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Abstract
Field drying of hay after application of potassium
carbonate was compared to a c¢ontrol receiving no mechanical

conditioning, mechanical conditioning alone, and a

. combinatton of potassium carbonate and mechanical

conditioning. Six field tests were run in 1982 and 1983 in

céntral Alberta on brome/alfalfa, blfakﬁa anpd red clover

d +

" hay.

The moisture content (wet basis) of individual samples
averaged across all sampling times was highly correlated
with thetweight of dry matter in tHe §ample'ih 1982. When

average sample moisture contents were adjusted for weight of

qig matter, the potassium carbonate treatment dried faster

5 ) . .
than the control in two of the four experiments in 1982 and

the combined treatment dried faster than the mechanically

conditioned treatment 1in “three of the.four experiments.

In 1983, Qo'significéﬁt differences Mere fdund between
treatments. Tﬁisiwas likely due to the high windrow |
resistances created by high yields.and a change in the

sampling-technique which precluded the adjustment of

- treatment means for weight of: dry matter in the sample.

BN

Controlled environment studies tested the influence of
potassium carbonate on the time to reach 20% moisture
content (wet basis) of single stems of five different

m

species of legume. Potassium carbonate significantly

decreased drying time of all species. The chemical was

slightly less effective on red ¢lover and alsike clover than

iv



on alfalfa, sweetclover or sainfoin.
The effect of potassium carbonate on the singie stem
drying of field grown 'Beaver' alfalfa,was tested over a

ontreolied

A}
range of temperatures and felative humidities 1n

¢ 0

. . “
conditions. Results showed a slight decrease in the

effgctiveness of the chemical \&'lpwer temperaturés (12°é)
and lower relative humidities (45% RH).
Recommendation for the use of the cﬂemdcal will be

subject to crop and environmental conditions. The procedure
;isjnot rgcommended for fall cut hay. Strong stemmed specilies
and mixtures which form a loose, open windrow wiil realize
the gréatest effecthroh potassiu% carbonate or mechanical
conditioning treatment. Crops over 4 tonnes/ha should be
managed to increase drying rates. This couid be acgomplished
by leaving the crop in a swath or wide windrow after cutting

or by raking or fluffing the crop during drying..

.



Acknowledgements
First 2nd {-remost, 1 gratefully acknowledge the
s._.pport, enco.:cgement and assistance of sy husband Andy.
H:s belief in my ability and continual optimism supported me

throughout this study and the preparation of this

2

manuscript.

PN

! am also grateful to my two supervisors, Dr. E. Ann

a4

Clark and{Dr. Zenon Kondra for theilr continued support of

th. s stud Dr. Clark provided invaluable assistance 1in the

design and\ implementation of the original study as well as

‘continued encouragement during the preparation of the

manuscript. Dr. Kondra assisted throughout the period of
. / . : . : .
manuscript preparation and his patience and guidance during

this time are sincerely appreciated.

Dr. R.T. Hardin and Ray Weinberg provided invaluable
advice regarding the experimental design and statistical

analysis of the data.

I am grateful‘to Shawn Kallal and Les Wetter for their

cépable assistance in the, field.

Financial assistance from Alberta Agriculture's Farming

for the Future Program is gratefully acknowledged.

vi



I

Table of Céhtents

Chapter « Page

1. o INTRODUCTION L it it et e e e et e e e et et s et st e se i !

2. LITERATURE REVIEW .ttt it ettt it ittt et ee et et i e 3
2.1 Hay Drying Principles .................:.; ........ 3.

2.1.1 Climatic limits to water loss .............4

‘2.1.2 Plant limits to water 1loSs ................ 6

2.1.3 Swath and windrow limits to water loss ...10

2.2 Treatments tc Accelerate Drying ................. 13
2.2.1 Thermal tre@tments ......ceeeeeonveonnnenns 13
2.2.2 Chemical treatments ........cuouuveeenncsns 14
2.2.3 Mechanical condxtioning . ....ceeieeeeeensns 20

2.2:4 Combined treatments - Chemical and

mechanical conditioning ......... SEREEERE 23
2.2.5 Dry matter loSSes .......ciieiiiiiiciaens 25
3. METHODOLOGY ..ttt it ittt icteeecnsnceensocnoanssscesas 28
3.1 Fileld Studies ....ciittriteeneesaoronenannnnnennss 28
) .3.,1.1 Brome/alfalfa 1,1982 (B/A-1-82) .......... 28
3.1.2 Brome/alfalfa 2,1982 (B/A-2-82) .......... 29
"3.1.3 -Brome/alfalfa 3,1982 (B/A-3-82) .......... 30
3.1.4 Brome/alfalfa 1,1983 (B/A-1-83) .......... 30
3.1.5 Alfalfa 1,1983 (Ar1-83) .uvuvenernnnnn.. .30
| 3.1.6 Red clover 1,1982 (RC-1-82) ...vueveevnnnns 31
3.1.7 Treatments .......coeccees e tere e .32
v 3.1.8 Mechanics of application .............. «v.33
3.1.9 Sampling procedures .......ceees.e veesreea34
3.1.10 Weather monitoring e, cee...37
'3.1.11 Statistical analysis ...covecnn. R 1
vii ’



3.2 Controlled Environment Studies .............uo.... 4z
3.2.L Specl1es COMPaBI1SONS . ...t umenennnnnnnnnns 43
3.‘2.3 Environment Comparisoﬁs .................. 4=
3.2.3 Statistical analysis ......;.......?. ..... 46
4. RESULT® AND DISCUSSION .. .........c.oitiiiniinnnnnnn 50
4.1 Field Studies .., .....c.itiiimnnirnnnnennnnnnnnn. 50
.11 B/A 1782 e 50
4.1.2 B/A-2-82 ....... S U T 54
) G103 B/A-3-82 1 e 60
: §.1.4 RC-1-8B2 ittt ittt ieineneieenenannneennns 63
4.1.5 g/:A-1-83....................‘ ............. 65
4.71.6 A-T1-B3 ittt ittt ;.......;g65
4.1.7 Losses of dry matter .......... e, 68
p 4N 1.8 DISCUSSION ottt ittt it rteeeenneennns ,:.70
4.2 Controlled environment studies ............ A
4.2.1 Species COMPAL1ISONS ..vifeeneesceeoceaecnns 73
4.2.2 Environment COMPAriSONS ....vevesennnas . ..80]

: -
5. SUMMARY AND CONCLUSION .......... st e s et eee..92
Bibliography ......iucieeee et vnnoceansonooancas teeeecensens 98

APPENA1CeS . evveeevssscenseososcassansssscavossscnsssasessl0b

\

o ’ viii



_ist of Tabl.es

TABLE B
3.1 Example of water loss on a wet versus dry basis
molsture content . ............ e . B e e e e e e
4.1 Percent moisture content {(wet basis) in B/A-1-82 -
- v
cut JUly 9 L e e e e e e e

4.2 Mean moisture content (wet basis) for four
treatments 1n six experiments 1n 1982 and 1983 ...

4.3 Correlation(r) between mean hoisture content and
weight of initial sample dry matter for four

treatments 1n four experiments in 1982 ...........

Page

4.4 Adjusted mean moisture content (wet basis) for four

treatments 1in four expe;iments in 1982 ...........
4.5 Sample variability of q;an moisture content (as
measured by error mean square) with and without
sample dry matter as covariate for six field
experiments 1n 1982 and 1983 ............ 0.
4.6 Environmental parameters for six field experiments
in 1952 and 1983 +nrrrnrenes e

4.7 Dry matter yields for six experiments 1n 1982 and

T9B3 it iiiiiiineneiaeenn ettt

4.8 Percent moisture content (wqt basiks) in B/A-2-82
cut July 13 .............................:........

P

bl0059

AN
4.9 Percdent moisturescontent (wet basis) in B/A-3-82 -

cut September B .......cciiitiiie et ittt aenns

4.10 Percent moisture content (wet basis) in RC-1-82

cut July 26 ,.......;........,.................:..

ix



4.71 Percent mcisture content (we*t basis) :n B/A-"-8B3 -

CUL AUGUSY & . it et e e e e e e e e .66
L 3
4.2 Percent mo.sture content (wet basis) yﬁ A-1-83 -
‘ ‘ -
CUt AUQUST & ... ... ... e 67

4.13 Dry matter losses (as % of,originfl) and duration

of drying for tour tr;atments in four field

experiments in 1982 ..., ... ... . . . .. P 69
4.14 Analysis of\the effect of species and treatments on

th‘time to reach 20% moisture content for six

greenhousSe grown leQuUmMES . ......ueuvneeneenneenneennnn. 74
4.157Analysis of the effe;; of species and treatments on

drying rates{b) of’six greenhouse grown legumes. ..... 74
4.16 Hours to reach 20% molsture content for six legumes

dried at 18°C, 400uEm ‘*sec ', and 45%-rh ............. 75
4.17 Drying rates(b) after first two hours for five

species of legume dried at 18°C, 400uEm’1seC", and

45% rh ©evenrennnnnn.. e e A 77
4.18 Mean values for drying parameters of chemical}y

treated and control stems of six legumes dried at

18°C, 400uEm *sec”', and 45% rh ............. e 79
4.19 Analysis of the effect of environments and

treatments on the time to reach 20% moisture content

for field grown Beaver alfalfa ........vvveveennesersa8l

[

L

4.zg~§33ifito réach{ZO% moisture content‘f?r(field grown
/ . R S ’

¢ .. i
Beaver alfalfa J..i . iviirienensinnnriiennneesenen.. .82



/ ."' v

ect of environments ang

re

4.2° Analysis of the ef

treatmenys on drying rates(b) for f:eid grown Beaver

4.22 Drying rates(b) after first two hours for field
gtown Beaver alfaifa .........iiiii i 84
4.23 Hours to reach 20% molsture content for greenhouse
grown Beaver ailfalfa ...... ... ... . . ... ... ... e e 87
4.24 Drying rates{(b) after first two hours for
) greenhouse grown Beaver alfalfa .......... ... ... ... 88
4.25 Analysis of the effect of environments and
treatments on drying rates(b) for greenhouse grown
Beaver alfalfa .......c .0 ieenenen e e 90
4.26 Means (and standérd deviations) for d;ying
parameters of chemically°treated and control stems

of field and greenhouse grown Beaver alfalfa dried

1IN ten environmentsS ........eeoe. e e e 91

N

S,

81



FIGURE

List of Figures

Page

2.1 Pattern of water loss for Beaver alfalfa dried as a

-single layer at

4
h
t
o
N .
-
!
.
’
N
.
»
-
N
B
]
S
\).“Hv
A
, .
=N “
. - &
° * .
IS
%
A

18°C,
.
\\

(W

45% rh, and 450uEm

0

‘.
5
R
- -n
.
]
.
A d \
[3
e =
a0
-
A .
¢
,’i
A
.
s
© .
.
P & s
°X11
N +
~

*secC

-

el

&J

I3}



~
1. INTRODUCTION
Tame hay was produced on 1.5 mili&gn hectares in 1983
in Alberta. At a five year average yileld of 4.0
tonnes/hectare and value of $60 per tonne the total value ot
Alberta‘'s hay was $360 million in 1983. This compares
favorably with that derived from 3.1 million hectares of
wheat grown 1in Alberta in 1983 and 1ndicates the relative
importance of hay in the agricultural industry of Alberta.
Hay quality is dependent on a number of factors. These
include forage species, crop maturity, severity of handling
losses, and duration of the curingAperiod.queld losses of
hay are directly related to the dﬁration of drying (Shepherd‘
et al. 1954). Continued respiration and the increased
probability ‘of rain damage are the primary causes of tﬁe
relationship between drying time and loss severity.
Considerable research effort has sought out new methods
to accelerate field drying of hay and thereby reduce losses.
‘Variéus types of mechanical conditionfng, thermal and
chemical treafménts and manipulation of the swath orf windrow
have all been tested in either.thé field or th% léborator}.
"The result .is ;hatifarmeré”have a number of options at their
dispoéal. However, effects of drying treatﬁ;pts have been
variable. Re§glts depeﬂd on environmental conditions
(particularly evaporafive demand), pagt-cutting treatments
(raking)vanéwtbe structure of the windrow or swath. One of
thevmethods uéeé‘to accelerate hay drying is the application

~of a potassium carbonate solution at the time of cutting.



This method has been used commercially 1n Australia and the

\

United States.
The overall objective of this study was to test
mechanical and chemical conditioning érocedures under field
conditions in central Alberta. A further objective of the
Qproject was to relate the drying of forage to species and

environmental conditions using controlled environment

\

chambers.



2. LITERATURE REVIEW

2.1 Hay Drying Principlgs

Field losses of hay are directly related to the
duration of drying (Shepherd et al. 1954). Therefore,
efficient forage conservation depgnds largely on the speed
with which water can be removed.from the cut crop. This 1n
turn depends on a number of.interacting factors. These
factors include: "

%. Climatic limits to drying - evaporative demand and
addition of moisfure after cutting (rain or dew) will
both affect this variable.

2. Plant limits to drying - the inherent ease or difficulty
of removing water from a plant. This 1s affected by
moisture content of the plant, number and size of
stomata, thickness and type of cuticle and epicuticular

axes, leaf to stem ratio (1/s), and the diameter of the
em. ‘

3. - Limits imposed by the structéere of the dryingg
environment (swath or windrow). Stubble height, density

R 6f the drying crop, and strength of the plant components
all influence this factor (Jones and Harris 1979).

gé; The success-of any drying enhancement procedure which

ifrfluences only one factor will thus depend on the

interaction of the other factors in allowing>the incrcased

water loss to diffuse into the atmosphere. It is important

to our understanding of any treatment effect tc understand

L



s a‘h

“», - relative humidity within the swath must be at 65% or below

each of these factors.

2.1.1 Climatic limits to water loss

Moisture loss 1in all phases of drying 1s ultimately
dependent on a vapour pressure deficit gradient between the
drying material and the air. Solar radiation 1ncreases the
temperature of the drying material thereby increasing this
gradient. Wind acts to reduce the size of the boundary layer
(the layer of still air surrounding a structure where water
moves by diffusion alone)®™around the windrow and around
individual steﬁs thereby increasing water loss by convection
and increasing the gradient of vapor pressure near the cut
plants.

Good drying conditions (high temperatures and low
relative humidities) are important throughout the drying
process to achieve the fastest drying rates. An 1important
consideration at low moisture contents is that plants are
beginning to reach equiliprium humidity. At a water content.
of .25 (dry basis) the eguilibrium humidity fér perennial
ryegrass is 65% relative humidity (Green and Jagger 1977).

Therefore ambient relative humidity and more importantly

to successfully dry the crop to safe storage moisture
levels, .“ ’ )
At the begining of drying when large amounts of

moisture are available to be lost from the crop, good drying

‘conditions are less important. Moisture will still be lost



——

]

from the crop even at relatively high humidities.

Rewétting by rain or dew 1s an 1mportant consideration
during the drying of hay and 1s often overlooked 1in the
literature. The advantage of windrowing hay 1is to reduce the
surface area exposed to a light rain or o@ernight dew.
ﬁewetting by dew can be particularly important when thg
non-dryiﬁg period is longer than the daytime drying period.
fThis pa@%onged rewetting period 1s a feq}ﬁ:e pf most fall
'éﬁts (September or October) in central Alberta. The low
temperatures, reduced solar radiation, and extensive
fewetting extend the duration of drying in the fall.

The interaction of treatments designed to acceléfate

drying with the effects of rain has not been extensively

researched. A drier forage will take up more moistuge at

“night or after a rainfall (Tullberg and Minson 1978).

However, there i% no evidence that subsequent daytime drying

rates will be diminished after rewetting. Alfalfa hay

treated with a commercial dessicant (containing potassium
carbonate)\continued to dry faster aftef receiving
significant réinfall (Vough 1983). In Saskatchewan, it was
found that wetting cycles, whether due to ovérnighi dew or
rain, tended to reduce differences between treatments by
reQetting dfier treatments faster than the wetter
treatments. This factor meant that few differences due to

treatments could be detected (Feldman and Liezers 1973).



2.1.2 Plant limits to water loss

Studies to characterize water loss In cut plants have
typically been carried out on isolated plant partg or a thin
Jlayer of crop fully exposed to a known and constant
environment. This avoids the complications of a variable
swath micro-climate and changing weather conditions (Jones
and Harris 1979).

A typical drying curve for a thinllazgr of alfalfa is
given in Figure 2.1. When the plant 1s cut, water content
begins to fall and this results 1n stomatal closure.
Estimates of the time of stomatal closure vary among
’iesearchers and specie;. Stomata 1n perennial ryegrass are
fully closed thirty to forty minutes after excision (Clark
et al. 1977). Alfalfa stomata closed within two hours after

i 5
—cutting (Jones and Palmer 1932). .

N

The low lidht intensity within the swath (or windrow)
also induces stomatal closure (Harris and Tullberg 1980).

After stomaéal closure, resistance to water léss
incfeases. At this point it is the epidermis and
specifically the waxy cuticle which limits water loss by the
cuf.plants (Jones and Harris 1979). It is generally thought
that water loss througﬁ‘the cuticle 1is bx diffusiiz—and tﬂé
rate of water loss depends not only on the thickness of the
cuticle but on its structure and composi;&on as well as the
composition of the epicuticular waxes (Price 1982).

Though littleyresearch effort has been dévo;ed to

relating cuticular structure to drying rate it is known that
1

-



Moisture Content (dry basis)

o 10 20 30 ]
Time (hr)

Fig 2.t Pattern of water loss for 'Beaver' alfalfa dried
as a single layer at 18°C, 45%rh, and 450uEm"*' sec™'.

. -



the cuticles of young leaves are thinner and more permeable
than thaose of mature leaves (Leon and Bukovac 1978). This
may also be the case with stems.

Environmental conditions may also affect the amount of
cuticular and epicuticular waxes found on stems and leaves
(Price 1982). Greenhouse grown planis have been shown to
have a much thinner cuticle than field grown plants (Hull
1958).

Temperature also affects cuticle structure. Chanées in
the crystal structure of the cutin and cutin waxes have been
correlated to changes in temperature of 16t3,38h41,and 45°C_
(Eckl and Gruler 1980).

Measurements on leaves of white clover indicate that
cuticular resistance is about 45 times that of stomatal
resistance (Shepherﬁ 1964)., In general leaf diffusion

N
resistance 1s increased by 10 to 50 times with the -.closure
of stomata (Larcher 1980). Treatment of orchardgrass with
hot vapour of petroleum ether (to remove cuticular and
epicuticul§r waxes) increased drying rate by 10 times (Jones
and Harris 1979). -

The rate of water diffusion in an alfalfa stem is 10
times greater in the axial direction than radially. Axial
?iffusibn of water is 10* times that of diff&sion through
the epidermis (Bagnall et al. 1970). Remova% of the
epidermis spéédsvdrying (eight times that of the control)

but the cortex then becomes a barrier to water removal. By -

removing both epidermis and cortex drying rate is 30 times
. &,

~



that c¢f the control.

The results of Bagnall et al. (1970) i1ndicated a
tenfold difference between the axial and radial diffusivity
in alfalfa stem segments. This is consistent with the
concept that the normal movement of water in the growing
plant from stem to leaf can continue after the plant has
been cut (Harris and Tullberg 1980).

Stem to leaf transfer of water appears to depend on

w
)

species and the moisture content of both leaf and stem. In,
white clover (Shepherd 1964), alfalfa (Tullberg 1975), anéx
\
ryegrass (Jones and Harris 1979, Green and Jagger 1977)
leaves dry faster than stems. Mdre sjomata, a larger surface
éréa, lower cuticular resistaﬁce, and decreased distance

between the evaporating surfaces all(coﬁkrlbute to the

higher rates of water loss from leaves” (Jonées and Harris

, 3

1979). A maximum of 24% of total petiole water was lost via
the leaf in white cloversdried in controlled conditioné
(Shepherd 196{?: This amgudi was greater than the 1initial
amount of ﬁgigi within . the petiole xylem. Transfer ceased
when the w;;er content of the petiocle was between 71 and 81i
of the total petiole weight. " ,:
' Test$s on alfalfa determined initial prEng rate of
"detached leaves was approximafely 1.5 times that of intact
leaves and the initial drying rate of stems of intact plants
was 6 times greater than that of detached stemé. The only

mechanism to explain these differences was stem to leaf

transfer in intact plants. At least 35% of water in"the stem

\
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was lost via this pathway, which remainec active until stem
water content approached 60% cf total stem weight and the
whole plant contained approxfmately 40% water (Tullberg
1975} .

As drying proceeds other factors begin to affect water
loss. Two such factors are reduced permeability of the
protoplast and increased osmotic concentration of the cell
sap (Jonés and Harris 1979). In later stages of drying the
matric suction in cells a%d cellulosic material increases
making further extraction of water more difficult (Firth and

Leshem 1976). - d

2.1.3 Swath and windrow limits to water loss

Much less 1s known about the limits to water loss
imposed by the swath or windrgw. For the purposes of this
discussion a swath 1s defined as a loose arrangement of cut
forage Tateriai which.is nearly the width of the cutter bar
while a windrow is amore dense structure formed by
concentrating the material by baffles attached to the mower
.or by raking a swath after cutting.

Conditions ingide the swath are less conducive to:rapid
drying than conditions at the swath surface. Green and

Jagger (1977) studied swaths of perennial ryegrass and found

the following conditiohs.
'. The swath surface-reflects approximately 20% of incident
solar radiation and the remainder is rapidly attenuated

at the surface of the %w;th. Radiation 2 cm below the

\
\\
,-(‘ X ;‘

1



surface was approx.mate.y one haif that at the surtface.
Only 10% ©f the amount received at the surface reacnes
the base c¢f the swath.

2~ The mean air temperature at the surface of the swath may
be up to 6°C above ambient, but air temperatgre in the

center of the swath only exceeds ambient by 2°C.

3. The air movement inside the swath is severely

(& .
airflow rarely exceeds .7/

resfriéted; even on windy days

p m/&.

4. During tHe early stages of drying the very high crop
water contgnf and low ventilation inside the swath lead
to humidity ;alues which rarely fall below B0% RH during
the day.

As drying proceeds, stem and leaf tissues shrink but
the structure of the swath or windrow 1s maintained allowing
for greater penetration of solar radiation and a faster
airflow through the swath. This, in turn, 1ncreases the
sensible heat 1in the swatﬁ, reduces plant boundary
resistance, and reduces humidity within the swath (Jones and
Harris 1979). At this‘point the water vapor gradient between
the site of evaporation and the ambient air 1is increased,
allowing for a greater (potential) water loss. However this
‘stage corresponds to a period when the drying rate of the
individual plant is slowing due to low water content and
increasing plant resistances (Jones ang Harris 1979).

.

Consequently, plant factors become limiting to water loss

-

and drying rates are further reduced.

B
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Three onther factors +hat inf.uence swa“'h Or wWinNGrow
dry:ing in the f;eld as opposed to single stemr dry:ng In
controlled conditions are: e

The drying grad:ent found within the swath or windrow.
2. The diurnal pattern of water loss
3. The effect of species tragsﬁer cf water in a mixed crop.

Water 1is lost most rapidly from the surface layers of
the swath. As drying proceeds plant limits to water 1oss
develop more rapidly 1n surface material than 1in the center
of the swath. The rate of water yoss from surface material
1s less than it would be from wetter material 1n the center
of the swath. Eventually drying in these layers 1s also
affected by plant limits (Jones and Har{js 19791},

Clark and McDonald (1977) followed the diurnal pattern
of drying 1n swaths of ryegrass mixtures in England for the
first two days of drying (swaths had reached 62% moisture).
They found limited evaporation between sunrise and 0900
because of low vapour pressure deficit. Between 0900 and
1200 available energy increased to a maximum, resistance
(includes both dwath and plant resistances) to evaporation
was still fairly low and rapid evaporation resulted. Between
1200 and 1800, available energy decreased and the resistance
to evaporation within the swath increased resulting in a
lower evaporation rate. Between 1800 hours and sunset high
resistance to evaporation within the swath and declining

~energy made for véry low evaporation rates. Resistance to

evaporation within the swath increased throuéhout the day
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and throughout the ®rying per:od (Clark and McDonald 'S

"

Although cons:derabie work has been done on stem *tC
Leaf mu.sture transfer, nc one has i1nvestigated the effec:
f moisture transfer yfth;n the swath between sSpec.es,
Practically however, farmers know that a grass mixed with a
legume will speed drying. This may be a resuit of moisture
. e

transfer; mr simply a resu.t of the reduced swath dens:ty

and lower 1nitial molisture of the crop.

2.2 Treatments to Accelerate Drying

Treatments to accelerate drying have two major
objectives. One is\to better understand the drying process,
the other is to-speed field drying. Investigations aimed at
understanding the drying process are usually done 1n the
laboratory on single stems or on thin layers of piant
material. Studies aimed at speeding field drying have

g

involved};oth laboratory and field work. The major types of
treatments are: 1) thermal, 2) chemical 3) mechanical
conditioning, 4) swath or windrow manipulation.
2.2.1 Thermal treatments 1

Thermal treatments to accelerate drying -have raEely
been used in the field because of the expense. Both dry and.
steam heat have been tested on gfasses and legumes. Steaming
increased drying rates of Itali;n ryegrass leaves by twofold

and produced a fivefold increase in the drying rates of stem

internodes (Harris and Thaine 1975)., From.scanning electron
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nd¢régraphs 1t could be seen that the steam treatment caused'

o

the%?’acutlcular wax platelets to fall 1nto d1sarray and “;
largély dlsappear (Harris et al. 1974). Even larger
dlffeiégges were found when steaming was epplied together
with mébh;nically %plitting the stem.

Steaming also ;dcreaéed the drying rate of alfalfa
(Byers and Rou(ely 1966) . The authors felt thaé this could
be the result SY action of the stomata in inhibiting
Tetabolic activity, Qf reduction of cUticuiar resistance to .
viséous flow, and of saturati;n:oﬁffhe epidermis prior to
drying./Speéb}ng'may élso induce chemical Fhapges¢in thé
prbtoplasmlof'the plant thereby affecting r;te of internal
moisture mdvement..séeamed alfalfa contained only halffthe
alcohol soluble nitrogen of the unsteamed samples. This
protéin hreakdown may lower the capaciéy of the plant to
hold water (Byers and Routely 1966).

2.2.2 Chemical treatments : i‘z:’

Chemicals tested tb inhibit stomatal closure:include
sodium azide, fu;icoccin, and kinetin. Tullberg (1972) found
that dipping,a;falfa into a solution of sodium azide
increased the iniffal rate of watér loss but the raﬁe
declined rapidly and tﬁe overall increase in drying rate
which resulted in‘the'treatmgnt was smgll. Similarly Turner
(1970) and Mopfis (1972) found the initial effect of '
fusicéccin on.increased drying rate té be offset by a

consider§§1§'§1owe; rate in later stages of drying. This was

@

St
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particularly noticeable in the field where treatments rarely
increased the overall drying rate of the hay. '

Most other chemical treatments are aimed at reducing
resistance-to water loss through the cuticle. Vapour of
petroleum ether treatment resultea in " increased drying rates
over’contrdi samples (Harris et al.w1974). Similarly,
rsprayiﬁg leaves of perennial ryegrass with tri-n-butyl
phoéphate, a constituent of cotton defoliants, increased
their drying rate when measured in controlled conditions
" (Harris and May-Brown 1976). Other phosphates have aiso been
found to be effective drying agents ;hen te;ted on single
stems in controlled conditions (Harris 1978). .

Numerous herbicides have been tested for accelerating
drying of hay urder both field and laboratory conditions.
Kennedy et al. (1954) applied translocated and contact
herbicides ~to various legumes cut for/hay. Dinosep and
endothal showed the most promise but the advantage obtained
in the field was considered to be too small to justify the
expense of the spraying operatien. Diguat and paraquat have
also received attenqionlas the;e have been used to aid 1in
“he dessication of cfbps-grown for seed. Again some
advantag; in dfyiné time has been realized with these
chemicals but rarely enough to justify the expense (Shepherd
1959a, Cfaven et al. 1963). There is also some questids as
to the quality ¢f hay produced using herbicides. In one

study it was found that the use of paraguat prior to mowing

produced hays %hich had a lower percentage of water soluble



carbohydrate and a higher percentage of cell wall material.
This decreased 1n-vivo digestibility of the hay (Arnold and
Barrett 1978).

The use of potassium carbonate 1in an o1l emulsion to
speed the drying of grapes has been known and used for
centuries. Columella (c.a. AD 60) recommended the use of a
lye made from the ash of cane vines with a little olive o1l
to increase the drying rate of grapes. This preparatién 1s
stil]l used in Greece and Dudmen (1962) has described and
diécuésed similar present-day methods used 1in Australian
sulgana produétion.

The mechanism of action of potassium carbonate 1s not
precisely understood but 1t 1s known that i1t acts on the
cuticular and epicuticular waxes on the outer surface of the
fruit. The chemical. does not remove significant amounts of
wax from the grapes (Chambers and Possingham 1963). Rather
it has been suggested that the solution forms a continuous
film over the surface wax platelets’and Extends down the ¢
cavities between them to join liquid phase moisture within
the parenchyma, pectin, and cuticular membrane. This enables
the moisture to be transferred in the liquid phase through
tﬁe wax layé€r by capillary forceﬁ (Possingham 1972).

Potassium carbdnate was first tested on fo:aées in
Australia. Initial tests were performedion separated leaves
and stems of alfalfa dried inféontrolled conditions. Results
indicated a éonsiderable‘improvement in drying rate of both

\

leaves and stems following potassium carbonate application

1

-



{Tullberc and Angus '972). Agueous solutions were as

()

eftective as an oll emulsion and rapid dipping as effective
as several minutes 1mmersion. Drying rate increased with
increasing concentrations of potassium Cérbpnate up to a
value of .2M (Tullberg and Angus 1972).

Further studies reveaied that the drying rate of
potassium carbonate treated alfalta was greater than. that ot
the control over a wide range of temperatures and relative
humidities {25,30,35,and 40° C at 45 and 75% RH) (Tullberg
and Angus 1978). The drying advantage of the chemical was
also maintained over a range of molsture contents.
Variations 1n 1/s had a smaller effect on the drying rate of
chemically treated samples than on control samples. The
authors hypothesized that potassium carbonate increased the
drying rate of stems more than that of-leaves (Tullberg and
-Angus 1978).

In an effort to u?derstand the process by which
potassium carbonate enhances the drying of alfalfa, Tullberg
(1975) measured both diffusive and viscous flow resistance
of potassium carbonate treated and control samples.
Diffusive resistance‘measureS'the inhibition of mgss
transfer of water vapor through the leaf. Viscous flow
resistance is a measufe of the inhibition of mass transfer
of air through the leaf. The chemically treated‘samples |
showed a decrease in diffusive resistaﬁcp-in.darkness
compared to the control samples and™an increase in viscous

flow resistance. This increase in viscous flow resfstance is



in contrast to sodium azide - a known stomatal closure

inhibitor - which actually decreases viscous flow resistance

(Tullberg 1975). 1f potassium carbonate affects the cuticle
‘I

kY

by wmearranging the cuticular wax platelets so they are
app;;ssed to the surface and hydrophilic (as.found in grapes
by Possingham, 1972) drying can occur by liguid phase
transfer rather than vapor phase transfer. This mechanism
may e*plain the observed difference in the action of sodium
azi1de and potassium carbonate.

Mixtures of potassium carbonate and methyl esters of:
fatty acids were tested on single stems of alfalfa in
laboratory trials (Weighart et al. 1978). They confirmed the
findings of Tullberg and Angus (1972) that concentrations of
the chemical ovér .18 M produced no increases‘in drying rate
and that method of application (spraying or dipping) made
little difference }n drying rates (Weighart et al. 1978).
The methyl ester mixture TE1618 and CE1618 was fouﬁd to give
‘the fastest drying rates (Wieghart et al. 1980}. The“
addition of methyl esters (ME) and X-77 (a surfactant)
decreased moisture content at 24 hours compared to potassium
carbonate alone XWe{Qhart et al. 1980). The addition of
potassium carbonate to ME and X-77 showed no advantage in
moisture content at 24 hours compared to the ME and X-77
mixture alone (Weighart et al. 1978) but it did
significantly.reduce time - to reach- 75% dry matter (Weighart
et al. 1980). Weighart and her coworkers concluded that the

fastest rate of desication of alfalfa ;%s achieved with a

N



mixture of 2% ME and 1% X-77 1n .2 M potassium carbonate
applied at a 5% solution rate. /

Potassium carbonate has also been tested in full ScalJ\
field trials 1in a dﬁﬁber of areas i1n North America and o
Australia. In Australia, potasslium carbonate treated hay
(applied at a rate of 74.5 kilograms/hectare) dried faster
than both mechanically conditio%ed and untreated hay
(Tullberg and Minson 1978b). Hay was left 1in a swath after
mowing. Application rates of 4,7, and 17 kilograms/hectare
did not result in significantly aifferent drying rates.

In Alberta, alfalfa hay sprayed with potassium
carbonate reached suitable moisture for baling (20%-wet
basis) approximately 28 hours after cutiing while the
control was at approximately 32% and would have required at
least one more day to reach suitable storage moisture R
(Redshaw and Lopetinsky 1981). Rates of application were 5.6
kilograms in 224.6 liters/hectare of water and all hay was
windrowed immediately following cutting. A similar
experiment on red clover showed no drying advantage‘for the
potassium Cé:::;jge treated hay over the control hay.

Initial™studies in Michigan on alfalfa measured percent
dry mattet .at the end of the day and found that the addition

of potassium carbond&e'to a 2% solution of methyl esters and

AN \
~— . .. . .
X-77 ifcreased dry matter percent relative to control. It
.4

did not affect dry matter percentage when applied wl a 10%

3

solUtion'of methyl esters (Weighart et al. 1979). Another -

study (Weighart et al. 1983) found no difference between



control and potassium car?onate alone, but potass:ium
carbonate with methyl esters or a grape d:pping solution
significantly increased rates of drying. Grass did not
respond to potassium carbonate * methyl ester treatment but
1/5 bloom or mature alfalfa were affected equally (Thomas et
‘al. 1981). Alfalfa sprayed with potassium carbonate,
potassium carbonate+ME+X-77, potassium carbonate+sodium
carbonate‘riglycerides, or sodium carboéate*sodium silica_te
all dried at s£atistically similar rates (Rotz aéd(Thomas
1983) . Application rates of 150, 300, or 450 liters/hectare
of water were tested with both high and low concentrations
of potassium carbonate+ME+X-97. The fastest drying occured
at the highest rate of water application but the
concentration of the chemical made little difference 1n
drying rates.

A
2.2.3 Mechanical conditioning

Many of the principles of drying enhancement found with
chemical conditioning also pertain to mechanical |
conditioning.

Mechanical conditioning of a hay crop can be performed
by a number of different machines. The three commercially
exploited forms of mechanicai conditioning are; crushing and
crimping (both by pressure rollers), and laceration by
flails. Crushing rollers generally céush the material
between smooth steel or hard rubber rolls causing

longitudinal splitting and localized bruising, whereas



crimping rollers are genera..y corrugated and produce
intermittent splits and breaks :n the stem (Klinner and -
Shepperson 1975). Lacerat:on by flails has a random effect
producing both longitudinal and intermittent splitting and

1s the most severe, )

Mechanical conditioning increases drying rates largely
due to cracking the epiderm:is and expésing more cells to the
air. Few cells are actualiy broken. As soon &as the exposed
cells dry, the drying rate reverts to that of the untreated
plant (Byers and Routely 1966).

;s with any post—;utting treatment, hastening drying by

mechanical conditionrhg will depend on the further treatment

7 !

of the hay. Before Zégdétionef&/ the traditional means of
drying ha{ was by cutting with a sickle bar mower and raking
or tedding the crop. The raking could be performed one or
many times to speed drying. Conditioners can leave thefcrop
in either a swath (close to the full width of tﬁe cut? or a
windrow (1/3 to 1/2 the width of the cut).. The general
practice in Alberta is to place the 'hay directly into a
windrow at cutting. This can be advantageous at night (or
with a light rain) because rewetting occurs primarily on the
surface and the reduced surface area of the windrow results
in less reyetting.AHoweyer, during the day this redﬁces the
amount of'surface area exposed to radiant energy and

“increases the relative humidity around the majority of the

stems thereby reducing drying rates. ;?A\&
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Conseguent.y the resu.ts of drying studies testing
mechanical conditioning depend largely on other postcutting
treatments and the éype of windrow or swath i1n which the hay
dries.

Tests at Melfort, Saskatchewan, compared a sickle mower
with no conditioner (which left the crop in a swath), a
mower conditioner which was operated voth 1n a swath and a
windrowmmode, a self propellec windrower with conditioner,
and a rotary drum mower without conditioner which left the
crop in a swath. Generally the mower gonditioner in the
swath mode produced hay which was approximately 5 percentage
points drier during the first day than hay produced with the
other treatments but this gradually decreased as drying
proceeded.. Overall few significant differences 1n drying
rates were found between treatments (Feldman and Lievers

1973).

Studies done in Texas on alfalfa show that mechanical
conditioning (crushing) decreased the time to reach 25%

moisture (wet basis) by approximately 25% when drying in a

windrow and by 38% when drying in|a swat Conditioned

‘alfalfa dried in a windrow require ximately the same

number of hours to reach 25% moistpre (37.9 hours) as
-

* -

alfalfa which was not conditioned but dried in a swath (39.5

hours) (Sorenson and Person 1967). However, under poor

-
-

drying conditions, when hay takes several days or even a
week to dry, the advantage of a windrow (reduced surface

. .4 )
area and rewetting) may be considerable (Jones and Palmer

K4
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The advantages ©f fla:i conc:itioning :n speed.:ng drying
are debatable. Fla:.ed aifalfas/brome dried considerably
faster than crushed or uncond:itiloned materlal 1n one test
but much the éame as crushed 1n a second test (Hail 1564). A

\
flail type machine could be operated to produce a drying
rate comparable to roll type crushers but such operation
results inbmuch higher potential field losses (Barrington
and Bruhn 1970). '

Klinner (1976) has done considerable work on developing
a mower conditioner for 'difficult climates'.hlt consists of
a crop conditioning rotor which cah be attached to eilther a
drum or sickle bar mower and uses brushes to damage the

cuticle of the stem. It has generally produced drying rates

and losses similar to a normal mower conditloner.

2.2.4 Combined treatments —‘Chemiéal and mechanical
conditioniné

Treatment with potassium carbonate comﬁined with
mechanical conditioning all&wed alfalfa hay to reach
étorable moisture (20%-wet basis) approximately 20 hours
sooner (ia_30 houlNs) tha& ;hg mechanical conditjioning
treatment alyne in New South Wales, Australia (Crocker and
Lodge 1981). Triéls in Maryland found that alfalfa hay
trgated with a commercial product containing potassium

carbonate,.§§'s, and X-77 combined-with mechanical

conditioning was ready to bale the day after cutting while



treatment was not ready

o)

()

a T ingG

twe days
]

of chemica. and

-

n +he combined treatnrent

re

mechan:ca. conditioning reached 20% moisture (wet basis)

four hours earlier (approximately 24 hours after cutting)

This same

thﬁQ\ii;her treatment alone on alfalfa hay.
treatmént on red clover hay produced hay at

molsture within 24 hours after cutting compared toc 28 hours

safe storeabie

<

for mechanical conditioning alone and 30 hours for potassium

carbonate alone (Redshaw and Lopetinsky 1981).

Comparisons of potassium carbonate+ME+X-77 applied with
mechanical conditioning using a number of different machines
indicated that a cutter bar with roll conditioner provided a

greater increase in dfying constant than flail, disk or:drum

Ve

-

1984). This may have been due to better

mower (Rotz et al.

coverage and a thinner swath produced by this machine. Point

of application of the chemical (in front of the machine or

ahead of
(Rotz et
The

has been

the conditioner rolls) had no effect on drying rate
al. 1984).
structure in which the hay 1s laid after cutting

found to affect drying rates. Comparisons of drying

after spraying potassium carbonate+ME+X-77 with mechanical

conditioning indicated an increased drying rate of 79% when

hay was placed in a swath compared to 39% when placed in a

windrow

combined

Rotz et al. 1984). An economic analysis of the

treatment in Michigan found the cost was justified

for later cuttings of hay but not for haylage or first cut

/

A
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nay ancd that tne cost eflect.veress was depencgent ¢n swath

Trials :n Cal:fornia us:ing @ commerciai preparat i

r
3
(a4

~he chemical demonstrate a 38-63% decreawe .0 Crying
+he combined treatmen: over mechanica. conditioning alone

(Schoner et al. '984).

2.2.5 Dry matter losses

Four major losses occur during field drying;
reépiration, shatter, leaching, and microbial decompos.tion.
Under good drying conditions, losses of dry matter are due
to respiration and shattering. After the plant 1s cut 1t
continues to respire, oxidizing organic matter. Shatter loss
is caused by the action of machinery on the plant tissues

(mainly leaves) during cutting, swath or windrow

2

manipulation, and baling. When material 1s rained on, e
leaching and microbial decomposition contribute ;o dry
matter losses,

Respiration continues until low plant moisture reiults
in cell death. Estimates of the plant moisture content that
causes cell death vary widely. Mitchell.and Shepperson
(1955) state that losses continue down to a moisture céntent
of about 67% (dry basis) while Greenhill (1959) gives 35%
moisture. (dry basis) as the point at which no further
changes 1in E?y weight occur. The respiration rate of cut
herbage declines with decreasing moisture content and with

increasing age (later stage of development) of the material
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"P.zzarc anc James ¢TI The .c¢ss i Cry Tatter Dy
resp.rati:on varies .nversely as the rate of d:y;;é, and a-°
ary one drying rate, .t Increases w.ln :ncrease .in
remperature (Greenhi.l "9%5%5). At 13, 20, and 25°C, Wood

{'982) estimated .osses of 4.9, 6.9, and 2.7%, respect.ve.y,

-

of total dry matter on cut! grass. Greenh:il (1959) estimated
iosses of dry matter from a crop of aifalfa ar 4 to 2%
depending on temperature and saturation defic:t.

Shatter losses from mechanical action depend largely on
the moisture content at which the crop 1s treated. The loss
of dry matter as a result of raking the swath can vary from
about 0.5% per treatment with crops of 70 to B0% moisture
content to 2.5% per treatment with crops of 20% moisture
content (Wilkinson 1981). Honig (1980) found that mechanical
losses resulting from turning a drying grass crop increased
from 0.1 tonnes/hectare to 1.2 tonnes/hectare dry matter for
each treatment in the moisture content range from 75 to 20%.

Shatter losses can be particularly severe wﬁen forage
1s cut with a flail conditioner. Shatter losses of
approximately 3% of initial dry matter were found after
alfalfa was cut-by a cutterbar with roll conditioner

r
compared to 6.2% when cutting was done with a mower with
flail conditioner (Rotz and Sprott 1984). Baling losses can
range from 4.4 to 11.1% (Honig 1980). These losses will also

depend on the moisture at which the hay is baled, as well as

the type of baler and operafor competance.



#

L

/

Scre fcrages are MmCre SUuscept.fle 1L mechan.Ca. damasge
"Snmegprnerd "SzGp! Inotrials oo oa.falfa and white clcver,
Shepherd found sign:ficant.y h.gher shaller [0sses (& .ate
seascrn, overmature, anc fas* cur.ng mater:a.s. He aisc fcund

increased .osses :n crushed and rewetted materia. as we.: af
piants which had suftered drought or f.lood conditiors.

The effects of ra:n on fcraae dry matter losses have
not been extensively researghed. in add:iti1on to leach:ing
.l0sses, rain exacerbates lossec due to shattering and
microbial decomposit:ion. Estimates of iosses 1ncurred after
rainfall range from ? *~ almost 30%. The greater- the
moisture content, the greater ‘he dry matter loss for an
equal amount of rain (Rucker and Knabe 1977). Losses
increase with in%reased rainfall over the range of 6 to 25
millimeters (Kormos and Chestnutt !968). Laceration also
increased dry matter losses following rainfall (Kormos and
Chestnutt 1968). \

In Alberta, decreases 1in dry matter digestibility of 0
to 8% occurred after rain. Raking following rain damage
decreased digestibility by 13 to 16%. This decrease was
attributed to shatter loss (Milligan et al. 1981).

Wilkinson (1981) estimated total dry matter losses of
field dried grass (6 days, no rain) at 22%. He attributed 8%

la .
ot this loss to respiration and 14% to mechanical losses.
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3. METHODOLOGY
%_1 Field Studies
~ A total of six trials were performed on different
spe&ies/mixes and locations over two years. Four trials were
done ¢n brome/alfalfa, hencefornth called B/A-1-82, B/A-2-82,
B/A 3-82 in 1982 and B/A-1-83 1n 1983. One test was run on
red clover (RC-1-82) in 1982 and one on alfalfa (A-1-83) 1in
1983. A randomized compiete block design with two
reprgcéiioﬁs of four treatments was used for all trials.
3.1.1 Brome/alfalfa 1,1982 (B/A-1-82)
This trial was performea 5.5 miles North of Spruce
- = Gr;:;, Alberta (N lat 53°22',E 113°37") iP TP 53 R*27 E of
; 5. The land was owned by Mr. Alan Shenfield. The soil series
‘9 was a mixtuE;.Bi\Ponoka Light Loam and Codner Loam. The
i Ponoka -Light Loam is classified as an Eluviated Black t?; %
‘ Orthic Black Chernozem and the Codner Loam is of the ‘ b
”ﬁ Gleysoli~ soil order. The soil rating is fair to fairly good’
arable. ' Co |
\ The field was seeded in 1980 with Canada No.1 seed at a

rate to prodtice 'a 60% alfalfa (Medicago sativa L.) and 40%

smooth bregme (Bromus inermis Leyss.) stand. Samples;: (10 per
.plot) removed to determine species composition after cutting
" indicated dry weight‘pe(éentage of brome as 81.6. KR

The field measured aéproximately 32 hectares. An area

of‘apﬁroggmately‘12 hectares was selected in the field for

i
B

A
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our studies. Selection criterla were uniformity of crop and
’ Al
distance from windbreaks. .

The experimental area of the tield measured 132 by ©8

meters. This area was divided into eight plots (two

L 3

replicates of four treatments), each measuring 15 by 68 ©
meters. Six meters was left on either end for machinery
acce8s. Each plot contained five 68 meter long windrows.
Forage matgrial from a 3 meter cut was concentrated intoc a |

A
meter wide windrow. Samples were removed from twc of these

v
windrows to follow the pattern of drying. The other three.
windrows were included to assure enough material to bale
each of the treatments separately. These bales wvere
Subsequently used in another study.

The material was cut on July 9,1982. Though cutting was
planned to coincidelwith the 1/10 bloom stage of the alfalfa
(recommended time for maximum of guantity and guality'® 1t

was delayed due to rain. Consequently the alfalfa was 1in

full bloom.

3.1.2 Brome/alfalfa 2,1982 (B/A-2-82)

-

This material was cut from the samne field as B/A-1-82.
The experimental area and plots were of a similar size as
that used in B/Af1:b2 and directly adjacent to it. Samples
removed to determine species composition af;er cutting
indicated dry weight percentage of brome as 83.1. The - .
méterial was cut on Juiy 13, 1982 and the alfalfa was in

’

full bloom.



3.1.3 Brome/alfalfa 3,1982 (B/A-3-82)

This trial utilized regrowth material from B/A-1-82.
The plots were of similar dimensions and samples.removed to
determfﬁe species composition after cutting indicated dry
welght percentage of brome as 87.6. Cuttigg took blace on
September 8,1982 and the alfalfa was at the 50% bloom stage.
’ 4
3.1.4 Brome/alfalfa 1,1983 (B/A-1-83)

This trial was located in & 32.7 hectare leased site
neaf FawEett, Alberta. The field was located approximately
70 kilopeters NW of Edmonton (N lat 54°30',E 114°13") 1in
the NE guarser of section 27,TP 63 R 2 W of 5. The soil 1s a
Leith Codner and Codessa series. The Leith is classified as
a dark grey wooded. The Codner 1is classifigd as a degraded
Eutric Brunisol and/or Orghic Grey Wooded. The Codner is
classified as an Orthic Humic. The soil rating is fair to
fairly good arable. |

The field was seeded in June, 1982 at the recommended
rate of 7 and 5 kilograms/hectare respectively of 'Beaverﬂ
alfalfa and 'Carlton' brome. |

The experimental area of the field consisted of two,

nonadjacent replications, each measufing approximately 14 by

270 meters.

—

This area was divided into four plots. Each plot
consisted of one windrow measuring approximately one meter

wide (width of cut was 3 meters) by 270 meters long.



Freguent rains delayea cutting until August 4. The

alfalfe was in the post bloom stage.

3.1.5 Alfalfa 1,1983 (A-1-83)

This test was also located at the site near Fawcett.
The field was seeded 1in June, 1982 to 'Beaver alfalfa’ at the
recommended rafe of 9 kilograms/hectare.

Two nonadjacent 1.2 hectare replications were available
for the test. Treatment areas and plot sizes were similar'to
those of B/A-1-83. The plots were cut simultaneously with
B/A-1-83 (August 4) and the alfalfa'was 1n the post bloom

stage. »

3.1.6 Red clover 1,1982 (RC-1-82)

This field was located 1.7 k\lometers east of
Morinville, Alberta (N lat 53° 48°, E 113° 35') in TP 56 R
25 E of 5. The land was leased by Mr. John Keiser. The soil
series was a Navarre Silt Loam and classified as an Orthic
Black Chernozem. The soil rating was fairly good to good
arable. |

The field was underseeded to red clever (Trifolium
pratense L.)(cv. Altaswede - a single cut cultivar) in 1981.
The exact seeding rate was not available but the crop was
quite dense yielding approximately 3.56 tonnes/hectare of
dry matter. o "

The field was approximately 64 hectares and an area of

68 by 60 meters was selected for the trials. Two adjacent



replications of 30 by 66 meters were used. Plots consisted
’
of two windrows for each treatment. Plot size was

o

approximately 3 meters by 66 meters. In this instance

5>
rreatments were not baled separately so only two windrows
per treatment/replication were requlred.

Cutting took place on July 26 when the clover was at

the 80% bloom stage.

3.1.7 Treatments
The following treatments wer- used in all fleld trials:

1. Control - hay cut with a mower ccnditioner with the
conditioning rolls open as far a- possible (25
millimeters apart}.

2. Conditioned - hay‘cut as above with conditioning rolls
at normal distance apart for moderate conditioning (6
millimeters apart). |

3. Potassium Carbonate - Potassium carbonate sprayed at a
rate of 10 kilograms/hectare ir‘ 400 liters of water on
the crop as it was cut. Mower conditioner set as 1n
control.

4. Combined - Combination of treatments 2 and potassium
‘carbonate as in 3.

All treatments were windrowed at time of cutting and no
further manipulations were perfbrmed until baling. |

Treatments were performed on adjacent windrows which
were cut to a length to accomodate the appropriatevnumber of

samples. Treatments were contained in two adjacent blocks in
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1982. In 1983, treatment blocks were separated by other

plcts seeded to cther species.

3.1.8 Mechanics of application

Potassium carbonate application (10 kilograms/hectare
in 400 liters water) was at the high range of reéommended
rates used 1n Australia (Crocker and Lodge 1981).,Com$erc1al
products have been used for some tests in the United States
but these products are not licensed in Canada.

Modifications to a John Deere mower conditioner to
accomodate spraylng 1ncluded:

1. attachment of a spray boom 60 centimeters ahead of the
cutter bar and 60 ceﬁtimeters above the ground. Tee Jet
nozzles were spaced 45 centimeters apart and pointed\zg°
forward of vertical.

2. attachment of an adj&stable push bar approximately 12
centimeters ahead of the spray boom and adjusted to the
height of the crop. This bar bent over the stems to more
directly expose them to the spray.

3. a tractor mounted pump.and agltator.

4. a 160 gallon tractor mounted tank to hold the spray
solution.

The mower conditioner had a measured cut -of 3.0 meters

with full width rubber conditioning rolls set at 6

millime:ers spaciﬁg for the conditioning treatments. This

produced stems with breaks about every 10 centimeters. Metal

. ' A Y
baffles at the rear of the machine laid the cut forage in a

R
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windrow which measured one meter w.de. The chem:Ca. was

applied to the forage :mmediately befcre cutt.ng.

3.1.9 Sampling procedures

Two different sampl:ng methods were employed :in the two
years of the study. In ali cases ten samples per plot were
collected for each sampling time.

In 1982, nondestructive samples were used to follow the
pattern of drying. Immediately following cutting, ten
sampling areas (each 10 meters long) were measured off 1n
the windrow. Within each area three 1 meter sections (each
separated by two linear meters of undisturbed windrow) were
cut from the windrow. The first of these was bagged,
weighed, dried ahd'reweighed to determine initigl moisture
content. The second (nondesgructive) sample was welghed
immediately after cutting and at subsequent intervals until
harvest to follow the pattern of drying. The third samble in
each area was collected at harvest, weighed, driedrand
reweighed to determine final moisture content. After a
number of ;rials showed no appreciable loss due to lifting
and weighing the second sample, the final moisture content
was deterhined from this sample and only two samples were
used in subsequent experiments in 1982.

Nondestructive sample weighing was d¢ne with a

5
specially designed mepal lifting platform suspended from a

scale attached to a portable tripod.

+



W
on

The liftincg platform consisted of ter para.iel, = meter
ong steel rods spaced 10 centimeters apart. The rods were
tree at one end (the openr s:de of the i:fting platficrm},
allowing the platform to siide under the windrow sample
without disturbing the stubble beneath the windrow. The rods
that foamed the li1fting platform‘were held 1n place by a
frame constructed from hollow steel tubing. During weighing,
the lifting frame was suspended from a 'Hanson' dailry scai.ie
+hat was, in turn, suspended from a portable tripod. The
tfipod was constructed from two“7.8 meter and one 2.8 meter
léngths of 3.4 by 3.4 centimeter lumber. The top ends of the
shorter legs pivoted on a bolt that passed through the long
leg about 75 centimeters from it's upper end. A pointed
steel pin affixed to the lower end of the longer leg and
nushed into the soil held the tripod securely in position.
The aairy scale was suspended from a steel hook in the
extreme upper end of the long leg.

Samples were cut from the windrow with 'Black and
Decker' electric hedge shears powered by a portable
generator. )

Destructive sampling was used in 1983 to avoid some of
the problems égcountered the previous year. Although-a much
larger number of samples had to be processed with
destructive éampling the time required to coliect samples in
the field was reduced. This assured greater similarity
between sampling tiﬁes for each treatment. More accurate

electronic balances {(set up in a tent to shield them from
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w.nZ, Could a.lsc be used r we.gn:ing In tne fie.C rather

~thar the gairy sca.es. The dairy sca.es hac been
/partxcu;ar;y sroublescme, especia.iy On windy days .o tne
previous year.

Destructive samples in 1983 measured 10 centimeters :(n
length bythe width of the windrow. A clamp was placed on a
section of windrow and samples were then collected by
cutting along the edges of the clamp with a pair of manually
operated hedge shears. The clamp consisted of a 105
centimet length of 3.4 by B.8 centimeter lumber (placed
under the windrow) and an 8 by 70 centimeter plece of 125
millimeter plywood. The plywood was attached to the lumber
by 31 millimeter cable, and it was tightened on the windrow
with a binder. Samples were placed 1n l?beled bags and h
welighed (to .1 gram) immediately on a 'Mettler' electronic
balance in the field. Empty bags were also welighed at each
time interval so net content weights could be determined at
a later date.

Sampling times were at least once every day (at the end
of the day) in 1982. Sampling was more frequent near the end
of drying i1n an effort to determine the exact time the
forage reached 20% moisture content. Samples were not taken
if the forage was still wet from rain at the end of the day.
On two occasions it rained during samplihg. In these cases
sagikes were not collected from all treatmenté.

Sampling times in 1983 were twice a day (morning and

evening) for the alfalfa and brome/alfalfa and once a day



r +he red c.gver. MoOrning samp..nG was p.anneg Tl ratch

pegun *c evaporate frorm the hay

(o

the samples beicre dew ha
(rnighest moisture content ¢f the day' enc even:ing sSampiing
{

before samples had become wet with dew ijowest mo.:sture
19

of the day).

11 grab samples were collected for determ:ination
specieqf composition and i/s determinations. Measurements

(lengtf, width, and height) were taken cof the freshly cu:
one meter sections of widarow for B/A-3-82 and RC-1-82.
Yield estimates were determined by calculating t!® average

sample dry matter of measured sample areas 1n the plots.

“.
~
~

3.1.10 Weathef Pnitoring

A Campbell Scientific weather station was availlable in
1982 and was on site for all cutting times. The station was
fitted with a pyranometer (Li-Cor LI 200S) to measure net
incoming radiation, a thermistor (Fenwall UUT-SlJl) to
measure ambient temperature, a temperature-compensated
relative humidity sensor (Phy-Chemical Research Model
PCRC-11), a rain bucket, and an anemometer. Readings were
automatically taken‘Fvery'minute and fed 1nto the computer
attached to the‘weather station. Hourly averages were
recorded,on a cassette tape. The tape was then read direatly
into a computer file %Fing an interface develdped by
Campbell Scientific. .

In 1983 the weather station was set up at a site 50

kilometers east of the experimental site and weather data

-

/
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3.1.11 Statistical analysis

The results of forage drying studies can be expressed
in a variety of‘ways. No single method of e¥pression
dominates the literature on forage drying. Hence,

) o

comparisons between studies 1s diff:icult.

There are a number of factors that make expression of
results 1n hay drying-difficuit. The first concern 1s

whether iesult%ﬁgéggﬁgpqessed é&\:wet' or 'dry’ basis
moisture conteni.iProducers generé}lf determine moisture
content on a 'wet' basis (the amodnt of water in a sample

\
divided by the fresh weight of the sample multiplied by 100)
whille many authors express molsture content on a 'dry’ basis
(the amount of water in a sample divided by thé dry weight
of the sample). Tullberg (1975) argues that the dry basis
moisture content has a linear relationship with the weilght
of water present and thus i1s the preferred method. However,
because drying 1is not linear; water 1s lost at a faster rate
at the beginning of drying than at the end; a difference in
initial moisture of two saméles will be less important in
determining final dryiﬁg time. than an equivalent difference
at the end of drying. Table 3.1 illustrates a 5% difference

A

in initial and final moisture on a 'wet' basis compared to

the same difference on a "dry' basis.
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determ:ning 'safe’ storage moiSture content. In a fleld
s:tuat:on this may mask treatment effects on overa.l drying,
particulariy :n Comparisons across exper.ments Or Specles
where differences :n initial moisture Mhay be substantiai.
Conseguently, i:n this study 'wet’' basls moisture content was
used :n a.l field comparisons.

Either 'wet' or 'dry’' basis moisture content can then
be used i1n a number of different ways before final analysis
of treatments. Analysis can be performed on:

’é? hours to reach a particular moisture content

2. molsture content at a particular time or averaged across
all sampling i1ntervals

3. daily or overall dry{ng rates (change in moi8ture
content over time)

Practically, the best method of measuring treatment
differences 1n drying in the field would be to comparée the
exact time at which each reached a predetermined 'safe

storage moisture content'. Unfortunately this is very

difficult to do in the field situaé%bn. The exact moi§ture‘

of the samples cannot be calculated until after oven drying.

Estimates of moisture content of nondegtructive samples or
of small samples dried in a microwave are rarely accurate

enough. Just the time required to collect the final samples

y

Qe



w... Take .t wvery girfflicllt tc catch ali samples at tie
correct ToLStUure Content Inoaddltion, Lt R Zoite Cotficlle
tC extrapo.ate T. tTnese va..ues becaguse LI var.ac.e
env.ronmenta. conditiong anc overn:ght nondry.ng per:ods
ey I3 ~ (SRS RPN L S ~ o -~ -
e fie:d studies tne crigiral . ent was tC measure

abpove, this was not pOSsib. Therefore ~he bas:s f{or

e .
the mean of +he moisture conten:

- -

comparison of treatments is
vaiues (wet basis) at all t.:me intervals until the .first
treatment reached 20% mc:i:sture. Twenty percent moisture s
the generai:iy accepted 'safe’ storage moisture content for
baling in Alberta. There are problems with this method as
well. One of the drawbacks of this method 1s that "1t
incorporates all values. It 1ncludes morning values where
differential wettiné has occurred. Because drier treatments
usually absorb more molsture overnight, this underestimates
treatment effect.

Secondly, because different experiments had differeng
numbers of sampling times, differences 1n drying between o
experiments can not be compared. Differences in sampling
technique, yiglds, speéies, and environhegtal conditions,
also prohibit.this comparison. However, this method
accurately represents the moisture status of each treatment
over time and is the most appropriate comparison for
eyaluating treatment effect.

For each experimeht, moisture contents (wet basis) for

, ' 5
each sampling time were compared using standard analysis of *
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variance procedures. Plot values were calculated as a mean

L .
of 10 samples. Moisture content means for treatments across

all sampling intervals were also tested for significance
usiné_analysis of variance, and t;eatment means were
ﬁcompared using the Duncan's New Multiple Range test (Steel
ané Torrie 1980). Standard regressions were run to determine
correlation coefficients between moisture content mean and
initial weight of dry matter for all sqmples.

Due to the highly significant correlation coefficients
found between meah moistﬁre content values and weight of

,jnitial sample dry matter, sample dry matter was used as a
covariate in tﬁe analysis. Mean mai%turé contents for
treatments were adjusted for initiél sample dry matter
welght usiag a covariance program (Desmat and Lsganova)
which incorportes adjustment for missing values.

Preliminary anélysis determined that covariate/factor
coefficients for the four treatments were not significantly
different for B/A-1-82 and B/A-3-82 so moisture content
means were adjusted for a single covariate coefﬁ?cient. ™
B/A-2-82 and RC-2-82 covariate/factor coefficiénts were

" significantly different‘fof f:éatments.'Consequently these'

means were adjusted with‘a covariate coefficient for each

W e e e s

Ltreatment,

L ]

. Dry matter losses for the fqur ékperiments in 1982 were

~

-ﬂcalculatéd by multiplying the initial fresh weight of the

ndndestructive\sample-by the initial dry mattervpepcentage

(found from the destructive sample' taken at cutting). This



gave the dry matter {(in grams) for the sample at cutting.
The fin;l dry matter was determined from the ccllected ]
samples at final harvest (after oven drying). The difference
between these two 1s the dry matter loss occurring 1in the
field Que to respiration, leaching and shatﬁering. It does
not include  any losses due to raking or baling. This dry
matter loss 1s expressed as a percentage of the initial dry
matter.

Analysis of the relationshib between sample dry matter
and mean moisture content was not possible in 1983, In 1982,
the pattern of drying was followed throughout drying on each
sample,'and dry weight was retorded for each sample. In
1983, a new.sample was harvested at each sampling interval
and the pattern of drying was reconstructed from these
samples. Therefore, the mean moisture‘contént of these
samples Waé not closely related to their mean‘dry maitter

welght.

3.2 Controlled Environment Studies
3.2.1 Species comparisons .

The effect of potassium carbonate on drying times of
various lequmes dried as a single layer of plants was
examined under controlled conditions. Theglegumes tested

were two cultivars of alfalfa (Beaver and Anchor), alsike

clover (Trifolium hybriduﬁ L.), sweetclover (Melilotus alba .

Desr.), red clover, and sainfoin (Onobrychis viciaefolia
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Scop.). All material was grown 1in a greenhouse. The species
selected are the legumes mogt typically grown for hay 1in
Alberta. 'Beaver’' alfalfa is a widely grown winter hardy
variety; 'Anchor' is somewhat less winter hardy.

The test procedure consisted of clipping off the apical
20 cent:meters of stem and dipping the cut end 1n paraffin
to seal it. Calipers were used to measure the diameter of
the cut end of thé stems. The sample was then immersed in
either distilled water or .18 M (agueous solution) potassium
carbonate for five seconds. Excess water was shaken from the
stems 1n a routine manner. Each replicate consisted of five
stems piaced in a 25 centimeter? wire mesh tray. Two
replications of each of the species - treatment combinations
were placed randomly in a growth chamber (Conviron E15) and
dried at 45% relative humiaity ana 18°C under full
continuous illumination (550 uEm ?sec '). This procedure was
then repeated giving a totai of four replications. Hourly
measurements of tray Weights were recorded for the first 24
hours. Thereafter measurements were taken every four hours
until the samples reached equilibrium moisturé. Stems were
then removed from the trays, separated into leaf and stem
fractions and dried im a forced air oven at 60°C for 48
~hours. Sémples were reweighed to determine dry matter and
the moisture content was calculated.

A repeat of tﬁis experiment'was run at a later date at
sljghtly different environmental conditions‘(20°C, 450

uEm-?sec-', and 45% rH) on four ('Beaver' alfalfa, 'Anchor’
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aifalta, sweetclover, and red ciover) of the six species.

Results were guite similar to the above so results are only

presented for the first run.

3.2.2 Environment comparisoﬁs

Field and greenhouse grown 'Beaver' alfalfa were tested
under two photosynthetic photon flux densities (PPFD) (350
and 700 uEm ‘sec '), two relative humidities (45 and 70%)
and three temperatures (12, 20 and 30°C). Test procedure was
the same as in the species comparisons but used field grown
and greenhouse grown alfalfa. Material was treated, weighed,
and placed 1n growth chambers as quickly as possible,
dnfortunately field material was not cut until post bloom
stage. Consequently 1t had somewhat 1o;er moisture contents
than would be expected of material cut at the recommended
1/10 bloom stage. Greenhouse grown material was cut 1n the
1/10 to 1/2 bloom stage. |

Three chambers were available for the project and were
set continuously at 12, 20 or 30°C. Temperature (dry bulb)
was recorded on a chart recorder and remained within +/- 1°C
of the desired temperature. Illumination was altered by
raising or lowering the shelf inside the chamber and was .
checked with a LiCor (Li 188) photometer set to measure
PPFD. Relative humidity was monitored by a wet buylb 1in
cOnjdnction with the dry bulb. Th@s was also re;o:ded on the
chart recorder. Relative humidity was accurate'pnly to

N

+/- 3% on average. Accuracy was greater at the higher

0 €
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temperatures and less at lower temperatures.

The chambers were vented and air movement inside the
chambers was quite high. Measurements indicated an air speed
of .265 m sec '. This 1s below the critical airspeed of .4 m
sec ' rec;mmended for 'completely exposed’ conditions of
drying between 4.0 and 2.5 moisture content (dry basis)
(Shepherd 1964).

Each treatment replicate (dipped 1in chemical or water)
consisted of ten stems placed on a wire mesh tray. Three
replicates of each treatment were tested in each of ten
environments. Because of a problem with the lighting in the
12° chamber the higher illumination (700 uEm *sec ') was not
possible.

Measurements of tray weights were recorded every two
hours from 0800 to 2400 and every four hours from 2400 %o
0800. Measurements were continued until the samples appeared
to reach equiiibrium moisture. Stems were then removed from
the trays, separated into leaf and stem fractions, and dried
in a forced air oven at 60°C for 48 hours. Samples were
reweighed to determiné dry matter and the moisture content
was calculated. All field material was run through all

environments first. Greenhouse material was done after all

field material had been tested.

3.2.3 Statjstical analysié
Two different ways of reporting results are presented

for the controlled environment studies. Results are reported
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in the form of "hours to reach 20% moisture’ for practica:
purposes as this comparison will be the most 1mportant :n
+he field. Occasionally, exact times to reach 20% moisture
were not available. 1If drying appeared to be continuing
(equilibrium moisture had not been reached) then the time to
reach 20% was determined by extrapolation from the last
recorded moisture content using a regression derived drying
rate. These are indicated with a () 1in Table 3.17.

The need to run material through the chambers rather
qu}ckly to avoid differences 1n growth stage of the material
required the termination of some experiments in the poorer
drying environments before all treatments had reached 20%
moisture. It has been suggested in the literature that data
from the drying of single stems in controlled conditions {1t

the equation: -

where Y=moisture content(dry basis)
b=drying rate constant’

t=time from treatment

Data from these experiments ‘generally fit this equation
well after the data from the initial drying period was
removed. The initial period usually lasted only two hours

and likely corfesponded to water loss through open stomata.

“h
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Solving tne eguation for the dry.ng rate constant (b)

results 1in:

Regression analysis (Steel and Torrie 1980) was
performed on each data set (rep - species - treatment
combination) to determine drying rate constants (b). In all
cases, the natural log of the moisture content (dry basis)
from two hours until .25 moisture content (or eguilibrium
moisture) was regressed against time 1n hours. Coefficients
of determination (r?) were generally above .9 (Appendices 1
-3). .

In the species comparisons, a randomized complete block
design was used with two runs (replications) of two
treatments-six species combingtions.AWithin each run, two
replications of each treatment-species combination were
performed and the mean values of the two replications were
usea in the analysis. Tgtal time to reach 20% moisture and
drying rates (b) were analyzed using. standard analysis of
variance procedures and means were compared with a Duncqn's
New Multiple Range test (Steel and Torrie 1980).

In the environmental comparisons, the éxperimental
design was a randomized complete block with three
replications of two treatments completely randomized within
-each of ten environments. Data analysis was similar to the.

species comparisons experiment.
»
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4. RESULTS AND DISCUSSION

4.1 Field Studies

4.1.1 B/A-1-82 *
Moisture content differed significantliy among drying
treatments at each time 1nterval (50 hours was not included
because of missing data) (Table 4.1). At 70 heurs
(approxinately 3 days after cutting) the combined treatment
was drier than all other treatments and the mechanically
conditioned and potassium carbonate treatments were drier
than the control. Mechanically conditioned and potassium
carbonate treatments were not significantly different.
Slightly different results were obtalped when mean
{across all sampling intervals) moisture contents of
treatments were compared (Table 4.2). The combined treatment
produced hay with the lowest moisture content, followed by
the potassium carbonate treatment, mechanically conditioned
treatment, and the congrol.
Mean moisture content was highly correlated (p=.01)
with initia% weight of sample dry matter across all
treatments (Table 4.3'. Within individual treatments,
significant correlations were obtained in mébhanically
conditiéned and combined treatments. These data indicate

that drying and treatment effectiveness is related to the

dry matter weight in a sampie.

50
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Takbi:e &.2Z. Mear mcisture Ccontent wert bas.s ¢
treatment 1N SIx exper.ments 1T SEZ and 'SE3

Potass:ium

Experiments Centrol Concd.ticoned Carbonate Comb:ined
B/A-1-82 57.4% a 46 .09 b 46 .23 ¢ 4 .37
B/A-2-82 62.73 a 54.58 b 6.3 a 52.38
B/A 3-82 56.02 a 51.25 a 52.76 a 49.57
RC- 1-82 67.55 a 62.08 a £¢.97 a 49.44
B/A-1-83 48.60 a 46.07 b 47.86 a 45.22
A-1-83 46.57 a 44 .78 a 43.717 a 42.45
a-d - Means within a row followed by the same

letter are not significantly different (at p=.05)

according to Duncan’'s New Multiple Range test.
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etween Tean mLolSture conten an
v matter fcocr four treatments Lr
Treatments
Ll . o
rotass:ium

Exp'ts Control Cond:tioned Carbonate Combined Overa..

B A-1-82 .36 ns L2 xa .33 ns .7b %x Gt xs

B/A-2.82 A5 xx .78 xa2 7 oxx .67 xa 46 xx

B/A-3-82 .15 ns .06 ns  T52 = .64 *a .08 ns

RC-1-82 .84 =%2x .93 xax .76 %xa .88 xx .75 %

Overall .56 xx .69 =*3= 77 xx .72 %2 .62 x3#

ns - non significant correlation

* - significant correlation at p=.05

** - significant correlation at p=.01

n=20 for individual treatments within experiments

n=80 for overall treatments and experiments
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Wner aczZ-ustec ‘. we.ght of Cry metter [0 sarTp.e Tear
TCIStUre CContents were compared, treatment Cd.flerences
charged s.:gnt.y (Tav.ie &.4/. The corpinec ireatmern:t Criéc

. ~ 3 S . - o™
significantly faster than a.. other treatments. The

potass.:um carbonate and mechanica..y COhdit(\ﬂed treatments
dr.ed sxénxf;cantly faster than the contrci: but did no:
difter from each other. Add:tion of sample dry matter as a
covariate :f the model reduced sample variability lexpressed
by the error mean sguare! by 36% (Table 4.5).

Drying conditions during this cut were excellent (Table
4.6). A small amount of rain fell on the second night. This
ra:n prevented sample collection for some treatments but had
little effect on drying. Mature material resulted in low
1nitlal moisture values. The ylield was also fairly low

compared tc other cuts and to the provincial average (Table

4.7).

~4.1.2 B/A-2-82

Significant treatment differences were found only at
48,72 and 100 hours after cutting (Table 4.8). At 100 hours
moisture contents for all treatments were significantly
different. The combined treatmenf had the lowest moisture
content, followed by the mechanically condltioned; potassium
carbonate, and control treatments. o

A comparison of mean moisture conten /ovér'all

intervals yielded slightly different results (Table 4.2).

The combined and mechanically conditioned treatments had



\J
Tar.e &.4. AZ-Ustect Tean rToListuUre Contents Cwe' Das.ogr (o
four *reatments 1o four experiments 1o T9El
.Jeatments
Potass.um

Exper:u2nts Contro. Condivticned Carbonate Comrbined
B . A-1-8. 5.6 a 4 .45 b 44.7¢ b G,
B/A-2-8BZ b2.9% a 55.72 ¢ 59.4% b 5..50 ¢
B/A- 2-82 <057 076 a 50.8C e 52.67 a 49,04 a
RC-"-82 6£8.04 a £C.74 & 68.64 a 54.59 ¥
+ - Treatment means adjusted for 1n:tial weight of sample

dry
a-d -
significantly differe
Multiple Range test.

nt

followed by the same letter are

matter by covarilate analys:s
Means within a row

~
H)

(p=.05) according to Duncan’'s New

on
wn

ot
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Table 4.5. Sample variability of mean molsture content (as
measured by error mean sguare) with and without sample-dry
matter as covariate for six field experiments 1in 1982 and

1983.

Error Mean Sguare Error Mean Sqguare

@xperiments I Year (without covariate) (with covariate)

B/A-1 1982 6.284 L 4.013

B/A-~2 1982 6.007 3.538

B/A-3 | 1982 . 6.657 5.528
5;-,4/“ ’ 1982 ‘.322 ' 15.543

é/A-] : 1983 "7.005

A-1 1983 8.%47 -
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Table .4.6. Environmental parameters for six field 8

experiments in 1982 and 1983.
Net Dayt ime* Dayt 1me .
Radiation' Temperature RH Rain
Experiments (K m *) ;" (°C) s (%) (mm)
: &
: A —
| \\\
B/A-1-82 2544 20.07 (17)’_ 6. 78 5.0
B/A-2-82 2004 17.03 (1) 79.72 29.0
B/A-3-82 1399 12.31 (13%, 67.71 1.0
RC-1-82 24272 21.55% (16) 72.15 1.0
B/A-1-83 2095 19.87 (17) 0.0
A-1-83 2095 19.87_ (17)

~

"Average of the daytime totals
period.

*Averaged over daytime. periods
*Number of hours with positive

. )

i

for the drying

only
net radiation values.



58

Table 4.7. Dry matter ylelds for six experiments 1n 1982 and

1983.
Experiments Year Dry matter{tonnes ha ')
B/A-1 1982 2.37
B/A-2 1982 2.75,
B/A-3 1982 2.92
RC-1 1982 3.56
B/A-1 1983 5.04
A= 1983 6.05
Alberta average 1983 3.17

L

-
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lower moisture contents than the potassium carbonate and
control treatments.

Mean molsture content was highly correlated with weigﬂt
of sample dry matter across all treatments (Table 4.3).
Correlation coefficients for all treatments were also highly
significant (p=.01). .

Adjustment of mean molisture contents by the sample dry
matter covariate resulted 1in significant._differences between
all treatments (Table 4.4). The addition of sample dry
matter in the model decreased sample variability by almost
50% (Table 4.5). ’

Freguent and substantial rainfall occurred during the
drying period of this cut. A total of 29 millimetérs fell
ove; thelfive day period (Table ;.6). Radlation and

temperétbre values were somewhat lower than in B/A-1-82. The

yield was slightly higher (Table 4.7).

4.1.3 B/A-3-82

Significant differences were found betweenbtreatments
at‘99,122 and 170 hours after cutting (Table 4.9). At 99
- hours after cgtting, the combined, mechanicaily con@itioned
and potassium carbonate treatment produced drier hay than |
the control. At 122 hours after cutting, the combined and
mechanically conditioned treatments produced drier hay than
the potassium carbonate or‘control treatments. At !70 hours,

the combined treatment was below 20% moisture content so no g

samples were removed for this treatment. A comparison of the
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other three treatments showed the mechanically conditionecd
treatment had the lowest moisture content, followed by the
Eotassium carbonate treatment and the control.

A comparison of mean molsture contents over all
intervals failed to reveal significant treatment differences
{Table 4.2).

Though the combined and potassifm carbonate treatments
showed significant correlation between mean moisture content
and welght of dry matter in the sample, the overall
correlation proved nonsignificant (Table 4.3).

Adjustment of mean moisture contents to sample dry
matter still produced no significant treatment differences.
(Table 4.;). This .is consistent with the absence of a
significant correlation between mean moisture content and
sample’dry matter in this cut. Sample variability was only
reduced slightly with the addition of the covariate (Table
4.5).

Drying conditions were poor in this cut but fairly
typical of conditions found in the second (fall) cut in
central Alberta. Average radiation and temperature values
were only 55 and 61%, respec?ively, of those measured in
B/A-1-82 (Table 4.6). ’

The average yield was slightly higher than\the first

two cuts, close to the provincial average for 1983 (Table

4.7).
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4.1.4 RC-1-82

No significant differences exi:sted between mo.sture
contents at any sampling interval (Table 4.10). Though the
average molsture content for the combined treatment was
considerably lower than the other treatments at 52 hours,
the pronounced variability between replications and within
samples (Table 4.5) overshadowed treatment differences.

A comparilson of mean moisture contents across all
sampling intervals falled to reveal significant treatment
differences (Table 4.2). Mean molsture content was hiéhly
correlatéd with weight/of sample dry matter 1in all |
treatments (Table 4.3).

Treatment differences became significant when means
Qere adjusted by sample weight (Table 4.4). The combined
treatment had the lowest mean molsture content followed by
‘the mechanically conditioned treatment. The potasSium
carbonate and control treatments had the highest mean
moisture content ard were not significantly different from
each other. | -

Variability within samples was ;ery high (Table 4.5)
The addition of the covariate reduced it considerably.

Drying conditions were similar to the first cut of
brome/alfalfa (Table 4.6) except that the daylengths were

slightly shorter. The yield was fairly high (Table 4.7);

greatee than provincial average.
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4.1.5 B/A-1-83

¥

(R

Treatment N

ferences were sigr:ficant at &7,¢3,72 ang

(D]

87 hours after cutting (Tabie &.° 7). At 72 hours, the

combined treatment had reached 203% molsture and was drier
than the control or pbtassium carbonate treatment. NcC
significant difference was found between combined and
mechanically conditioned or potassium carbonate treated and
control.

The same results were obtained when mean moisture
content {(all intervals) for treatments were compared (Table

.. &8

Weather conditions were quite good for this cut.
Radiatidn values were ;omgwhat lower than the brome/alfalfa
of the previous year because of the delay 1n cutting (Table
4.6)-. Temperature values were guite similar to B/A-1782 and
no rain fell on the hay. The yield was very high; (Table
4.7) more than twice that of B/A—l-éZ. |
82
4.1.6 A-1-83

Moisture contents for treatments were significantly
different at -41,49,65 and 74 hours after cutting (Table
4,.12). At 49 hours after cutting the combiﬁéa treatment
produced drier hay than any of th ther treatments. At the

4

end of the’following day® (74 hours after cutting) all

[

A\S

treatments were below 20% moisture. At this time t hayg
from the combined treaawent was significantly drier than the

hay f‘%ﬁ the control treatment but was similar to hay

. C \
R
S e . ) !3
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Ne sign.ficant Z:fferences were [ound betweel Teal
mcisture contents f{or treatments (Tarz.ie &.01%.

The crop was cu:® slmultaneously with B A- B3 sc .°
dried under s:imi.ar condi:tions (Tab.e 4.6). The yie.d was

a.most twice that of the crops cut in '982 ‘Table 4.7).
Windrows were gidite dense due to the high yleld and *he

absence cf a grass in the mixture.

4.1.7 Losses of dry matter

Accurate measurement of losses was not an objective of
this study. However, data on this variable was easily
obtained from samples taken in 1982, and comparison among
the fourvexperiments 1n that year are Qulte 1interesting. It
1s 1mportant to remember that these figures represent losses
due to respiration, leachihg and shatterihg by rain. They do
not iﬁclude ;ny raking or baling losses.

Table 4.13 gives mean treatment and overall losses for
experiments in 1982. No consistent differences betweén ‘
treatments Qere found. This may be partly due to different
qrea%m$nts remaining in the field longer than others. Also
Pl '
agg?f:eatments could not be collected exactly when they

reécﬁed 20% moisture.

Differences between cuts were substantial. The highest

losses occurred in B/A-2-82. This hay dried under high
\\\
radiation values and relatively high temperatures but with a

‘
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considerable amount of rainfall (Table 4.6). Leaching and
leaf losses caused by the rain as well as high respiration
values during sunmy periods accounted for high losses. Hay.

‘ 4
stayed in the field for a long period of time (up to 13 days

! B . . .
.. for some treatments) and this also contributed 'to the high

i Y T v : )
et 1“‘ | losses. . .
) B/A-1-82 and RC—1?82 had moderate losses.|Both dried
under good conditions (high respiration) with [little
- rainfall. These figures are probably typical'o first cut -
hay in Alberta;‘ ; ]
B/A-3-82 hdd the lowest losses (mean=0.5%)“even though
] the hay was in the field for over e1ght days This is‘a .
< result of the cool drying condltlons w1th a cqpseQUent‘
i reductlon in resplratlon values. ,
. . . - T,
] . -, P | .-( ‘ Y -
4.1.8 Discussion - T R s .
‘ ' ’ An,examination of unadjusteabnean moisture content for
. treatments. (Table 4.2) indibates an.advantage of the-
‘.A | . potassium carbonate treatment over the.control and the‘

e

combined treatment err the medhanically conditioned~

e

treatment in only ong of the 51x experlments. Mechan1cal

N
/

- condltlonlng produced drler hay than the control in three of

. °
s

the six exper1ments. R '-_ _ o PO

N i

’ Adjusteﬁ (for sample dry matter) moisture content means

1nd1cated that th° potass11m1%mrbonate treatment drled

g/
ﬁ“ »
R s1gn1{1cantly faster than the control in two of the four
v exper1ments in 1982 and thé comb1ned treatment dried !
! v .. ‘- ~ . .
.2 ! ¥ ° :

e ‘&_‘-" * .

<
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significantly faster than the mechanically cdnditioned
treatment in three of the four gxperiments 1in that year
(Table 4.4).

The increased effectiveness of .the combined treatment
over either chemical or mechanical conditioning treatments
alone in three of the four experiments in 1982 agrees with

Q .
the results of Rotz et al. (1984) and Redshaw and Lopetinsky

~

.
{1981). Mechanical conditioning increases drying- rates by

cracking the stem and exposing intermal cells directly to
the air. Potassium carbonate is proposed to speed drying by

reducing cuticular resistance. It appears that the combined

-3

treatment can speed drying more than eitMer treatment alone.

The mechanism for the increased drying rates is not clear
but it is reasonable to assume that the reduction in
cuticular resistance provided by potassium carbonate

: . - : A :
enhances drying rates even in cracked stems. Increased ‘7

drying of the combined treatment may also be related to
greater coverage of the chemical on thé plant material as 1t
is run through ‘the cond1t1on1ng rollers.

Results 1nd1cat1ng no advantage of the condltloned
e
P

;tréatment over the'control in some cuts was surprising; In
Alberta, it is generally assumed that conditioning always

speeds drying..

However, Feldman and Llevers (1973) found that

condltuoﬁQng ‘did not always Speed dry1ng partlcularly when” ;-
hay/was immeQiatqu windrowed after cuttlng. In -New Zealand,
P Y . o ¢ - 4' ' . .-
,. Clothier and Taylor (1980) found no statistical difference

. . o . ‘ . Do .‘t

- 4 . . " ’ Lo . .
. . X < e . . ’ 3
Lot . L. .-
v j..v ' - L] E \ N . B
~8 > 5; it - ‘. w* . : .

“"ﬁ'.ﬁ %.w ‘ e 7
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’ » . .- :
in drying rates of alfalfa produced by a disc mower with
conditioner compared to the unconditioned control.

The i1mportance of crop yield and y{ndrow density to
drying and drying enhancement treatments 1s shown in the
high correlation coefficlients between mean moisture content
and weight of sample dry matter. Using sample dry matter as
a covariate produced significant treatment differences 1in
mean moisture content in several instances when original
analysis showed no treatment differences. Rotz et al. (1984)
found that potassium carbonate increased drying rates by 39%
over that of the control when hay was dried inka windrow
comparea to 79% over that of control when dried in a swath.,
This stresses various management factofs, such as leaving

-

hay in wide windrows or swaths, and raking into loosc fluffy

J.) ' -

windrows.

B/A-3-82 showed no treatment advantage even after means

" -

were adjusted td Weighp of sample dry matter. Drying
conditions 1in thi's cut wefe‘particularly poor and material
remained in the field for a pfolonged'periﬁd Treatment
,effect1veness may. be redyced sllghtly by. po;r drylng
condltxons.,In add1t10n, the prolonge? duration of the
drylng period increased the effects of dlfferent‘al
overnight reygtting.‘This effect is particularly impprtant.
when night tithe peéfqu'ére quite long compared to daytime
dryingﬁperioéél.since drier treatments take up more moisfure'

overn1ght prolonged drylng under such cond;tlons reduces

-treatment effect. Measurements of dry matter losses



(respiration and leaching) 1ndicate very low losses for this ..
cut despite the lengthy drying period: Conseguently,
chemical drying enhancement ﬁay not be economical in the
fall cut.

The poor performance of the'cgg%ical in‘1983fwas
probably related to the very high yields exéerienced in
these cuts. No attempt was made to create an environment to
favor chemical effectiveness. High yields, such as those
experienced 1n these cais, Qould probably prompt a producer
to reduce windrow density. This could be done by incréasing
the width of the windrow, or raking ‘t some point after

cutting. A higher rate of application/may also have prodﬁced

greater treatment effectiveness. -

4.2 Controlled enyironment studies

'Y

4.2.1 Species caemparisons

An analysis of 'hours to reach 20% moisture' indicated

-

that species and treatment# effects were significant at

p=.05 (Tablé 4.14). An analysis of drying ;ates yielded

\ . _ _
similar results but the sQecies—treatment interaction also

proved significant (Table 4.15). A~comparison of species
; ° _ ‘ .
means for 'hours to re€ach 20% moisture' indicated that
. . e '3 ) . ) ' ’ S,
- drying was similar for 'Beaver' alfalfa, 'Anchor' alfalfa,

and sainfoin (Table 4.16).,A1§ike'cfbver and gﬁee;clover.

dried slower than the alfalfa yarieties,and'red.glover dried

(8

-

significantly slower than all other spacies)varieties. A

.

i
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Table 4.14. Analysis of the effect of species and treatments
on the time to reach 20% moisture content for six §reenhouse

grown legumes.

Source af SS MS P
Reps (R) 1 90 90 3.17 ns
Species(S) 5 3347 669 23.58 =
Treatments(T) I 4974 4874 175.19 =*=
ST 5 419 . B4 2.9% ns
Error 11 312 28 .
Total 23 9142 397

ns - not significant

+* indicates that F values calculated from the
mean squares are significant at the 0.01 level.

Table 4.15. Analysis of the effect of species
and treatments on drying rates (b) of six grgenhouse grown

legumes.

L)

Source af SS MS F

Reps (R) 1 .00003 .00003 o.elgu;‘*
Species(S) 5 .00424 .00085 18.24 xx
Treatments(T) 1 .01392 .01392  299.75 == .
ST . 5 00264 .00053 11,38 *x
Error 11 .00051 .00005, N

Total 23 .02134 .00093

ns - not signifjcant ’

x* indicates that F values" calculateqg from the
-mean squares are 51gn1f1cant at the 0.01 level.

e
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Table 4.16. Hours to reach 20% moisture content for six
legumes dried at 18°C, 400uEm ‘sec ', and 45% rh.

Treatments

Potassium

Species Control Carbonate Mean TER?
- (untreated)
ﬁrmurs) {hours) (hours) {treated)
'Beaver'’ 44 .2 = 24.5 34.4 a° 1.80
alfalfa :
"Anchor’ 49.8 = 22.2 36.0 a 2.24
alfalfa : ‘
sainfoin 52.2 - 26.2 39.2.a 1.99, :
0y e | E\\
alsike 57.5 x T 3705  47.5 b 1.53
clover
sweetclover 72.0 = 30.0 51.0 b 2.40
red clover 87.7%% 50. 2 69.0 ¢ 1.75
t - ratio of untreated to treated drying tifes

* - Means for control and potassium carbonate treatments
significantly different (p=.05) according to a t-test.
‘Means within a column followed by the the same letter are
not significantly different (p=.05) according to Duncan's
New Multiple Range test. \
*Three reps only, all otHer species.were repllcated

four times'. ' 4

»
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separate analysis (t test) on each spec;es showed that 'time
to reachA2O% moisture' for ch%mically treated material was
significantly less (faster drying) than that of the control
1n all specles.

A similar analysis for drying rates indicated=that
drying was fastest for 'Anchor' alfalfa, sainfoin, and
"Beaver' alfalfa kTable 4.17). Sweetclover and alsike clover
dried slower than 'Anchor' alfalfa and sainfoin but the same
as ’Beaygr' alfalfa. Red clover dried slower than all other
speciéé. Drying rates for cpemically treated material were
significantly greater than those of the control in all
spegies. . ' .

The treatment effectiveness ratio (TER) 1s a measure of
the relative effectiveness of the chemical in speeding
drying (drying time for untreated/@rfing tiqo for éreated).
Examination of TER's for 'time to reach 20% ﬁoistuﬁe"for
each species showed a range of effecti;eness f;om 1.53 for
alsike clover.to 2.40 for sweetclover (Table 4.16). TER's

.for drying rates were gquite similar to those for "time to

reach 20% mplsture . They ranged from 66 fpr a151ke clover

3

4

to 2.98 for sweetclover (Table 4.17). ~ - ! ‘ 3

.

Diffepenceé in spécies drying‘tatés and in the TER' s

. .

may be related to d1fferences 1n ‘plant morphology Some of

the factors that may affett drylng wate and”’ trcatment

-

effect1veness are cuticle: type and thickness, presence of

hairs, number and size of stomata, surface area to volume

ratio of leaves and stem, location of water within the,
* °* v . \,



rates(b)t after first two hours for s:ix
8°C, 400uEm “‘sec ', and 45% rh.

Table 4.17. Dry
d a

ng
1 3 1
legumes drie ‘

N
i
e
.

Treatments

e e e e =~

R . et -
Potassium %A
Species Control - Carbonate Mean TER"
: . (treated)
(b) (b) (b) {untreated)
'Beaver' -.056 = -.096 . -.076 ab* 1.7
alfalfa ) -
‘Anchor’ -.049 = -.112 -.081 a 2.29
alfalfa ’ : »
sainfoin -.043 = © o -.128 -.086 a 2.98
alsike -.050 = -.083 -.066 b 1.66
clover ] ’
sweetclover -.042 -.089 -.066 b 2.12
red clover: -.034°# , -.055 -.045 c- 62

t+ - Drying rates expressed as ( & 1ln moisture content(g
moisture/qg dry matter) e hr- ') '

* - Means for control and potassium carbonate treatments
significantly different (p=.05) according to a t-test.

' - ratio of treated to untreated drying times

:Means within a column followed by the the same letter are
not significantly different (p=.05) according to Duncan's
New Multiple Range test.

*Three reps only, all other species were rqplicatmﬂt

four times. —_— ‘

> -

s r
*
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.treated‘materiél were significantly different for alfalfa.

drying, because the distance between .evaporating surfaces is

~J

[0 9]

plant, l1/s, stem diameter, and in.tial moisture. The las:
three parameters were measurec :n th:s experiment and mean

values are presented :rT Table 4. 1E&. N

Stem diameter and initial moisture*of chemically

-

treated and control materilal were similar in all 1nstances.

N
L/s values for the chemically treated stems were higher than

control values 1in all spegies except sainfoin (Table 4.18).

-

L/s determinations were made after drying was completed.

g

Since treatment and control material was obtained from the

same plots,-there 1s no reason to suspect that the material
L o

was different before 1t was treated. The observed difference
between treatment and control material probably results from
overdrying and consequent loss of léaves through the holes

in the wife mesh trays. This observation is consistant with
the hypothesis that potassium carbonate has a greater effect
on the stems than the leaves (Tullberg 1975). Sainfoin

leaves may not haQe‘been affected because they were larger
and thick;r than the other species and rémained whole E .
throubhoht grying and separat.ion. Tullﬁérg (1975) also found

[
that the mean 1/s for control and potassium carbonate

\

Because Jleaves dry faster than stems a-hfgher-l/svié

~associated with a lower resistance to water loss (Green and

Jagger 1977). _ : ‘i— .

-

Smaller stem diameter is also associated with faster

reduced. A high initial meisture will also result in slower .
o | . ) . Y 3

v FET T
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Tab.e &.18. Mean vaiyes f
+reated and control stems
400uEm *‘sec ', and 45% rh

r drying parameters of
of s:x legumes dr:ed a°

Time to  Leaf/ Stem Init)
Specles Trt reach 20% Stem Diameter Mo:sture
(hrs) (g/qg) (cm). (g.-g DM)=
"Beaver' _Cdht  44.2 0.97 0,15 .30
alfalfa Chem ~—~ =~ 24.5 1.10 0.14 .00
'Anchor’ Cont 49.8 .99 0.16 16
alfalfa Chem 22.3 1.08 0.16 74
sainfoin Cont 52.2 .86 0.14 .18
Chem 26.2 1.75 0.12 .84
sweetclover Cont 72.0 1.17 0.23 .85
Chem 30.0 1.38 0.22 .64 -
alsike ~ Cont 57.5 0.70 0.30 .06
clover Chem 37.5 0.72 0.28 .08
red Cont 87.7 0.66 0. 35 .89
clover Chem 50.2 0.76 0.33 .92
* - gram moisture per gram dfy matter
L . -
PO
N
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dry:ing. -

L

The relat.:onsh.:p betweer these parameters and overa..
drying for the species tested S cléariy defined. The
fastest drying species; the two aifalfa cultivars and
sainfoin; had medium to high 1l/s, small stem diameéeré, and
comparatively low initial-ﬁoisture contentg. Sweetclover,
which dried -somewhat slower, aliso had a high l’/s, but larger
stem diameter and higher iritial moisture. Both alsike and
red clover had very low -1/s, large stem diameters, and high

3

initial moisture contents which contributed to their slow >

_overall drying.

‘ ; P

i

4.2.2 Enviionment.comparisoq , \

Analysis of variance of the time to rea;h 20% moisture
indicated'sigpificant treatment effect as wéll as a
significaﬁt-environment - treatment inte;action (Tabl;:
4.19). Environmental di{férences in drying could not be
tested as there was no replication of this variable.
Individual t-tests within.eaéh environment showed phat the
time to‘reach 20% for chemical'tfeatménts;wgs significantly
less than the control in all environments (Table 4.20).

A similatkénalysis of drjing ra%e; also indicated
significant differences between treatments and the <
environment-treatment interaction (Table 4.21). Individual
t-tests within each environﬁent showed tﬁ;t drying rates for
chemical treatments weré significantly higher than control"

in all ehvifonmeﬁts (Table 4.22).
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Table 4.79. Anaiys:s of the effect cf envircnments and
treatments on the time ¢ reach 20% mcisture conterns for
f1eid grown 'Beaver alfa.ifa
P - e
Source gt SS MS F
I s
“y BEnvironments(kE) 9 12583 1398
- - -
i I
Treatments(T) i 15472 15472 TOBO .4 xx
-3 o
*ET, e 9 3582 398 27.80 =x»
Tror ‘ 40 572 - M1g
,Total 59 - 320 '
toxa in‘dxcates that F values caliculated from *he
mean squares are significant at the 0.01 leve.l.
I % '
<O .
t
i
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\ .
.
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T 4.20 curs tc react Toisture content for flelcd
grown ‘Beaver' a.falfla
Temperature 12°¢ 20°C 10°C o
Treatment RH Irradiance Time T.me 1me

(%) (UEm ‘sec ') (hrs) {hrs) (hrs)
Contro. 45 450C ©9.0 34.6 =* 4.7 &
Chemical -~ 27.2 9,¢ 3.5
TER* 3.2 3.5 « 4.2
Control 45 700 71.0 35.6 = 15.2 =
Chemical 21.2 8.3 3.0
TER 3.4 4.3 5.1

[

Control 70 450 75.0 = 30.0 =
Chemical | 16.4 4.9
TER 4.6 6.1
Control 70 700 59.0 = 24.6 x
Chemical 18.8 4.5
TER 3.1 '525
t - ratio of untreated to treated drying times

* - Means for céntrol and potassium carbonate treatments
significantly differept (p=.05) according to a t-test.

Q_.
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Tab.e 4.2 Ara.ys:s ! the effect of envircnments gng
treatments on dryv:ng ratesin: for flelc grown TBeaver
a.faifa
Source dt 5SS MS 3 .
™
5 B S S —
- - N
Environments{E) 9 .4 G, 3 5. ™
Treatments(T) ! . .89 322.4U =12 . ¢

ET a
Ercor 40
Totef® 55

RN O OO
- N m
~ = W\

o

< OO

o

04

**x ~Mdicates that

F values

calculated from

the

mean squares %are significant at the 0.0 level.

v»

-
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Table 4. Drying rates(b)t after first two hours for field
.grown 'Beaver' alfalfa.
AN

Temperature 12°C 20°C 30°cC. TE%
Treatment RH Irradiance Time Time Time

(%) (uEm” *sec ') (b) (b) (b)
Control 45 450 -.028 *+ -.058 x -.156 =
Chemical -, 101 -.221 -.672
TER' a 3.61 3.81 4.31

A
Control = 45 700 -.029 * -.062 * -.144
Chemical -.101 -.268 -.764
TER 3.48 4.32 5.31
N s
Control , “70 450. -.029 « -.072 =
. ¢

Chemical -.130 ~-.385
TER 4.48 5.35
Control 70 700 -.036 * -.,093 =
Chemical : -. 11 -.451
TER 3.08 4.85

t - drying rates expressed as (. A ln moisture
moisture/g dry matter) * hr-')

x - treatment means within each environment.

‘content (g

significantly different (p=.05) according to a t-test.

'-ratio of treated to untreated drying rates. -



b

An 1increase 1n temperature vwf 8-10°C approximately

halved the drying time for both control and treated material
(Table 4.20;.;brying rates generally increased 2 to 3 times
with an increase of 8-10°C. Changing irradiation levgls from
450‘to 700 uEm ‘*sec ' decreased drying times and incrgfsed

drying rates only slightly.‘Undef constant températureé,

higher irradiation levels would raise the temperature of the

plant tissue above the cabinet temperature. Increasing

R

relative humidfty from 45 ta 70% increased the drying times
approximately twofold for both treatments.

Increasing temperatures résulted in increasinq
treatment effectiveness. The mean TER'S for 'time to f;ach
20% moisture' for all relative humidities and irradiance
levels were 3.30, 3.87, énd 5.22 for 32,20, ana 30°C

respectively. The mean TER's for drying rates were 3.5%,

3.92, and 4.96 for the three temperatures. Increasing levels

g -

of irradiance increased TER's at the lower level ¢f humidity

but depressed them at the higher level. Increased treatment

effectiveness was associated with higher humidity levels in

all but one case (20°cC and_?OOuEm"sec,").

There was no relationship between 2time to reach 20%
moisture' or drying rate‘énd 1/s, stem diamefér, or initial
moisture as expressed by the simple correlation éoeff;cient.'

This contradicts findings by Tullberg (1975) that 1/s was

correlated with drying in untreated stems and poifssium

. carbonate treated stems. This contradiction probably derives

from the difference between the range of 1/s tested. In the

~
~

I
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data reported, a ramge of 1.63 to 4.49 for 1/s were tested

by Tullberg. Values in this study for 1/s r&nged from 1.19
‘to 1.84, stem diameter from .16 to .23 centimeters and
initial moisture from 1.93 to 2,67. Field own material had

I

passed 100% maturity so liktle change woudd be expected 1n
1/s, stem diameter, or.initial moisture over time._The
gffort made to test material quickly to avoid difﬁedénces
due to maturi§y also contributed to the restrictea range of
the measured parameters.

Results from the greenhouse grown materialﬁwere'
considerébly more variable than'thosé for the field g;own
material (Table 4.23). Prolonged drying'times of contrél
material préveﬁted accurate dete?minatiqn of the 'time to
reach 20%' in many of the environments. In addition- some
material appeared to reach equilibrium moisture aone 20%.
Consequently, a comparison of drYing times between
greenhouse and field grown material or between treatments in
greenhouse materi;1 1s not apqupriate.;The reason for the
variability in this data was nﬁt apparent bui’may have ,

resulted from poor relative humidity control in some of the

chambers. All of the greenhouse grown material was run after

"the field gfown material and an undetected problem may have

developed in some of the chambers.

A more complete set gf data i; presented for drying
rates (Table 4.24). Coefficients of determination (r?) for
drying rates for the greenhouse grown material were not as

high as those for the field grown material and 'in three



Table 4.23. Hours to reach 20% moisture content for
greenhouse grown 'Beaver' alfalfa.

Temperature C 12°C 20°C 30°C
Treatment RH Irradiance Time " Time Time

(%) (uEm *sec ') (hrs) (hrs) (hrs)
Control 45 450 ©101.0 50.7  23.7
Chemical 43.9 22.4° 17.4
TER?® o 2.3 2.3 1.4
Control 45 - 700 27.1 | 17.2
Chemical 8.8"': 9.7
TER . 3.1 1.8

N : }
Control = 70 - 450 f * 18.0
e Y LN & R
Chemical ' ' 22,0 8.0
TER , 2.2
Control 70 700 48.5 22.0
Chemical T 218 17.0
TER 2.3 A.3
' -~
Pd

"' - 2 reps only

2 -

t

ratio of untreated to treated drylng t1mes

* reached equ111br1um moisture above 20%
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Table 4.24. Drylng,rates(b t after first two hours for ,
gréenhouse grown 'Eeaver alfalfa. ’
Temperature 12°C 20°C 30°C
Treatment RH Irradiance Time - Tihe Time
(%) (uEm *sec ') - (b) (b) - {b) -
Contrpl 45 450 -.025  -.038"  -.096 *
Chemical -.088  -.050  -.165
TER? 1.96 1.32 1.72
Control 45 700 -.062 -.105 *
Ch'mical -.229 ~.395
TER 3.69 3.76.
Control 70 450 .029" .050 -.111 =%
Chemical -.028 .093 -.278"
TER ' 0.97 1.86 2.50
Control 70 700 .042 -.084 %
Chemical -.095 -.169
TER 2.26 2.01

4

t - drying rates expressed as ( A ln moisture content (g

moisture/g dry matter) ')
'2 reps only ©

‘ratio of treated to untreated dryxng rates
* - treatment means within each environment significantly -

different (p-.05) accordlng to a t-test



cases regressions were not significant (Appendix 3). An
analyais of variance of this data indicates significant
treatment effect but no significant environment-treatment
interactjion (Table 4,25). ngevFr, sign{{icant differences
between treafments were found onmly at BOAC (Table 4.24).

Though spécific comparisons are not appropriate, TER's
-for the greenhouse material were gene}ally lower tégn for
.the field gréwh-material. Differenges in df}ing rates and ,;
TER's for field and greenhouse material may be related to -
differences in the meaguféd parameters of the two types of
mapgfial"(Table 4.26). Greenhouse grown material had lower
leaf/stem, sm;ller étem diameters, and higher initial
méistu;es. However, cor;elatidns between drying Zzyes and

: - - AN

-

these megsured parameters were not significant.
2 1 p ] n »

Diffefeﬁées between the two types of material may also -
relate to differences in unmeasured parameters. Greenhouse

grown plants have been found to have a much thinner cuticle
s A\

than field grown plants (Hull i958). This may be due to.

differeffces -in_light quafity in greenhouse conditions.
SN a, ) : .

Material with a thinner cuticle might be expected to respond

less to a chemical which decreases cuticular resistance. The

v

lower TER's for greenhouse grown material indicate that this

2

may have been ‘the case in this experiment.

« i -
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Table 4.25. Analysis og the effect of environmentis and .
treatments on drying rates (b)-for greenhouse grown 'Beaver'

alfalfa. - .
A 1 ¥

Source . dt SS‘KZ - MS F

= L
‘Environments(E) 9 0.335 0.037 8.97
Treatmerts (T) 1 0.051 0.051 12.28 =xx
ET ’ 9 0.028 0.003 ~0.73 ns
Brror. A 39 0.162 0.004 '
Total, , 58 0.645 0]

.01

*x indicates that F values calculated from the
mean squares are significant at the 0.01 level.

ns - not significant



Table 4.26. Means (and standard deviations) for drying
parameters of chemically treated and control stems of field
"beaver’' alfalfa dried in ten

and greenhouse grown
enpvironments,

-

> -

Treatment Parameters ,Field Greenhouse

Control Drying rate -0.07(05) -0.06(.03)
L/S 1.49(.18) 0.82(.25)
stem 0.19(.02) 0.14(.02)
diameter
Initial | 2.38(.18) 3.92(.51)
moisture(db) ‘

’

Chemical Drying rate -0.32(.24) -0.16(.12)
L/s S 1.49(.22) 0.84(-20)
Stem 0.19(.02) 0.14(.02)
diameter ,
Initial"’ 2.28(.17) 3.73(.63)

moisture(dﬁ)

e
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5. SUMMARY AND CONCLUSION |\ -

In field studies in 1982, the pptassium Cargqﬁate
treatment dried significantly faster than the control in two
of the four experiments whereas ﬁechanically cohdxtiohed and
combined treatments dried faster than the control in three
of the four experiments after treatment means were adjusted
for initial weight of sample dry matfer.»In three of the
four cases, the combined treitﬁent dried faster ghén either
treatment alone. '

Yields in 1983 were very high (5 to 6 tonnes/ha). In
this year, no significant differences were found béf:;;;\\ }
freatments. The absence of significant treatment effect in
1983 probably resulted from very high windrow resistance but
differences in saﬁple dry matter may also have masked
sigpificant treatment.effects. A change in the sampling
techniqué'precluded the use of dry matter as a covariate in
1983. |

Mean moisture content @aS'highly correlated with weight

a

of dry matter in samples in all experiments in 1982 ékbept
B/A-3—82L‘This, combined with the ’-niﬁicant treapmenf :
differences found in the two cd{g/f:jh the-lowest yields
(B/A-1-82 and B/A—Z-é2), indif%tes a siénificant’treétment

interaction with yield and windrow density. Decreasing
windrow density b%'laying the crop in as wide a qindro& as

possible or by mowing and then windrowing in a later

. operation would increase the-effectiveness of chemical

treatment.

92



93

The résults of B/A—3—82 {no signifdéant treatment

‘effect) indicate that spraying with potassﬁum carbonate is.—— -
~ .

ﬁot useful 1n the fall cut 1in Alberta. Slightly decreased

treatment effectiveness found at 12 and 20°C 1n the;

coqtfolled environment studies may account ‘for some of ghis

,ineffectivenessi;Prolongéé rewetting periods may alsé ‘

partially explain thé ineffectiveness of the chemical during

this cut. If the very low valpes for dry matter losses |

calculated for fhis experimemt are typical 8f losses at this

time, drying enhancement would save the producer little ?ﬁ
A .
any case. D
Pogassiumvcarbonate will speed drying of a number of
_diféérept legumes (greenhouse grown) dried as single stems

in a single controlled environment. All species tested
. " - - *

showed a decrease in drying time of at least 36% with the

application of‘potassium carbonate. The greatest drying

4

advantage was found in sweetclover and the least in alsike
and red clover, , . |

-Treatment of field grown 'Beaver' alfalfa with
,botassium carbonate decréased drydng time by 68 to 84%
across a wide raﬁge of controlled'énvirOﬁ?ents. A similar

A

experiment on greenhouse grown 'Be@vgr' alfalfé'suggested .
possible differences in the effect of potassium carbonate on
field grown versus greénhouse grown material.

In sihg}e stem drying, the chemical is consistently

effective on a variety of leguhmes grown for hay in Alberta

and under levels of temperature and relative hudidity

.
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typical of conditions here. Differences in the consistency
and magnitude of the effect of potassium carbonate on these
legumés dried as single stems under varied environmental
conditions and under field conditions indicate considerable
ilnteraction with crop yield, windrow structure, and other
environmental variables associated with field conditions.
Recommendations for the use of the chemical in field drying
will be'éubject to crop and environmental conditions.
The chemical should not be recommended for fall cut
(September and October) hay. The slight decrease 1n
/fA effectiveness of the chemical at lower temperatures (12°C)

found in the controlled‘environment studies may affect
treatment eff;ctiQeness—in the field 1n this cut. Of gre;tef
importance in the field would be the effect of rewetting.
Becauée drier treatments take up more moisture overnight,
the relative number of drying to nondrying hours in a day
'will be important in determining eventual treatment
effectiveness. In central Alberta, this wéuld tend to favor
chemical EOnditioning in summer cut hay (Jyne, July, and
August) over fall cut hay (September énd October)."

A

The structure of the windrow will be de;erminedjby crop
/// ‘yield and the type of chhine-used'for.cutting and.
postcutting treatments;.Structural strength of the Torage
species will also be iﬁportant in determining windrow or
swath structure. Slight species_differences in the effect of

potassium carbonate on the drying of single stems of the

five legumes tested would lérgely be overshadowed in the
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field by differences 1n the type of windrow or swath fgrmed
by each species. Species with fairly strong stems, such as
alfaifa or sweetclover form a less dense windrow than
specles with weak stems (red or alsike clover). This loose,
open type of windrow will favor the use of drying \
enhancement procedures. The addition of a strong stemmed

-.grass,-such as smooth brome, timothy (Phleum pratence L.),

or reed canarygrass (Phalaris arundinaceae L.) will also

help to form a lb#se windrow, thereby increasing the effect
of drying. enhancement technigues.

Crop yieldﬁ as it affects the dehsity of the swath or
windrow, will also determine the‘maénitude of drying ~
enhancement of a particular treatment. The data from this
"study indicate that drying enhancement willlbe successful
for a crop up to 4 tonnes/hectare using the traditional
system of a mower conditioner. This system would include
leaving the crop in a relatively narrow windrow (1 meter
wide from a 3 meter cut) with no other postcutting
procedqres. In a crop over 4 tonnes/hectare, somevtype of
management to 1ncrease drying rates and treatment drylng
enhancement shoulq be incorporated. Preférably,fthe crop
should be left in a swath.ﬁr W1de windrow for initial dry1ng~
and then raked to form wx‘érows when Ehe crop reaches about
50 to 55% moisture. Raking or fluf£1ng the windrow or swath
in the early stages of drying would also be beneficial. ’

These recommendations are based‘pn the significant

¢

)
differences in mean moisture content)YhTth were found



between treatments in certain experiment9. Howe;(r,
statistically significant differences do not imply an
economic advantage. A number of factors wi.l be imporéﬁpt in
determining the acceptance of the procedure by a producer.
Foremost among these will be the cost (in money and labor),
the benefits in terms of increased quality and guantity of
crop harvested, and the feeding system for which the hay is
1intended. *

A full economic analysis of the possikle benefits of
the chemical 1n i1ncreasirg guality and qggn&i;y of hay
involves a multitude of factors. These wouid 1nclude the
probability of rain during the curing period, losses
associated with the type of machiqery used('respiration
losses associ;ted withhdifferenées in,weatﬁér conditions
during drying and a host of othervféctors. Milligan et al.
(1981) estimate an avérage loss of 4-10% of digestible
energy intake of hay following a réinfall of over 30
millimeters and a ibss of 27-35% of digestiblé energy intake
foliowing:raking after 30 millimeters of rain.bThe range of

7 ) . .
losses réported by Milligan et al. (1981) would translate
into a loss of $10 to $24/hectare for an average 4 ’
tonqgs/hgctare crop (at $60/tonne) after rain and $63 to
$84/hectare after the hay was raked fbllowiné rain., At an
estimated cost of-$1§/hectare ($14/hectare for thé chemical
and $4/hectare associated with the cost of application) for

‘potassium carbonate application, benefits could accrue if

the treatment could speed drying enough to avoid the rain



]

damage.a i
The eeonomics of the procedere will also dgpend on the
type‘of feeding system for which the hay is intended.
Chemical treatm;nt will be 'more attraétive to operations
~which reqguire high guality hay (e.g. déiry operations or
other 6perations whgre"maximum\forage intake 1s essential).

The procedure sould not be attractive for producers involved

*primarily in maintepance feeding (e.g. cow/calf operations).

i L}

Further research 'in this field .should be aimed at
determrning_exactly how much field time could be saved using
potassium carbonafe under intensive management. Estimates of
quality and quantfty of forage harvested in comparison with
normal practicerwould be useful to producers. Further

controlled envifoggent studies should focus on comparing

field and greenhdusé>grbwn,material.

IS
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