MONTANA

STATE UNIVERSITY

The effects of misting upon seed yield of birdsfoot trefoil, Lotus corniculatus L., and the relationship of
moisture content of pod, seed and fruit at dehiscence
by Mark Andrew Hughes

A thesis submitted in partial fulfillment of the requirements for the degree of MASTER OF SCIENCE
in Agronomy

Montana State University

© Copyright by Mark Andrew Hughes (1982)

Abstract:

Seed pod dehiscence is the major factor limiting birdsfoot trefoil seed production. Birdsfoot trefoil has
an indeterminate growth habit resulting in all stages of pod maturation occurring on the same plant at
the same time. As a result many mature pods dehisce before being harvested. Research has shown that
although 784-1008 kg/ha of seed is possible, only 155-224 kg/ha can usually be harvested with
conventional harvest methods because of seed pod dehiscence.

Investigations into increasing seed yields of birdsfoot trefoil through use of an irrigation management
program (misting) were conducted at the Field Research Laboratory, Bozeman, MT in 1979 and 1980.
Misting treatments were: 1) no misting, 2) twice daily misting, and 3) hourly misting. Seed yields were
obtained on four harvest dates in both years. In addition, laboratory experiments were conducted to
determine the moisture percentage of pods at dehiscence, and evaluate the variation of moisture at
dehiscence of four clones of birdsfoot trefoil.

Pod dehiscence occurred at approximately 10% moisture. In 1979, misting delayed pod dehiscence and
allowed immature pods to mature prior to harvesting for seed. Maximum seed yield and seed viability
were obtained with twice daily misting and harvesting when approximately 70% of all pods were
brown. Hourly misting decreased pod dehiscence and increased yield, but resulted in lower seed
viability due to moldy seed and seed pods, and seeds germinating in the pod.

In 1980, cool, wet conditions were encountered during seed pod maturation. These conditions delayed
pod maturation. Misting was not necessary, and when used (for purposes of this experiment) decreased
seed yield.

These data suggest that in dry areas of the western United States, it may be possible to prevent pod
dehiscence through periodic misting of the birdsfoot trefoil canopy with sprinkler irrigation.
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ABSTRACT

Seed pod dehiscence is the major factor limiting birdsfoot trefoil
seed production. Birdsfoot trefoil has an indeterminate growth habit
resulting in all stages of pod maturation occurring on the same plant .
at the same time. As a result many mature pods dehisce before being
. harvested. Research has shown that although 784-1008 kg/ha of seed
is possible, only 155-224 kg/ha can usually be harvested with conven-
t1ona1 harvest methods becausé of seed pod dehiscence.

Investigations into increasing seed y1e1ds of b1rdsfoot tref011
through use of an -irrigation management program (misting) were conducted
at the Field Research Laboratory, Bozeman, MT in 1979 and 1980. Misting -
treatments were: 1) no misting, 2) twice daily misting, and 3) hourly
misting. Seed yields were. obtained:on four harvest dates in both years.
In addition, laboratory experiments were conducted to determine the:

- moisture percentage of pods at dehiscence, and evaluate the variation
of mo1sture at dehiscence of four clones of birdsfoot trefoil.

~ Pod dehiscence occurred at approx1mate1y 10% moisture. In 1979
misting delayed pod dehiscence and allowed immature pods to mature
prior to harvesting for seed. Maximum seed yield and seed viability
were obtained with twice daily misting and harvesting when approximately
70%.of all pods were brown. Hourly misting decreased pod dehiscence and-
increased yield, but resulted in lower seed viability due to moldy seed
and seed pods, and seeds germinating in the pod.

. In 1980, cool, wet conditions were encountered durlng seed pod

maturation. These conditions delayed pod maturation. Misting was not
necessary, and when used (for purposes of thls experiment) decreased
seed yield.

These dafa éuggest that in dry areas of the western United States,'
it may be possible to prevent pod dehiscence through periodic misting
of the birdsfoot trefoil canopy wjth sprinkler irrigation.




‘LITERATURE REVIEW

Birdsfoot trefoil (Lotus corniculatus L.), is native to the

British Isles and the region from the Mediterranean Sea horthward to
the Scandinavian Peninsula (15, 24, 37). McKee and Schoth (24)
reported that it was indigenous to Europe, except in Lapland and
Northern Russia, and is-largely an alpine plant in Southern Europe.
They reported its occurrence also in Africa, Asia, and Australia and
ifs absence in America. MacDonald (21) reported that the speciés is _
not native of the Western Hemisphere, but was introduced from Europe
as én impurity'in imported seed.

Birdsfoot trefoil is a long-lived perennial, non-bloating, and
generally nondemanding in its moisture, fertility and grazing require-
ments (12, 37). It is an important forage crop in certain areas of the
United.States suitable for growing alfalfa, red clover, or white clover
(21, 30). No 6ther irrigated pésture legume equals birdsfoot trefoil in
its duration and ability to withstand continuous grazing (40).

Factors iimitihg the successful use of this crop .are relatively
low forage yields (43), small seed size (10, 11), lack of seedling vigor
(13, 43), seed'podldehiscence (3, 22,.25, 32), high seed cost and
inadequate‘supplies of seed (3, 21, 23, 25, 32, 36).
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Morphological Characterlstlcs

- Blrdsfoot tref011 has 20 70 ovules per ovary, averaging about 45.
Usually, only-an-average of about 20 ovules per ovary develop into
matune'Seed-kéf 36). Budar (8) found that ovules within an individual
ovary vany.considerably in rate of development. Because of this,
ovaries.eontain some fertilizable ovules fon 8-10 days, although'indi—
vidual ovules are fertilizable forlonly-ZZOr 3 days (36)°

| After pollination,'pods deveiop‘rapidly reaching meximum length in
ebout 3 weeks. 'Tne color;of_the pode'changee from dark gneen or punple
“to light green, tan,-lighf brewn and'finally to brown or bleck. Seeds
become phyisiologically mature slightly befbre or at the time pods turn -
light brown (3, .23, 36).. Wiggans, et a1.2(46) noted that ‘seeds mature
7-10 days before pod.dehiseence. Rate of:pod_development is influenced
by neather cdnditions. S. R. Anderéon‘(é), working in Iowa, found that’
mature pods and seeds formed 24-47 days after pollination, while in New
York; Winch (47) found that the same stage of development required
26 38 days. a | |

| Seed set in birdsfoot trefoil depends on p0111nat1on of flowers by
insects. Th1s is accomp11shed pr1mar11y by various species of pollen

and nectar collect1ng honey bees (Hymenoptera) which are capable of

tripping the flowers (5). Morse (27) found that honey bee populations
~of one bee per 0.9 square meter or 2.5 colonies (hives) per_nectare are

needed . for maximum seed production.
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Cultural Practices _

o The prostrate growth habit of birdsfoot trefoillreduces seed yields
(21). Anderson'anthetcalte (4) noted reduced lodging and increased |
‘seed yields when birdsfootftrefoil was grown with Kentucky bluegrass, '
rorchardgrass or timothy ' Highest seed yields were-obtained in the
b1rdsfoot tref011 Kentucky bluegrass m1xture. In contrast other re-
searchers (23,-36) have indicated that pure stands of b1rdsfoot trefoil
produce the highest seed y1e1ds. They indicate that as the amount of
- grass increased, the seed y1e1d dec11ned
_ C11pp1ng in the spr1ng delays flowering and seed set, and extends
the- perlod of seed harvest (36). Delay1ng seed harvestlng may reduce

' seed pod dehlscence by c01nc1d1ng W1th cooler weather or h1gher humidity
' 'env1ronments. Winch (47) reported that clipping birdsfoot trefoil at
early.bud stageidelayed seed harvest seven days. Other studies (4, 5)
indicated that4springdand.ear1y summer clipping reduces seed yields in
2 comparison to unclioped stands.

A11 cu1t1vars of Lotus corn1cu1atus L. - flower and set seed over an

extended per1od of time; usually four to six weeks (21 36, 37) Indi- -
vidual plants W111 have flowers, ripe pods and some deh1sced pods (3,
23, 24, 29, 32, 47). Th1s 1ndeterm1nate flowerlng and seed set makes
harvest timing criticallfor maximum seed y1e1d. Harvestlng too early
"reduces yield.and results'in immature and nonviable seed. Harvesting

too late reduces.yield.duelto,pod dehiscence (3, 32, 36, 40).
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'Several methodS'have-been used to harvest seed (23). The most
.common method used in the Northeast is to mow or windrow, and then com-
" bine. The windrow is allowed to dry before combining.  This method can
:'result in excessive seed losses during the dry down period of the for-
age.. Diredt eonbining of birdsfoot trefoil has been used but, in
general, is not acceptable. Large‘QUantities of green forage go through
the combine, which slows harvest ‘and capses seed loss by clogging of the
harvester (40) Chemical desiccants and defoliants successfully de-
' fol1ate and dry the plants before harvest which aids in d1rect comb1n1ng.
Jones (18) reported that University of California scientists found that
dlnitro herbicldes aided in harvesting of birdsfoot trefoil_seed. He
‘ states: .‘ _ B : .
.. .when d1n1trd compounds are properly used as a defoliant, -
birdsfoot trefoil can be combined without significant: loss of
seed through shattering. 'Proper irrigation practices.will
eliminate much of the seed loss that usually occurs prior to
harvest.
Cooper (14) was first to report the use of sodium cyanamid as a deter- - -
rent to pod shattering ‘He concluded that 27 kg/ha of sodium cyanamid
applied just prior to harvest resulted in complete f011age kill of -
birdsfoot trefoil and delayed pod deh1scence However, spray}ng too -
early results in seed pod deh1sqence whether the'pods,are fully:mature‘
or not . o | | |

" Desiccants and defol1ants are not extens1ve1y used in the harvest

of b1rdsfoot trefo11 seed at the present time. W1gg1ns, et al. (46)
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-experimenting with desiccant sprays coricluded that "the natural vari-
ability of climatiq éonditions, especially temperature and'felative
hpmidify, wiil affect  seed bod dehjscencé, regardless of the harvest
method." Wiesner, et‘al. (45) found that the application‘of.abscissic
acid, benzyladenine, and gibberéllic acid_did not affect seed or forage
yield of fLeo' birdsfoot trefoil.

' Some new séed harvesting machinery has been developed for handling
legume crops which have a tendency.tollodge. Vance (42) used a machinel
‘which had & sickle that_cﬁt the forage~at the ;oil surface. ‘This
machine had a'strongfvacuum, which functions just over énd ahead of.fhe
sickle and bullé up the foliage, loose seed heads, and shattered seed.
Vance (42) estimates that fhis machine saved 98 percent of the seed.
Wiesner, et al. (44)'15 investigating the uséhof a. vacuum harvester to
pick up dehisced seéd'frbﬁ'the soil surféce. He héﬁ“been able to pick
up birdsfoot trefoil seed from'the 5011 surface. However, separatihg
the seed from trqéh has been a problem.

Harvesting techniqﬁes'and irrigation-intervals influence hard seed .
content of bird§fobt trefoil (1, 20). Oné-hundred‘percent of birdsfoot .
trefoil'seed-may:be hard when fully rfpe;-however} the ‘seed coat is |
usually scari%ied by the threshing action of the éombine; Seed viability
ahd'germinétidn debends.upon its maturity (time-éf.harveSt), harvest
method, cleaniné,.processing;'qnd,storage..'Abu-Shakre; et al. (1) -

repbrted that hard- seed content of alfalfa‘was'infiuenced by irrigatibn'
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interval. Hard seed content increased with decreased irrigation fre-
quency. '

Improvement of Seed Yield and Prevention
of Pod Dehiscence

The lack of an eff1c1ent means for harvestlng birdsfoot tref011

',seed has prompted extensive breedlng to- 1ncrease seed yield and prevent
pod dehiscence. :Components of seed y1e1d,and associated characteristics,

(2, 9), mcrphologicai and physiological plant characteristicsl(17, 26)

have been studied.

-Machhald'(Zl) was7tﬁe first to study the relationship of plant.
characteristics in birdsfoot trefoil to seed development and seed yield.
Since then, many workers have reported similar studies in many different
species.-. |

éimildrities in agronomic characteristics influencing seed yield
aré found among'legumelspecieé. Téylor, et al. (39) reported that the .

number of heads per plant in red clover was the primary factor governing

‘seed yield. Number of seeds pérhead and seed weight were of less impor-

tance. High yielding progenies were earlier than avecage to flower.
Hawkihs (16), in England, reported that factors affecting seed yield of
red clovér'appeér to be number of seeds set per head, seed size, number
of_heads, and resistance to disease. Seed cet,.seed size, and number of
heads are so closely_Linked that difference; in yielq are‘indicated'by

differences in any one of these characters'(lﬁ).
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 Pédersen and Nye (31) measured seed yield Components in~aifaifa for
" three varieties. _!Uinta' had 8.0 pods per raceme, 'Ranger':had 7.4,.
and 'Lohoﬁtan' had 6.7. 'Uinta' had 4.1 seeds per pod, 'Ranger' had
" 4.0, and 'Lahontan' had 3.6. These results correspond to actual seed
yields with fUinta' befng-the highest and 'Lahontan’ the lowest. In
thié study, the number of flowers per raceme in alfalfa was not sig-
' nificahtly aﬁsociated with seed yieldQ

Albrechtsen, et al. (2);and Buzzell and Wiisie (9) reported that
the number of umbels setting seed in birdsfoof trefoil had the greatest
infiuénce upon seed yiéld.- Studies in the North Central‘ReQion (26)
indicated that the phenotypic characteristics correlated with seed
~yields were.hods-per umbél, and seeds per umbel. Theée researchers
suggésf fhat,no single independent'variabie accounts for the variation |
in seed yields among clones grown in diffeﬁent locations. Bresciani
'(6).indicates tﬁét-number of umbels per plant and number of pods péf
umbel were'sfgnifiéantly éorrelated to.seed'yield. Number ofvséeds per
pod was also significantly correlated with seed yield. Albrechtsen,
et al. (2) states, "seed yield is the end result of the.interrelation-
ships of maﬁy compdnent:factors and the environment." | |

Acknowledgment of the felationshibs among characters that affect
forage and séed yield is necessary befo#e selection fo; improvement of

" both can be made.
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Péacock'and Wilsie‘(30)'se1ected for vegetative vigor and seed set-
.tinQ in clones of birdsfootltrefoil. They did not find an increase in
seed production in either of the first or second recurrent selection;
however, ﬁhere'were individual second cycle crosses which were superior
in séed pfoduction. They suggested that crossing of selected superior
second cycle pérents shoﬁld give increases in seed set.

In a similar study ﬁsing 'Leo' birdsfoot trefoil and recurrent
selection, Sandha, et al. (34) were able to increase seed yield with
two cycles of selection. The geno-phenotypic method was éupéfior to the
genotypic method. They indicated that’furthér improvement with addi-
tional cycles of selection should be possible with the geno-phenotypic
method. Sandha, et al. (35) also used a poly-cross progeny testing
method and.fOUnd a significant association between seed yield and seed
size, seeds per péd, and pods per inflorescence. The positive correla-
tion between éeed-yield and seed size does not agree with earlier reports
by Twamley (41) and Albrechtsen, et al. (2).

Genetic variation exists for seed yield (9).' Hereditability esti-
mates suggest that a large part of phenotypic variance for-seed set ‘is
genetically controlled (19). Although selections for high seed yields
| have been incorporated into experimental synthetics, no varieties have
been developed specifically for highef seed yields (36).

Based on these breeding studies to increase seed yield, it appears

that the genetic seed yield potential of birdsfoot trefoil will not_be
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reaiized unless an efficiént method for.preventing pod dehiscence is
found. In addifion, Wiesner, et al. (45) reports that the pods con-
taining large seed shatter first because they were the first to mature,
leaving only the 'small immature seeds oh the plant for harvésting.‘
Therefore, any sighificant improvement in seed size will be feduced due
. to the seed dehisceht problem of birdsfoot trefoil. _
. Selection for resistance to seed pod dehiscence in birdsfoot tre-
fojl was firsf attempted‘by Peacock andAWilsie (29). They found wide
'.dfffereﬁces in-susCeptibility due tb pod dehiscencg'among clones. Seed-
pod dehiséence.was reduced 17 percent wiﬁh one selection cycle for
Ehattgr resistancef An interspecific-hybridization study was undértaken
by Phillips and Keim (33), in an attempt to incorporate the indehiscenf

seed pod character of L. cbimbrensis into the agronomically desiréble

L. corniculatus. They noted that pod dehiscence was directly associated .

with relative humidity. ,Cfoésés of L. -corniculatus with the L.

coimbrensis produce no seeds due to high'floWer drop'and 1ow pollen
Cfertility. | o \

o fBirdsfbot-trefoil pods are toughvénd'do not shatter whén fhe: o
'relafive humidity is above 35 percent (25, 32, 36} 40). Peterson, et al.
''(32) noted. that irrigatibnlis;necessary to maintain a canopy of‘nqﬁ )
growth above most'df the seed pods, which keeps the'humidity high enbugh
"tp reduqe seéd pod dehiééence. -Metcalfe, et ai.'(25) haQe done the -

majority of the work with pdd dehiscehce, relative humidity, and mbisture:'
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equilibrium. The incidence of pod dehiscence is greatest when tempera-
tures are high and the:relative humidity is low. They studied the
-effects of variations in relative humidity on pod deh1scence and deter-
mined the m01sture equil1br1um between mature pods and the surround1ng-
atmosphere Field stud1es were also made to measure temperature fluctu-
'at1ons both W1th1n the pod and on its surface under direct and shaded
“sunlight. They found: . 1) b1rdsfoot trefo11 pods dehlsce at approx1-'
mately 30 percent relative humidity but not at 35 percent, and 2) the
moisture equilibrium value of the pod at 30 percent relative humidity
was lO 05 percent, and at 40 percent relat1ve humidity, the m01sture .

equ1l1br1um was 10. 49 percent These values suggest a very.close inter-

' dependence of relative humidity, moisture equitibrium, and pod shatter.

These field studies indicated temperatures within and at the surface of
‘mature pods varied as much as 12 degrees C. from the air temperature
depending on cloud cover. | A
| The structural pattern of tissues in birdsfoot tref01l pods 1s A

.:' related to the mechan1sm of deh1scence. Buckovic (7) studied the |
| anatom1cal structure of birdsfoot trefoil pods and found that the pod
wall was composed-of two separate layers. He concluded that moisture_
loss was the governing factor in pod dehiscence and postulated that the
- rate of moisture loss differed ln the two tissues. This resulted in

- tensions between individual layers of fibers and possibly in‘thelrrcomf

ponent fibers. As the dry down continued the tension overcomes the .




cohesion at the sufures and the two halves of the pod éeparate and twist
open. Pods.readily'dehisced when they had lost'betWeen_38 to 60 -percent
of their‘original moisture, but the moisture content of pods af de-
hiscence was not:determihed. Pod moisture at shatter needs to bé deter-
' mined in order fo aid farmers in harvésting of birdsfoot trefoil seed.
These studies suggest that seed produétion would be most successful
in’geogréphical areas where relative humidity would be above 40 percent.
In addition, Winch and MacDonald (48) recommended that harvesting should -
begin whén'70-80 percént of the pods are mature, i.e., when light.browﬁ
-to brown. However, Anderéon t3)‘sﬁgges£ed slightly earlier harvest,

"when maximum number of.bodé are lith green to light brown."




CHAPTER 1
THE EFFECTS OF MISTING ON PHYSIOLOGICAL DEVELOPMENT,
POD DEHISCENCE, AND SEED'YIELD'OF'BIRDSFOOT TREFOIL

(LOTUS CORNICULATUS L.)

: Introductlon

B1rdsfoot trefoil (Lotus cornlculatus L.) is a valuable forage

legume (12, 37). Its use has been limited’ due to- poor stand establ1sh-
ment and high seed cost. :The high seedlcost is due to low seed- yields
which result from'seed pod dehiséence ' Fod dehiscense is less of a prob-
lem in humid than in arid reQions However seed productlon potent1a1 :
is greater in arid regions under irrigation due to the lower 1nc1dence
of disease (23, 32). 4

| The lack of an eff1c1ent means for harvesting b1rdsfoot trefoil
seed has prompted extensive breed1ng to increase seed set, yield, and
prevent pod deh1scence (2, 9 30). Plant breeders have been. unable.to
develop indehiscent cultlvars of b1rdsfoot trefo11 (34 36); thus
.1mprovement in seed y1e1d must come from better management

‘Metcalfe, et al. (25) found that b1rdsfoot trefoil pods dehisce
readily_at 30 percent relative humidity but not at 40 percent. Moisture:
" equilibrium of pods at these relative hunidity levels was 10.05 percent
and 10.39 percent, respectively. They reported a close relationship

between relative humidity and noisture content at time of pod dehiscence.
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In the dfy areas of the western United States, it may be possible
- to prevent pod dehiscence through periodic wetting 6f the birdsfoot
trefoil canopy with sprinkler irrigation. The objective of this study
was to determine the effects of various misting levels on pod dehiscence

and seed yield of birdsfoot trefoil.

Materials and Methods

A one-ha seéd field of 'Tretana' birdsfoot trefoil was'planted in
1978 at the Field_Research‘Labdratory, Bozeman, MT, into a Bozeman silt
loam (Argic-Pachfc Cryoborall) soi;.' Seeding réte was 2.25 kg/ha pure
iive seed with rows Sbaced 0.6 m apart. _The effects of three misting
treatments and four harvest dates on seed yield of birdsfoot trefoil were
studied using a3split-plot-randomized-complete-blobk desfgn~with thrée
replications. Main. plots were: 1) no misting, 2) twice.daily misting
(10AM and BRM), and 3) hourly misting (8AM to 6PM). The four harvest
dates were considered the‘sub-plots. In 1979, seed bods matured rapidly
dqe to an unusually hot, dry summer and seed was harvestéd at 7-day
infervéls starting on July 27. 1In 1980, seed pods matured-slqwly‘due
. to an abnormallyzcool, wet summer which resulted in haryest détes of
August 25, September 4, September 15: and -October 2.

2.with ab6.lm border_between plots within repli-

Plots were 9.14 m
“cations. Replications were separated by a minimum of & 15.2 m border.
These borders insured against irrigation overlap during windy qondil

tions.
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Sencor [4-amlno-6-tert-butyl-3-(methylthio) as-triazin- 5(4H)-one]
was app11ed at .68 kg/ha act1ve 1ngred1ent in the spr1ng of 1979 and
1980 to control weeds..

The irrigation system consisted of 9;14 m sections of polyvinyl-
chloride (PVC) pipe joined by PVC couplers and elbows. Model P-J25
Rainbird sprinkler heaus with 0.397 cm nozzle opening were attached to
1.9 x 92.0 cm galvanized risers located in the corner of each plot.
Each'sprinkler'head histed a quarter circle with the spray distance
(9.14 m) contfolled by an aujustable aluminum flap. Plots were uatered
for 3 minutes at 3.45 x 165 Newtons m'2 (50.psi) pressure. Time of
application_for individual plots was controlled by gate valves. Plots
‘were misted daily (except when it rained) from July 27 to August 17 in

' 1979, and from’ August 25 to October 2 in 1980.

- At each harvest date, 1 n? areas were randomly chosen within each
misting treatment and 15 randomly selected stems were collected from
within the area for detailed morphological characterization. The re-
‘maining vegetation uas then harvested at grouhd level, sacked, air-dried
for 30 days, and the seed cleaned with a belt thrasher (without air),
sieves, and an Oregon continuous blower. Clean seed-was welghed and’
kg/ha yield of seed calculated | o

Data collected from the 15 randomly selected stems, from each plot
included the number of buds/stem, flower1ng umpels/stem.(no pods), ferti-

. lized umbels/stem (umbels with pods), pod color, ndneshattered pods/stem,
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shattered pods/stem (and their position on each stem), total number of
pods/stem, totdl wet fruit weight/stem, total air dried fruit weight/
stem, and fruit.moisturg percentage (air‘dry basis) at harvest (1979
only). '

Pod color was determined using a Munsell (28) color chart for
vegetative plant tissue. Pods were classified into four categories:
dark green-purple (Hue 2.5R3/6 - Hue 5GY6/8), light green (Hue 2.5
GY8/6), tan (Hue 5Y8/4), and brown (Hue 5YR4/6). At each harvest date
the total number of pdds in each color category was recorded. Percent
pods in each cafegory was determined by dividing the number of pods in
that category by the total number of pods (including shattered pods)
and mu1t1p1y1ng by 100.

Position of-shattered pods was redorded by dividing the stem into
quarters. Shattered pods in the top quarter were assigned a value of
one and shattered pods below the top quarter were given.a value of two.

Moisture percentage at harvest was determined by subtracting air
dry fruit weight, after 30 days of drying, from wét'fruit weight,
dividing by air dry fruit ‘weight, and mu1t1p1y1ng by 100. | _

Seed quallty was determined in the laboratory for each mlstlng-
harvest date combination treatment. Four groups of 100 seeds from each
treatment and hafvest date were surface sterilized (0.1% NaOCl or
Tetrachloro parabenzoqu1none 98 percerit) , placed 1n plastic germ1nat10n

' boxes on moist blotter paper, and germinated in a dark germinator at
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20 C. Seeds were watered as needed. After 12 days counts were taken
on the number of germinated, abnormal, hard, and dead seeds. A com--
pletely random design with .four replications was used. Replications
were placed in the germinators on consecutive days. One hundred seed
weight for each treatment and harvest date was determined.

Data were analyzed using analysis of variance for a split-plot
random1zed complete block design and means were separated with Duncan's

New Multlple Range Test (38).

Results and Discussion

Environmental conditions in 1979 were ideal for birdsfoot trefoil
seed production (Table 1). The dry, hot cbnditions resulted in an ex-
cellent env1ronment for high seed production and pod deh1scence.

Misting significantly changed flower and seed maturation character-.'

istics including number of buds, number of brown pods, total number of

pods, number of shattered pods, pod moisture, and seed yield (Table 2).

Misting did not affect number of flowering and fertilized umbels, and
the nunber of dark green, light green and tan pods (Table 2). Signiti-
cant differences among.harvest dates were detected for all traits, ex-
cept number of flowering gnd fertilized umbels and. number of tan pods
(Table 3). ' -

' Misting caused increased bnd production at the later stages of seed
maturation (Tables 2 and 3). However, ndnsignificant ditferences among

miéting treatments and harvest dates for number of flowering and'
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Table 1. Weather summary for 1979-80 at Bozeman, MT.

Mean
Max imum Minimum Accumulation
Temperature Temperature Precipitation

30-yr Avg.  May 17.39" 3.61 65.25 .
1979 May . 17.78 3.89 | 58.25
1980 May 18.94 5.28 142.00
30-yr Avg.  June 21.22 7.17. 81.75 -
1979 June 23.50 8.44 91.50
1980 June 20.11 - 7.83 71.25
30-yr Avg. ~July 27.50 10.61 29.75
1979 July 28.50 11.39 14.75
1980 July 27.50 11.28 28.00

© 30-yr Avg. August 26.83 9.67 29.75
1979 August 27.06 11.17 37.75
1980 August 24.78 9.00 46.25
30-yr Avg. September 20.83 5.28 44.00
1979 September 26.61 7.33 1.75

. 1980 September ~ 21.22 6.50 . 85.00
30-yr Avg. October 14.83 7.78 - 1152.50
1979 October 17.22 2.33 38.50
1980 October 15.44 1.06 18.25
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Table 2. The effects of three misting treatments upon seed yield
components of birdsfoot trefoil at Bozeman, MT, 1979.

00 b

Morphological . Misting Treatments _
| Characteristics None - ~Twice Dally Hourly.'
_Buds (No;) 0.08 c? ©.1.08 b 1.92a
Flower Umbels (No.) 0.00 0.08" 0.25. .
Fertilized Umbels (Nq.) 5.40 6.40 5.60
" Dark Green Pods (No.)- 2.70 7.90 - 6.50
Light Gﬁeeﬁ Pods (NQ.? 2.60 2.80 2.90
Tan Pods (No.) 1.20 1.30 1.40
Brown Pods (No.) 3.40 b 8.30 a 8.20 a
Total Pods (No.) 1010 b 20120 a 1700 &
Shattered Pods (No.) 5.60 a 0.90 b 0.80 b
Pod Moisture (%) 33.60 b 51.00 a 58.30 a
| Seed Yield (kg/ha) 294

554.00 a " 551.00 a

- 9Means in the same row followed by the same letter are not sig- -
nificantly different by Duncan's multiple Range Test at p = .05 level.
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Table 3. The effects of four harvest dates upon seed yield components .
of b1rdsfoot trefoil at Bozeman, MT, 1979.

Morphological Harvest Dates

Characteristics July 27 August 3 August 10 ' August 17
Buds (No.) . 0.67 b* 0.1l b 1.11 ab 2.22 a
Flowering Umbels (Nd.) 0.33 ‘,' 6.11.' 0.11 ~0.00
Fertilized Umbels (No.)  5.30 6.30 . 6.00 - 5.50
Dérk Green POds (No.): "9.50 a 9.70 a 2 2.10 b 1.40 b
Light Green Pods (No.) = 4.70 a 3.90ab  1.60ab - 0.80 b
Tan Pods (No.) 100 1.70 1.30 1.10
Brown Pods (No.) © 0.80b  3.0b  10.70a  9.30a
Total Pods (No.) . 15.90 ab | 18.40 a 15.60 ab 13.00 b
shattered Pods (No.) ~ 0.00 c 1.60 bc . 3.00b 5.20 &
Pod.Moisture (%) 68.20 a 60.10 a 28.10 b 34.10 b
‘Seed Yield (kg/ha) 320.00 ¢ - 510.00 a 567.00 a  467.00 ac

dMeans in the same row followed by the same letter are not sig-
nificantly dlfferent by Duncan' s Mu1t1p1e Range Test at p .05 level.
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fertlfized umbels (Tables 2 and 3) indicate flower drop probably occurred
and these 1ncreased buds did not result in 1ncreased seed yields. Evi-
dently flowers_were not pollinated or the environment was not conducive
to seed developmept of - newly fopmed pods during the misting period.

The greatest number of dark green pods were detected early in the

~ season and-declined with maturation (Tab1e<3). This decrease was due

'to'maturation of green pods and failure of new pods to develop. A simi-

lar relotionship was detected for light green pods, but of a lesser
magnitude (Table 3). |

Misting treatments greatly increased the percentage of brown .pods
with inoreastng maturity (Figure 1). This was due to decreased shatter-
ing.. Misting twice daily reduced pod dehiscence and increased seed

yieId. Additional wetting delayed pod maturation and decreased yields.

Hourly misting of birdsfoot trefoil resulted in a maximum of 55 percent

brown pods (Figure 1), whereas misting twice daily resulted in 70! percent
brown pods (Figuke 1). Seventy percent brown pods were obtained- on the

same harvest date (August 10) as the max1mum seed yield was produced

ﬁThe-70 percent brown pod stage could be used by seed producers to

determine time of'harvest, if a misting program was being used. This
value would rarely be obtained without misting under warm, dry conditions
because pod shatter would occur first. The percentage of brown pods

was significantly correlated to total seed yield (r = 0.45%%),
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7rt 1-no mist
Trt2-twice daily
Trt 3-hourly

| | |

JUL 27 AUG3 AUGIO AUGI?7

Figure 1.

HARVEST DATES

The effects of three misting treat-
ments and four harvest dates upon
percent brown pods of birdsfoot tre-
foil at Bozeman, MT, 1979.

*Means in the same row followed by
the same letter are not significantly
different by Duncan's Multiple Range
Test at p = .05 level.
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Twiceedaily_and‘hourly misting increased total number of pods
(Table 2), and this factor was.signiticantly correlated with seed yield
at all harvest dates except the harnest on July 2?. The eorrelations
for.harvest dates of August 3, 10, and 17 were: r = 0U67*%%, 0.81*%* and
6.76**, reépectively. fhe increased number of'brown pods, total number
of pods, and seed'yield resulted from a decreése in pod dehiscence due
to' misting (Figure 2). Pod dehiscence increased witn maturity -for all
treatments and was highest for the.non-misted.treatment (70 percent).
Pod dehiscence for the misting treatments did not exceed 12 percent.
The number of shattered pods was negatively correlated (r =f-0.72#*)
with seed y1e1d on August 17. , |

Mlst1ng increased pod moisture (Flgure 3) and prevented pod de-~.
hlscence Pod moisture was significantly correlated with seed yield on
August 10 and 17. (0.75%* and 0.67**, respeqtively).

Misting twice daily increased seed weight (Table 4) due to the re-
" tention of heavier seed. . In contrast, heavier seed shattered in the -
non-misted birdsfoot trefoil treatments and could not be harvested.(44).‘

vMisting increased seed yield by preventing pdd dehiscence and in-
creasing seed weight of harvested seed (Figure 4). The seed yield db-
'tained on Augnst 10 for the misting treatments is indicative of maki-
' mizing seed production while minimizing pod dehiscence. No 51gn1f1cant

differences were detected between the tw1ce daily and hourly mlstlngs.n




70 b 7rt7-no mist a
Trt 2-twice daily
Trt 3-hourly

& o (0]
O o °)
| Ll |

PERCENT POD SHATTER
ol
®)
|

20

23

7rt 3,0

Trt2

JUL 27 AUG 3 AUGIO AUGI7

Figure 2.

HARVEST DATES

The effects of three misting treat-
ments and four harvest dates upon
percent shattered pods of birdsfoot
trefoil at Bozeman, MT, 1979.

*Means in the same row followed by
the same letter are not significantly
different by Duncan's Multiple Range
Test at p = .05 level.
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Trt 1- no mist
Trt 2-twist daily
Trt 3-hourly

Trt ]
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JUL 27 AUG3 AUGIO AUGI7

Figure 3.

HARVEST DATES

The effects of three misting treat-
ments and four harvest dates upon
percent pod moisture of birdsfoot
trefoil at Bozeman, MT, 1979.

*Means in the same row followed by the
same letter are not significantly
different by Duncan's Multiple Range
Test at p = .05 level.
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Table 4.‘fThe'effects of three misting treatments upon totai_seed.weight-
harvest dates of birdsfoot trefoil at

per 100 seed at- four’
- Bozeman, MT, 1979.

Misting

 Treatments o July 27 "Auéuét 3 AuguStulo August 17
None 1.0 . 1.78- . ‘1.22b*  0.82b
Twice daily = '1:49 0.19 5.98a 4.2l a
Hourly LT 2.93 . 4.46 ab 3.80 ab’

. *Means in the same row followed'by.the same letter are not sig-

| nificantly different by Duncan's Multiple Range Test at p = .05 .level.
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7rt 1-no moist
Trt 2-twice daily
Trt 3-hourly

| | | l
JUL27 AUG3 AUGIO AUGI7

HARVEST DATES

Figure 4. The effects of three misting treat-
ments and four harvest dates upon
seed yield (Kg/Ha) of birdsfoot tre-
foil at Bozeman, MT, 1979.

*Means followed by the same letter
are not significantly different at
the .05 level according to Duncan's
Multiple Range Test.




twice daily misting was unable to prevent brown pods from shattering
between August 10 and'17. , | | _

~ Seed viability was ndt affected by misting twice daily (Table 5);
but - the hourly.mistihg decreased viability due1to excessive moisture
‘which caused seed germination in the field. The hourly misting also
caqsed fungal grthh within and on seed.pods. Seed viability increased'
with later harvests (Table 6). |

Sencor méy have repressed the végetative growth and maturation of
birdsfoot trefoil in 1980. Matqration was further.delayed by cool, wet
conditions in August and September of 1980 (Table 1). The first harvest’
in 1980 was August 25 as compared to July'27 in 1979. Tﬁe combination
of Sencor damage and envirdnment seemingly reduced seed yields in 1980,
(Figure 5). ‘The effects of misting treathents on'flowéring and seed
maturation chahacteristicé were generélly non-;ignificant. Seed‘yields‘
o 1n 1980 were decreased'dué.toumisting treatments, indiéating that misting
should not havé oécurred as it further delayed pod maturation.

In 1979 pod moisture was relafed to pod déhiscence and was increased
by misting. Light misting prevented mature pods from dehiscing while -
immature pods developed. 'Maximum seed yiélds were obtqined by misting-
twice daily and hahveéting when 70 percent of the pods are‘bhown (Augdst
10, 1979). ‘The twiqe daily misting of birdsfoot trefoil hadléignifi-

- cantly bettef_séed germination than did hqufly misting, indicating that

‘excessive moisture results in poor seed viability. Therefore, seed
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Table 5. The effects of three misting treatments
upon percent viability of seed lots of birdsfoot
trefoil at Bozeman, MT, 1979. .

Treatment " Percent Viability
| S 80.97 a -
_ 73.23 a
3 : 54.43 b

: *Means followed by the same letter are not sig-
nificantly different at the .05 level according to
Duncan's Multiple Range Test.- ‘

Table 6. The effects of four harvest dates on per-
. cent viability of seed lots of birdsfoot
rtrefoil at Bozeman, MT, 1979.

Harvest Dates ~Percent Viability
July 27 © , | © 54.35 b
August 3 - ‘ 69.95 a
August 10 ) 76.84 a
August 17 | . 77.05a

"Means followed by the same letter are not sig—l
nificantly different at the .05 level according to
buncan's Multiple.Range_Test. :
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The effects of three misting treatments
and four harvest dates upon seed yield
(Kg/Ha) of birdsfoot trefoil at Bozeman,
MT, 1980.
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‘ producers should apply only enough water to:prevent pod dehiscence. It
is possible that daily misting'would'have:beeh sufficient.

, Althouéh mist{ng of ﬁhe birdsfoot‘frefqil canopy twice daily maxi-
l'mizad seed 'yields, seed producers must base the irrigation sbhedule on
the environmental conditions present. When env1ronmenta1 condltlons are
such that pod deh1scence will not occur, m1st1ng of pods W111 not in-
crease seed yield. | ' '

When producing birdsfoot‘tréfoii‘seed'in an area which hasAléw
“relative hhmidity and misting is used, Ilsuggest that 1) start misting
~ when broWn pod moisture,declihes to approximately 10 percent as indicaﬁed
in Chapter II,'2) mist twice daily or,as‘needed to prevent shatter,
3) swath when the environmental conditions dictate or at approx1mate1y
_ 70 percent brown pod stage and 4) comb1ne as soon as forage will pass
through comblne. If environmental conditions-are such that wet cool
conditions might prevail late in the season, I advise combining prior
to the 70 percent brown pod stage. We have observed that frequent-
-wetting of the birdsfoot trefoil canopy produces a leathery, tough pod

which does not shatter as readily as non-misted pods.




CHAPTER 11
" THE RELATIONSHIP OF MOISTURE PERCENTAGE OF POD, SEED,
AND FRUIT AT DEHISCENCE OF BIRDSFOOT TREFOIL
. (LOTUS. CORNICULATUS L.)

Introduction

Misting birdsfoot trefoil pods during seed maturation reduced seed
shatter and increased seed yield (Chapter I). Seed yield was increased
~ three-fold by twice daily mistings (3-minute periods) for 2 weeks before
harvesting. However, to use a misting program effecti?ely seed producers
need a means of deﬁerminﬁng.whén'pod dehiscéhce will océur in the field.

Previous:sfudies'have attempted tb relate time of harvest of birds-
foot trefoil . seéd tO'Specifié morphological Stages of growth (3, 7, 48)..
These studles determlned the stages of pod maturatlon and seed develop-
ment wh1ch would max1m12e seed y1e1d by harvestlng pr1or to seed pod
dehlscence. Attempts to prevent pod dehlscence while 1mmature pods ripen
have not-prev1ously been recorded. In addition, various cultural prac-
. tices fhat alfer-plant growth Characterisfics have been employed -in
fattémpts.tb_increase seed yield k4, 14, 18, 36, 46, 47). ‘Limited suc-
cess has been achieved in ihcreasihg éeed yield through'implementing'
‘these vafiouskcultural préctices.

There is a close interdependence between env1ronment m01sture
equ111br1um,_and-pod shatter (4, 23, 25). Metcalfe, et al. (25) found

- that bjkdéfoot trefoil pqu‘will dehisce readily at 30 percent relatlve
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. humidity but-not at 40 percent. Moistdre equilibria of bods'at these

relatire humidity levels was 10.05 and 10.39 percent, respectively.
There .are several problems involved with misting of birdsfoot tre-

foil such as: 1) do'pods with various genetic material shatter at dif-

ferent moisture levels, 2) at what percentage moisture should misting

| begin, and 3) what is the relationship of fruit, seeds, and pod moisture

| at dehiscence. The objectives of this study were to determine; 1) tf.

d1fferent birdsfoot trefoil clones dehisce at the same percentage

m01sture and 2) 1f seed producers could determine when to begin misting

b1rdsfoot trefoil by determining pqd moisture per;od1ca11y.

lMaterials and Methods

Evaluation of Clones for Per-
centage Moisture at Dehiscence

'Mature brown pods were randomly selected from four different clones
qf birdsfoot trefoil for evaluation of seed pod dehiscence in'1980. The
four c10nes were obtained from a 50 clone, third cycle recurrent selec-
t1on polycross grown in the greenhouse.- ' '

Fresh weight of 1nd1v1dual brown pods was obtained by we1gh1ng each

-+ pod. to the nearest one-tenth milligram at time of harvest A plexiglass

env1r0nmenta1 box (L shaped) was constructed using a small squ1rre1 cage
fan and two plex1glass chambers. The box was open at both ends. to pro-

vide air Circulation. An external heater was placed outside of the

lower portion to provide warm air (20°C) for drying pods. Small nylon
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mesh bags (5 x 5 cm) were constructed to hold the individual.pbds for

' dry-down. and dehiscence. ‘These bags were. hung from small metal rods

_pléced'aérbss'the 3-inch 'width of the upper exhaust chamber.

A'¢omblete1y random design with 16 replications was used. At pod
dehiscence,. seeds and pod were removed from'the environmental chamber
and weighed immediately. Moisture percentage at shatter was calculéted

on an air dry basis.

- Relationship of Fruit, Seeds, and

Pod Moisture at Dehisqence

Moisture percentage of fruit, seeds, andl pod-was measured to deter-

mine moisture content at time of dehiscence.

Brown fruit samples were taken from 'Tretana' birdsfoot trefoil
planﬁs gréwn on‘é Bozemah,silt loam (Argic-Pachic Cryoborali).soil at -
the'?ield Research Laboratory, Bozeman, MT. Samples_were taken to ‘the
laboratdry‘in a cooler and evaluated for moisture content at time.of
dehiscence. Brown fruit randomly selécted wére placed in weighing

bottles and fresh fruit weights recorded. Each fruit was removed from ‘

fthe weighing bottle, placed in a small mesh bag, and allowed to dry on.

a paper towel. At time of fruit dehiscence, seeds and pod.were separ- -

ated, placed in separaté weighing bottlés,,and weighed immediately.

_ Seeds.and‘pods.were oven dfied 24 hours at 100°C, cooled in a dessicator

for 3 hours, and wéighed,




34

‘Forty-four individual brown pods were sampled. Means, standard

'deviations, and standard errors werefcalcqlated based on weights and -

moisture percentage of frUit, seeds, and pod.

Results and Discussion

Evaluation of Clones for Moisture .

Percentage at Dehiscence _ _

| . Birdsfoot trefoil clones did not differ in moisture percentage of
brown frdit.at dehiscence (Table 7), but differed in moisture percentage
of fruit at harvest.(Table 8).due to differences.in maturity. Meen '
moisture percentage of air-dried fruit at dehiscence wa$>2.50 + 0.28.
The mean'moisture'percentage of air-dried‘fruit at harvest was
7.69 + 0'27 Based on these data it appears that seed- producers can use
a cr1t1ca1 moisture level.for fruit deh1scence of birdsfoot trefoil re-
gardIess of genetic material. Rate of dry down was not determined,

however its effects and importance have been substantiated by Metcalfe,

3 et al. (25).

Relationship of Fruit, Seed, and

Pod Moisture at Dehiscence

Mean m01sture percentage of brown fru1t at dehiscence was 7.28 +

0 20, W1th a range of 4.18 - 10.00. percent . These data suggest that

. misting should begln when fruit moisture is approximately 10 percent.

Sunlight, relative humidity, wind, temperature,'and cloud cover can alter
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Table 7. Moisture percentage (air dry basis) of fruit from four.élones
. of birdsfoot trefoil at dehiscence in 1980 at Bozeman, MT.

Clone ' ‘ Number of Moisfure Content of

Number : . Fruit Sampled Fruit a?%Dehiscence
— : )
l 16 ' : 3.167
2 16 2,625
3 16- . 1.894
4 16 2.300

~Table 8. Moisture percentage.of fresh fruit (air dry basis) of four
clones of birdsfoot trefoil when placed in an env1ronmenta1
chamber at Bozeman, MT.

. Clone } ' ~ Number of Mean Molsture Percentage

Number n . Pods Samples of Fresh-Fruif at Harvest
1 16 _ .8.519 a*
2. . 16~ .~ 8.106 a
3 16 6.126 b
4 16 8.026 a

?Means in the same row followed.by The same letter are not sig-
nificantly different by Duncan's Multiple Range Test-at p = .05 level.
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the dry-down. rate of fruit (1% 2, 4, 49)f Therefore,frequent fruit
sampiing iélnecessary to deternine when misting should begtn.'

Moisture:percentage'of fruit, seed, and pod were significantly cor-
related with each other (Table 9) " The correlation'coefficient tor
moisture percentage of .the fruit and pod at dehiscence was r ='.88,
| indicating that fruit moisture can be used to determine when brown pods
“will dehlsce in the field and when misting should beg1n.

The means, standard deviations, and standard errors for fruit,
seed, and pod at dehiscence are shown in Table 10. The seed contained
. more moisture than the pod and fruit. _ d

Previous work (Chapter I) indicates that misting birdsfoot-trefoil
twice daily increased seed production. :Thia'study indicates that - seed
| producers shonld begin misting before moisture content of fruit reaches '
10 percent If environmental cond1t10ns are such that pod: dehlscence
will occur the frequency of m15t1ng is dependent upon the spec1flc
env1ronmenta1 conditions. Under hot, dry (low relative humidity) con- .
-ditions, misting must occdr more.frequently.than under cool and wet

‘conditions.




37

Table 9. Correlat1on matrix showing the relationship of moisture
percentage of pod, seed and fruxt at dehiscence.

- -‘Percent Pods at Seeds at Fruit at

Moisture of: ~ - Shatter Shatter Shatter
Pods at shatter -
Seeds at shatter ©0.47* C em

Fruit at shatter- 0.88** 0.79%* _ g _

* **Coeff1c1ents were significant at the .05 and 01 level of
probab111ty, respectlvely

Table 10. Means, standard deviations, and standard errors of the per-
cent moisture of pods, seeds, and fruit at dehiscence.

X ' s  S.E. -
Pods ' 6.19 L 0.22
Seeds . 875 1.8 0.27

Fruit . , 7.28 - ' 1.67 0.20
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