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MOISTURE AND FREEZING INFLUENCES ON
BARKINESS OF COTTON PLANT BRANCHES

D.F. Wanjura
“SUMMARY

Barky 1int is a problem peculiar to’stripper—barvested cotton and ie

the source of bark strands in the plant branches removed dur1ng harvest
A 3- year study was conducted at the Texas AGM Unlver51ty Agr1cu1tura1 Re-
search and.Exten51on Center at Lubbock to determine if weatherlng factors
might 1nf1uence the amount of bark removed from plant branches dur1ng har-
vesting and glnnlng. Experlments measured stick moisture content, wettlng
and drying of sticks, and severity of tbe initial plant-killing.tempera-
ture. Stick barklness propertles were measured by brlttleness index, per-
centage of broken stlcks, and quantlty of loose bark sllvers attached to
broken sticks. | |

Stick moisture content was most h1gh1y correlated w1th stick barklness

measurements. M01sture content explalned 83 83 and 52 percent respeo—

tively, of the variation in bark 1nd1cated by stick br1tt1eness 1ndex, per-
centage of broken sticks, and quantrty of loose bark slrvers from broken

sticks. Stlck brlttleness and percentage of broken st1cks increased when
stick moisture was below 16 percent. Wettlng and drying, and severity of

h the initial plant-kllllng temperature,khad'minor effects.

INTRODUCTION

Successful mechanical stripper harvesting’requires that the cotton plant

be defoliated and dry to promote the separation of the boll from the branch

during harvest. The stripper harvester removes bolls across a range of




plant conditions, but the quantity of foreign material in the bolls
(primarily leaves and branchee) varies considerably depending on the
condition of the plant. The quantity of foreign material affects both
the level of fine trash in the ginned lint and the lint grade.

One of the trash components in lint is called bark, produced by break-
age and peeling of the outer cover of the branch during harvesting and
gin processing. Excessive quantities of bark in gihhed lint can result
in qdality grade reductions that lower its vaiae bdring 1966 to 1982,
from 3 to 63 percent of the crop c13551f1ed by the USDA Cotton Classing
Office at Lubbock, Texas was reduced in grade because of bark (1). 1In
a study by Morey et al. (1978) (2), most of the barkllke strands removed
from lint in the gin were identified as phloem flbers and a few strands
as wood fragments. )

Branches that break off from the plant during harveet'areicalled sticks
when they become part of the material stripped froﬁ the plant. The condi-
tion of the plant greatly influences the quantity of sticks that are har-
vested. Large dry plants, when stripped, have been shown to produce cotton
with large amounts of sticks (3,4).

There are atrleast‘two factors that determine bark content in ginned
lint--the quantity of SthkS- and stick condition as rt relates to the
removal of bark from the st1ck Weatherlng history affects the condltlon
of plant branches at harvest, but the relatlonshlp of spec1f1c weatherlng
factors to stick condition 1nf1uenc1ng the generation of bark is not well
understood.

2
This study examines the eff??ﬁ%ﬁ%ﬁxgtiCk moisture content, wetting and

drying cycles, and severity‘qf‘thesipitdal plant-killing temperature on

plant branch breakage and generation of bark slivers.




METHODS
Moisture
The effects of stlck m01sture content and wettlng dry1ng cycles on
st1ck breakab111ty ‘and barklness were studled in 1978 and 1979
" Whole green plants “of the var1et1es Paymaster 909 and Dawson B- 25 were

cut off at ground Tevel’ on October 19 1978 and October 22 1979, and the -

branches were removed from the maln stem. Leaves and bolls ‘were removed

from the branches and the branches wereﬂcut to 15 -cm stlcks The stlcks

Mwere grouped 1n samples of 40 and rnltldlulei‘ture centent was measured

The ‘samples. were then placed in trays to air dxx‘;”ggrﬁambtent conditions

for one week before wettlngrdrylng treatmentsf»were mﬁdséa' Eaeh sample
was placed in a drying tray d1v1ded 1nto 30 X 30 cm cells W1th hardware |
cloth bottoms and covered w1th 3 mil polyethylene to prevent stick wettlng
by ra1nfa11 or dew o | o .

The following treatments‘were imposed on the stickstikl)honepwetting—,
drying cycle, (2) two wettsng drylng cycles (5)vthreebwettingwdrying
cycles, and (4) no wettlng (check) There was a 2fweek perlod between
‘vwettlngs 1n treatments 2 and 3. The wettlng part of each wettlng-drylng
cycle conSLSted of submerg;ng the. samples 1n 20 C tap. water for 20 m1n~
_utes. The a1r dry stlck moisture . content and m01sture content follow1ng
soaking,:after surfacewwaterievaporated,cwere“determinedtfor;each«wetting.
Alllsamples remained coverédnin the‘dryingftrays_exdept,during;the‘wetting
treatments. . . ;,{t | - I | |

The stickvcharacteristics .-after thecfinal‘wetting;ofgeachltreatmentvwere
measured 5 trmes at 2 week 1ntervals Fqur;samples,dfpeachftreatment,were
analyzed durlng measurlng Check’samples“were'measnred;every}time‘adstick
analysis was made on any of the other treatments., Stick measurements inclu-

~ded: moisture content, number of broken.sticks, brittleness index, and .



weight of bark slivers produced on the broken sticks. Number of broken
sticks'waSJmeasured by counting the sticks that broke while being deflec-
ted through a 45° angle. Brittleness index was determined by placing sticks
inside a caulking gun and counting the number of '"clicks'" of compression

| up to the point the stick broke by bending. Differences among treatments
within dates of sampling were statistically analyzed using Duncén?s new

multiple range test.

Temperature

The study in 1980 was designed to measure'thejéffeét’of the severity of
the first plant-killing temperature on stick barkiness. OHPOctober 16,
green plants from the variety Paymaster 909 Qérégéﬁt off at ground level and
brought into the laboratory. All boIIS'énd iééﬁés*Were removed from branches,
and 15-cm branch sticks were cut. A total of 21 groups of 160 sticks were
prepared. Each group was placed in a plastic Bag for storage overnight in
a cooler to prevent drying. | |

On October 17, 9 bags were exposed to -1.1°C and 9 bags to -6.7°C. Three
bags were left at room temperature. ‘Bags wéreVQrduped in thirds; expo-
sure times to e;ch temperature weré 2, 4, and 8 hours. After exposures were
completed, all sticks were removed from bags and placed in trays for air-
drying. Sﬁ;ck properties were measured after drying on October 21, October
28, and December 2. For analysis each group of 160 sticks was divided into
4 replications (reps) of 40 sticks.

Measurements included stick moisture content at the beginning of the
study and on each date of stick breakage. Brittleness index, number of bro-
ken sticks, and weight of bark slivers from the broken sticks were deter-’
mined by the methods used in 1978 and 1979.

The experimental design was a split-split plot where main plots were tem-

perature, subplots were stick moisture content, and sub-subplots were exposure



time to freezing temperature‘ Each ‘treatment ‘was replicated 4 times:
Differences within levels of main plots, subplots, and sub-subplots were
analyzed using Duncan's new multiple range test. .

RESULTS
Moisture

The stick moisture cqnpegts bgfgge“@ettiqg‘wgpe«higher inuL978 than in
1979 (Table 1). In spite inphgaq;gfe;ences;;nFmo;§tgrg{before1wetting,
t?erzo-mingte soaking in water rgsql;ed,inﬁg“rapherfcgnsg§pyuincrease;in
ﬁoisture ranging from 10 to 14 percentgge‘poinys.

Moisture levels of sticks for each 1978 date‘oflstickhanalysis showed
that moisture was lost in thevputdoor drying trays between October 25 and
~ December 20, then inpreased until the last date of January 31 (Taple 2).
The increase in moisture for the last two dates was due to the sticks equil-
ibrating to the more humid environment,ofrdamp, cloudy weather. Moisture
levels of the sticks in 1979 decreasedvrapidly from October 22 to October
29. The fluétuations in stick moisture bengen October 29 and February 1
generally followed the cycles of dry and damp‘weather conditions. ‘The
lowest average moisture content recorded was>9.6 percent‘on_December 3.
Moisture content of sticks in both years closely followed moisture condi-
tions of ambient air.

There were significant differences in stick brittleness index in the 1978
study on December 20 anq;Janﬁary 10 (Table 3). The general trend was for
sticks that had receiv;; the highest number of wetting-drying cycles to be
the most brittle (indicated by lowest brittleness ihdeX);” Stick brittle-
ness (Table 3) was primarily influenced by the changes in stick moisture
levels (Table 2). ' ' ‘ -

The percentage of sticks that were broken when deflected through a 455

angle also was affected primarily by stick moisture content ( Table 3). In



1978, percentage of broken sticks was between 35 and 45 percent when stick
moisture contéhts were between 18 and 29 percent. Stick breakage doubled

to 84 percent when stick moisture decreased to 13.6 percent on December 20.
This agrees with the results from stripper-harvesting single plants where
plant branch moistures below 16 percent’caused a significant increase in
nuhbers of sticks, mean stick length, and the percent of sticks that were
whole branches (4). The number of Wetting-drying cycles did not affect the
percentage of broken sticks. The total weight of bark slivers was not affec-
ted significantly by the number of wetting-drying cYéles, but it showed a '
high sensitivity to stick moisture content,whete bérk sliver weight increased
as stick moisture content increased.

The stick brittleness index in 1979 (Tabie 4) generally followed the fluc-
tuation in stick moisture level (TaPle 2). The number of wetting-drying
cycles significantly influenced stick brittleness on December 20 when treat-
ment 3, representing the highest number of wetting-drying cycles, resulted
in a high level of stick brittleness. Percentage of broken sticks also was
affected primarily by moisture content. On December 20, the percentage of
broken sticks in the check freatment was significantly lower than treatment
3, which was exposéd to 3 wetting-drying cycles. On the other hand, total

bark sliver weight was unaffected by the number of wetting-drying cycles.

TemBerature

The cotton branch sticks were not hard-frozen by any of the exposure

-

times to either -1.1°C or -6.7°C. Initial stick moisture content was 190
percent dry weight basis (dwb). Stick moisture content at each date of
analysis was unaffected by length of exposure or temperature level (Table 2).

Temperature levgl affected none of the stick barkiness properties (Table
5). A decrease in stick moisture significantly increased brittleness

(smaller brittleness index value) and percentage of broken sticks, but did



not affect the welght of bark sllvers. Exposure trmes of 4 and 8 hours to

low temperature caused a statlstlcally srgn1f1cant decreaSe 1n st1ck brittle-
ness and percentage of broken SthkS compared to an- exposure of 2 hours. This
result may be due to- greater cell damage caused by longer exposure to freezrng
temperature. Severely damaged cell walls could make a st1ck more flexable
and therefore more tolerant of bendlng stress. The check was less brittle
on the flrst measurement date (22 percent m01sture content) than the other
treatments.‘ However, at the two later dates (10 percent m01sture content)

the check had brlttleness 1ndex and percent broken st1ck values s1m11ar to

that of the low temperature treatments

DISCUSSION -

The relationship between stick moisture content and the measurements made
as indicators of stick barkiness (brittleness index and percentage of broken
stlcks) were 1nvest1gated usrng regre551on analysrs (Table 6) A second-
order curv111near relatlonshlp ex1sted between st1ck m01sture content and
both brlttleness 1ndex and percentage of broken stlcks in 1978 and 1979
Brlttleness 1ndex and percentage of broken st1cks were hlghly related in
all 3 years .

Stick morsture content was con51stent with brlttleness 1ndex and per-
centage of broken SthkS, durlng 1978 1979 and 1980 (Flgures 1 and 2)
Br1tt1eness 1ndex and percentage of broken stlcks also dlsplayed a con-
51stent relatlonshlp (Flgure 3). Slnce these data were collected over
dlfferlng condltlons of wettlng and drylng and exposure to 1ow tempera-
tures, these parameters appear to have llttle, 1f any, effect on the rela-
tlonshlp between the varlables in Flgures 1 2 and 3.

Among st1ck’propert1es measured total bark sllver welght removed from

broken SthkS should be the most dlrect 1nd1cator of st1ck barklness

St1ck moisture, brlttleness 1ndex, and percentage of broken stlcks were



related to bark sllvers however, thesevregress1on relatlonships had lower
coefficient of determlnatlon (R ) values and varled more among years than
did the relat1onsh1ps among the other st1ck propertles (Table 6) When
the data from three years were comblned the relat1onsh1ps of we1ght of
bark slivers w1th st1ck mo1sture content percentage of broken stlcks

and brlttleness 1ndex had R2 values of 0.52, 0 04 and 0. 12 respectlvely
Of the three R2 values, only the values for stlck m01sture content and weight
of bark slivers were statlstlcally smgnlflcant | 0bv1ously, stlck mo1sture
content had an effect on barklness Home;er,lother factors apparently
influenced the quantity of ‘bark peeled from the st1cks In examlnlng the
data, there was no apparent yearjetﬁect,whlch would suggest or explain

low R2 values.

» o . CONCLUSIONS

The results presented in Tables 3, 4, and 5 lead to the conclusion that
stick moisture content had more effect on stick br1tt1eness than elther
length of exposure to low temperature or low temperature level and that
it is the dsmlnant stick condition factor that determlnes st1ck br1tt1e-
ness, stick breakability and quantity of bark slivers. The number of cycles
of wetting and drylng or the severity of the first plant-kllllng tempera-
ture as imposed in these studies had 11tt1e 1nf1uence on stick barklness

-~

propertles B

In years whin bark is a severe problem, barklness generally 1ncreases
as the harvest season progresses In the 1981 season, the percent of,
bales classified as barky by the USDA Cotton Classing 6ffice\at Lubbock
on a weekly basis began at 39 percent and lncreased to 90 percent’tor

the final week (1). While there may have been some change in plant size

in fields harvested early and late in the season, there certainly was



a decrease in plant moisture and longer exposure to weathefing as the harvest
~ season progressed. The decrease in plant moisture and the increase in barky
bales support the results of thls study, wh1ch showed that there was an
increase in stick barklness properties (brlttleness 1ndex and percentage of

broken sticks) as Sthk m01sture decreased
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TABLE 1. STICK MOISTURE CONTENTS BEFORE AND AFTER

WETTING ON SIX DATES OF WETTING, 1978 AND 1979

Wetting Stick Moisture, % dry weight

Date Before Wetting After Wetting
1978

OCT 25 34.9 46.7

NOV 8 31.9 41.2

NOV 29 22.1 32.0
1979

OCT 29 17.8 31.3

NOV 12 18.3 29.5

DEC 3 8.3 19.4
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TABLE 2. STICK MOISTURE CONTENTS, 1978, 1979, and 1980

Treatment Date of Stick Analysis

Stick moisture, % dry weight basis

Oct 19 Oct 25 Nov 8§ Novlggg Dec 20 Jan 10 Jan 31
1 | 195 Sgriidd 21.4 18.2 13.2 —— ———
2 193 —oes et 18.8 13.2 18.3 ———
3 189 ——_ g Siwd 14.6 18.2, 20.0
Check 193 28.6 23.9 17.9 13.4 18.3 20.1
Average 193 28.6 22.7 18.3 13.6 18.3 20.1
1979
Oct 22 Oct 29 Nov 12 Dec 3 Dec 20 Jan 14 Feb 1
1 155 - 17.0 9.4 14.4 ——— R—
2 162 e - 9.6 14.7 11.0 ————
3 157 - - ———- 13.7 10.7 17.6
Check 156 16.2 17.9 9.7 15.0 11.2 19.0
Average 158 16.2 17.5 9.6 14.5. 11.0 18.3
1980
Oct 21 Oct 28 Dec 2
-1.1 C 24.32/ 9.7 9.7
-6.7 20.3 10.2 10.2
Check 22.7 10.7 10.3
1/ A line indicates the treatment was not measured.
2/

Freezing temperature exposure time had no effect on moisture content so the
average moisture for three exposure times within each temperature was compu-
ted.



13

TABLE 3. EFFECT OF FOUR TREATMENTS ON STICK PROPERTIES ON SIX DATES, 1978

... ..Dates. .. .
Nov 29 V»,D??;ZQ

Treatment V‘Mbctwég%;hfw;ﬁé§;8; f Jan 10 Jan 31

_

1/

- ; ;aéittlenesskindéx_

2
-3
Check

Average

1
2
-3
Check
Average

3 .
Check

Average

°9.75

9.75

1 | 2/ rglesd/

- -

©9.70a

. 10.0a
“701040a

- -

“10.0a

9.83

-

L - -

41.3
41.3.

‘~‘41.3a

41.3a
41 B 53

£ . -

0.51

0.51

. 0.48a

XIQ'O

Broken Sticks; %

41. 3a
39.5a

-

45.8

t—

. 42 . 2

. 4.45a
..3,78 b
..3.88b
““3.48 b

6.80 b
6.38ab
7.98a

5.90

7.05

8.63a
9.18a
8.91

:88.:3a

" 77.0a

83 5‘-83-
88.3a

30.8a
40.0a

.. 38.3a
364

Total Bark Slivers, g dry weight

0.28a
0.25a

-

© 0.42a
0,32

S E g 4T

0.24a

0.17a
0.16a
0.18a

Q.19

0.09a
20 +10a
0.11a

-0.10

-

36.3a.
34.5a

35.4

i

0..25a
0.25a

1/

— Sticks which did_nqt bre§k>w§§q4p§§;gpg§‘a“b;itg;qngss ipdgxuvaluebof 10.0. -

2/

3/

= A line indicates that the treatment was not measured on this date.

~' Numbers in the same column for fhe\samé:chéﬁaétﬁrfsticafollawéd:byfa:ccmmon-

letter are statistically the same at the 0.05 level according to Duncan's new

multiple range test.
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TABLE 4. EFFECT OF FOUR TREATMENTS ON STICK PROPERTIES ON SIX DATES, 1979

Dates of stick analysis

Treatment Oct 29 Nov--12 “Dec ¥ Dec 20 - Jan 14 Feb'1
- — Brlttleness Indexlj
1 SRR T 9.400% 553 8.18a --o- Coaa-
2 eeee wena ‘3.38a - 7.53a “6.10a -——
3 ——-- = - 5,95 ¢ 4.95a 9.63a
‘Check 7.68 ..9.25a  3,33a "8.85ab 6.382 9.38a
Average  7.68 . 9.33 . 3.41 - 7.63 5481 9.51
% Broken Sticks —
1 ——— 40.60a 90.6 b 51. 3ab; , -———- ———
2 ---- L mm—— 91.3 b 54.4ab  83.10a ——-
3 ——n- ——-- --== . 64.4a . 75.0 a 27.5a
Check 65.6 43.1a  98.1a ~ ‘40:5b = 74.4 a 31.9a
Average 65.6 41.9 538 529 77.8 29.7
- Total, B&rk Slivars, g dry welght i
1 ——-- " 0.44a 0.15a =--- c——-
2 R L vd i0e27a - -0.25a - 0.28a _———
3 P . . 0.21a 0.25a 0.09a
Check 0. 09 féf99143a ©.0.31a 0.12a 0.23a 0.15a
Average o 09 o b.35 0.34 ©0.18 $0.25 0.12
l-/Sticks which did not break were assigned a brittleness index value of 10,0.

2/

A line indicates that the treatment was not measured on this date.
3/Numbers in the samé column for the same characteristic followed by a
common letter are statistically the same at the 0 05 level accordlng
to Duncan's new multlple range. test. JEE .
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TABLE 5. TREATMENT EFFECT ON STICK PROPERTIES, 1980.

Britt]eness Broken

Factor Index=" . = Sticks, % Slivers, gi/

Temperature, °C |

L1 4.4 a3/ 86.6a 018 a

-6.7 = ;m4.71 a 87.1a 0.17 a

Moisture Content, % dwb

22

10 99.6 a 0,18 a

10 100.0 a . 0.16a

) :ﬁ:lzgaaé

4 0.19a

8 4.85a 844 b 0.18a

Check Moisture Conientf % dwb
22 O 9.70 2.0 0.08
10 . 408 - . 180.06 | . 0.18

o 20 w0 ou

l/Brittlenessiva1g§s are averages of 10 stiéks.

2/

3/

Numbers in the éaﬁe éol  n.for the same factor followed by a common
letter are statlstlcally the same. at the 0 05 1%ve1 accnrdlng to
Duncan's new multlple range test g . .

W g

N
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Figure 1. Relationship between stick moisture
content and brittleness index, 1978-1980.
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Figure 2. Relationship between stick moisture content
and percentage of broken sticks, 1978-1980,.
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Figure 3. Relationship between brittleness index
and percentage of broken sticks, 1978-1980.



