65.4 13.6 Thinned -
· 1eh '1'%11alev 12.5 22.3 23,0 3.1 ,1.6 17.6 

" B z, JU..JA1.. 
{ ) 
Gert!alJl' - 1).1f8.417.0 2.3 47.J 15.1 ~ i---...---------------------------1 .. { 
Wootman awe den 

U.K. 

Un thinned 
Tb1nne4 
Unth1noe4 
Th1nn•4 

OO'to 
Oct. 
Jan. 
Feb. 

13.3 16.2 1e.3 4.0 46.4 15.2 
13.5 13.2 1a.6 2.5 52.a 13.5 
14.2 14,618.3 2.8 52.7 11.5 
14.2 16.o 17.9 2.3 51.2 12.6 

~--·--------------------------~ (Aves-age for 
Watson and 
norton(193$ 
u.x.o 15.9 9.9 14.9 2.2 61.4 15.9 

14.4 11.4 16.7 2.0 57.8 14.4 

four years) 

Leafy 
Stefl'UW' 

oot. 
Oci. 
:Rov. 
Nov. 

1 
1 
1948 
1949 
4 Fr.av. 

Oct. 1 
8 

1,5 
22 
29 

NoT, S 
12 

16.4 10.6 17.1 
13.1 12.7 15.1 
14.5 11,4 17.6 
14.2 10.4 20.6 
14 • .5 11.3 17.7 

13. 9 12. 7 16. 9 
13.a 11.5 16.9 
15.1 10.9 1a.2 
15.6 10.4 16.7 
13.9 11.0 17.7 
14.9 10 .. 9 1a.2 
14.6 11,.4 18.4 

2. J 9 11.1 
2 .. ,~ $ u., 
2~ t t 1(}.6 
2 •. , 5 11.~ 
2.,J 9 11.c 

2 .. , '4. 7 fJ. t 
2.;; '6.6 12., 
2 •• , "·" ti., 2.,,.a i. 11.J 
2. a o 11.1 2.a I 10.9 
2.,1 J7.k 10.7 

Mature 
Mature 
Mature 
MatUN 
l111111&ture 

14,.0 11.3 16.5 2.0 ,58., 14.0 
13.612.3 16.7 2.0 57.1 13.6 
12.8 22.1 11.5 3.5 47.2 12.a -------------------------,·~ 1-----------------------------• Woodman Xtrec,h and 

Jao.tzc,n 
(1935) Mature 
Oel'fflatl1' Ma tu.re 

8ctm1clt end 
Schletnttz 
( 1933) 
Germany Dan.var. a 

Dan.var. b 
Eng.var. a 
Eng.var. b 
nan.var. a 
Eng.var,. a 

Bept. 
sent. 
Sent. 
Gent. 
Oct. 
No-"• 

1nM = Dry ~atter 
CP :::: Oi--uds Protein 

15.1 8.1 20.1 1.6 60.4 -
11.1 15.1 19.5 3.4 49.4 ~ 

U .. K. 

u.1t. 

• 

Ov #l O•ude Fibre 
EE = Ether Extraot 

Thinned: 
Leat 
Ma'l!t'Ofl 
Rind 

Unth. leaf' 
Thin.leaf 
Unth,etem 
Thin.stem 
'l'hinneds 

l.atntna 
petiole 
manou 
rind 

Oct. 
t1 

tt 

Wov. 
" tt 
tt 

Dee. 
tt 
It 

12.2 13.9 12.5 3~) H•S 14.9 
e.6 12.0 13.1 1 ► J ,s.4 15.a 

16.5 1.1 29.1 o~e· ,,., 1., 

NFE = N1 ti-ogen•f'.Ne B:atsQff 
tlM $:I wia.eral Matter 
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extract peraentage than at~ types .. Similar results were 

obtained by watoon and Horton {1936) 1n a eomparieon between 

leafy iomatUPe and mature eropa • 

. An outetsnding feature of the marrow-stem kale crop 

was lta value aa a eo~e of mineral matter. Edin .!!..!1•(1933) 

recorded figures ranging 1"rom 10.5 to 10.97; in iheir table or 
results tram different l~nl'Opean centres. The V8.Jlliat1on 1n 

values quoted by Kiv1mae ( 1950) was less than the above an~ was 

wt.thin limits of 10.8 to 13.3%, with an ovel'all average of 11.&'/4, 

tor a numbet- ot trials over four yeal"So ne also noted, as did 

Edin and bis eo-woi-kers, a tend.ene;,t fop the t!l1.neral me.ttel' 

percentage to decrease fiaom beginning to end of the aeaaon. 

In theil' ccmpi-eben&ive investigations with marrow-st.em 

kale, ~Voodmo.n et al.(1936) reoorded values ~anging from 11.5 to 

15% and further noted that tne values tended to deoreaee with 

advancing season. 1ro conelueive results wei-e dJ:tawn on the effect 

of tb1nn1ng the crop. Analyses of the ocxr.ponent parts I'evealed 

the etem mawow to be higbeet in mineral n-atter percentage, closely 

followed by the leat and finally the stem ~ind~ The constituent 

elements of the mineral matter were also presented and tb.e 

notable feature of these Nsults wae th.e hieh pel'Cen'tage o~ 

calcium nnd potassium in the crop. Chlorine, salptuu.-:a and 

phosphoric acid were also rairl~ well represented. 

Inwattgatton 0£ the dist~ibation of minerals 1n the 

ma~stern kale ah.owed the leaves to be i-iahGst in ealcium and 

sulphur• whtlst the stem marrow wae riohest in phosphoric acid, 
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German authox-s, foP d1seeiib111ty trials condtteted with 

mai-arow-atem kale. 

Ktrseb and Jantzon (1935) and Edin and Sunderlin {1930)t 

neing aheep and steers reepeetively aa expePimental animals, 

determined the ap~ent digestion coett1c1ents o~ the 

conventional cons ti tueots of marrow-etern kale fed dry. Tb.0 

values obtained did not ditter greatly f'rau tboae quoted by other 

worJtePS, who fed fresh marrow-stem kale. 

Ttle digeetlon ooetttctente quoted by Schneider ( 1947) 

toP the constituents of tumatw.-e and pre-bloom marrov-ster1 kale 

tended to be bigbeP, though not eonsistently eo, than those 

quoted f'or the con&ti tneats ot mature mawow-stem Jcale. Tbis was 

ln ageeement with the re81llts obtained by t'lataon and IIo~ton ( 1936) 

and Edin Ol .•• ( 1933). 

Nooamen.t1...11.(1936). wbo obtained the digestion 

eoetticients of thinned and untbinned marro ..... etem kale, fowid 

little d1tterenoe between them• except in tbe case ot: the crude 

fibre and ethe~ extraet eonstttu.ents. In theae. the coetticienta 

were eeve:rol per cent less in thinned than untbinned mawow-stem 

kale. This we not in accordance With Edin :t .(1933), who 

quoted tigures abowing that thinned w.a~row-stem wale oonstitu.ents 

had btgheP digestion ooettictents tban unthtnned marro~-atem. 

kale oonst1tuents. The values recorded by Kroaby and Ulveeli 

(19.53) also in<Uoated tbat tbt.nnlns bad raised the digestion 

ooefficients of marl'OW'-stem kale constituents. 

The digestion coettioiente of ma.rt"ow-atem kale leaves 

and stems l'eepecti Tely wel'e determined by «oblbier e.nd 

Scbre.um { 1934). High.er ooett1c1ents were obtained froom the leaves 
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Figure 1 

Pugged Soil Surface in Paddock No.8, 
August, 1956 
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Experimental Layout 
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Modified Planet Junior eed-drill 
(fertil r attachment since d) 

Figure ,2 

Hand-operated Cultivator 
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Figure 6 

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

and Sickle for Cutting. 

Figure 7 

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

C om:ponent Parts 







1 

( c) Leaf peroent&ge 1 (peen matter basis) o 

(d) Dtw matter peroentagea ofi 
(ii Unper lea:r. 

(11, Lower lea:t. 
(111) Opper atem. 

(iv} Lower stem. 
(v) Whole plant {by caleulat1on). 

( e) ni,, mattei- ;vtelde of: 
(1) Whole-plant samples. 

(11J UppeF-leaf samples. 
(111j· Lo-c,er-leaf samples. 
(iv Uppe~-atem samples. 
( v Lower -stem sar:1plea. 

(f) Leaf' percentage (dey mtte;i, baaia). 

The leaf percentage io defiood aEu 

Weight of Total Leef ----------------x100 Weight o'!' Total Leaf + Total Stem 
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(iv) Leaf Percentage (green roo.tte~ baste) 

The leaf' peroentagee fop eneh plot somple at aacb 

sampling date al"e tabttlated in Appendix 6, whilst the mean leaf 

percentages pe~ plot sample, ooleulated from the total nlllnber of 

eamplee taken tram ea~h treatment type of marrow-stem kale, at 

eaoh aomr,ling date, are graphically presented in figure 13. 

To interpret the differences between leat percentages 

resulttne f'l'om. tbe different ti-eatr.ienta, anul,veea of vru:-1anoe 

were oarPled ont on the leaf' pei,eentages a.t individual ser.ipling 

dates. Tne reeulto from theee analyses are etmma~ized 1n 

Table XI. 

The ditterenees in leaf pereentage between the 

treatments were well manad at the beginning of tbe saffl.J.)lins 

period; 12" thinned marrow-stem kale bad the highest leaf 

peroentaee, followed by 6" thinned am lastly unth.inned. Frcm 

the middle ot the aant.pllng period onwards, bowever, tb.e c11i'terenoes 

tended to be emall and by tb.e tinal sampling date, the d1ff'ereneee 

between treatments were leas than three per cent. Reference to 

Table XI ahOlled signif'icant dtf'f'erenoea between treatments at the 

f1~att second, tif'th and seventh sampling dates. Further, at the 

f'oti'1ner two of these dates, the means sho\'led aicnificant 

regPeaslons - with non-a1gnificant deviations - of increns1ng 

leaf per,eentagea with increasing severity o~ thinning. Tbereaftel', 

no oonais'lent trend was f'ollowed, except that the 12" thinning 

tveatment bad eligh.tly higher lea:r percentages than the otbe~ 

treatraenta at all the aempl1ng dates exoept the la.at one. 

In all three treatments, there wer,e trends or aeoreasing 

lea:f pet-oentagee with time; the rate of deoreaese wao greateat 
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Fic;,ure 13 
Mean Lear Percentages (green matter basis) 

per Plot Sample or the Three Treatments 
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phase is tollouad by one of relative oonatancy and thia constant 

phase began between tbe ages of :f'ou.z- to five months 1n the 

present trinl a.nd wo.a etill oontinning when the tr-1al ended. 

The eff'eot of lea.i' aheM1ng probably plo.ye a major 

part in these changes. Viau.al observations of' the present trial 

auggeat that leaf' sheMing begins shortly after marrow-stem kale 

growth covers the ground surface. Shade as a causal faetov aeeme 

implicated b~t etage of maturity and other f'scto~s are also 

probably conce~ned ae wiebaded,. isolated plants alao ehed lower 

leaves. Hypothetically,, leaf yields reach a maximum leYel 

e1tber jUGt bef'ore tbe onset of shedding or, afte!' the ona&t it 

leaf p:rodu.otton more than caapeneates for leaf' shedding. Tt.e 

declining phase restll ts when leaf ahedd10B exceeds loaf' production 

and finally the relat1Tely constant phase ia wben leaf' production 

ei;tqu.als leaf shedding. A otuccy- o.t the following problems wotlld 

give valuable infovmatlon in 1nterpiaet1ng var1at1on tn marrctt-atem 

kale growth, par,tiaulai-ly in view of the importance ot leaf to 

the •alue of the crop=, 

(a) The causal factors initiating and governing the rate of 

lent? ahedd1ngo 

{b) Stage of matuxaity at whioh (1) onset of' leaf ob.edding 

begins. (11) eex1mwn level of leaf yields 18 attained, and 

( 111) onset of the declining phase and constant phase begin. 

( e) The length of time dt.tring which the constant phase is 

maintained. 

The relative growth mteo of tbe tbNe treatment types, 

as judged tram the green and dry matter yield 1ne:rements between 

tbe sampling datea were not constant, nor were tbey u.nifo:rm 
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(111) Obemieal Composition - Yield Basts 

The yields of ei-u4e protein, oi-w!e fibtre 0 ether 

extl'tlct, udnaral matter and n1 trogen-fl"ee extract, of each 

au.amed component-part 88l'!lple, and or the whole plants, of each 

t.reatment type of maProw:-etem kale~ we~e oolonlated at each 

esmpllng date and the reenlts presented in Table xxv.. The 

yields from the :ttret sampling date, when two snmples ier plot 

were taken, lllere ad3ueted to a ttu?ee samples per plot baete, in 

order to be d1:reotly ecxntnrnble tti th the yield.a from the otl~r 

sampling d.lltoe. 

To detine the relationship between the yields of 

obemieal oonstituenta from the dif".f'erent treatments over the 

sampling period• anal3"ses of variance were ce.wied ont on the 

yields of eaoh eonatituent of each compoMnt part, and of the 

whole plant, over all sampling dates. The relevant details of 

tbeae analyses are set ottt 1n Tables XXVI-XXXIo 

~ 

Treatment appeared to e.xereiae little eft~ect on the 

prot$f.n yield levels of all the component peu~ta except uppex-

leaf. In the latter, the treatment means differed sign.1t1eantly 

and a t-teet demonstrated ths.t the mean yield ~om the 12" 

thinning treatment was etgnlftoantly greater tha."l the mean ;rields 

ti-om the other t"flo treatments. Date means di:f'fered s1gn1f1eantly 

in all component parta except upper leaf. In addition, the means 

foF upper stem and lower stem abowed aigntfioant linear> regressions 

- w1 th non-a1gnif'1ccmt deviations - of increasing crude 
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(a) Unthinned 

(b) 611 thinned 

( c) 1211 thinned 

Figure 16 

Cutting-points of the Three Experimental 
Types of Marrow-stem Kale for Feeding to 

the Sheep (20th 1957) 
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(a) Unthinned 

(b) 6 11 thinned 

( c) 1211 thinned 
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Figure 18 

ighing the rimental Sheep 

Figure 1,2 

~imental Sheep Fitted with 
· · :for Collection of' Faeces 
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CHAPTER VI 

SUUTAARY 

( 1) A sttady bas been ma4e of the et:reet of ditte.ent 

thinning treatments on tbe yield, eomposition- pala.tab111ty 

and digeet1b111ty of marl'ow-atem kale grown in !tows. 

(2) The thinning treatments ha.d no effect on the green 

ma tier ,i.elda ot whole plant• tapper leaf, uppep stem or 

lon~ etem., bnt lmrei--leaf' yields increased with increasing 

eevex>tty ot thinning. L1k8wiee, the tFeatmenta bad no 

e~f'eet on the dry matter rtelde of lfbole plant, uppei- leaf 

or lower etern. but lower-leaf ,telda inoreaaed an4 uppel'­

etem ytelde t1ecreaaed, with 1noreaatng severity- of thinning. 

(3) Leaf' percentagea, both on a gpeen ard dry matte~ basis, 

tended to ino~aae 111 th increasing sevei-1 tsr of tr.inning, 

the effect decreaaing with. advanc11l(! season. Fu.ptber, leaf 

pel'Centages 4eepeaeed r.ri th time, the greatest rate of' 

decrease ocenff!>ing at the beginning of the sampling :s,eriod. 

(4) A detailed stud1' of lea~ ebedding \70Uld aid 1a the 

interpretation of WP1nt1on in marrow-at.ea knle growtb. 

(.5) Thinning deoreaaed tne dry mattetJ pereentaeea of tbe 

stem components and whole plant, but had little e.ffeot on 

the leaf components. 
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(6) Thinning inei-eased tbe crude protein pereentages of 

the stem oompooents and whole plant, but bad little ef'f"ect 

on tb.e lear oomponentsa No effect of thinning on the orude 

protein yields of tbe aomponent parta and whole plant ws 

observed. 

( 7) Thinning ba4 no effect on the crude f1bve percentages 

of the eomponent parts o~ ll'hole plant. Tb.e eru.de fibre 

ytelde of stem components and whole plant were deoreaaed 

by thinning, whilst leaf'~onent yields were not atteated. 

(8) Tb1nn1ng bad no ef'teet on the ether extreot pel'<Jeotages 

or yields o~ the component pa~ts and whole planto 

( 9) Thinning bad no etteet on the mS.neval matter percenta.gee 

of the ccmponent parts OP whole plant~ Mineiml matter 

yields of the stem components were deerea.aed by th.inning, 

whilst mineral matteP yielde or lowe~ leaf wore 1nottellSed. 

Upper-leaf and whole-plant yields were not nttected. 

(10) Tbinn1na bad no ettect on the nit?"ogen-rree extFaet 

percentages of tne canponent parts or whole plant. r11 trogen~ 

free exiraet yield.a of appei- leaf' aod whole plant were not 

affected by thinning, bt1t atem-oompooent yields were 

decrieased and lacreit-lea.f yields we.t1e 1noreasedo 

(11) No eonsiatent e:f."feat of tainlline on the earotene 

content ot the component parts or whole plant wae observed. 
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Anedix 9 
»., Matter PeNeatages of tbe Oomponent Ptll'I& o~ each Tl'eaiaent Type 

ot Jlarrow•stem Kale at eaoh sampling Date 

(molstur~ bae1o) 
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tJl •• s, 7.92 10.58 10.50 10.17 9.17 6.67 10.67 Ill st 11.50 10.50 16.50 11.ga 10.83 1,.00 1i·'' .13.17 
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WASTAGE IN FEEDING CHOU AND KALE 

Wasto.go figures were obtained under English winter 
feeding conditions ond were reported in a recent issue of 
'Agriculture'. Losses were calculated on a dry matter basis. 

Thero was an GVerage wastage of 5.6 percent with cut and 
carted chou though this figure e::cluded subsoq_uent wo.stage during 
feeding. This loss was small. Tho wastage was relo.tively low 
(14.2 percent) for grazed chou when the cows had access to only 
one or two I'ows. This entailed moving the fence twice daily on 
occasions. Grazing wastage rose to 28 percent whore they gave 
the cows three or more rows with each move. 

They measured higher wo.stage figures with hcc,vy chou 
crops thrui with poo:e crops ( a point stressed by a farmer at the 
Dannevirlrn forum). This accounted for lower wo.st2..g0 figures with 
broadcast crops (19.4 percent loss) when gro.zod 2 to 4 yco.rds o.t a 
time because broo.dco.sting ho.lved the yield. It is for this I'eason 

that there is less wastage with thousand-headed kale (11 percu4t) 
as compared with chou (17 percent). 

In genero.1
9 

high grazing was"tagc.; wc,s o.ssoci a ted with cm 
excessive fron to.go of break per animal. 
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