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Effects of Breakage on Plant Development
and Field Production With Sugarcane’

By GrorGE ARCEXEATX, formerly principal egronomist, L. P. Hesert, associaie
agronontist, and L, C. MAYEUX, Jr., formerly essivtant agronomist, Division of
Sugir Plant nwcﬁlﬂwtions, Bureow of Plant Industry, Soils, and Agricullural
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Breakage of stdlks as a result of wind force, insect injury, and
other causes is a cdmmon form of damage suffered by sugarcane. The
actual proportiqq of stalks that arve broken in the course of erop
development will vary greatly, depending on variety and environ-
mental conditions. Studies previounsly reported (6, 92 show that
forms of sugarcane now cultivated in Louisiana differ widely as to
susceptibility to breakage. In winds of gale or hurricane force, ex-
tremely susceptible vavieties will commonly show from 8 to 10 times
the extent of breakage suffered by the most resistant ones. Qwing
to their characteristic brittleness, varietics susceptible to wind breal-
age occasionally suffer extensive implement damage in the course of
late-season cultivation.

Lateral shoots ordinarily developing on broken stalls complicate
the problem of stripping sugarcane for sntistactory processing, In
addition, it is known from practieal experience that such damage is
accompanied by important losses in yields of cane und sugar, but rela-
tively Httle information has been available on the precise order of
such losses in relution to the proportion of stalks broken. A search
of the literature reveals that stalk breakage as a factor in reducing
yields of cane and sugar has veceived velatively little eritical attention,

Walter (70) appraised the effect of wind dumnage in Mauritius from
a statistical analysis of the relation of crop yields to elimatic factors
over the period 18)2-1906. For the 3 years in which wind velocities

* Buhmitted for pulnication April 10, 1052,
! Italic numbers in parentheses refer to Titernture Cited, n. 14
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of more than 40 miles per hour were recorded, calculated veductions
in yield of cane per avpent {1.04 acres) from wind damage to one
estate were 1.20, 4.04, and 13.80 tons, respectively. On the hasis of
theoretical production in the absence of wind damage, these calenlated
reductions range approximately from 7 to 55 percent.

Yamasaki and Ozaki (17) veported a significant corrvelation be-
tween hardness of rind and resistance to breakage ab or neav the
ground surface. With varieties now cultivated in Louisiana, break-
age under conditions of high wind velocity is largely confined to the
region of immature joints Iinmediately below the growing peint. A
systematic study has not been made of the problem, but from casual
observation there does not appear to be any relationship between rind
hardness and resistance to breakage at thatlevel. In fact, C. P.28/11,
the cammevcial varviety most highly susceptible to wind breakage,
ranks among the highest for varieties with a haed rind and u high
fiber content.

Studies reported herein were undertaken primarily to determine the
influeace of breaknge at predetermined percentages of the stalk popu-
Iation vn yields of cane and sugar. Attention was also given to vther
effects, such as development of luteral shoots and changes in fiber con-
tent of stalks.

PLAN OF THE EXPERIMENT

Damage comparahle to that suffered under conditions of high wind
velocity was artificially made on plant cane of three varieties of
sngareane on August 20, 1945, The tops were broken off by hand at
nodes immediately below the growing peiut, the region where break-

age from wind pressure normally oceurs. Extent of breakage in
individual series” of plots was 0, 20, 40, 60. 80, and 160 percent of
the stalks that normally conld be expected to reach maturity. At that
stage a shoot ordinarily has either reached relatively advanced de-
velopment or has heen suppressed us n resall of competition, Thus,
the shoots that will deveiop normally can he veadily distinguished
from those 1hat will not.  Stalks te be broken weve systematically
selected from norually developed shoots: in plots of 20-pereent break-
age, for example, every fifth one was broken.

Plots consisted of single rows 18 feet Jong, veplicated three times
in each treatment witl each vasety,  Block phwntings of the different
varicties were subplotted for treatments, The experimenial area con-
sisted of Sharkey silty cay Joam al the Houma, La. station (U, 8.
Sugar Plant Field Station). At harvest the stalks were cut and
stripped as for milling purposes.  Sheots that had developed from
Interal buds were connted and removed; henee, they did not constitute
a part of mill eane as hierein veported.  The experhment was repeated
o first stubble of the sume plots duvirg 1046,

DEVELOPMENT OF AXILLARY CROWTH

Counts ot lateral shoots on broken and unbroken stalks in plant
cane and Hrst stubble of the three varvieties that were studied at cach
rate of brealkage ave summarized in table 1. Fhe percentage of
broken stalks thut preduced lateral growth increased consistently as
the percentage of breakage inercased. For instance, at 20-percent
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TasLE 1.—])6’0320?)’;‘?16?13 of lateral shoots on broken and unbroken
stalks of sugarcane at different percentages of stall: dreakage,
194546

PERCENTAGE oF BROKEN STanks WitH Lateran Suoors AT HARVEST

Plant cane First stubble Mean
of 3

C P | o p a varicties

- (G P P, 0. - in2

“Iea“i29;12q34;120 200 | Mo crops

Percent-
age of :
stalks ' ; Co |
|

|
|
t
I
b

hroken ! 290

Por- E Per- | Per- | Per- | Per- | Per- Per-
cenil ¢ openrt o openl vent rent eenl cond
37,8 25 87 47.2 05 75.0 162 53 44,
(38,10 64. G 70. 76. 5 170. 43 o
189.70 78,0 9L 4, . 83 73.
Y5, 77 ‘83. 4 00 aG6. 9 90, 23 43
80,30 8L 5 559-}. 7. . 30 a0.

| : '

Prreexrank or UsBrokEN, Sranks Wirn Larsran Bucors ar Harvesr

L gty S

¢ Per- . Per- 1 Ppy- ! Per- 1\ Per T Per- Per-
toeend 1 rent | eent T opent SRS P rend cend
O _......26510 1756 6.7 05 . -20. 0,40 5. 07
20.... ... "3.87T10 2153 824 8¢ L7 i2l.7 0 0. 50
40, .- ... .09 F 2,44 130. 65 11406 | 1. . j32. 12. 33
Gh..._ . .. 3L75 )9 00 160,22 33, 69| ¢ L0 sk . 20, 38
80___..... 20.03 I12. 25 W6, 30 2020 | 8 1 8, I 3, 20, 95 24,99
: i

Avieunace Noumpar oF SuooTs 2er Brokex Stang Wiorn Axiutanry GROwTEH

¢ e —

" N | 3
§ Nwme' Num=t Nom- Num- - Nwm- Nuwm- Nuwm- | Num-t Nwm-
Yober - ber 5 her  ber ! ber ¢ bBer t ber 1 ber
PLAT L83 LD LG 1LT6 .80
L8P LGE 148, 176 i}
AT ELYS LTS 24 . 53
7000201 0 1830 L9 . 22
.07, 213, 2141 280
i

| ]

B0 B2 08 10 1

"Blant cane broken Agg 20, 1845 first stubble, Aug 14, 10H6G.

hrealage the avernge percentage of broken stalks of plant cane and
first stubble developing side shoots among the varicties studied yanged
from 30.4 to 864, as compared witl varietal values ranging from 87.8
to 4.5 percent where all stalks were broken.  The number of shoots
per broken stall with lateral growth also increased rather consistentiy
with an increase in extent of breakage. Minor diserepancies in this
trend, observed in individual eases, nre within the expected range of
experimental variations.  In almost all cases, the variety ¢, P. 20/120
gave the lowest average percentage of broken stalks developing lateral
shoots, most conspicuous diflerences occurring at 20 and 40 percent
breaknge rates,

The pereentage of hroken stalks developing Tateral shoots was, on
the average, sirikingly greater in first stubble than in plant cane.
This was aiso true of the avernge number of shoots per stalk, Tt is
not possible to determine from the results whether this difference is
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Tasie 2.—Yield of mill cane from broken and unbroken stalls at
different percentages of breakage, 184540

TesTs oF Prant Caneg Dumixg 1045

Yieid of il eane per acre

Porcent- ' . ) o )
g6 of Whole stalks Broken stalks All statks

atalks
broken

Co. |C.PIC. P, C.PICP(|Co |CP i Mean of

26/126134/126 20,120 34/1201 260 {29/120 o|3 vorie-

Tons | Tong 3 Tonsi Tons s| Tons
36. G 3% 7]
3.1 i 4. 3, 38.0
238. 8 . R G, 6! 350

j . 13,9 316
16,8 28. 6
21.8[ 23 4

26
22,
8

34
34
3L
27,
25,

21

- R v
b o I N e OO

DuariNe

|22‘ P22 27
3.0 18 18.9 23,
6.3 20. 10 176 93
@168 159 204
13,2 16.1; 13.7 19, 9
18,7, 15, 13.9' I8

v

AvERAGE OF PrLawt-Cang axp Firsr-Stunoie Teswvs

i i t L - R ' ;
30,50 2445 3L00 ... .l ._._.'80.50 2145 3190 28.
20 ______'23.60. I8.15 2650, 1. 75: 4 83| 5.0028 35 23.00' 31 30 27.
18,85 15,20 20, 30 8. 70° 6. 85| 7.0527.55 22.05 28.25' 25 05
60..__.. 3. 40 N85 14851085 7.83 12.0024.25 17.70 26.85! 12.93
80 7.70, 6.55. 7.6514.65 1010 150022235 17. 65 22 65 20,88
100,00 L1925 17,05 200251025 17.65 2025 18. 85
i i ' : X . :

chavacteristic of Lhe crops {plant eane as compared with (irst stubble)
or is attributable to prevailing differences in weather or other environ-
mental conditions hetween (he Lwo growing seasons.

The proportion of unbroken staltks developing lateral shoots also
inereased ag the pereentage of broken stulks inerensed.  In the average
of all tests, 1.5 percent of the unbroken stalls developed Interal shoots
in plots where 20 percent of the stalks had been broken, wherens 25
percent of the wabroken statks developed lateral shaoots where 80
pereent of (ne stalks had been broken.  The average number of un-
hroken staiks showing Interal growth in plots of 20-pereent hrewkage
way only slightUly greater Hhnn these showing latern]l growth in plots
subjeet to no experhnental breakage. Also, C. . 34/120, while show-
ing a relatively high proportion of broken stalks that produced side
ghoots ut each rate of breakage, showed the lenst tendeney to produce
sucl growth on unbroken stuiks.
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Separate and also aggregate yields of cane per acre from broken
and unbroken stalks obtained in plant cane and first stubble with each
of three varieties at the several percentages of breakage 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, relationship 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, é]yi]nch sample consisted of
80 stalks, except for a few, which, especially in cases of broken stalks
from plots of 20-percent breankage and unbroken stalks from plots of
80-percent breakage, comprised substantially fewer than 30 stalks.
Average results of the analyses are shown in table 3. Broken stalks
were, m all eases, 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, 17.89;
sucrose percentage, 14.65; purity, §+.2. Corresponding values for
broken stalks of ull brealage series were: Brix, 13.52; 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
stalls decreased. This trend was maintained throughout the experi-
ment, and was especially pronounced in plant-cane tests. However,
juice purity within each category (broken or unbroken) was not con-
sistently related to extent of lBl'ezll:a;:,re. The purity of the juice from
the broken stalks under a given set of conditions tended to remain the
same, regardless of brerkage percentage; the same was true in the
case of the unbroken stalks.

EFFECT OF BREAKAGE ON YIELD OF SUGAR

Yields of sugar per ton of eane and per acre can be calculated from
data in tables 2 and 3 by using appropriate milling and recovery
factors. In order to measure possible differences in milling qualities
between broken and unbroken stalks, experimental milling tests, in
accordance with the method previously described (2}, were conducted
on samples of eanc of the following categories from each variety in
each test: Whole stalks from plots of no breakage; broken stalks from
][':]'ots of 20-percent, breakage; broken stalks from plots of 60-percent

reakage; and broken stalks from plots of 100-peccent breakage. In

most cases, sugarcane siumples 6130 pounds cach were used.
Essentinl data derived from results of milling tests on broken and
unbroken stalks of different varietics uve summarized in table 4. In
arriving at percentage values shown for normal-juice extraction for
mill cane and for the reduction factor for sucrose, the procedure out-
lined by Spencer and Meade (8, cks. 34 and 35) was followed, Fiber




TasLe 3.—Analyses of crusher juice at harvest from samples of broken and unbroken stalks of different varicties taken
from plots of various percentages of broken stalks, 1945-46

Tesrs oF Prant Cane During 1945

Ca. 200

C. P. 29/120

C. P. 34/120

Average of 3 varieties

Percent-
age of
stalks

‘Whole stalks

Broken

stalks

Whole stalks

Broken stalks

Whole staiks Broken stalks

broken !
Su-
erose

Brixz g
§

Su-

T3
crose | Brix

Su-
crose

s 3 ' Su-
Brix I crose

Su-
crose

Pu- Pu-

rity

Per-
cend
O.oeonc.ut 16,17 13, 16
20._-»-,4 16,321 13. 38

40.... ... 16,80 13. 04 12

60-_- -.. 16.83 13,88
80.......1 15.49 12,58
100220 Dol

i

15,57

3' 14. 55
L4. 06

Per-
cent

14 90}

. 30,

L0917, 21
, 38,

17.77
17. 84; 15.
17. 36; 14 ¢

16. 77

TEs™s or Fins

Y7, :>l£ 14 Q.J-
17. 541 15. 12

60..._..f 16,89} 14, 8
- 17.55} 15. 06,

I i |

17, 211 14 63° 1567 12
L7912
.69 11.¢
DR OISR B POt B Y

14
14

|

b7 36!,_._,_
| 16.76] 15,02
3, 17. 01!

15. 97
17. 15§ 15. 09
. 99; 15, 64

09
. 50
. 37
L 10"

17. 0t

18.70: 16,
18. 23! 16.
18. 06

16. 74 16. 5

! Plant cane broken Aug. 20, 1945; first stubble, Aug. 19, 1946.

2 Total solids.

9
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percentage of mill cane was determined by the divect method (8,

. 578y, In culculating Brix of normal juice, a veduction factor of
0.983, found from previous tests to be applicable under prevailing
milling conditions, was assumed for all lofs of cane.

Results obtained with whole stalks {table 4) reveal the usual dif-
ferences between varieties as to fiber content und normal-juice extirac-
tion. Mean varietal values for percentage of fiber content ranged
from 11.85 with Co. 290 to 15.34 with C. P. 34/120, and for percentage
of normal-juice extraction the values ranged from 75.35 with C. P.
34/120 to 81.30 with Co. 290.

Tante 4—Summiary of reaulls of milting fests on saomples of Lroken anid
wnbroken siulics of different varielics, 1043-436

NORMATAUICE EXTRACTION FTROM MILL CANE

Planl cune FirsL stulible Average of
plant cane
and first

Tyroken sialks from piots ofl— Brokea sintks (cown plots nf— stubble

Yhrioty

E
1

_:l\;lfgnt A-{HE-] BO-per=] 1o hole | on e | e 00per

el | oeent | orfL e italks ¢ cent { LU I TL O Whalw
break-| bronk-f beenk-| hreak-; break-{ hrenk-) stalks
nge nge e uye I age ape

Bira-
ken
stnlks

Fer- | Per- 1 Per- = | Her | Per | Per- “er- | Per-
cent cent ] cent cemd
Co. 200 ... . B0.0 an g IR 0.7 S0, 3 52.3 i3
C. P, N, . 855 841 o i 1. s i7. 8.0 T
LA RN 17 B I Bt.1 Ba.1 83.3 8. 4. 8. i3 .0

Mens... 5452 | 840 LG &L . 78 ey . . 77,45 ] B1.80

FIBER FROM

§ R0 1m0 {300 1070 § 10T I 11,35 | 0.60
o Ea ) 1402 . . SELFTLED, L8 T4 ] 10056
W8 I8 L I0T I c78 o as 1 s | e
8

2 ;14,07 | ), I-'__I 7 e 10,08 | 10,60
L)

H : 1
- ILAR} B.70 ) 847
i

Co. 20 .. .. i B
COBE AN iy G2 ] L@ on
Coloanaoloage |anee otk o

Mena {12 | 0.7 ) a6 { 045

REDUCTION FACTOR FOIL SUCROSE?

i i : . ] ) T 1 ; i '
Co.20 .. . 1 n9sil nosr ousn o B8 007 0.851 0.955 0.9540 0.0830 0.950) 0.985
[ T | R Y By T 1 O L N (R 7 SO 1| T 1 O (I 1 LR
Lo O R [ SO S N N 16N 1 E - 1T L (1 FRA T A T/ 4
:\I'mm...l JTES 078 st BT L0EY .urei{ 015 sl .nsoi .urﬂl .urai . 881

i i . - . i |

t From Hots with na breakage.
Pl tonvert Mest indlling Jodee wo sormal fuice,

_ Signilieant differences with respect, to fiber content and normal-
Jnice extraction were observed between broken and unbroken stalks in
the case of cach variety. In plant-cane tests of the three varieties,
the percentage of normal-juice extraction from cane averaged 54.3
from hroken stallks as compared with 74.7 from unbroken stalks. In
first-stubble tests broken stalks guve an average normal juice extrae-
tion of 793 percent as compared with an average of T7.2 obtained
from whole stalks, Conversely, broken stalks were consistently lower
in fiber content than stalks left nnbralen,

In the avernge of all tests, the reduction fuctor for percentage of
sucrose was 0.981 for broken stalks and 0.075 for unbroken stalks. A
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Tanswe 5.—Calculoted yields? of ewtracted solutes, etracted sucrose,
and available sugar as related to percentage of brofen stalks,

194646

{Average of plant ¢ane and first stubble)
Extracted Sorutes (Brix) PER AcRE

Pereenbage of stalks broken

Varieby
20 40 0 80 100

Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
B, I68 | 7,456 | 7,144 [ 6,015 [ 5 218 4,210
7,022 | 6,003 | 5 673 | 4,413 | 4, 300 3, 821
8, 743 8, 478 7,421 G, 870 5, 592 4, 363

Mean_ . _..... | T A78 ] 7,342 G, 746 5,766 | B, 037 4, 231

Exrtiacren Suenose (Ponanmzarion) Pen Acne

6,740 | G, 104 [ 5,800 4,826 4,084
60101 5123} 4,885 3,710 3,505
7,500 | 7,176 | 6,213 5735 | 4,543

6, 7505 G, 134' 5633 | 4,757 | 4 047

AvarnuanLe 90° Svcan PER Acki

6,435 | 5705 | 5488 | 4,531
58301 4032 1653 3572
7,205 | 6,033 | 5 060 ( 5 471

ﬁ,520i 5,887 | 5,370 | 4,525

Avaruaprs 96° Sgcan Pea Tox or CaNE

204, 4 8 180. 8
L
1

C. P. 28/120 I 214, 4 L. 201. 8
C. P. 34/120 : 220, 1 131 203.8

213. 1 206, § 197. 3

* Combined yields, broken nngd unbroken stalks.

difference of this approximate order was muintained with each of the
three varieties. ‘Uhere was no indication that differences in milling
factors observed with broken stalks could be attributed to differences
in percentage of breakage. In other words, with a given variety
and crop, juice extraction and other miliing factors for broken stalks
tended to remain the same regardless of the actual percentage of
breakage., Breakage greatly reduced the differences in fiber content
und normal juice ex(raction bebween varieties.

Sugar extraction snd recovery values for broken and unbroken
statks of cach variety under the various conditions of the experiment
were cnleulated from data shown in 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 cone and first stubble are shown in table 5.

Losses in yield of total solids and sugar caused by 100-pereent
breakage reduced extracted solutes per acre by approximately 47
percent, extracted sucrose by approximately 52 percent, available sugar
by approximately 54 percent, and available sugar per ton of cane by
approximately 30 pereent.

'TaniLe 6.—dAdverages effect of breakage ab different pevcentages of total
stalles on actual reductions and percentage of reductions on yields
of cane and sugar, 194546

Reduction in yield due to breakage

Percentage Actual Percentage of cheek

of stalks

broken Available | Available
96° sugar | 96° sugar or | D6° sugar 96° sugar
per ton per !‘; cre per ton ner
of cane aere of cane et

Cane Available | Available

Tons Pmm2ds Pounds | Percent| Percent Percent
633

i. 33 X . 5 4 9.7
3. 60 . 1, 150 , 81 17, 6
6. 02 . 1, 995 . i2. 4 30. 6
307 43, 2,716 Lt 141 41, 7
10, 19 X 3, 528 . 29. 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 per 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 tesis (three vavietics in plant cane and in firsé
stubble), 20-percent breakage of eane caused a reduction of 1.33 tons
of cane per acre, or 4.6 percent at the onc extreme, and 100-percent
breakage caused a reduction of 10.10 tons, or 34,9 percent at the other.
Thus, the percenéage of yield reduction was slightly less than one-
fourth of t%le percentage of brealage at 20 percent und slightly more
than one-third of the percentage of breakage at 100 percent. The
average reduction of 633 pounds of available sugar per ucre from 20-
percent breakage is 9.7 percent 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 pevcent. The percentage reduction in yield of
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sugar per acre at the lower breakage rate, therefore, was slightly less
than half of the breakuge percentage, and at the upper Hmit stightly
more than half of the brealmge perceniuge. Hence, a vough estunate
of percentage of loss in yield ol sugar per acre from breakage could
be obtained by dividing the percentage of breakage by 2.

Average reductions in yield of sugar per ton of cane vanged from
12.1 pounds, or 5.4 percent, at 20-percent breakuge to 66.5 pounds, or
23.5 percent, st 100-percent breakage. Here, also, the vatio of per-
centage of reduction to percentage of breakage tended to increase with
an ncrease in the percentage of breakage.

Tanex V.—Lercentage of reduction inindicated yield of sugar per acve
caused by breakage as observed with individual wvarieties in the
average of plané cane and first stubble und for each crop in the
average of all varigties, 194546 '

N Crops (avernge of 3
Varieties (average of 2 erops) varielios)
Porrenlage of

stalks broken

. P, ¢, P, Plant First
Co. 290 | giiian | 207120 cane | stubble

Percent Pereent Percent Prreent Pereent
HA & 13. +€ 4 H
20, 13. 8
38 2R, 7
42,9 11, 3
I 32,3 . o807

Reduetions in yield of sugar per acre as observed with Co. 290, C. P,
A4/120, and ) 1, 28/120 in the average of two crops and also results
obtained with plant cane and #rsi stubble in the avernge of the three
varieties are given in table 7. Departures of varietal and crop valies
given in table 7 from average values shown in tuble § are the result,
i part at least, of the usual experimental varvintions. In view of the
order of magnitude, it may be agssumed that the experimental varia-
tions account largely for differences in pereentage of reduction ob-
served hetween the diffevent varieties at'the 80- and the [0¢-percent
breakuge Tevels. On the olher hand, at brenkage percentages from
4} to 60, reductions Yor C. P, 29/120 were found te be rather con-
sistently Ligher than those obtained with either Co. 200 or (. P.
/120, Breakage within the 20- to G0-percent range also cnused n
consistently gvoater proportionate reduction in fisst stubble than in
plant cane,

These results show that the relationship between percentage of
brenkage and percentage of reduction in evop yield was not strietly
hnear. The relutive effoct of breakage became progressively greatey
as the extent of breakage incrensed.  For a muthematical eXpression
of this relutionship, as applying to vield of eane per acve and yield
of sugar per acre, use was made of the equation (7, pp. 14-145),
y=atba+t
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Constants * as determined foi over-all average values shown in tables
2 and 5 were us follows:

Tadicuted poundds
Tons of cane af 95° witptar
Constant: PEraere per iere

e e 29, 16 6,515.0
. e e —1. 650 35539
o e i m e mmm e e mmadaeem e = —. 0866 —30. 55
A comparison of observed and ealeulated yields shows a very sutis-
factory ngreement, as indicated in table 8.

TanLe 8.—Observed and calculated yields per acre of cane and 96°
suger for the average of plant cane and first stubble of «ll varietics,
19486-46

. Y Indieated yicld of 96°

© Yield ol ¢ane per avre _ - .
Percentage of staiks broken ™ | _sugarperacre
" Ohservoed

. C‘ulc.\llall.‘fl“ { Observed | Cateulated

Tons Tans Pounds | Pouwds
23, 03 . G, 520 6,415
27. 62 Ll 5, 887 ¢ &, 031
53,005 - 2o 4d8 5,370 5, 235
L3 . 4, 525 41, 578
20. 88 21, Of 04 3, 811
S.85 8. 2, 192 2, 182

5

SUGAR PER ACRE

g

RECUCTION I YIELD (PERCENT)
~
[-]

]

.—f’:——-""'-—.—_- 1 |

Q (] 20 40 50 To a0 1) 1a4a
STALKS BMOKEN (PERCENT)

Ficunr ).—Relalion between percentage of broken stalks and pereentage of reduction
in crop yields (mean of 3 varietivs},

Percentage of reductions in mean yiclds of cane of all arieties nnd
sugi per acre in relation to extent of breaknge, as based on ealeulated
values given in table 8, are shown in figure 1 Shown also are indli-
cated percentages of reductions in yield of sugar per ton of cane.

1 For uge with coded values; for example, 0 pervent of stalks broken=0, 20
percent =1, 40 pereent=2, 60 pereent=3, 80 percent=, angd 100 percenl=35.
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Trgure 2—Relntion hetween percentnge of broken sinlky and percentnge of
reduction in indlented yield of sugar per acre with each of 3 varietles.

Percentages of reductions in indicated yield of sugar per acre from
Co. 290, C. P. 34/120, and C. P. 29/120 at various percentages of
breakage arve illustrated in figure 9. Caleulated reductions for Co,
290 and C. P. 34/120 are in close agreement throughout the range of

the curves, but, as mentioned earlier, C. P. 29/120 suffered relatively
heavier reductions than the other varieties from breakage at percent-
ages from 20 to 60O,

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  combined effect the pro-
duction of sugar per acre was reduced in still greater proportion;
however, the percentage of reduction was much less than the per-
centage of breakage. In part, this difference was caused by broken
stalks that had accumulated some sugar at the time of breakage, but
an additional factor was the stimulated growth of undamaged plants
as a result, no doubt, of the reduced competition for light and other
essentinls, For instance, the data on the average of all plant-cane
tests {table 2) in plots wheve S0 percent of the stalks had been broken,
show that the remaining 20 percent yiclded at the rate of 8.57 tons
per acre. At that rate the yield from all stalks would have averaged
42.85 tons. The compurable yield from checl plots was only 34.03
tons.

Demandt (4),in thinning experiments under Java conditions, found
that when 5, 10, and 20 percent of the shoots wers cut out at ages
ranging from 6 te 10 months the losses in yield of sugar per Lectare
were 2.2, 4.8, and 11.4 percent, respectively. The compensation, ap-
proaching 30 percent in each cuse, was attributed to the decreased
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mortality rate and the increased weight of remaining stalks. Bvi-
dence of compensation of & much higher order was obtained in a
study of the effects of gaps in stand under Louisiana conditions {1).

In the experiments discussed, dates when breakage was caused
{August 19 and 20) fall within the period in which expectancy of
tropical disturbances over the Gulf coastal area is greatest. “There-
fore, the vesulis are considered broadly vepresentative of what may
be expected from hurricane breukage under Louisiana conditions.
But it is recognized that significantly different effects might be pro-
duced under a different seb of conditions.

The tendency for broken as well as unbroken stalks to develop lateral
shoots was affected by a number of factors, including varietal differ-
ences and extent of breakage. Under some conditions growth of
lateral shoots on decapitated plants wus widely suppressed. For
instance, at 20-percent breakage S6 percent of the broken stalks of
C. P, 29/120 plant cane failed to develop shoots. Such stalks ordi-
narily remained alive until harvest,

Observed incresses in extent of laternl-shoot development on hoth
broken and unbroken stalks with increases in percentage of breakage
sugpests that therce was o progressive disintegration of the mechanism
by which axillary growth is normally suppressed, In this conneetion
studies of Brandes and Van Overbeek (&) revesled a close correlation
between auxin level and apical dominance. It would seem reasonable
to assuwme that the auxin level within the steol as a whole might be
progressively redueed as a result of increases in extent of breakage,
such as that induced step by step in Lhis experiment.

The abnormally low fiber content and, by eorollary, the high juice
content of broken stalks are considered significant, Departures irom
normal values of the order observed would introduce a systematic
bias of major importance in comparisons between broleen and un-
broken stalles based on juice analyses nlone.

The percentages of sucrose and total solids {Brix) in juice from
unbroken stalks decreased consistently as the pervcentage of breakage
increased. Observed increases in extent of axillary growth on un-
broken stallis associated with increased breakage may account, in part
at least, for observed differences, but it is possible that the relationship
was materially aftected by brunstoeation, Recent studies of Havtt and
Burr (&) with radionetive CO. show that sugnr is rapidly and exten-
sively franslocnted between stalks of the sume stool.  With an increase
in percentage of breakage and the consequent increase in the propor-
tion of relatively inactive staltks of low concentration, diffusion of
solutes from the stalks of higher photosynthetic activity and concen-
{ration could easily account for the above-mentioned reduction in
percentage of sucrose and {otal solids in juice from unbroken stalks,

As previonsly stated the ervect vaviety C. P. 20/120 snifered a rela-
tively grenter reduction in yield of sugar per acre from breakage at
percentages ranging from 20 to 60 than did the varieties Co. 290 and
C. P, 817120, whereas varietal differences in this regard at higher
percentages of breaknge were instgnificant, Ability to overcome in
greater degree effects of breakage in the lower range by the two last-
named varieties probably veflects a eapitalization on their more re-
cumbent folinge, permitting o move extensive utilization of surplns
sunlight by undamaged stalics.
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SUMMARY

Tests of the cffect of breakage in proportions ranging from 20 to
100 pexcent of total stallis were made on piant cane wid first stubble of
sugarcane vavieties C. P. 29/120, C. P. 34/120, and Co. 290. Average
reductions in yield of sugar per nere ranged from 9.7 percent, where
20 percent of the stulks were broken, to 4.1 percent, where all stallks
were broken. This reflects a reduction in quality as well as quantity
of cane produced. The three varieties suffered reductions in yield
that were relatively similor at breakage percentages of 80 and 100;
however, within the range of 20- to G0-percent breakage, the erect
variety C. P. 20/120 suffered velatively greater reductious in yield
than did the more recumbent types Co. 200 and C. P. 34/120.

Broken stalks were abnormally low in fiber content, yielded jnice
of relatively low quality, and gave an average indicuted yield of
sugar per ton of cane approximately 50 pounds under that obtained
from unbroken stalks, The Brix (total solids) and percentage of
sucrose in the juice from unbroken stalls collected from the various
plots decrensed significantly as the percentage of breakage increased,
but the parity was not affected by vaviations in rate of breakage. A
somewhat similar trend was observed with broken stulks, but the effect
on Brix and percentage of sucrose wus not so great and the velation-
ship was not so consistently maintained.

‘I'he tendency of both broken and unbroken stallks to develop axil-
Inry growth increased consistently s percentage of breakage in-
crensed. This and other evidences of mass influence emphasize the
importance of determining effects of breakage from observations on
entive groups of stalls rather than from comparisons between broken
and unbroken stalks.
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