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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
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  th e  m ajor fa c to r  l im i t in g  b ird s fo o t  t r e f o i l  
seed p ro d u c tio n . B ird s fo o t t r e f o i l  has an in d e te rm in a te  growth h a b it  
r e s u lt in g  in  a l l  stages o f  pod m a tu ra tio n  o c c u rr in g  on th e  same p la n t 
a t  th e  same t im e . As a r e s u l t  many m ature pods deh isce be fo re  being 
h a rve s te d . Research has shown th a t  a lthough  784-1008 kg /ha  o f  seed 
is  p o s s ib le ,  o n ly  155-224 kg/ha can u s u a lly  be harvested w ith  conven­
t io n a l  h a rve s t methods because o f  seed pod deh iscence.

In v e s t ig a t io n s  in to  in c re a s in g  seed y ie ld s  o f  b ird s fo o t  t r e f o i l  
th rough  use o f  an i r r ig a t io n  management program (m is t in g )  were conducted 
a t th e  F ie ld  Research L a b o ra to ry , Bozeman, MT in  1979 and 1980. M is tin g  
tre a tm e n ts  were: I )  no m is t in g ,  2) tw ic e  d a i ly  m is t in g ,  and 3) h o u rly
m is t in g .  Seed y ie ld s  w e re .ob ta ined  on fo u r  ha rves t dates in  both ye a rs . 
In a d d it io n ,  la b o ra to ry  experim ents were conducted to  de term ine the  
m o is tu re  percentage o f  pods a t deh iscence, and eva lua te  th e  v a r ia t io n  
o f  m o is tu re  a t dehiscence o f  fo u r  c lones o f  b ird s fo o t  t r e f o i l .

Pod dehiscence occu rred  a t app ro x im a te ly  10% m o is tu re . In 1979, 
m is t in g  delayed pod dehiscence and a llow ed immature pods to  mature 
p r io r  to  h a rv e s tin g  f o r  seed. Maximum seed y ie ld  and seed v ia b i l i t y  
were ob ta ined  w ith  tw ic e  d a i ly  m is t in g  and h a rv e s tin g  when app rox im a te ly  
70% o f  a l l  pods were brown. H ourly  m is t in g  decreased pod dehiscence and 
increased y ie ld . ,  bu t re s u lte d  in  low er seed v ia b i l i t y  due to  moldy seed 
and seed pods, and seeds g e rm ina ting  in  th e  pod.

In  1980, c o o l,  wet c o n d it io n s  were encountered d u r in g  seed pod 
m a tu ra tio n . These c o n d it io n s  delayed pod m a tu ra tio n . M is t in g  was no t 
necessary, and when used ( f o r  purposes o f  t h is  experim ent) decreased 
seed y ie ld .

These data  suggest th a t  in  d ry  areas o f  th e  western U n ited  S ta te s , 
i t  may be p o s s ib le  to  p reven t pod dehiscence through p e r io d ic  m is tin g  
o f  th e  b ird s fo o t  t r e f o i l  canopy w ith  s p r in k le r  i r r ig a t io n .



LITERATURE REVIEW

B ird s fo o t  t r e f o i l  (Lo tus  c o rn ic u la tu s  L . ) ,  is  n a t iv e  to  the  

B r i t is h  Is le s  and th e  reg io n  from  th e  M editerranean Sea northward to  

th e  Scandinavian P en insu la  (15 , 24, 3 7 ). McKee and Schoth (24) 

re po rte d  th a t  i t  was ind igenous to  Europe, except in  Lapland and 

N orthern R ussia, and is  la rg e ly  an a lp in e  p la n t in  Southern Europe.

They re po rte d  i t s  occurrence a lso  in  A f r ic a ,  A s ia , and A u s tra lia  and 

i t s  absence in  Am erica. MacDonald (21) re po rte d  th a t  th e  species is  

no t n a t iv e  o f  th e  Western Hemisphere, bu t was in troduced  from  Europe 

as an im p u r ity  in  im ported seed.

B ird s fo o t t r e f o i l ,  is  a lo n g - liv e d  p e re n n ia l,  n o n -b lo a tin g , and 

g e n e ra lly  nondemanding in  i t s  m o is tu re , f e r t i l i t y  and g ra z in g  re q u ire ­

ments (12 , 3 7 ). I t  is  an im po rtan t fo ra ge  crop in  c e r ta in  areas o f the  

U n ited S ta tes  s u ita b le  f o r  grow ing a l f a l f a ,  red c lo v e r ,  o r  w h ite  c lo v e r 

(21 , 3 0 ). No o th e r i r r ig a te d  pas tu re  legume equals b ird s fo o t  t r e f o i l  in  

i t s  d u ra t io n  and a b i l i t y  to  w ith s ta n d  con tinuous g raz in g  (4 0 ) .

Factors l im i t in g  th e  success fu l use o f  t h is  crop are r e la t iv e ly  

low fo ra ge  y ie ld s  (4 3 ) , sm all seed s iz e  (10, 11), lack  o f  seed ling  v ig o r  

(13 , 4 3 ), seed pod dehiscence (3 , 22, 25, 3 2 ), h igh seed co s t and 

inadequate su p p lie s  o f  seed (3 , 21, 23, 25, 32, 36 ).
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M orpho log ica l C h a ra c te r is t ic s

. B ird s fo o t  t r e f o i l  has 20-70 ovu les  per o v a ry , averag ing  about 45. 

U s u a lly , o n ly  an average o f  about 20 ovu les per ovary deve lop in to  

m ature seed (8 , 3 6 ) . Budar (8 ) found th a t  ovu les w ith in  an in d iv id u a l 

ovary va ry  co n s id e ra b ly  in  ra te  o f  developm ent. Because o f  t h is ,  

o v a r ie s  c o n ta in  some f e r t i l i z a b le  ovu les f o r  8-10 days, a lthough in d i ­

v id u a l ovu les  are f e r t i l i z a b le  f o r  o n ly  2 o r  3 days (3 6 ) .

A f te r  p o l l in a t io n ,  pods develop ra p id ly  reach ing  maximum leng th  in  

about 3 weeks. The c o lo r  o f  th e  pods changes from  dark green o r pu rp le  

to  l i g h t  g reen , ta n ,  l i g h t  brown and f i n a l l y  to  brown o r  b la c k . Seeds 

become p h y is io lo g ic a l ly  mature s l i g h t ly  b e fo re  o r  a t th e  tim e  pods tu rn  

l i g h t  brown (3 , .2 3 ,  3 6 ) . Wiggans, e t  a l . (46) noted th a t  seeds mature 

7-10 days be fo re  pod deh iscence. Rate o f  pod development is  in flu e n ce d  

by weather c o n d it io n s .  S. R. Anderson ( 3 ) ,  working in  Iowa, found th a t  

m ature pods and seeds formed 24-47 days a f te r  p o l l in a t io n ,  w h ile  in  New 

Y o rk i Winch (47) found th a t  th e  same stage o f  development re q u ire d  

26-38 days. v

Seed se t in  b ird s fo o t  t r e f o i l  depends bn p o l l in a t io n  o f  f lo w e rs  by 

in s e c ts .  Th is  is  accomplished p r im a r i ly  by va rio u s  species o f  p o lle n  

and n e c ta r c o l le c t in g  honey bees (Hymenoptera) , which are  capable o f 

t r ip p in g  th e  f lo w e rs  ( 5 ) .  Morse (27) found th a t  honey bee pop u la tio n s  

o f  one bee pe r 0 .9  square m eter o r  2 .5  c o lo n ie s  (h iv e s ) pe r hecta re  are 

n e e ded .fo r maximum seed p ro d u c tio n .
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C u ltu ra l P ra c tic e s

The p ro s tra te  growth h a b it  o f  b ird s fo o t  t r e f o i l  reduces seed y ie ld s  

(2 1 ) . Anderson and M e tca lfe  (4 ) noted reduced lodg ing  and increased 

seed y ie ld s  when b ird s fo o t  t r e f o i l  was grown w ith  Kentucky b luegrass , 

o rch a rd g ra s s , o r  t im o th y . H ighest seed y ie ld s  were ob ta ined  in  the  

b ird s fo o t  t r e f o i !-K en tucky  b luegrass m ix tu re . In c o n tra s t o th e r re ­

searchers (23 , 36) have in d ic a te d  th a t  pure stands o f  b ird s fo o t  t r e f o i l  

produce th e  h ig h e s t seed y ie ld s .  They in d ic a te  th a t  as th e  amount o f
■ i 1

grass in c re a se d , th e  seed y ie ld  d e c lin e d .

C lip p in g  in  th e  s p r in g  de lays f lo w e r in g  and seed s e t ,  and extends 

th e  p e r io d  o f  seed h a rve s t (3 6 ) .  D e lay ing  seed h a rv e s tin g  may reduce 

seed pod dehiscence by c o in c id in g  w ith  c o o le r  weather o r  h ig h e r h u m id ity  

env ironm ents . Winch (47) re p o rte d  th a t  c l ip p in g  b ird s fo o t  t r e f o i l  a t 

e a r ly  bud stage delayed seed ha rve s t seven days. O ther s tu d ie s  (4 , 5) 

in d ic a te d  th a t  s p r in g  and e a r ly  summer c lip p in g  reduces seed y ie ld s  in  

comparison to  unc lipped  s tands .

A l l  c u l t iv a r s  o f  Lotus c o rn ic u la tu s  L. f lo w e r  and s e t seed over an 

extended p e rio d  o f  t im e ; u s u a lly  fo u r  to  s ix  weeks (21 , 36, 3 7 ). I n d i­

v id u a l p la n ts  w i l l  have f lo w e rs ,  r ip e  pods, and some dehisced pods (3 , 

23, 24, 29, 32, 4 7 ) . T h is  in d e te rm in a te  f lo w e r in g  and seed se t makes, 

ha rve s t t im in g  c r i t i c a l  f o r  maximum seed y ie ld .  H a rvesting  too  e a r ly
I

'

reduces y ie ld  and re s u lts  in  immature and nonv iab le  seed. H arvesting  

to o  la te  reduces y ie ld  due to  pod dehiscence (3 , 32, 36, 4 0 ).
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Severa l methods have been used to  h a rve s t seed (2 3 ) .  The most 

common method used in  th e  N o rtheast is  to  mow o r  w indrow , and then com­

b in e . The windrow is  a lldw ed to  d ry  be fo re  com bin ing. Th is  method can 

r e s u lt  in  excess ive  seed losses d u r in g  th e  d ry  down p e rio d  o f  th e  f o r ­

age. D ire c t  com bining o f  b ird s fo o t  t r e f o i l  has been used b u t ,  in  

g e n e ra l, is  no t a cce p ta b le . Large q u a n t it ie s  o f  green fo ra g e  go through 

th e  combine, which slows ha rves t and causes seed loss  by c lo g g in g  o f  th e  

h a rv e s te r (4 0 ) .  Chemical des icca n ts  and d e fo l ia n ts  s u c c e s s fu lly  de­

f o l i a t e  and d ry  th e  p la n ts  be fo re  h a rve s t which a ids  in  d i r e c t  com bin ing. 

Jones (18) re p o rte d  th a t  U n iv e rs ity  o f  C a li fo rn ia  s c ie n t is ts  found th a t  

d in i t r o  h e rb ic id e s  aided in  h a rv e s tin g  o f  b ird s fo o t  t r e f o i l  seed. He 

s ta te s :

. . .when d in i t r o  compounds are p ro p e r ly  used as a d e fo l ia n t ,  
b ird s fo o t  t r e f o i l  can be combined w ith o u t s ig n i f ic a n t  loss  o f 
seed th rough  s h a t te r in g .  1 Proper i r r ig a t io n  p ra c t ic e s  w i l l  
e lim in a te  much o f  th e  seed loss  th a t  u s u a lly  occurs p r io r  to  
h a rv e s t.

Cooper (14) was f i r s t  to  re p o r t  th e  use o f  sodium cyanamid as a d e te r ­

re n t  to  pod s h a t te r in g .  He concluded th a t  27 kg/ha o f  sodium cyanamid 

a p p lie d  ju s t  p r io r  to  h a rve s t re s u lte d  in  com plete fo l ia g e  k i l l  o f 

b ird s fo o t  t r e f o i l  and delayed pod deh iscence . However, sp ray ing  too  

e a r ly  r e s u lts  in  seed pod dehiscence w hether th e  pods, a re  f u l l y  mature 

o r  no t .

D esiccants and d e fo l ia n ts  are no t e x te n s iv e ly  used in  th e  harvest 

o f  b ird s fo o t  t r e f o i l  seed a t th e  p resen t t im e . W igg ins, e t  a l .  (46)
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expe rim en ting  w ith  d e s icca n t sprays concluded th a t  "th e  n a tu ra l v a r i ­

a b i l i t y  o f  c l im a t ic  c o n d it io n s ,  e s p e c ia l ly  tem pera ture  and r e la t iv e  

h u m id ity , w i l l  a f fe c t  seed pod deh iscence, re ga rd less  o f  th e  ha rves t 

m ethod." W iesner, e t  a l . (45) found th a t  th e  a p p lic a t io n  o f  a b s c is s ic  

a c id ,  benzy laden ine , and g ib b e r e l l ic  ac id  d id  no t a f fe c t  seed o r  fo rage  

y ie ld  o f  'Le o ' b ird s fo o t  t r e f o i l .

Some new seed h a rv e s tin g  m achinery has been developed f o r  hand ling  

legume crops which have a tendency to  lodge . Vance (42) used a machine 

which had a s ic k le  th a t  c u t th e  fo ra g e  a t th e  s o i l  s u rfa c e . This 

machine had a s tro n g  vacuum, which fu n c t io n s  ju s t  over and ahead o f th e  

s ic k le  and p u l ls  up th e  fo l ia g e ,  loose seed heads, and sh a tte re d  seed. 

Vance (42) es tim a tes  th a t  t h is  machine saved 98 pe rcen t o f  th e  seed. 

W ie s n e r,.e t  a l .  (44) is  in v e s t ig a t in g  th e  use o f  a. vacuum h a rv e s te r to  

p ic k  up dehisced seed from  th e  s o i l  s u r fa c e . He has been ab le  to  p ic k  

up b ird s fo o t  t r e f o i l  seed from  th e  s o i l  s u rfa c e . However, sepa ra ting  

th e  seed from  tra s h  has been a problem .

H a rves ting  techn iques  and i r r ig a t io n  in te rv a ls  in f lu e n c e  hard seed . 

c o n te n t o f  b ird s fo o t  t r e f o i l  ( I ,  2 0 ) . One-hundred pe rcen t o f  b ir d s fo o t ,  

t r e f o i l  seed may be hard when f u l l y  r ip e ;  however, th e  seed coat is  

u s u a lly  s c a r i f ie d  by th e  th re s h in g  a c t io n  o f  the  combine. Seed v ia b i l i t y  

and g e rm ina tion  depends upon i t s  m a tu r ity  (tim e  o f  h a rv e s t ) , ha rves t 

method * c le a n in g , p ro ce ss in g , and s to ra g e . Abu-Shakre, e t  a l .  ( I )  

re p o rte d  th a t  hard seed c o n te n t o f  a l f a l f a  was in flu e n ce d  by i r r ig a t io n
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in te r v a l .  Hard seed c o n te n t increased w ith  decreased i r r ig a t io n  f r e ­

quency.

Improvement o f  Seed Y ie ld  and P reven tion  
o f  frod Dehiscence"

The la ck  o f  an e f f i c ie n t  means f o r  h a rv e s tin g  b ird s fo o t  t r e f o i l  

seed has prompted e x te n s iv e  breed ing to . increase  seed y ie ld  and preven t 

pod deh iscence. Components o f  seed y ie ld  and assoc ia ted  c h a r a c te r is t ic s ,  

(2 , 9 ) ,  m orpho log ica l and p h y s io lo g ic a l p la n t  c h a ra c te r is t ic s  (17, 26) 

have been s tu d ie d .

MacDonald (21) was th e  f i r s t  to  s tudy  th e  re la t io n s h ip  o f  p la n t 

c h a ra c te r is t ic s  in  b ird s fo o t  t r e f o i l  to  seed development and seed y ie ld .  

S ince th e n , many workers have re p o rte d  s im ila r  s tu d ie s  in  many d i f fe r e n t  

sp e c ie s .

S im i la r i t ie s  in  agronomic c h a ra c te r is t ic s  in f lu e n c in g  seed y ie ld  

are found among legum e.species. T a y lo r , e t  a l .  (39) re p o rte d  th a t  th e .  

number o f  heads per p la n t  in  red c lo v e r  was th e  p rim ary  fa c to r  govern ing 

seed y ie ld .  Number o f  seeds per head and seed w e igh t were o f  less im por­

ta n c e . High y ie ld in g  p rogen ies were e a r l ie r  than average to  f lo w e r .  

Hawkins (1 6 ) ,  in  England, re p o rte d  th a t  fa c to rs  a f fe c t in g  seed y ie ld  o f  

red c lo v e r  appear to  be number o f  seeds s e t per head, seed s iz e ,  number 

o f  heads, and re s is ta n c e  to  d isease . Seed s e t ,  seed s iz e ,  and number o f  

heads are  so c lo s e ly  lin k e d  th a t  d iffe re n c e s  in  y ie ld  a re  in d ic a te d  by 

d iffe re n c e s  in  any one o f  these c h a ra c te rs  (1 6 ) .
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Pedersen and Nye (31) measured seed y ie ld  components in  a l f a l f a  f o r  

th re e  v a r ie t ie s .  !U in ta 1 had 8 .0  pods pe r raceme, 'Ranger' had 7 .4 , 

and ' Lohontan' had 6 .7 .  ' U in ta ' had 4.1 seeds per pod, 'R anger' had

4 .0 ,  and ' Lahontan1 had 3 .6 .  These re s u lts  correspond to  a c tu a l seed 

y ie ld s  w ith  ' U in ta ' be ing th e  h ig h e s t and ' Lahontan' th e  lo w e s t. In 

t h is  s tu d y , th e  number o f  f lo w e rs  per raceme in  a l f a l f a  was no t s ig ­

n i f i c a n t ly  assoc ia ted  w ith  seed y ie ld .

A lb re c h ts e n , e t  a l . (2 ) and B u zze ll and W ils ie  (9 ) re p o rte d  th a t  

th e  number o f  umbels s e t t in g  seed in  b ird s fo o t  t r e f o i l  had th e  g re a te s t 

in f lu e n c e  upon seed y ie ld .  S tud ies  in  th e  North C e n tra l Region (26) 

in d ic a te d  th a t  th e  pheno typ ic  c h a ra c te r is t ic s  c o r re la te d  w ith  seed 

y ie ld s  were pods per um bel, and seeds pe r umbel. These researchers 

suggest th a t, no s in g le  independent v a r ia b le  accounts f o r  th e  v a r ia t io n  

in  seed y ie ld s  among c lones grown in  d i f f e r e n t  lo c a t io n s .  B resc ian i 

(6 ) in d ic a te s  th a t  number o f  umbels per p la n t  and number o f  pods per 

umbel were s ig n i f ic a n t ly  c o r re la te d  to  seed y ie ld .  Number o f  seeds per 

pod was a lso  s ig n i f ic a n t ly  c o r re la te d  w ith  seed y ie ld .  A lb re c h ts e n , 

e t  a l .  (2 ) s ta te s ,  "seed y ie ld  is  th e  end r e s u lt  o f  the  in te r r e la t io n ­

sh ips o f  many component fa c to rs  and th e  env iro nm en t."

Acknowledgment o f  th e  re la t io n s h ip s  among ch a ra c te rs  th a t  a f fe c t  

fo ra ge  and seed y ie ld  is  necessary b e fo re  s e le c tio n  f o r  improvement o f  

both can be made.
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Peacock and W ils ie  (30) se lec te d  f o r  v e g e ta tiv e  v ig o r  and seed s e t­

t in g  in  c lones o f  b ird s fo o t  t r e f o i l .  They d id  no t f in d  an increase in  

seed p ro d u c tio n  in  e i th e r  o f  th e  f i r s t  o r  second re c u rre n t s e le c t io n ; 

however, th e re  were in d iv id u a l second c y c le  crosses which were s u p e rio r  

in  seed p ro d u c tio n . They suggested th a t  c ro ss in g  o f  se lec te d  s u p e rio r 

second c y c le  pa ren ts  should g iv e  increases in  seed s e t.

In a s im ila r  s tudy us ing  'Le o ' b ird s fo o t  t r e f o i l  and re c u rre n t 

s e le c t io n ,  Sandha, e t  a l .  (34) were ab le  to  increase  seed y ie ld  w ith  

two cyc le s  o f  s e le c t io n .  The geno-phenotyp ic method was s u p e rio r  to  th e  

gen o typ ic  method. They in d ic a te d  th a t  f u r th e r  improvement w ith  a dd i­

t io n a l  cyc le s  o f  s e le c t io n  should be p o s s ib le  w ith  th e  geno-phenotypic 

method. Sandha, e t  a l .  (35) a lso  used a p o ly -c ro s s  progeny te s t in g  

method and found a s ig n i f ic a n t  a s s o c ia tio n  between seed y ie ld  and seed 

s iz e ,  seeds per pod, and pods per in f lo re s c e n c e . The p o s i t iv e  c o r re la ­

t io n  between seed y ie ld  and seed s iz e  does no t agree w ith  e a r l ie r  re p o rts  

by Twamley (41) and A lb re c h ts e n , e t  a l .  ( 2 ) .

Genetic v a r ia t io n .e x is ts  f o r  seed y ie ld  (9 ) .  H e r e d ita b i l i t y  e s t i ­

mates suggest th a t  a la rg e  p a r t  o f  pheno typ ic  va riance  f o r  seed se t is  

g e n e t ic a l ly  c o n tro lle d  (1 9 ) . A lthough s e le c tio n s  f o r  h igh  seed y ie ld s  

have been in co rp o ra te d  in to  expe rim en ta l s y n th e t ic s ,  no v a r ie t ie s  have 

been developed s p e c i f ic a l ly  f o r  h ig h e r seed y ie ld s  (3 6 ) .

Based on these breed ing  s tu d ie s  to  increase  seed y ie ld ,  i t  appears 

th a t  th e  g e n e tic  seed y ie ld  p o te n t ia l o f  b ird s fo o t  t r e f o i l  w i l l  not be
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re a liz e d  un less an e f f i c ie n t  method f o r  p re v e n tin g  pod dehiscence is  

found . In  a d d it io n ,  W iesner,. e t  a l .  (45) re p o rts  th a t  th e  pods con­

ta in in g  la rg e  seed s h a tte r  f i r s t  because they  were th e  f i r s t  to  m ature, 

le a v in g  o n ly  th e  sm all immature seeds on th e  p la n t f o r  h a rv e s t in g . 

T h e re fo re , any s ig n i f ic a n t  improvement in  seed s iz e  w i l l . b e  reduced due 

to  th e  seed d e h iscen t problem o f  b ird s fo o t  t r e f o i l .  .

' S e le c tio n  f o r  re s is ta n c e  to  seed pod dehiscence in  b ird s fo o t  t r e ­

f o i l  was f i r s t  a ttem pted by Peacock and W ils ie  (2 9 ). They found wide 

d if fe re n c e s  in  s u s c e p t ib i l i t y  due to  pod dehiscence among c lo n e s . Seed 

pod dehiscence was reduced 17 pe rcen t w ith  one s e le c tio n  c y c le  fo r  

s h a tte r  re s is ta n c e . An in te r s p e c if ic - h y b r id iz a t io n  s tudy was undertaken 

by P h i l l ip s  and Keim (3 3 ) ,  in  an a ttem pt to  in c o rp o ra te  th e  in d e h iscent 

seed pod c h a ra c te r o f  L.. co im brensis  in to  th e  agronom ica lIy  d e s ira b le  

I. c o rn ic u la tu s ; They noted th a t  pod dehiscence was d i r e c t ly  assoc ia ted  

w ith  r e la t iv e  h u m id ity . . Crosses o f  L. c o rn ic u la tu s  w ith  th e  J_. 

co im brens is  produce no seeds due to  h igh  f lo w e r  drop and low p o lle n  

f e r t i l i t y .

■ B ird s fo o t  t r e f o i l  pods are  tough and do no t s h a t te r  when the  

r e la t iv e  h u m id ity  is  above 35 pe rcen t (25 , 32, 36, 4 0 ). P e terson, e t  a l .

(32) noted th a t  i r r ig a t io n  is  necessary to  m a in ta in  a canopy o f  new
/ 1

growth above most o f  th e  seed pods, which keeps th e  h u m id ity  h igh enough 

to  reduce seed pod deh iscence. M e tc a lfe , e t  a l .  (25) have done the  

m a jo r ity  o f  th e  work w ith  pod deh iscence, r e la t iv e  h u m id ity , and m o is tu re
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e q u il ib r iu m .  The in c ide nce  o f  pod dehiscence is  g re a te s t when tempera­

tu re s  are  h igh  and th e  r e la t iv e  h u m id ity  is  low . They s tu d ie d  the  

e f fe c ts  o f  v a r ia t io n s  in  r e la t iv e  h u m id ity  on pod dehiscence and d e te r ­

mined th e  m o is tu re  e q u il ib r iu m  between mature pods and th e  surround ing  

atmosphere. F ie ld  s tu d ie s  were a lso  made to  measure tem pera tu re  f lu c t u ­

a tions. both w ith in  th e  pod and on i t s  su rfa ce  under d i r e c t  and shaded 

s u n l ig h t .  They fo u n d : .1 )  b ird s fo o t  t r e f o i l  pods deh isce  a t  a p p ro x i­

m ate ly  30 pe rcen t r e la t iv e  h u m id ity  bu t no t a t 35 p e rc e n t, and 2) the  

m o is tu re  e q u il ib r iu m  va lue  o f  th e  pod a t 30 pe rcen t r e la t iv e  h um id ity  

was 10.05 p e rc e n t, and a t 40 pe rcen t r e la t iv e  h u m id ity , th e  m o is tu re  

e q u il ib r iu m  was 10.49 p e rc e n t. These va lues suggest a v e ry  c lo se  in t e r ­

dependence o f  r e la t iv e  h u m id ity , m o is tu re  e q u il ib r iu m , and pod s h a t te r .  

These f i e l d  s tu d ie s  in d ic a te d  tem pera tures w ith in  and a t  th e  su rface  o f 

mature pods v a r ie d  as much as 12 degrees C. from  th e  a i r  tem pera ture  

depending on c loud  co ve r.

The s t ru c tu r a l p a tte rn  o f  t is s u e s  in  b ird s fo o t  t r e f o i l  pods is  

re la te d  to  th e  mechanism o f  deh iscence. Buckovic (7 ) s tu d ie d  the  

anatom ica l s t ru c tu re  o f  b ird s fo o t  t r e f o i l  pods and found th a t  th e  pod 

w a ll was composed o f  two separa te  la y e rs .  He.concluded th a t  m o is tu re  

loss  was th e  govern ing  fa c to r  in  pod dehiscence and p o s tu la te d  th a t  th e  

ra te  o f  m o is tu re  loss  d i f fe r e d  in  th e  two t is s u e s .  Th is  re s u lte d  in  

te n s io n s  between in d iv id u a l la y e rs  o f  f ib e r s  and p o s s ib ly  in  t h e i r  com­

ponent f ib e r s .  As th e  d ry  down con tinued  th e  te n s io n  overcomes th e  .
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cohesion a t th e  su tu res  and th e  two ha lves o f th e  pod separa te  and tw is t  

open. Pods re a d i ly  dehisced when th e y  had lo s t  between 38 to  6G percen t 

o f  t h e i r  o r ig in a l  m o is tu re , bu t th e  m o is tu re  con ten t o f  pods a t de­

h iscence was no t de te rm ined . Pod m oisture , a t s h a tte r  needs to  be d e te r ­

mined in  o rd e r to  a id  fa rm ers  in  h a rv e s tin g  o f  b ird s fo o t  t r e f o i l  seed.

These s tu d ie s  suggest th a t  seed p ro d u c tio n  would be most successfu l 

in  geograph ica l areas where r e la t iv e  h u m id ity  would be above 40 p e rc e n t. 

In  a d d it io n .  Winch and MacDonald (48) recommended th a t  h a rv e s tin g  should 

begin when 70-80 pe rcen t o f  th e  pods are m ature, i . e . ,  when l i g h t  brown 

to  brown. However, Anderson (3 ) suggested s l ig h t ly  e a r l ie r  h a rv e s t, 

"when maximum number o f  pods are l i g h t  green to  l i g h t  b row n ."



CHAPTER I

THE EFFECTS OF MISTING ON PHYSIOLOGICAL DEVELOPMENT,

POD DEHISCENCE, AND SEED YIELD OF BIRDSFOOT TREFOIL 

( LOTUS CORNICULATUS L .)

In tro d u c tio n

B ird s fo o t  t r e f o i l  (Lo tus c o rn ic u la tu s  L .)  is  a v a lu a b le  fo rage 

legume (12 , 3 7 ). I t s  use has been l im ite d  due to  poor stand e s ta b lis h ­

ment and h igh  seed c o s t .  The h igh  seed co s t is  due to  low seed y ie ld s  

which r e s u l t  from  seed pod deh iscence, Pod dehiscence is  le ss  o f a prob 

Iem in  humid than in  a r id  re g io n s . However, seed p ro d u c tio n  p o te n t ia l 

is  g re a te r  in  a r id  reg io ns  under i r r ig a t io n  due to  th e  low er inc idence  

o f  d isease (23 , 3 2 ).

The la ck  o f  an e f f i c ie n t  means f o r  h a rv e s tin g  b ird s fo o t  t r e f o i l  

seed has prompted e x te n s iv e  breed ing  to  increase  seed s e t ,  y ie ld ,  and 

p reven t pod dehiscence (2 , 9 , 3 0 ). P la n t breeders have been unable to  

develop in d e h is c e n t c u l t iv a r s  o f  b ird s fo o t  t r e f o i l  (34 , 3 6 ); thus 

improvement in  seed y ie ld  must come from  b e t te r  management.

M e tc a lfe , e t  a l .  (25) found th a t  b ird s fo o t  t r e f o i l  pods dehisce 

re a d i ly  a t  30 pe rcen t r e la t iv e  h u m id ity  bu t no t a t  40 p e rc e n t. M o is tu re  

e q u il ib r iu m  o f  pods a t  these  r e la t iv e  h u m id ity  le v e ls  was 10.05 percen t 

and 10.39 p e rc e n t, re s p e c t iv e ly .  They re p o rte d  a c lo se  re la t io n s h ip  

between r e la t iv e  h u m id ity  and m o is tu re  c o n te n t a t time, o f  pod dehiscence
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In th e  d ry  areas o f  th e  w estern United. S ta te s , i t  may be p o s s ib le  

to  p reven t pod dehiscence th rough p e r io d ic  w e tt in g  o f  th e  b ird s fo o t  

t r e f o i l  canopy w ith  s p r in k le r  i r r ig a t io n .  The o b je c t iv e  o f  t h is  study 

was to  de term ine th e  e f fe c ts  o f  v a r io u s  m is tin g  le v e ls  on pod dehiscence 

and seed y ie ld  o f  b ird s fo o t  t r e f o i l .

M a te r ia ls  and Methods

A one-ha seed f i e l d  o f  l T re ta n a l b ird s fo o t  t r e f o i l  was p lan ted  in  

1978 a t  th e  F ie ld  Research L a b o ra to ry , Bozeman, MT, in to  a Bozeman s i l t  

loam (A rg ic -P a c h ic  C ry o b o ra lI )  s o i l . Seeding ra te  was 2 .25 kg/ha pure 

l i v e  seed w ith  rows spaced 0 .6  m a p a r t .  The e f fe c ts  o f  th re e  m is tin g  

trea tm en ts  and fo u r  h a rve s t dates on seed y ie ld  o f  b ird s fo o t  t r e f o i l  were 

s tu d ie d  us ing  a s p lit-p lo t- ra n d o m iz e d -c o m p le te -b lo c k  design w ith  th re e  

r e p l ic a t io n s .  Main p lo ts  were: I )  no m is t in g ,  2) tw ic e  d a i ly  m is tin g

(10AM and 3PM), and 3) h o u r ly  m is tin g  (8AM to  6PM). The fo u r  ha rves t 

dates were considered th e  s u b -p lo ts .  In  1979, seed pods matured ra p id ly  

due to  an u n u su a lly  h o t ,  d ry  summer and seed was harvested  a t 7-day 

in te r v a ls  s ta r t in g  on J u ly  27. In  1980, seed pods matured s lo w ly  due 

to  an abnorm a lly  c o o l,  wet summer which re s u lte d  in  h a rv e s t dates o f  

August 25, September 4 , September 15, and October 2 .
P

P lo ts  were 9.14 m w ith  a 6.1 m bo rde r between p lo ts  w ith in  r e p l i ­

c a t io n s .  R e p lic a tio n s  were separated by a minimum o f  a 15.2 m bo rde r. 

These borders insu red  a g a in s t i r r ig a t io n  ove rla p  d u rin g  w indy co n d i­

t io n s .
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Sencor [4 -a m in o -6 - te r t -b u ty l-S ^ m e th y lth io ) -a s - t r ia z in -5 (4 H ) -o n e ]  

was a p p lie d  a t .68 kg/ha a c t iv e  in g re d ie n t in  the  s p r in g  o f  1979 and 

1980 to  c o n tro l weeds.

The i r r ig a t io n  system co n s is te d  o f  9 .14  m se c tio n s  o f  p o ly v in y l­

c h lo r id e  (PVC) p ipe  jo in e d  by PVC coup le rs  and elbows. Model P-J25 

R a in b ird  s p r in k le r  heads w ith  0.397 cm nozz le  opening were a ttached to  

1.9 x 92.0 cm ga lvan ized  r is e r s  lo ca te d  in  th e  co rne r o f  each p lo t .

Each s p r in k le r  head m isted  a q u a rte r  c i r c le  w ith  the  spray d is tan ce  

(9 .14  m) c o n tro lle d  by an a d ju s ta b le  aluminum f la p .  P lo ts  were watered
C  p

f o r  3 m inutes a t 3.45 x 10 Newtons m (SO p s i)  p re ssu re . Time o f

a p p lic a t io n  f o r  in d iv id u a l p lo ts  was c o n tro lle d  by gate  v a lv e s . P lo ts

were m isted  d a i ly  (excep t when i t  ra in e d ) from  J u ly  27 to  August 17 in

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

p
A t each h a rve s t d a te , I m areas were randomly chosen w ith in  each 

m is t in g  tre a tm e n t and 15 randomly se le c te d  stems were c o lle c te d  from 

w ith in  th e  area f o r  d e ta ile d  m orpho log ica l c h a ra c te r iz a t io n .  The re ­

m ain ing v e g e ta tio n  was then  harvested  a t  ground le v e l,  sacked, a ir - d r ie d  

f o r  30 days, and th e  seed cleaned w ith  a b e l t  th ra s h e r (w ith o u t a i r ) ,  

s ie v e s , and an Oregon con tinuous  b lo w e r. Clean seed was weighed and 

kg/ha y ie ld  of. seed c a lc u la te d .

Data c o lle c te d  from  th e  15 random ly se lec te d  stem s, from  each p lo t ,  

in c lud ed  th e  number o f  buds/stem , f lo w e r in g  umbels/stem (no pods), f e r t i ­

l iz e d  um bels/stem (umbels w ith  p o d s ), pod c o lo r ,  n on -sh a tte red  pods/stem .



15

s h a tte re d  pods/stem  (and t h e i r  p o s it io n  on each s tem ), t o t a l  number o f  

pods/stem , t o t a l  wet f r u i t  w e ig h t/s te m , t o t a l  a i r  d r ie d  f r u i t  w e ig h t/ 

stem, and f r u i t  m o is tu rp  percentage ( a i r  d ry  b a s is ) a t  h a rve s t (1979 

o n ly ) .

Pod c o lo r  was determ ined us ing  a M unsell (28) c o lo r  c h a r t f o r  

v e g e ta tiv e  p la n t  t is s u e .  Pods were c la s s i f ie d  in to  fo u r  c a te g o r ie s : 

dark g re e n -p u rp le  (Hue 2.5R3/6 -  Hue 5G Y6/8), l i g h t  green (Hue 2.5 

GY8/6), tan  (Hue 5 Y 8 /4 ), and brown (Hue 5YR4/5). A t each ha rves t date 

th e  t o t a l  number o f  pods in  each c o lo r  ca tego ry  was reco rded . Percent 

pods in  each ca tegory  was determ ined by d iv id in g  th e  number o f  pods in  

th a t  ca tego ry  by th e  t o t a l  number o f  pods ( in c lu d in g  s h a tte re d  pods) 

and m u lt ip ly in g  by 100.

P o s it io n  o f  s h a tte re d  pods was recorded by d iv id in g  th e  stem in to  

q u a r te rs .  S ha tte red  pods in  th e  to p  q u a r te r  were assigned a va lue  o f 

one and s h a tte re d  pods below th e  to p  q u a r te r  were g iven  a va lue  o f  tw o.

M o is tu re  percentage a t ha rve s t was determ ined by s u b tra c tin g  a i r  

d ry  f r u i t  w e ig h t, a f te r  30 days o f  d ry in g ,  from  wet f r u i t  w e ig h t, 

d iv id in g  by a i r  d ry  f r u i t  w e igh ty  and m u lt ip ly in g  by 100.

Seed q u a l i t y  was determ ined in  th e  la b o ra to ry  f o r  each m is t in g -  

h a rve s t date  com bination tre a tm e n t. Four groups o f 100 seeds from  each 

tre a tm e n t and h a rve s t da te  were su rfa ce  s t e r i l i z e d  (0.1% NaOCl o r 

T e tra ch lo ro -pa rabenzoqu i none, 98 p e rc e n t) ,  p laced in  p la s t ic  ge rm ina tion  

boxes on m o is t b lo t t e r  paper, and germ inated in  a dark g e rm ina to r a t



16

20 C. Seeds were watered as needed. A f te r  12 days counts were taken 

on th e  number o f  germ ina ted , abnorm al, h a rd , and dead seeds. A com­

p le te ly .  random design w ith  fo u r  re p l ic a t io n s  was used. R e p lic a tio n s  

were p laced in  th e  ge rm ina to rs  on consecu tive  days. One hundred seed 

w e igh t f o r  each tre a tm e n t and ha rve s t da te  was determ ined .

Data were analyzed us ing  a n a ly s is  o f  va rian ce  f o r  a s p l i t - p lo t  

randomized com plete b lo ck  design and means Were separated w ith  Duncan's 

New M u lt ip le  Range Test (3 8 ) .

R esults  and D iscuss ion

Environm ental c o n d it io n s  in  1979 were id e a l f o r  b ird s fo o t  t r e f o i l  

seed p ro d u c tio n  (Tab le  I ) .  The d ry ,  h o t c o n d it io n s  re s u lte d  in  an ex­

c e l le n t  environm ent f o r  h igh  seed p ro d u c tio n  and pod deh iscence.

M is tin g  s ig n i f ic a n t ly  changed f lo w e r  and seed m a tu ra tio n  c h a ra c te r­

is t i c s  in c lu d in g  number o f  buds, number o f  brown pods, t o t a l  number o f  

pods, number o f s h a tte re d  pods, pod m o is tu re , and seed y ie ld  (Table 2 ) .  

M is tin g  d id  no t a f fe c t  number o f  f lo w e r in g  and f e r t i l i z e d  umbels, and 

th e  number o f dark g reen , l i g h t  green and ta n  pods (Table  2 ) .  S ig n i f i ­

can t d if fe re n c e s  among h a rve s t dates were de tec ted  f o r  a l l  t r a i t s ,  ex­

cep t number o f  f lo w e r in g  gnd f e r t i l i z e d  umbels and number o f  tan  pods 

(Table 3 ) .

M is tin g  caused increased bud p ro d u c tio n  a t th e  la te r  stages o f  seed 

m a tu ra tio n  (Tables 2 and 3 ) .  However, n o n s ig n if ic a n t  d iffe re n c e s  among 

m is t in g  tre a tm e n ts  and h a rve s t dates f o r  number o f  f lo w e r in g  and
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Table I .  Weather summary f o r  1979-80 a t  Bozeman, MT.

Mean
Maximum

Temperature
Minimum

Temperature
Accum ulation
P re c ip ita t io n

3 0 -y r  Avg. May 17.39 3.61 65.25 .

1979 May .. . 17.78 3.89 58.25

1980 ' May 18.94 5.28 142.00

3 0 -y r Avg. June 21.22 7.17: 81.75

1979 June 23.50 8.44 91.50

1980 June 20.11 7.83 71.25

3 0 -y r  Avg. J u ly 27.50 10.61 29.75

1979 J u ly 28.50 11.39 14.75

1980 J u ly 27.50 11.28 28.00

3 0 -y r Avg. August 26.83 9.67 29.75

1979 August 27.06 11.17 37.75

1980 August 24.78 9.00 46.25

3 0 -y r  Avg. . September 20.83 5.28 44.00

1979 September 26.61 7.33 1.75

1980 September 21.22 6.50 . 85.00

3 0 -y r  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 e f fe c ts  o f  th re e  m is t in g  trea tm en ts  upon seed y ie ld  
components o f  b ird s fo o t  t r e f o i l  a t  Bozeman, MT, 1979.

M orpho log ica l
C h a ra c te r is t ic s

M is tin g  Treatments
None Twice D a ily Hourly.

Buds (N o .) 0 .08  ca 1.08 b 1.92 a

Flower Umbels (N o .) 0.00 0.08 0.25

F e r t i l iz e d  Umbels (N o .) 5.40 6.40 5.60

Dark Green Pods (N o.) 2.70 7.90 6.50

L ig h t Green Pods (N b.) 2.60 . 2.80 2.90

Tan Pods (N o.) 1.20 1.30 1.40

Brown Pods (N o .) . 3 .40 b 8.30 a 8.20 a

T o ta l Pods (N o.) 10.10 b 20.20 a 17.00 a

S ha tte red  Pods (N o.) 5 .60 a 0.90 b 0.80 b

Pod M o is tu re  (%) 33.60 b 51.00 a 58.30 a

Seed Y ie ld  (kg /h a ) 294.00 b 554.00 a 551.00 a

aMeans in  th e  same row fo llo w e d  by th e  same le t t e r  a re  no t s ig ­
n i f i c a n t ly  d i f f e r e n t  by Duncan's m u lt ip le  Range Test a t p = .05 le v e l .
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Table 3 . The e f fe c ts  o f  fo u r  ha rve s t dates upon seed y ie ld  components 
o f  b ird s fo o t  t r e f o i l  a t Bozeman, MT, 1979.

M orpho log ica l Harvest Dates
C h a ra c te r is t ic s J u ly  27 August 3 August 10 August 17

Buds (N o .) 0.67 ba 0.11 b I , .11 ab 2.22 a

F low ering  Umbels (N o .) 0.33 0.11 0,.11 0.00

F e r t i l iz e d  Umbels (N o.) 5.30 6.30 6;.00 5.50

Dark Green Pods (N o.) 9.50 a 9.70 a 2..10 b 1.40 b

L ig h t Green Pods (N o.) 4.70 a 3.90 ab I, .60 ab 0.80 b

Tan Pods (N o .) 1.00 1.70 I , .30 1.10

Brown Pods (N o .) 0.80 b 3.10 b 10,.70 a 9.30 a

T o ta l Pods (N o .) 15.90 ab 18.40 a 15,.60 ab 13.00 b

S ha tte red  Pods (N o.) 0.00 C 1.60 be 3,.00 b 5.20 a

Pod M o is tu re  (%) 68.20 a 60.10 a 28,.10 b 34.10 b

Seed Y ie ld  (kg /h a ) 320.00 C 510.00 a 567,.00 a 467.00 ac

aMeans in  th e  same row fo llo w e d  by th e  same le t t e r  are n o t s ig ­
n i f i c a n t ly  d i f f e r e n t  by Duncan's M u lt ip le  Range Test a t  p = .05 le v e l.
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f e r t i l i z e d  umbels (Tables 2 and 3) in d ic a te  f lo w e r  drop p roba b ly  occurred  

and these  increased buds d id  no t r e s u l t  in  increased seed y ie ld s .  E v i­

d e n tly  f lo w e rs  were no t p o l l in a te d  o r  th e  environm ent was no t conducive 

to  seed development o f  newly formed pods d u rin g  th e  m is t in g  p e r io d .

The g re a te s t number o f  dark green pods were de tec ted  e a r ly  in  th e  

season and d e c lin e d  w ith  m a tu ra tio n  (Tab le  3 ) .  Th is  decrease was due 

to ' m a tu ra tio n  o f  green pods and f a i lu r e  o f  new pods to  deve lop . A s im i­

la r  r e la t io n s h ip  was de tec ted  f o r  l i g h t  green pods, b u t o f  a le s s e r 

magnitude (Table  3 ) i

M is tin g  trea tm en ts  g re a t ly  increased th e  percentage o f  brown pods 

w ith  in c re a s in g  m a tu r ity  (F ig u re  I ) .  Th is  was due to  decreased s h a tte r ­

in g .  M is t in g  tw ic e  d a i ly  reduced pod dehiscence and increased seed 

y ie ld .  A d d it io n a l w e tt in g  delayed pod m a tu ra tio n  and decreased y ie ld s .  

H ourly  m is t in g  o f  b ird s fo o t  t r e f o i l  re s u lte d  in  a maximum o f  55 percen t 

brown pods (F ig u re  I ) ,  whereas m is tin g  tw ic e  d a i ly  re s u lte d  in  70Lpercent 

brown pods (F ig u re  I ) .  Seventy pe rcen t brown pods were ob ta ined  on th e  

same ha rve s t date  (August 10) as th e  maximum seed y ie ld  was produced.

The 70 pe rce n t brown pod stage cou ld  be used by seed producers to  

determ ine tim e  o f  h a rv e s t,  i f  a m is t in g  program was be ing used. This 

va lue  would r a re ly  be ob ta ined  w ith o u t m is t in g  under warm, d ry  c o n d itio n s  

because pod s h a tte r  would occur f i r s t .  The percentage o f  brown pods 

was s ig n i f ic a n t ly  c o r re la te d  to  t o t a l  seed y ie ld  ( r  = 0 .4 5 * * ) .
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Trt 2

Trt I -n o  mist 
Trt2 -tw ice daily 
Trt 3-hourly

JUL 27  AUG 3 AUGIO AUG 17
HARVEST DATES

F igure  I .  The e f fe c ts  o f  th re e  m is tin g  t r e a t ­
ments and fo u r  ha rves t dates upon 
pe rcen t brown pods o f  b ird s fo o t  t r e ­
f o i l  a t Bozeman, MT, 1979.

♦Means in  th e  same row fo llo w e d  by
th e  same le t t e r  are no t s ig n i f ic a n t ly
d i f f e r e n t  by Duncan's M u lt ip le  Range
Test a t p = .05 le v e l.
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T w ic e -d a ily  and h o u r ly  m is t in g  increased t o ta l  number o f  pods 

(Table  2 ) ,  and t h is  fa c to r  was s ig n i f ic a n t ly  c o r re la te d  w ith  seed y ie ld  

a t  a l l  h a rve s t dates except th e  h a rve s t on J u ly  27. The c o r re la t io n s  

f o r  h a rve s t dates o f  August 3 , 10, and 17 were: r  = 0067**, 0 .8 1 * * ,  and 

0 .7 6 * * ,  re s p e c t iv e ly .  The increased number o f  brown pods, t o t a l  number 

o f  pods, and seed y ie ld  re s u lte d  from  a decrease in  pod dehiscence due 

to ’ m is tin g  (F ig u re  2 ) .  Pod dehiscence increased w ith  m a tu r ity  f o r  a l l  

trea tm en ts  and was h ig h e s t f o r  th e  non-m isted tre a tm e n t (70 p e rc e n t) .

Pod dehiscence f o r  th e  m is t in g  trea tm en ts  d id  no t exceed 12 p e rc e n t.

The number o f  s h a tte re d  pods was n e g a tiv e ly  c o r re la te d  ( r  = -0 .7 2 * * )  

w ith  seed y ie ld  on August 17.

M is tin g  increased pod m o is tu re  (F ig u re  3) and prevented pod de­

h iscence . Pod m o is tu re  was s ig n i f ic a n t ly  c o r re la te d  w ith  seed y ie ld  on 

August 10 and 17. (0 .7 5 * *  and 0 .6 7 * * ,  r e s p e c t iv e ly ) .

M is t in g  tw ic e  d a i ly  increased seed w e igh t (Tab le  4) due to  th e  re ­

te n t io n  o f  h e a v ie r seed. In  c o n tra s t ,  h e a v ie r seed sh a tte re d  in  th e  . 

non-m is ted  b ird s fo o t  t r e f o i l  tre a tm e n ts  and cou ld  no t be harvested (4 4 ) .

M is t in g  increased seed y ie ld  by p re ve n tin g  pod dehiscence and in ­

c reas in g  seed w e igh t o f  harvested  seed (F ig u re  4 ) .  The seed y ie ld  ob­

ta in e d  on August 10 f o r  th e  m is tin g  tre a tm e n ts  is  in d ic a t iv e  o f  maxi­

m iz ing  seed p ro d u c tio n  w h ile  m in im iz in g  pod deh iscence. No s ig n i f ic a n t  

d if fe re n c e s  were de tec ted  between th e  tw ic e  d a i ly  and h o u r ly  mi s t in g s .  .
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Trt I -n o  mist 
Trt 2 -tw ice daily 
Trt 3 -hourly

Trt J>b

Trt2

JUL 27  AUG 3 AUGIO AUG17
HARVEST DATES

F igure  2 . The e f fe c ts  o f  th re e  m is tin g  t r e a t ­
ments and fo u r  ha rves t dates upon 
pe rcen t s h a tte re d  pods o f  b ird s fo o t  
t r e f o i l  a t  Bozeman, MT, 1979.

*Means in  th e  same row fo llo w e d  by
th e  same le t t e r  are not s ig n i f ic a n t ly
d i f f e r e n t  by Duncan's M u lt ip le  Range
Test a t p = .05 le v e l.
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Trt I -  no mist 
Trt 2 -tw is t daily 
Trt 3 -h o u riy

Trt 3

S 50

Z 30

JUL 27 AUG 3 AUGIO AUG17
HARVEST DATES

F igure  3 . The e f fe c ts  o f  th re e  m is tin g  t r e a t ­
ments and fo u r  ha rve s t dates upon 
pe rcen t pod m o is tu re  o f  b ird s fo o t  
t r e f o i l  a t  Bozeman, MT, 1979.

*Means in  th e  same row fo llo w e d  by the
same le t t e r  are no t s ig n i f ic a n t ly
d i f f e r e n t  by Duncan's M u lt ip le  Range
Test a t p = .05 le v e l .
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Table .4. The e f fe c ts  o f  th re e  m is t in g  trea tm en ts  upon t o t a l  seed w e igh t 
per 100 seed a t fo u r  ha rve s t dates o f  b ird s fo o t  t r e f o i l  a t 
Bozeman, MT, '1979.

M is tin g
Treatments J u ly  27 " August 3 August 10 . August 17

None 1.90 1.78 1.22 b * 0.82 b

Twice d a i ly 1.49 0.19 5.98 a ■ 4.21 a ■

H ourly 1.77 2.93 4.46 ab 3.80 ab

Means in  the. same row fo llo w e d  by th e  same le t t e r  are no t s ig -. 
n i f i c a n t ly  d i f f e r e n t  by Duncan's M u lt ip le  Range Test a t p = .05 le v e l .
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T rt 2 .

q  4 0

W 3 0

Trt I -n o  moist 
Trt2-tw ice daily 
Trt 3 -hourly

JUL 27 AUG 3 AUGIO AUG17
HARVEST DATES

F igure  4 . The e f fe c ts  o f  th re e  m is tin g  t r e a t ­
ments and fo u r  ha rves t dates upon 
seed y ie ld  (Kg/Ha) o f b ird s fo o t  t r e ­
f o i l  a t Bozeman, MT, 1979.

*Means fo llo w e d  by the  same le t t e r  
are no t s ig n i f ic a n t ly  d i f f e r e n t  a t 
th e  .05 le v e l accord ing to  Duncan's 
M u lt ip le  Range T es t.
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tw ic e  d a i ly  m is t in g  was unable to  p reven t brown pods from  s h a tte r in g  

between August 10 and 17.

Seed v i a b i l i t y  was n o t a f fe c te d  by m is tin g  tw ic e  d a i ly  (Table 5 ) ;  

bu t th e  h o u rly  m is t in g  decreased v i a b i l i t y  due to  excess ive  m o is tu re  

which caused seed ge rm in a tio n  in  th e  f i e l d .  The h o u rly  m is t in g  a lso  

caused fu n g a l growth w ith in  and on seed pods. Seed v i a b i l i t y  increased 

w ith  la te r  ha rves ts  (T a b le ,6 ) .

Sencor may have repressed th e  v e g e ta tiv e  growth and m a tu ra tio n  o f  

b ird s fo o t  t r e f o i l  in  1980. M a tu ra tio n  was fu r th e r  delayed by c o o l, wet 

c o n d it io n s  in  August and September o f  1980 (Table  I ) .  The f i r s t  ha rve s t 

in  1980 was August 25 as compared to  J u ly  27 in  1979. The com bination 

o f  Sencor damage and environm ent seem ingly reduced seed y ie ld s  in  1980. 

(F ig u re  5 ) .  The e f fe c ts  o f  m is t in g  tre a tm e n ts  on f lo w e r in g  and seed 

m a tu ra tio n  c h a ra c te r is t ic s  were g e n e ra lly  n o n -s ig n if ic a n t .  Seed y ie ld s  

in  1980 were decreased due to  m is t in g  tre a tm e n ts , in d ic a t in g  th a t  m is tin g  

should n o t have occurred  as i t  f u r th e r  delayed pod m a tu ra tio n .

In 1979 pod m o is tu re  was re la te d  to  pod dehiscence and was increased 

by m is t in g .  L ig h t m is t in g  prevented mature pods from  d e h is c in g  w h ile  

immature pods deve loped. Maximum seed y ie ld s  were ob ta ined  by m is tin g  

tw ic e  d a i ly  and h a rv e s tin g  when 70 pe rcen t o f  th e  pods a re  brown (August 

10, 1979). The tw ic e  d a i ly  m is t in g  o f  b ird s fo o t  t r e f o i l  had s i g n i f i ­

c a n t ly  b e t te r  seed g e rm ina tion  than d id  h o u r ly  m is t in g ,  in d ic a t in g  th a t  

excess ive  m o is tu re  r e s u lts  in  poor seed v i a b i l i t y .  T h e re fo re , seed
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Table 5 . The e f fe c ts  o f  th re e  m is tin g  trea tm en ts ' 
upon pe rcen t v i a b i l i t y  o f  seed lo ts  o f  b ird s fo o t  
t r e f o i l  a t Bozeman, MT, 1979.

Treatment Percent V ia b i l i t y

1 80.97 a

2 73.23 a

3 54.43 b

*  . 
Means fo llo w e d  by th e  same le t t e r  are no t s ig ­

n i f i c a n t ly  d i f f e r e n t  a t  th e  .05 le v e l accord ing  to  
Duncan's M u lt ip le  Range T e s t.

Table 6 . The e f fe c ts  o f  fo u r  ha rve s t dates on p e r­
cen t v i a b i l i t y  o f  seed lo ts  o f  b ir d s fo o t  
t r e f o i l  a t  Bozeman, MT, 1979.

H arvest Dates Percent V ia b i l i t y

J u ly  27 54.35 b

August 3 59.95 a

August 10 76.84 a

August 17 77.05 a

Means fo llo w e d  by th e  same le t t e r  are n o t s ig ­
n i f i c a n t ly  d i f f e r e n t  a t th e  .05 le v e l accord ing  to  
Duncan's M u lt ip le  Range T e s t.
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-T rt2

AUG 25 SPT 4 SPT 15 OCT 2
HARVEST DATES

F igure  5 . The e f fe c ts  o f  th re e  m is tin g  trea tm en ts  
and fo u r  ha rve s t dates upon seed y ie ld  
(Kg/Ha) o f  b ird s fo o t  t r e f o i l  a t Bozeman, 
MT, 1980.
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producers should app ly  o n ly  enough w a te r to  p reven t pod deh iscence. I t  

is  p o s s ib le  th a t  d a i ly  m is t in g  would have been s u f f i c ie n t .

- A lthough m is t in g  o f  th e  b ird s fo o t  t r e f o i l  canopy tw ic e  d a i ly  maxi­

mized seed y ie ld s ,  seed producers must base th e  i r r ig a t io n  schedule on 

th e  env ironm enta l c o n d it io n s  p re s e n t. When env ironm enta l c o n d it io n s  are 

such th a t  pod dehiscence w i l l  no t o c c u r, m is t in g  o f pods w i l l  no t in ­

crease seed y ie ld .

When p roducing  b ird s fo o t  t r e f o i l  seed in  an area which has low 

r e la t iv e  h u m id ity  and m is t in g  is  used, I suggest th a t  I )  s t a r t  m is tin g  

when brown pod m o is tu re  d e c lin e s  to  app ro x im a te ly  10 pe rcen t as in d ic a te d  

in  Chapter I I ,  2) m is t tw ic e  d a i ly  o r .a s  needed to  p reven t s h a t te r ,

3) swath when th e  env ironm enta l c o n d it io n s  d ic ta te  o r  a t  app rox im a te ly  

70 pe rcen t brown pod s ta g e , and 4) combine as soon as fo ra g e  w i l l  pass 

th rough  combine. I f  env ironm enta l c o n d it io n s  are such th a t  wet coo l 

c o n d it io n s  m ight p re v a il la te  in  th e  season, I advise  com bining p r io r  

to  th e  70. pe rcen t brown pod s ta g e . We have observed th a t  fre q u e n t 

w e tt in g  o f  th e  b ird s fo o t  t r e f o i l  canopy produces a le a th e ry , tough pod 

which does no t s h a t te r  as r e a d i ly  as non-m isted pods.



CHAPTER I I

THE RELATIONSHIP OF MOISTURE PERCENTAGE OF POD, SEED,

AND FRUIT AT DEHISCENCE OF BI RDSFOOT TREFOIL 

(LOTUS CORNICULATUS L .)

In tro d u c tio n

M is tin g  b ird s fo o t  t r e f o i l  pods d u r in g  seed m a tu ra tio n  reduced seed 

s h a tte r  and increased seed y ie ld  (Chapter I ) .  Seed y ie ld  was increased 

th re e - fo ld  by tw ic e  d a i ly  m is tin g s  (3 -m inu te  p e r io d s ) f o r  2 weeks be fo re  

h a rv e s t in g . However, to  use a m is t in g  program e f fe c t iv e ly  seed producers 

need a means o f  d e te rm in ing  when pod dehiscence w i l l  occur in  th e  f i e l d .

P revious s tu d ie s  have attem pted to  r e la te  tim e  o f  h a rve s t o f  b ird s ­

fo o t  t r e fo i l . s e e d  to  s p e c if ic  m orpho log ica l stages o f  growth (3 , 7, 4 8 ). 

These s tu d ie s  determ ined th e  stages o f  pod m a tu ra tio n  and seed deve lop - . 

ment which would maximize seed y ie ld  by h a rv e s tin g  p r io r  to  seed pod 

deh iscence. A ttem pts to  p reven t pod dehiscence w h ile  immature pods r ip e n  

have no t p re v io u s ly  been reco rded . In  a d d it io n ,  va rio u s  c u l tu r a l  p ra c ­

t ic e s  th a t  a l t e r  p la n t growth c h a ra c te r is t ic s  have been employed in  

a ttem pts  to  increase  seed y ie ld  (4 , 14, 18, 36, 46, 4 7 ) . L im ite d  suc­

cess has been achieved in  in c re a s in g  seed y ie ld  through im plem enting 

these v a r io u s  c u l tu r a l  p ra c t ic e s .

There is  a c lo se  in terdependence between env ironm ent, m o is tu re  

e q u il ib r iu m ,  and pod s h a tte r  (4 , 23, 2 5 ) . M e tc a lfe , e t  a l .  (25) found 

th a t  b ird s fo o t  t r e f o i l  pods w i l l  deh isce  re a d i ly  a t 30 pe rce n t r e la t iv e
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h u m id ity  bu t no t a t 40 p e rc e n t. M o is tu re  e q u i l ib r ia  o f  pods a t these 

r e la t iv e  h u m id ity  le v e ls  was 10.05 and 10.39 p e rc e n t, re s p e c t iv e ly .

There are seve ra l problems in vo lve d  w ith  m is tin g  o f  b ird s fo o t  t r e ­

f o i l  such as: I )  do pods w ith  v a rio u s  g e n e tic  m a te r ia l s h a t te r  a t d i f ­

fe re n t  m o is tu re  le v e ls ,  2) a t what percentage m o is tu re  should m is tin g  

b e g in , and 3) what is  th e  re la t io n s h ip  o f  f r u i t ,  seeds, and pod m o is tu re  

a t  deh iscence. The o b je c t iv e s  o f  t h is  s tudy were to  de te rm ine : I )  i f

d i f f e r e n t  b ird s fo o t  t r e f o i l  c lones deh isce  a t th e  same percentage 

m o is tu re , and 2) i f  seed producers cou ld  determ ine when to  begin m is tin g  

b ird s fo o t  t r e f o i l  by d e te rm in ing  pod m o is tu re  p e r io d ic a l ly .

M a te r ia ls  and Methods
, 1 ........ —  11 "

E va lu a tio n  o f  Clones f o r  Per­
centage M o is tu re  a t  Dehiscence

Mature brown pods were randomly se le c te d  from  fo u r  d i f f e r e n t  clones 

o f  b ird s fo o t  t r e f o i l  f o r  e v a lu a tio n  o f  seed pod dehiscence in  1980. The 

fo u r  c lones were ob ta ined  from  a 50 c lo n e , t h i r d  c y c le  re c u rre n t se le c ­

t io n  po lyc ro ss  grown in  th e  greenhouse.

Fresh w e igh t o f  in d iv id u a l brown pods was ob ta ined  by w eigh ing each 

pod. to  th e  nea re s t o n e -te n th  m ill ig ra m  a t t im e  o f h a rv e s t.  A p le x ig la s s  

env ironm enta l box (L shaped) was co n s tru c te d  using a sm all s q u ir re l cage 

fa n  and two p le x ig la s s  chambers. The box was open a t both ends to  p ro ­

v id e  a i r  c i r c u la t io n .  An e x te rn a l h e a te r was placed o u ts id e  o f  the  

low er p o r t io n  to  p ro v id e  warm a i r  (20°C) f o r  d ry in g  pods. Small ny lon
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mesh bags ( 5 x 5  cm) were co n s tru c te d  to  ho ld  th e  in d iv id u a l pods fo r  

dry-down and deh iscence. These bags were, hung from  sm all m etal rods 

p laced across th e  3 - in c h  w id th  o f th e  upper exhaust chamber.

A com p le te ly  random design w ith  16 re p lic a t io n s  was used. A t pod 

deh iscence ,.seeds and pod were removed from  th e  env ironm enta l chamber 

and weighed im m ed ia te ly . M o is tu re  percentage a t s h a tte r  was c a lc u la te d  

on an a i r  d ry  b a s is .

R e la tio n s h ip  o f  F r u i t ,  Seeds, and 
Pod M o is tu re  a t Dehiscence

M o is tu re  percentage o f  f r u i t ,  seeds, and pod was measured to  d e te r ­

mine m o is tp re  co n te n t a t . t im e  o f  deh iscence.

Brown f r u i t  samples were taken from  l T re ta n a l b ird s fo o t  t r e f o i l  

p la n ts  grown on a Bozeman s i l t  loam (A rg ic -P a c h ic  C ryo b o ra lI )  s o i l  a t 

th e  F ie ld  Research L a b o ra to ry , Bozeman, MT. Samples were taken to  the  

la b o ra to ry  in  a c o o le r  and eva lua ted  f o r  m o is tu re  c o n te n t a t  tim e  o f 

deh iscence. Brown f r u i t  randomly se le c te d  were p laced in  w e igh ing 

b o t t le s  and fre s h  f r u i t  w e igh ts  reco rded . Each f r u i t  was removed from 

th e  w e igh ing  b o t t le ,  p laced in  a sm all mesh bag, and a llow ed to  d ry  on 

a paper to w e l.  A t tim e  o f  f r u i t  deh iscence, seeds and pod were separ­

a te d , p laced in  separa te  w e igh ing b o t t le s , ,  and weighed im m ed ia te ly .

Seeds and pods were oven d r ie d  24 hours a t  IOO0C, cooled in  a d e s s ic a to r  

f o r  3 hou rs , and weighed.
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F o r ty - fo u r  in d iv id u a l brown pods were sampled. Means, standard 

d e v ia t io n s ,  and standard e r ro rs  were, c a lc u la te d  based on w e igh ts  and 

m o is tu re  percentage o f  f r u i t ,  seeds, and pod.

R esu lts  and D iscuss ion

E va lu a tio n  o f  Clones f o r  M o is tu re  
Percentage a t Dehiscence

B ird s fo o t t r e f o i l  c lones d id  no t d i f f e r  in  m o is tu re  percentage o f  

brown f r u i t  a t dehiscence (Table  7 ) ,  b u t d i f fe r e d  in  m o is tu re  percentage 

o f  f r u i t  a t  h a rve s t (Tab le  8 ) due to  d iffe re n c e s  in  m a tu r ity .  Mean 

m o is tu re  percentage o f  a i r - d r ie d  f r u i t  a t  dehiscence was 2.50 + 0 .28 .

The mean m o is tu re  percentage o f  a i r - d r ie d  f r u i t  a t  h a rve s t was 

7.69 + 0 .2 7 . Based on these  data  i t  appears th a t  seed producers can use 

a c r i t i c a l  m o is tu re  le v e l f o r  f r u i t  dehiscence o f  b ird s fo o t  t r e f o i l  re ­

ga rd le ss  o f  g e n e tic  m a te r ia l.  Rate o f  d ry  down was no t de term ined , 

however i t s  e f fe c ts  and im portance have been s u b s ta n tia te d  by M e tc a lfe , 

e t  a l .  (2 5 ) .  .

R e la tio n s h ip  o f  F r u i t ,  Seed, and 
Pod M o is tu re  a t Dehiscence

Mean m o is tu re  percentage o f  brown f r u i t  a t  dehiscence was 7.28 +

' 0 .2 0 , w ith  a range o f  4 .18  -  10.00 p e rc e n t. These data suggest th a t  

. m is t in g  should beg in  when f r u i t  m o is tu re  is  app rox im a te ly  10 p e rce n t. 

S u n lig h t,  r e la t iv e  h u m id ity , w ind , tem p e ra tu re , and c loud cover can a l t e r

J
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Table 7 . M o is tu re  percentage ( a i r  d ry  b a s is )  o f  f r u i t  from  fo u r  clones 
o f  b ird s fo o t  t r e f o i l  a t  dehiscence in  1980 a t Bozeman, MT.

Clone
Number

Number o f  
F r u i t  Sampled

M o is tu re  Content o f  
F r u it  a t  Dehiscence

I ,6
(%)
3.167

2 16 2.625

3 16 1.894

4 16 2.300

Table 8 . M o is tu re  p e rce n ta g e .o f fre s h  f r u i t  ( a i r  d ry  b a s is )  o f  fo u r  
c lones  o f  b ird s fo o t  t r e f o i l  when placed in  an environm enta l 
chamber a t  Bozeman, MT.

Clone
Number

Number o f  
Pods Samples

Mean M o is tu re  Percentage 
o f  Fresh' F r u i t  a t Harvest

I 16 .8.519 a*
2 . . 16 8.106 a
3 16 6.126 b
4 16 8.026 a

*Means in  th e  same row fo llo w e d  by th e same le t t e r  a re  no t s ig -
n i f i c a n t ly  d i f f e r e n t  by Duncan's M u lt ip le  Range Test a t p = .05 le v e l.



36

th e  dry-down, ra te  o f  f r u i t  ( I ,  2 , 4 , 4 9 ) . T h e re fo re ,fre q u e n t f r u i t  

sam01aigg is  necessary to  determ ine when m is tin g  should b e g in .

M o is tu re  percentage o f  f r u i t ,  seed, and pod were s ig n i f ic a n t ly  co r 

re la te d  w ith  each o th e r  (Tab le  9 ) .  The c o r re la t io n  c o e f f ic ie n t  f o r  

m o is tu re  percentage o f  th e  f r u i t  and pod a t dehiscence was r  = .88, 

in d ic a t in g  th a t  f r u i t  m o is tu re  can be used to  determ ine when brown pods 

w i l l  deh isce  in  th e  f i e l d  and when m is t in g  should b e g in .

The means, s tandard d e v ia t io n s ,  and standard e r ro rs  f o r  f r u i t ,  

seed, and pod a t dehiscence are.shown in  Table 10. The seed conta ined 

more m o is tu re  th a n  th e  pod and f r u i t .

P revious work (C hapter I )  in d ic a te s  th a t  m is tin g  b ird s fo o t  t r e f o i l  

tw ic e  d a i ly  increased seed p ro d u c tio n . Th is  study in d ic a te s  th a t  seed 

producers should beg in m is t in g  be fo re  m o is tu re  con ten t o f  f r u i t  reaches 

10 p e rc e n t. I f  env ironm enta l c o n d it io n s  are such th a t  pod.dehiscence 

w i l l  o ccu r, th e  frequency o f  m is tin g  is  dependent upon th e  s p e c if ic  

env ironm enta l c o n d it io n s .  Under h o t,  d ry  ( low  r e la t iv e  h u m id ity ) con­

d i t io n s ,  m is t in g  must occur more f re q u e n t ly  than under co o l and wet 

c o n d it io n s .
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Table 9 . C o rre la t io n  m a tr ix  showing th e  re la t io n s h ip  o f  m o is tu re  
percentage o f  pod, seed, and f r u i t  a t deh iscence.

• Percent 
M o is tu re  o f :

Pods a t 
S h a tte r

Seeds a t 
S h a tte r

F r u it  a t 
S h a tte r

Pods a t s h a t te r  - r

Seeds a t s h a t te r  0 .4 7 *

F r u it  a t  s h a t te r  0 .8 8 * *  0 .7 9 **

* , * * C o e f f ic ie n ts  were s ig n i f ic a n t  a t  th e  .05 and .01 le v e l o f 
p r o b a b i l i t y ,  re s p e c t iv e ly .

Table 10. Means, s tandard  d e v ia t io n s ,  and standard e r ro rs  o f  th e  per 
cen t m o is tu re  o f  pods, seeds, and f r u i t  a t deh iscence.

X S I

LUCO

Pods 6.19 1.47 0.22

Seeds 8.75 . 1 .81 0.27

F r u it 7.28 1.67 0.20
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