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Effects of Breakage on Plant Development 

and Field Production With Sugarcane 1 
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Breakage of st:1Jks as a result of wind force, insect injury, and 

other causes is a cgmmon form. of damage suffered by sugarcane. The 
actual proporti<WJ of stalks that are broken in the course of crop 
development will vary g:reatly, depending on variety and environ
mental conditions. Stuaies previously reported (6, 9) 2 show that 
forms of sugarca11e now cultivated in Louisian:t differ widely as to 
susceptibility to breakage, In winds of gale 01' hurricane force, ex
tremely susceptible varieties will commonly show from 8 to 10 times 
the extent of breakage suffered by the most resistant ones. Owing 
to their characteristic brittleness, varieties snsceptible to wind break
age occasionally suffer extensive implement damage in the course of 
late-season cultivation. 

• 

Lateral shoots ordinarily developing 011 broken stalks complicate 
the problem of stripping sugarcane for satisfactory processing, In 
addition, it is known from pl'actical experience that such damage is 
accompanied by important losses h1 yields of cane and sugar, but rela
tively little inforlUntion has been available on the precise order of 
such losses in relation to the proportion of stalks broken. A search 
of the literatlll'e revcals tbat stalk brcakage as a factor in reducing 
yields of calle and i>ugar has receiyedl'ela6vely llttle critical attention. 

1Valtel' (10) appmised the effect of wind damage in Mauritius from 
a statistical analysis of the rclation of crop yields to climatic factors 
over the period 1802-1906. For the 3 years in ,yhich wind velocities 

1 Submitted for p11hlicntion April 10, lO(;2, 
• Italic numbers in parentheses I'efer to Literaturc Oited, p, l4, 

200417-[i2 



2 TECHNICAL BULLETIN I05!), U, S, DEPT, OF AGRICULTURE 

fA more than 40 miles pel' honr were recorded, c:tlcnlateclreductions 
:ill yield of cane per arpent (1,04: aCl'es) from "\V.ind damage to one 
estate 'were 1.26, 4.0:1:, and 13,80 tons, respectively. On the basis of 
theoretical production 1n the absence of 'wind damage, these calculated 
reductions mnge approximately from 7 to 55 percent. 

Yamasaki and Ozaki (11) reported a significant correlation be
tween hardness of rind and resisbtnce to breakage at 01' neal' the 
gr01md surface: vVith varieties now cultivated in Louisiana, break
age under conditjons of high wind velocity is largely confined to the 
region of immature joints llnmediately below the growiug point. A 
systematic study has not been made of the problem, but from casual 
observ{ltion there does not appeal' to be any relationship between rind 
hardness and resista,l1ce to breakage at that level. In fact, C. p, 28/11, 
the cQmmercial variety most highly susceptible to wind breakage, 
ranks among the highest for varieties 'with n, hal'll rind and a high 
fiber content. 

Studies reported herein were undertaken primarily to determine the 
infiue,\lce of breakage at preclet(l1'll1ined percentages of the stalk popu
lat-ioll on yields of cane :mel sugal', Attention ";15 also given to other 
effects, such as developlJlent of latel'~d, shoots and changes in fiber (,Oll

tent of stalks. 
PLAN OF THE EXPER[MENT 

Damage compamhle to that suffered uuder conditiollfl of high 'wind 
velocity was artificially made on plant ('aile of three vHri(,ties of 
sugarcane on Augnst :W, 1$>+5. The tops ,\"('I'E' broken oif uy hand. at 
nodes immedintely below the gl'o,ying point, the region where bl'eak
ttge fronl wind pressure JlOrmally oecu)'s, Extent of breakage in 
indiyiclun.1 series of plots was 0, :20, cl:O, (iO~ KO, :Ind J()() percent of 
the stalks that-norlllally ('ould lip ('xlwded to I'(>He11 111HtU!'ity, ,At tlHtt. 
sta!,!c a shoot 0l'dinHri1.l' has (>ithE'l' l'l'Hehl'Cl I'elatin·ly a\lYllllted de
veiopment 01' has 11('l'l1 snppl'f'Bsed as lL rcsult of ('ol11petition, Thus, 
the shoots thtt w.iIl c1E'Yl'iop 110rlllfllly (,an ill' l'en<iily distingu.ished 
1']'om those that will not, Stalin; to be broken wpre systenmtIcally 
selE'cted :i'rollJ nOI'nIa.lly ([e\'ploped shoo/'S: ill plots of ~()-per('ent break
age, for exa I1lple, ev(')'y fHth olle was broken, 

PJots cOllsistelL of single rows Hi ft'l't long, replicat('d three times 
in each treatment with eaeh Yal'i('ty, Block plantings of the cliil'erent 
,'al'ieties ,,'('1'(' subplotted for tt'(>atnlC'Jlls, Th(' ()xperinlP111al a)'ea con
sisted of Sharkey ::;ilty ('lay loam lit the Houma, La" ;<tnlion (U, S, 
Sligar Plant Fit·leI I:-.itntion), At lwl'\'p:-;t tIl(' iitalks w(,I'e ellt fLltd 

st!'ipped as for millillg Plll'poSes, Shuots that had dpyeloped from 
Ja/cral buds \\,(,1'(' COUIl(('(] and !'t'IIl()\'l'<l; 11!'IH'l', tlll'Y <1i(lnot constitute 
a pal't of mill callp as hc')'ein l'P]lOI'led, The' t'x[>el'illH'nt was )'elH'nted 
on first stubble of tIle SallIe plots durir'g IV4:G, 

DEVELOPMENT OF AXILLARY CHOWTH 

Counts of Jntt'l'al shoots Oil b)'okt'll alld ullhrolwll i-talks .in plant 
cane alld HI'st stubble oJ tbe n))'e(~ v:ll'it'tit's t'hnt \\'Pl'(' studiNl at each 
rate of hl'enlmge are SllInlllarized III (able I, 'I'll(', percentage of 
broken stalks tlmt prod lIC(,(] latcml growth i ))el'eased consistently as 
the percentage of b)'Nlk(lg(~ illCl'eaSl'(1. For instanec: at :W-pcrccnt 

• 

• 

• 
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EFFECTS OF BREAKAGE ON SUGARCANE 

TABLE l.-J)evelop1rwnt Of Zateml shoots on o1'oken and 1.tnoroken 
stalks of 8uga1'Cane at dijfer'ent percentages of stallc breakage, 
19lp5-.46 

PERCENTA(Hl m' BROKEN STAI,KS \VITH LATloJRAT. SHOOTS AT HARVEST 

1 Plant cane First stubble l\fcanPercent II, 

of a age of 
, I I ! I I varietiesstalks IC. P. j C. P. CO. 1-' 1 ! O. P. r C. P. Co. 'f in 2 hrokcn i 

129/12°134/120 290 l' co,n 120/120134/120j 290 ., can crops 

----:l-p-e-r--I-;:~ Per- I per-I per-j-;;:I' Prr- -I' Per- Per
rent I ('ent ('cnt I rent I cent ('cnt ('t!nt cent cent 

20 _________ 113.6 1'26.2 37,S \25.S7 '47.2 iG5.·~ 75.0 jG2.53 44.20 
40 _________ 22.1 50.0 42.2 38.10 ,G4.6 170.2 !7G.5 70.43 54.27 
60 _________ :58.2 167.0 i53.9 159.70178.0 ,01.2 Jl)4.3 :87.83 73.77 
SO _____ ._ •. :G5. 985. ~ 175.5 75.77 1,83. ~ ,00.2 j{)(i. 0 jOO.23 83.00 
100________ ;84. 2 I~O' 6 03. 1 is!t~~ 1\)l~~f'L 5~~:~ O_~:_~~,L._~~·~ 

PloJRCBN1'Aml 01' LTNBROKFlX. STAI,KS WITH LATI>RAI, HlloO'rs A'l' HARVBs'r 

-----------'-------;---- ----.-----
I Per- ~ PI'I'- 1 PI'I'- I Pel'- I Pm'- ! PCI'- II Pcr Per Per
I ('ell~ 1 ('('TIt ; Eel~t. 1 ('('!,t ! I'I'I!J , ('ellt , C('Ilt ('ent cent 

0 ______,••. 2.60 I ° ,II. (J6 I6.1·1 I O. (J I. 22(j. 5 0.40 8. 07 
20 __ " .. _ I 3. 57 I0 21. 15 8. 2·1 8.!l 1. 7 21. 7 pO. 77 0. 50 
40.. _. __ i O. 00 2. 44 130. 65 1·1. on 1. (i . 7 32. 5 fl L (i0 12.83 
60. _ " . ' ,31. 75 I H. 00 160. 22 33. (HI • \l 1. 0 18. <1 20. 38 

2·[, ggSO. _______ j2n.03 112.28 :46.30 12!J. 2~_~1~_, 4~~ 12~:.g~ 
AYrlUA(H] XIJ~IlII,R OF SHOOT" .'I;;R BnoKgx S'I',\f,K \\'1'1'11 AX[[,J.ARY GnOWTH 

; Xwn- I NIII/I-iNI/'/Il--Nll~Il.,. ;\'1111: I! ;YIII/t-' ;\1I1/:~~yllm]I~·~~1~1::
I lier be,. bel' ber. be,. bl'/' I iJrr bel' ber 

20 ___ ., .•1 1. 00 1. 37 1. 83 1.·W i L G·\ I' 1. 76 • 2. 00 I. 80 1. GO 
40_ ••..• i 1. 31 1. 48 1. 66 1.48; 1. 711 1. 83 . 2.58 2.06 1. 7'7I 

60--'-."'II.H8 1.57 1.78.1.7812."\·' 1.!l713.18 '2.53 2.15 
80_. ___ ._. 1.78 1.70 2.01! 1.831I.H·~ 12.3212.57 1 2.2~ 2.05 

100 ____ ._. 2. 21.~~7 2. 13 i.~~~_.L~~O ".~~~~~,O.~"I~· 00 __~.~.~ 
'Plilut ('tUIl' ilroln'lI Aug. 20, Hl-!:::;; first stuhblc, Aug. :1!J, l!H(I. 

breakage the avorage percentage of broken stalks of plant ('nne and 
fil'st stllbble dl'veloping side shoots among the varieties stlidiNll'anged 
from ~~O.4 to 56A, as cOlnpal'pd with v:triehtl va.llles rangi ng fl'om 87.8 
to n~.5 pel'cellt where all shtlks\\'l'l'e broken. Till' I1l1l1Jb(>t, of shoots 
pel' broken stalk with latpl':tl growth also increased rather consistently 
with an increase .in (lxtent of breakage. :Minor discrepan(~ies in this 
trend, observed in indi vi.d unl eas('s, a I't' with i11 111(' expee['N\ rilnge of 
expPl'illll'ntal variations. In Hlnlost all cases: the variety C. P. :W1120 
gave the lowest a v(>l'age IWl'('enl'age of broken stalks d(·wlopi ng lateral 
shoots, llIost conspicuous d itl'el.'(,lIces o('clilTi II£! at 20 and 40 pt'l'cent 
bl'e:dmge rates. 

Tho pereentage of broken stalks c1evelopillg laiel':ll shoots was, on 
the a,\'PI'age, strikinglY grea tPI·i n Ii rst Shlhb\p than in plant ('tine. 
This was'itlso t!'lle 01\ "the a \'Pl'agt' IHlmlwl' ot: shoots PPI,' stalk. It.is 
1I0t, pm;siblc to clt'tel'llline II.'(HJ'l the results whether this difference is 

http:12.3212.57
http:1.!l713.18
http:60--'-."'II.H8
http:19lp5-.46
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TABI.E 2.-Yield of mill cane from. b1'oken and unbroken stal1es at 

dilfe?'ent percentages of breakage, 1943-46 


TESTS OF PI,ANT CANE D\JRI~G 1945 


Yield of mill cane per acre 

Percent Whole stalks Broken stalks All sta.lks a.ge of 
stalks 
broken 

Co. c. p.l c. P. Co. Ic. p.1 c. P. Co. C. P. I, C. P. Iwean.of 
290 29/120,34/120 290 120/120,34/120, 290 29/12() 34/120 ti~~le-

----I-71- -n-:;ITons Tons Tons Tons Tons Tons Tons Ton.~ Tons0
0________ 38.7 26.8 36,6 _________________ 38.7 26.8 36.6 34.03 

20 _______ 31. 8

f 
22.2 31. 1 13.2 4. H 6, 1 38.0 27. 1 37.2 34. 10 


40 _______ 23.7j 18. 7 23,8 11. 3 7.8 0,6, 35.0 2G.5 33.4 31. 63 

60.______ 18. 0' 11. Ii 18.21 13. (j 8. 4 13. O! 3l. 0 11). 5 32. 11 27. 73 


1
80.______ O. 0li 7. 2; 8. (jl IS. 71 H. R H\. 8 28. (j 22. ° 25. 4 25. 33 

100 _________________ 1______123.4 20.2 21.8 23.4 20.2! 21. 8 21. 80 


1 1 1 


TESTS OF FIRST STu13nul, Dunuw 194(\ 

! 
0________ 22.31 22. 11 ~;. 2L-,--'------!------122. 31 22. 1/ 27.2 23. 87 

20_______ 15.41 I·k If, 2.1. 01 3.3 i 4.8 3.0 18.7" 18.0/' 25.8; 21. 13 

40.______ 14. 0, ] L 7 Hi. 8 0. 11 5. 0'\ 6. 31 20. Ii 17.6 23. Ii 20.27 

60 _______ 8.S' 8.6; 11.5\ 8.1\ 7.3 10. II 16.0 i Hi. \), 2L 6. 18.13 

80 _______ 5.5 5.9 (j.7

j 
1O.(j 7.4 13.2 I(Ui 13.31 10. g: J6.43 


100______ -----i------j!------I' 15. Ii 13. 91 18.7\ 1,5. Ii 13.9; 18.7\ 15.90 

1 ! I , , I 


AVERAGE OF PuANl'-CANE AND FmS'L'-STUnnuF) 'l'J~S]'s 

----i~-····l-·'-·~- I 1 :: i I 

0______ ".,30, 50; 2,[.45 3t. !l0'___ .. '__ --- _____ •. ;30.50 24.45 31. 90, 28.95 

20_______ 23. 00 1ft Iii 2(i, fiO, 4. 7fii 4. 85 fi. 00 2R. 35 23. 00: 31. 50; 27. GZ 

clO_______ I?,. Rii' lfi.20' 20.30! R. 70' 6. Rii 7.0527. 5fi! 22.05' 28.2iir 2ii.05 
60. ______ 13.40: n. R5 lAo R5'1O. 85t 7. S5, 12.0021. 25' 17.70 25. 55! 22.93 
80. ______ , 7.70, G.55, 7.05 I·!. (i,'i: 11.10 l.ii.0022.35 17. (\iii 22. (iii: 20.88 
100__________ 1___ ••• ____ .lO.2ii 17.0ii 20.2519.2fJ 17.0520.25' 18.85 

._.~.L.._""_,__:_~.__ ' I 


('hllractrl'istic of the> ('I'OP;:; (pla.nt can(' as compal'rc1 with first stubble) 
()t· is atlTii.llltablc to pl'('\'niling ditl'el'encpsin weather 01.' otllel' environ
l1)(>ntal ('olldi!'iOIlS hetwr(>ll the (wo gl.'owing srttSOlls. 

The proportioll of 1IIlbl'ok(>n 1-lt:nlks d(,\~ploping l:ll:(>ra1 shoots also 

ill('l'(>asptl ns the pPI.'('l'ntag(> of broken stalks inCl'l'llseci. In the average 

0'[ all tl'sts, !'Ui pel,'c(>nt 01' I:h(> uniJl.'ok(,l1 stalks dcvl'lop(><1lat(>rnl shoots 

in plots wJ)('I'(> ~() p(>l'('('nt oJ tIle stnll,s had hel'n 11l'ok(>Il, whereas 25 

]>(>l'('ent ot the llnbl'oken slalks cl(>vploppd Jai:C'l'tl1. shoots whpl'c 80 

P('I'('C'nt of til.., stalks h:l<l ])C'(,11 brokcn. Thl' aVl'I.'ngc numbcr of un

ul'okl'11 stalksshowing-lat(>I'al growth in plots of :W·p('rcent brealmg-e 

was only slightl.r gn'atN' than those showing IntpmJ gl'owth in plots 

subject (0 no PX!Jt'I·jlllt'lital bl·cakage. Also, C. P. :~'l:/120, "while. show
ing a l'plativ(\ly high propOItion 61' bt'ok('n stalks thnt produced side 

shoots at ('at'll mil' of tn'palm;.!'" showed the least; lendency to produce
sllch gt'owth 011 unbroken stalks, 


• 


• 


• 
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EFFECTS OF BREAKAGE ON SUGARCANE 5 

Separate and also aggregate yields of cane per acre from broken 
and unbroken stalks obtained in rlant cane and first stubble with each 
of three varieties at the severa percentages of bl~eakage are given 

• 


• 


• 


in table 2. Averages of the varietal and crop yields under the dif
ferent percentages of breakage are also shown. An examination of 
values given in table 2 shows that measurable decreases in yield of 
cane per acre occurred as a result of breakage, and that there was a 
consistent rel1ltionship between the extent of yield reduction and the 
proportion of stalks broken. 

JUICE ANALYSES 

At harvest representative samples of sugarcane from the experi
mental lots were taken for juice analysis. Each sample consisted of 
30 stalks, except for a few, 'which, especially in cases of broken stalks 
from plots of 20-percent breakage and unbroken stalks from plots of 
SO-percent breakage, comprised substantially fewer than 30 l3talks. 
Average results of the analyses are shown in table 3. Broken stalks 
were, in all cases, much lower in Brix (total solids), sucrose content, 
and purity of the juice than comparable stalks left unbroken. In 
plant-cane tests whole stalks from plots of no breakage showed the 
following juice analyses in the average of all varieties: Brix, 17.39; 
sucrose percentage, 14.G5; purity, 84.2. Corresponding values for 
broken stalks of all breakage series ,yere: Brix, 13.82; percent sucrose, 
10.44; and purity, 75.5. Fairly similar relationships were maintained 
in first-stubble comparisons. 

As the proportion of broken stalks in a plot increased, the Brix and 
percentage of sucrose in the juice from both broken and unbroken 
stalks decreased. This trend was maintained throughout the experi
ment, and was especially pronounced in plant-cane tests. However, 
juice purity within each catel?0l'Y (broken or unbroken) was not con
sistently related to extent of breakage. The purity of the juice from 
the broken stalks under a given set of conditions tended to remain the 
same, re~ardkss of breakage percentage; the same was true in the 
case of tl1e unbroken stalks. 

EFFECT OF BREAKAGE ON YIELD OF SUGAR 

Yields of sugar per ton of cane and per acre can be calculated from 
data in tables 2 and 3 by using appropriate milling alld recovery 
factors. In oreler to measure possible differences in milling qualities 
between broken and unbroken stalks, experimental milling tests, in 
accordance with the method previously descdbed (8), were conducted 
on samples of cane of the following categories from each variety in 
each test: 'Whole stalks from plots of no breakage; broken stalks from 
plots of 20-percent breakage: broken stalks from plots of GO-percent 
breakage; and broken stalks frol11 plots of 100~p6~'cent preakarre. In 
most cases, sttrrarcalle samples 6f13(rpollnels each were used. -

Essential dllta deri \red from results of milling tests on broken and 
unbroken stalks or different varieties are summarized in table 4. In 
arriviJlg at percentage values shown for normal-juice extraction for 
mill crme and for the reduction factOl~for sucrose, the procedure out
lined by Spencer IUld :Meade (8, clts. 3.'f and 85) was followed. Fiber 

... 
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TABLE 3.-Anal,yses oj orusher juice at harvest from sample8 of ol'07(cn and unb1'oken stallcs of different val'ieties taken 0) 

from 7Jlots of ·vm'ious 7Jercentages of broken staZks, 1945-46 

TE~TS OF Pr,ANT CANE DURING 1!}45 ~ 
() 

Co.2!}0 O. P. 20/120 I C. P. 34/120 . I Avera.ge of 3 va.rieties ~ 
() 

>
t<Percent- I i I I I I age of Whole ;lLalks iUrokcn Sf.lllk"l Whole st.alks !Broken st.alks Whole stalks Broken stalks Whole stalks Broken stalks tl:I 
@ 
t<b~~i}~; 1 B' )/' Su- Ill)" J su- I]) .. 2! Su- ;,' J' '.21 Su- ,'B" 21 Su- B' .21 SIl- IB":I su-I PlI- Br" 21 su-I PIl- t?'.lI TIS \ cro:;e i 'fiX I crORe I 'fiX Icrose 3rlX crose, rIX I crose fiX crose I fiX crose rity IX crose rity '"~ '1-:\ ,-;:-'-1-;:-1-'-,-;:---;:-1-'-;:---;:--1-;:----;:-- .... 
o 

<:J~._____ .• ; 16. J~;[~~I!G!. __ :!.~;~~.J 18. 22) g:/~7.:- __ .-: _~~~::117. 77.1. f~.::'~~!__ :__.: ~~~:;jl7. 3~1 f1~IQ5 80}. 2 ___ : __ ~~~:~I__:__ C1 

-0.----.-l,I~.3-: I?38'1' l~.SiJl. p.86 17.6.1;., I-!.~~I H.Ob1tO.SiJ i, ,l7.8~! Iv.. ~v, l~.hv 12.1_17.2~,!, H., vlt 84.!l4.v2 10.9~ 7v.3 ~·.10••••. , 16. S6 l3. !},~ 1_. gi, .l.33 17.13 14.o)v t·t 38. 11. 2·l, 17.3li, 14..)0 Iv. 9-11 12.6017. Lj H.46. 84. v H. 41 11. 06 76.8 
UO. __ .••• 16.83: 13.8S· 12.31' 8.7916.40,." l-tOGt 13.6!}t! ,.to.fi!): I7.2I! 14.75 15.411 12. 08 lU. 811 14.23'[, 84.713.80 10.49 76.0 :0
80 •••. _.• 15.4\112.5812.20: 8.83 16.80 H.23 1 13.H 1O.3S, Hi. 7711 1·1.00 14.SU' 11. Ul,lii. 35 13.63 83.'113.50 10.27 76.1 
100..__ . ___ • .1 11. H1 S.2-1.._ -_.1.- •. _.113.55 10.30. ______._. __ 13.32: !}. 76: _____ • _____ -----12.871 !}.43 73.3 ~ 

; l ! I I t 
t;j 
'tI 

~----~--~--~--~----~--~--- !"3 
TESTS 01' FIRST S1'UBIlLE Dunnw 1!}46 o 

~ 

0 .•_. __ . .1 17. 5l1.t 9.1!,.~ .• J --._.1 I!}. 8li7. 3GL _____ :- ____ I!}. I!}117. 01'-- ____1_____ .,/18. SUi 16. 44 87.21-----'------1..--- >
Cl.20____ ._ II. ~4, 15. ~~, l.~.. 5,!) 1~. O'!j 1~. S,li 12. 7(il I~. p2 12. 2~ 18. S!}; 1~. 74 J~. 5\1i 14. OG IS. 41 1~. 21 8~. 0(1~. ·10 12.79 83.1 ::;:l 

40 _____ .. ; II'-i'. l-!..liiJ 1:J.li?:.I~.9011;1.23. l!.O!i 10.,)7 13.~~ 1S.70;. 1(~.2!} IG.OGI13.22118.38 Iv.!}8 8G'!}ll~.90 13.~9[ 8~.3 (j 
()O ___ •• _.! IQ. ~~; I,!. ·lS 14.7.1. 12. (Ii. I,I.O!! 11: I?! I~. O!) 1~. vG 18. 2~; l~. O·l 1~. ~!}! 13. 1418. ~4 l~. 89 S8. 11~. ~9 12. ~018w. 9 @80. ______ JI.viJ' .1o.0G 14.60,11..)0, Il).Ot1lU.!}l) 10.64 ]~.87 18.06· 10.73 1v.vO 12.82-18._3 10.!}3 87.·11v.~S 12.0382.0 
100--:-·-C"=j·--·,~II.L 551 II. 92 .----+-----[ 14. U6 12.161 _____ -/- _____, 15. !}2jI3. 61[----- ______ ---,-115.04 12.56 83.5 o'" 1 ::0 

t?'.l 
1 J>lll.nt cane broken Aug. 20, l!>45; first stubble. Aug. 1\1, 1!}46. 

2 Total solids . 
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7 EFFECTS OF BREAKAGE ON SUGARCANE 

percentage of mill cane was determined by the direct method (8, 
p. 5'73). In calCtllating Brix of normal juice, a reduction factor of 
0.985, found from l)l'evious tests to be applicable under prevailing 

• 
milling conc1i6ons, was assumed for an lots of calle. 

Results obtained "with whole stalks (table 4). reveal the usual dif


fel'ences between varieties as to fiber content ttndnol'mal-jnice extmc

tion. Mean varietal values for percentage of JibeI' content ranged 
from 11.35 ·with Co. 290 to 15.34 with C. P. 34/120, and for percentage 
of normal-juice extraction the vnlues l'nnged :frol11 75.35 with C. p. 
34/120 to 81.30 with Co. 290. 

TABLE 4.-SlIlnmnl'y at 1"CS1I1I8 ofmillil1f! tests on 8((1/I}llc,~ of Q/'ol.:cn all(l 
IIIlQ/'ol.:cn stalks of clirrm'cnt ·l'(lric/.ic,~, 1945-46 

NORlIIAT,..JUICE Ex'rRAC'I'lON l1Ro;\r ~lrLL CANg 

Plant ClIIIC 	 First stuhble A\'t.'rn~(! of 
plnnt cane 
and first 
stubbleUro""" ",,'''' 'rom ,,~' 

I 
Iuro'""m''''~",'' "~" ,,,-

Ynrlet~· 
IWh(ll~ 20-1)('r· lIo-per· 1 . I00-per· stalksWholeI 20-per· oQ-prr·.l00·prr·, I istnlks I 11ro·et'nl. crnt ('(int, cl'nt. Cl'Ut. cent ~ \ Wlloll' 

bn'nk. brrnk. brenk. \renn hrl'fik. br~nk'IIJr('"k' • r<lln stalks k('n
stnlkHUg'£! ngc ngt\ ngll nge- ng-a 

------ ---- --'-- -- ------ -.---------
Per· Per- Per· Per· Per- Pcr- Pi'r· Per· 1'u· Per· Per- ,Per... 
rent cellt relit cellt cellt cwt em/. (tilt cell/. cellt CCllt cellt 

0" ~o,. ••.. ,., '"' ." ,",' ",," Sf" ['., "-" ",,' Sf,' Sf,," "","
C. 1'.211/120... i7.fl 85.5 84.1 8:1.5 S·I,.! 7U.S 7i.0 7S.0 7!l.1l 78.2 77.20 51.28 
C..1'. 34/120... 75.0 81.1 82.1 8.1.3,82.2 74.8 78.0 .71l.3 ".n 78.3 75.35 80.23 

~[(~nll ... 78.7 s:i:218Z0 S4.i1(8.i:3 7~.~.•~:.r. .70.0 70.5 I79~J77.{i5181:80 
l'lEER FHO~! :-.nCL CA:-.'E • CO. 2110 .......110.08! 8.79 I S.07 I 8.31 I R5!)'; 12.0-;1 10. 74 l-~o' 7·1 II to. 70 110• 73 ' 11.3510.60 


C. 1'. 2\)/120.•• 13.17 \' IU2! 0.[13 0.2:1 I. U.20 I(.\.32 .11.08 11.58. 11.S·, .11.80 I la. i4 10.55
C.I'.34/120...11-1.82 1l.2'! 10.SI,10.90 10.07 15.8711:1.02 \2.·1·1 12.i8 12.7.1 15.34 IJ.80 

Menn .. j'l2.su(ll.719.t,7"fn.7s·! 9.0~t'1.0~Ll.~..~1.L1l'~~I~il1.76I.~3.48! 10.60 

HImeC'l'IO:-l' FAC"I'OR I·'Oll S!:CHO:;g' 

/., • .• 1 1 ; f ! 
CO.200..... I O.US.Il 0.081 O.m;r,: O.9\Jfi· 0.98,' o.om O.OSI 0.9S5: O.OSlf 0.983. O.USO 0.085 
C.l'.211/120 ... t .9,[, •Oil). .082 .085 .OS2 .117"1 • !iUS· .OH(). .1182; .!l77f .97·!! .Oi9 
C. P.34/120 	.1--.:.~i~i ,D'::~Ui8.~ .9ii~!~'ir_,O~I~ .OiOl_.I~i .lli7 

Menn .•. j , !liSI .Oi8~ ,0$2 .~"7' .982; .972; .lliS .0821 .08°1' .970i .9751 .981 
i I . I. I 1--,. 

I I?rom plots lI'ilh no hrcnkngll. 
, '1'0 t'On ven tlrst !lIlIIillg Juicr to normnl JuIC('. 

• 

Significant diifPl'rll('ps ·with respect to H\Jpr content and normal
juice (>xtl.'adion were ob8el'\'I'("( bl't.\\'een broken and unbroken stalks in 
tIle caSI' of I'ach variety. In plant-cane tests of the. three varieties, 
the pel'eentage of HOl'llml-juice extl'action from cane averaged 84.:3 
from broken strdks as ('()l11pul'('c1 with 7S.7 from unbroken stalks. In 
iirst-stubble tests broken }:talks gtlve an lLvel.'agenol'mal juice cxt1'llC
tion of 7H.:3 pl.'l'ccni: ns ('ol1lpnl'Nl with an ayer'age of 77.2 obtainecl 
from whole sta lks, COllversely, broken stalks were consistently lower 
in JibeI' eOllttmt thall stalks left unbroken. 

In the. average of Itll tests, the reduction factor :fot' percentage of 
sucrOse was 0.981 for broken stalks and 0.!H5 for unbroken stalks. A 

http:1.L1l'~~I~il1.76I.~3.48
http:j'l2.su(ll.719.t,7"fn.7s
http:15.8711:1.02
http:10.SI,10.90
http:11.3510.60
http:l'(lric/.ic
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Co. 290~~_~ _________ ~ 210.7C. 1>' 29/120 _________ _ 238. 8C. P. 3'!/120 _________ _ 228. 7 


IVrenn________ _ 
 225.2 

CombIned .\'J(>Ws, hrokpn find. unbroken stall.!), 

difference of this approximate order was mnintainec1 with each of the 
three yarieties. There 'waS 110 inc1iclltion that differences in milling 
factors observed with broken fitalks could be attributed to differences 
in percentage of breakage. In other words, with IL given variety 
and crop, juice c:xteaction ttndot11el' millh1g :factors for broken stalks 
tended to remain the same regardless of the actual percentage of 
breakage. BreaJmge greatly reduced the differences in fiber content 
and normal juice cxtrnction between Ylll'ietles. 

Sugar extraction lind recovery vnlues Jor broken and unbroken • 
stalks of each vnri(>ty under tI1H VHl'fOUS conditions of the experiment 
were cn1culutecl from data shown 111 tables 2, 3, and 4. With the 
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information available it was possible to make allowances for differ
ences in milling factors between varieties, between broken and un
broken stalks, and between crops (plant cane and first stubble). Cal
culated yields per acre of extracted solutes, extracted sucrose, and 
available 96° sugar (8), and the available sugar per ton of cane for 
each of the three varieties at each percentage of breakage tested in 
the average of plant cane and first stubble are shown in table 5. 

Losses 111 yield of total solids and sugar caused by lOO-percent 
breakage reduced extracted solutes per acre by approximately 41 
percent, extracted sucrose by approximately 52 percent, available sugar 
by approximately 54 percent, and available sugar per ton of cane by 
approximately 30 percent. 

TABLE 6.-Average eff.ect of breakage at different pe1'centages of total 
stallcs on actual reductions and percentage of reductions on yields 
of cane and s'ltgar, 19J,.5-4S 

Reduction in yield due to breakage 

Actual Percentage of check Percentage

of stalks 

broken 
 Available Available Available AvailableCane Cane900 sugar 000 sugar 000 sugar 000 sugarper perper ton per per tOil peracre acreof cane acre of cane acre 

• 
Tons POllnc1s PQunds Percent, Percent Percent.20 ____________ 
1. 33 12. 1 033 4.0 5. 4 0. 740 ____ .... _______ 3.00 IS.3 1, 150 10.4 8. 1 17.660 ____________ 
O. 02 27. ° 1,005 20.S 12.4 30. 0 80____________ 8.07 43. 0 2, 710 27. ° 1D. 1 41. 7100__ .. ________ 10.10 00.5 3,52S 3,1. 9 20.5 54.1 

YIELD REDUCTIONS IN RELATION TO EXTENT OF BREAKAGE 

• 

The study showed that breakage caused important reductions in 
yields of cane per acre, sugar pel' ton of cane; and sugar per acre. 
The exact order of such reductions with various proportions of break
age is shown in table 6. The value in each case is shown in actual 
weight and also as a percentage of the yield obtained on check plots. 
In the average of all tests (three varieties ill pla.nt cane and in first 
stubble), 20-pcl'cent breakage of cane caused a reduction of 1.33 tons 
of CltJ1e per acre, 01.' 4.6 pcrcent at the onc extrcme, and 100-percent 
breakage caused a reduction of 10.10 tons, or 34.9 pf!l'cent at the other. 
'l'hus, the percentage of yield rcduction was slightly les~ than one
fourth of the percentage of breakage at 20 percent and shghtly more 
than one-third of the 'percentage of breakage at 100 percent. The 
average reduction of G3:3 pounds of H.\'niln ble sligar pel.' acre :from 20
percent brealm~e 1S 9.7 pel~cellt of the yield from check plots, while the 
reduction of 3,528 pounds obtained from 100-percent breakage repre
sents a drop of 54.1 percent. The percentage reduction in yield of 
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stlgtlr per acre at the lower breakage rate, therefore, was slightly less 
thiut half of the breakage percentage, and at the upper limit slightly 
more than half or the breakage percentage. Hence, a rongh estjmate 
of percentage of loss in yield 0'£ sugat· pel' acre :from breakage could 
be obtained by dividing the percentage of breakage by 2. 

Average reductions hl yield of sugar pcr ton of c:l.ne ranged :from 
12,1 po'tmds, or 5A percent, at 20-percent brenlmge to 66.5 pounds, or 
20.5 pel'CCllt, at IOO-percent breakage. Her(', also, the ratio of per
centnge of reduction to percentage of breakage tended to incrense with 
11llll1CreaSe ill the percentnge of oreakage. 

TAm,}) 7.-Pel'('c'llta,qe of 1'e(h(('tion in indicated yield of Sll.qal' per acre 
ca.1tsed by brealcage as observed 1lJith individual va1'ieties in the 
average 'of 1J1a7!t ('une and fi,?'st stubble and for eaeh O1'Op in the 
avera.qe of all'Nll'ieties, 194-5-48 . 

I Crops (a"orage of 3Variet,ieil (average of 2 crop~) 
vade!:ics)

Perl'cntag,o of 
stalks broken 

C, p, C, l~, PllLllt "FirstCU,290 34/120 20/120 cane sLubblcI
I 

1 Percellt Percelll Percent Percent Pacellt20•. ____ • _._. _____ 0, S 5, 0 15,5 4. ,~ 16, 540._._. _______ •• __ • 
1 14·, (i 18,2 20. 3 13, S 22, 5 00____ •• ___ .. _ .. ''" _.1 20, 5 25. 0 38. S 28. 7 33, 080." .. ___ ....... _.... J 
 .\ 1,2 41.1 42,0 I 41. 3 -\2, 1

100.• _ ..... 50, [\ 53, '.\ 52, 3 ! fiS.7 48.2" "
r_'''''~''_____i -.,....-'-,..--~....,,"'-. .. .~. -,.,.~~.,.-

I~Nll1ctions .ill yh·ld of SllglII' pel.' It('r(' as obsel.'vl'd with Co. 2DO, C. P. 
3"/1~O) IIn(l C. P. 2f)/l~O in tl1(' aY('I'a,g(' of two C')'OPS aJ1(l also )'('sults 
obtllinN1 with plnnt (,:1n(' and !"irst stllbble hi th(' llV('l'age of the tlH'ee 
Ylll'jeties ll)'(, giv('J) in tnblp 7. Dppartlll'('S of vadC'tal and crop valnes 
given in i:abl(' 7 i~J'om n.vrmge values shown ill table 0 nre the l'('sult, 
311 part at least, of tlll' usual experimental variations, In v1(,w of the 
Ol'<i('l' of magllitud(', it may bcasSlInwc1 that th(> experimental yaria
tiolls uetOuJlt lll),'gl'l~' :for dilfcr(,llC'es hl pcre(,11i"nge of l'ecllletion ob
sel.·y(>{l ]wtw('{'l\ till.' difl'{'l'~nt Yl1l'it,ti('s at th~ BO- and the 100-pt'l'cent 
b)'(lakage l(lv('ls. On the OtlWl,' ]1:111<1, Itt brt·nkngl.' P(l)'('('ntagps from 
~o to GO, !'('ducti()l1::; Jor C. p, ~!J/J2() W('1'(' found to be, )'fttJll'l' con
sistl'ntl,Y high<'l' than, tl~()s(' ollta lJU'd "'with I.'itht'l' Co. ~90 01: C. P. 
34/J 20. Bl'('aknge wlfhrH II\(' 20- to OO-l>l'l'(·(·nt. )'allge n lso caused It 

COllsistl.'lltly gt'(lat('/· proportionate l'NlllCtioll in lirst stubhJt' than in 
plant CalH'. 

Th('sc ],PSlrltS Hhow that fhe l'('lntiol1ship bptween pl'l'c(ll1tage of 
1)),(~l\kllg(' and, P('l'('prrf:a,ge 0r ]'(>(1 uetiOI1 j 11 CI'OP 'yield was llot strictly 
liIwHl', '1'11(> r('!ati\"(' rftl'd of bl'('nkag(' becuml' progl't's!".iwly g'l'eater 
tiS the exfent of bl'C':lkage i1l(')'l'I\i'Nl. Fol' n. mat hpl1H1 t"ieu I eXl)l'('ssion 
of this 1.'C'latiollsJlip, as applying to yiC'ld of (':Inc P(,l' acl'l~ and yield 
of sligar P('l' 11.(')'(1, use. was ma(/(' of tbe equation ('l, pp. 14,?-1.45),
V:::;':Ct+ bx+ (fm2. 

• 


• 


• 
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Constltnts 3 as determined for over-aU a vernge val ues shown in tables 
2 and 5 were as follows: 

• 


• 


• 


Tntllcllted pOU-'Illis 
TOil,' o[ calle 0[011' 8II(lar 

Constant: '/lcr acre l)cr aCTC 
a." • ______ " ___ " _ ,___ • _ • ____ " .. _,,_ . __ " 29. Hi 0, 515. ° 
b_______ • _.. ___ • _ ,_" _., _ _ ". _ ,,. -- - 1. G5!) - 5ii3. !J 
c. _. __________ ' . __ •. __ •.. ,,_ ,_ ,_" _" _ . _ -. OS96 - 30. 55 

A comparison of ob~el'~'ed and caleulatecl yields shows It very satis
factory agl'~el11ent, as mdlcated in table S. 

TABU} 8.-0bsf!1,t'erZ and calcu7ated yield8, per a('}'(, of NUl('. and ,1)60
8UgCU' fOl' tlte cwcl'age of 7}lant calle: ancl1i7wt stubble of all ,t'aJ'ieties~ 
1945-46 

Indicated yield of !lOo
Yj('ld of cltlle pel: acre 


Percentage of slnlk8 brokell i 


'Tons 'l'ons POllntl.~ Pouuds
0 _________ ,.. __ _ 2S. 05 20. JO 6, 520 0,515, 
20. __ .. _", - -" 27. G2 , 27. 41 5, 887 5, (l31
40 __________ '" " 25. n5 25. -18 5, 370 5,285
GO ________ " .. -.... ' 22. !l3 23. 3S ·1,52.') 4,57S
SO ___________ .- -- 3,81120. RS 21. 00 3,80·1
100 ___ ._ •• __ IS.85 IS. 03 2,002 2,OS2 

60~____r-____r-___r-___r-___r-____r-____r-____r-____r-__~ 

~o 

~40... 
u 
a:... 
Q..... 
~ho... 
>= 
!!: 

~20 
;: 
u 
~ ... 
0: 

10 

70 eo 90 10030 40 ~O 60 
STALKS BROKEN (PERCENT) 

FIGUlU: l.-Rclation bctwecn )ICrrcntagl! of hrok('n stalks und percentagc of reduction 
in crop yidds (meun of 3 vur1rtit!S). 

Percentage of L'edndions in meitn yields of calle of all VHl'ieties and 
sugar per acre in relation to extent of breakage, as based on calculated 
values given in table 8, are shown ill figlll'c L Shown also arc indi
cated percentages of reductions in yield of sugar pel' ton of. cane. 

3 For lise with coded values; for eXIUlln1p, 0 pcreelll: of $ll1lk~ hroke)l=O, 20 
percent =1, 40 pcrccJli=2, (;0 pcr(,'el1t=8, 80 percent,,-":·.!, and 100 pcrcClI l=5. 
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STALKS BROKEN (PERCENT) 

FIGURE 2.-Relntion between perepntnge of broken stalks and percentage of 
reduction in indicated yield of sugar per acre with each of 3 varietIes. 

Percentages of reductions in indicated yield of sugar pel' acre from 
Co. 290, C. P. 34/120, and C. P. 29/120 at various percentages of 
breakage are illustrated in figure 2. Calculated reductions for Co. 
290 and C. P. 34/120 are in close agreement throughout the range of 
the curves, but, as mentioned ell-rlier, C. P. 29/120 suffered relatively 
heavier reductions than the other varieties from breakage at percent
ages from 20 to 60. 

DISCUSSION 

Of chief practical interest are the critical comparisons obtained re
garding the effect of breakage at various percentages of the stalk 
population on yields of cane and sugar. Breakage lowered the quality 
as well as the quantity of cane produced. As a combined effect the pro
duction of sugar pel' acre was reduced in still greater proportIOn; 
however, the percentage of reduction was m'tlch less than the per
centage of breakage. In part, this difference was caused by broken 
stalks that had aCClllTI1.1lated some sugar at the time of breakage, but 
an additional factor was the stimulated growth of undamaged plants 
as a resnlt, no doubt, of the reduced competition for light and other 
essentials. For instance, the data on the avel'llge of all plant-cane 
tests (table 2) in plots where 80 percent of the stalks had been broken, 
show that the remail1in~ 20 percent yielded at the rate of 8.57 tons 
pel' ac~·e. .At that rate the yield :fl'om all stalks would have averaged 
42.85 tons. The comparable yield from check plots was only 34.03 
tons. 

Demandt (4), in thinning experiments under Java conditions, found 
that when 5, 10, ::mcl 20 percent of the shoots were cut out at ages 
ranging from 6 to 10 months the losses in yield of sugar per hectare 
wel'e2.2, ~t8, anclll.4 percent, respectively. The compensation, ap
proaching 50 l)el'cent in each case, was attributed to the decreased 

• 


• 

• 
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mortality rate and the increased weight of remaining stalks. Evi
dence of compensation of 11 much higher order was obtained in a 
study of the effects of gaps in stand under Louisi:tna conditions (1).

• In the eXl)eriments discussed, dates when breakage was caused 
(Au{5llst 19 and 20) fall within the period in which expectn,ncy of 
tropICal disturbances over the Gulf coastal area is greatest. 'rhere
fore, the results are considered broadly representative of what may 
be expected from hurricane brealmge under Louisiana conditions. 
But it is recognized that signiJicantly different effects might be pro
duced under n, different set of conditions. 

The tendency for broken as well as unbroken sbLlks to develop lateral 
shoots was affected by a number of factors, including varietal differ
ences and extent of breakage. Undelr some conditions growth of 
lateml shoots on deca,pitated plants was widely snppressed. For 
instance, at 20-percent breakage 86 percent of the broken stalks of 
C. P. 29/120 plant cane fn,iled to develop shoots. Such stalks ordi
narily remained alive until harvest. 

Obsel'ved incrElnses in extent of laternl-shoot development on both 
broken and 'tll1broken stalks with increases in percentage of breakage 
suggests that there was a progressive disintegmtion of the mechanism 
by 'which axi11ary growth is normal1y suppressed. In this connection 
studies or Brandes and Van Overbeek (3) revealed a close correlation 
between auxin levellLnd apical dominance. It would seem reasonable 
to assume that the auxin level within the stool as a whole might be 
progressively reduced ItS a result o:f increases in extent of. breakage, 
snch as that induced step by step in this experiment. 

• 
The abnormally low JibeI' content and, by corollary, the high juice 

content or broken stalks are considered significant. Departures from 
normal values of. the order observed would introduce a systematic 
bias of major importance in compar,isons betwer.n brolmn and un
broken stalks based on juice analyses alone. 

'1'11e percentages of Sllcrose and total solids (Brix) in juice from 
unbroken stalks decreased consistently as the percentage of breakage 
increased. Observed increases in extent or axillary growth on un
broken stalks associtlted with increased breakage may account, in part 
at least, for observed c1iiferellces, but it is possible that the relationship 
was materially a1rech~d by tmJlslocation. Recent studies of Hartt anel 
Burr (5) with radioactive CO~ show that sugnr is l'npidly and exten
sively tr!t11slocai:ed between stnlks of the snme stool. "\Vith an increase 
in percentage of breaka~e and the consequent increase in the vropor
tion of relatively inactIve stalks of low concentration, diffusion of 
solutes from the stalks or higher photosynthetic activity lLnd concen
tration could easily account for the above-mentiolled rednctiolt in 
percentage of sncrose and total solids in juicl' rrom unbroken stalks. 

As previously stated the erect vllriety C. P. 20/120 suffered a rela
tively greater reduetloll inyield or sugal' per acro from breakage at 
percentages ranging from 2b to GO than did the vILrieties Co. 200 and 

• C. I). 3J/120, whereas Yal'il'tal c1iffercnees in this l'ep:urd at higher 
percentages of breakage were insibl'uificant. Ability to overcome in 
greater degree effects of breakage fn the lower 1'ltl:ge by the two last
named varieties probrrbly reflects a capitalization on their more re
cumbent foliage, permitting It more extensive utilization of surplus 
sunlight by undamaged stalks. 
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SUMMARY 


Tests of the effect of breakage in proportions ranging from 20 to 
100 percent of total stalks were )"Ilade on plant C!U1e ahc1 fi.rst stubble of 
sugarcane varieties C. P. 2D/120, C. P. 34/120, and Co. 290. Average 
reductions in yield of sugar pel' acre ran~ed from 9.7 percent, where 
20 percent of the stalks were broken, to 54.1 percent, where [lll stalks 
were broken. This reflects t1, l'eduction in quality as well as qlUUltity 
of cane produced. The three varieties suffered reductions in yield 
that were relatively similar at breakage percentages of 80 and 100; 
however, within the rallp;e oJ 20- to GO-percent bt'eakage, the erect 
variety C. P. 20/120 suffered relatively greater reductions in yield 
than did the more recumbent types 00. 290 and C. P. 34/120. 

Broken stalks were abnormally low in JibeI' content, yielded juice 
of relatively low quality, and gave an average inclicated yield of 
sugar pel' ton of calle approximately 50 pOllnds under that obtnjned 
from unbroken stalk;, The Brix ( tota.! solids) and pp.rcentage of 
Sucrose in the juice "from unbrokell stalks collected from the various 
plots dpcrensed sign iHcn Iltly as the percelltage oJ breakage increased, 
but the purity was not affected by variatiOlls in rate of breakage. A 
somewhat similar trend was observed with bl'OkeI\ stalks, but the effect 
on Brix and percentage of sucrose was not so great and the relation
ship was not so consistently maintained. 

The tend('n~'y oJ bot It bl'Oken and till broken stalks to develop axil
In,ry growth increased consistent.ly as percentage oJ breakage in
creased. This lllld other evidences of mass inflllence emphasize the 
importance oJ determining eH'ects oJ breakage from observations on 
entire groups of stalks rat,lIce thall Jrol1l comparisons between broken 
and unbroken stalks. 
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