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Abstract: T h e  life cycle of the soybean cyst nematode ,  Race 3 (SCN 3), Heterodera glycines 
Incb inohe  was de t e rmined  from observat ions ot7 the deve lopmen ta l  stages on soybean Glycine 
max cv. Kent root  cxp lan t s  nmle r  gmt tobio t ic  cmtdi t i tms at  25 C. Approx ima te ]y  5107o of the 
second-stage larvae pene t ra t ed  the root  l day af ter  inocu la t ion  (l)AI). Th i rd - s t age  larvae  ap- 
peared  4 DAI, became sexual ly  d i f ferent ia ted  5 DAI, and  p ro t ruded  from the root  tissues 6 
DAI. Fotlr th-stage males  and females were observed 7 DAI. Enshea thcd  a d u l t  males  were 
observed at  9 DAI and  exshea thed  to free adul ts  at  II  DAI. T h e  f imrth-s tage female became 
an adu l t  at  l0 I)AI, Males en twined  a ro tmd the ge la t inons  sac of the  female  at  12 DAI and 
were assumed to be mat ing .  Y~ome males ac tua l ly  pene t r a t ed  attd were enveloped by the ge la t inous  
sac. T h e  female- to-male  sex r:tti~ ranged from 2.3 to 9.5:1. First- attd ~cond-s tage  larvae were 
observed in the  egg 17 and 19 DAI, respectively. T im life cycle of the S('N 3 was comple ted  
21 DAI upon h a t c h i n g  of the eggs and emergel tce  of sectmtl-stage larvae. T h e  average n t tmber  
of eggs in the cyst body attd gelat intnts  sac, was 210 and 187, respectively. Key words: reproduc-  
tion, soybean cyst nematode ,  scanning clectt'on microscopy. 

. lottrnal of Nemat tdogy 15(2):272-281. 1983. 

The  life history of the soyhean cyst 
nematode (SCN), Heterodera glycines 
lchinohe (7), has been studied by Ichinohe 
(8,9) and Skotland (22,23). Originally, 
Ichinohe (9) reported that the length of 
one generation (number of days from larval 
inwtsion to the first sign of the embryonated 
egg within the sac) of the SCN was 24 days 
at temperatures ranging between 19.2 and 
26.5 C with an average of 23.3 C. Skotland 
(23) deterniined that one generation (from 
host invasion by second-stage larvae (L2) to 
emergence of L2) of the SCN was 21 days 
when reared on soybeans at 23 C. Nei ther  
investigator presented a complete account 
of the SCN life cycle. Although Ichinohe 
(9) determined the number  of days re- 

quired for the development of each life 
stage, he did not indicate the molt ing peri- 
ods nor the time required for the embryo 
to complete its development and emerge 
from the egg as an infective L2. Skotland 
(23), on the other hand, did not observe the 
fourth molt (M4) of the female, nor  the 
first molt  (M1) of the first-stage larva (L1). 
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A study was undertaken to determine 
tile life cycle of the SCN through direct 
observations o1 developmental stages on 
axenic soybean root explants nnder  con- 
trolled enviroumental  conditions. T h e  
methodology, application, and significance 
of phytouematode gnotobiology was re- 
viewed by Zuckerman (27). In the subfamily 
Heteroderinae (gen. Globodera, Hetero- 
dera, and Punctodera), monoxenic cultures 
were reported for the following species: H.  
az*enae Woll. (2), (7. rostochiensis (Woll.) 
Betirens (26), H. glycbTes Ichinohe (13,14), 
H. oryzae guc  and Berdon-Brizuela (20), 
and H. schachtii Schmidt (11,12,17,18). Of 
tllese species, only the life cycle of H.  
schachtii llas been documented from obser- 
vations of gnotobiotic cultures (1 I). In this 
study, we describe the development of J-/. 
glycbles in monoxenic  cultnres using light 
(I,M) and scanning electron microscopy 
(SEM). 

N[ATERIALS AND M E T H O D S  

Specime~s: Seeds of Glycine max (L.) 
Merr. cv. Kent were obtained from seed 
stocks at ARS, USDA, Beltsville, Maryland. 
Axenic L2 of tllc SCN, Race 3 (SCN 3) 
were obtained from previously established 
monoxenic  root exphmt  cultures (13,14). 

hmculation of root explants: T h e  L2 
inoctdum was prepared by aseptically trans- 
ferring ca. 30 gravi{1 yellow females with 
egg masses from stock cultures to sterile 
screw-capped cnlture vials (15 × 55 mm) 
containing 4 ml of sterile tap water. After 
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i n c u b a t i o n  for  24 h at  25 C, eggs h a t c h e d  
to y ie ld  a c o n c e n t r a t i o n  of  ca. 500 L 2 / m l .  
P o t a t o  dex t rose  aga r  (Difco) p la tes  were  
i n o c u l a t e d  wi th  a l iquo t s  of  the l a rva l  sus- 
pens ion  to  test for s ter i l i ty .  

Ken t  axen ic  roo t  e x p l a n t s  were  g rown  
in pe t r i  dishes  (one e x p l a n t / d i s h )  on  ho l id i c  
aga r  m e d i u m  ( T a b l e  1) in  an  e n v i r o n m e n -  
ta l  g rowth  c h a m b e r  a t  25 C in  t he  dark .  
T h r e e - d a y - o l d  roo t  e x p l a n t s  were  inocu-  
l a t ed  wi th  a 0.1 ml  suspens ion  of  L2 (50 
± 2) us ing  a s ter i le  glass p ipe t .  T h e  num-  
ber  a n d  v i a b i l i t y  of the  L2 was conf i rmed  
wi th  1lae a id  of a s te reomicroscope .  Af t e r  
a l l owing  24 h for L2 p e n e t r a t i o n ,  the  r o o t  
systems were r e m o v e d  in tac t  a n d  t r ans fe r r ed  
to pe t r i  d ishes  wi th  fresh m e d i u m  ( T a b l e  1) 
to p r even t  fu r the r  L2 infec t ion .  T h e  pe t r i  
d ishes  were  sealed wi th  Pa ra f i lm  a n d  incu-  
b a t e d  as desc r ibed  above.  

pH determination: T i m  p H  of  the  agar  
m e d i u m  was d e t e r m i n e d  f rom three  repl i -  
cates of SCN 3 in fec ted  Ken t  r o o t  cu l tu res  
us ing  a c o m b i n a t i o n  p H  surface e lec t rode .  

Microscopy: T h r e e  rep l ica tes  of SCN 3 

in fec ted  roo t  cu l tu res  were e x a m i n e d  at  
da i ly  in terva ls .  Roots  systems were  s t a i ne d  
for 5 m i n  in a b o i l i n g  s o l u t i o n  of  ac id  
tuchs in  in l a c t o p h e n o l  (16). S t a ined  nema-  
todes were  excised  f rom roo t  tissues a n d  
e x a m i n e d  w i th  a c o m p o u n d  l igh t  micro-  
scope to  d e t e r m i n e  the sex a n d  stage of  
d e v e l o p m e n t .  

F o r  SEM, SCN 3 in fec t ed  roots  were  
fixed by f lood ing  the  pe t r i  d ishes  w i th  5 %  
g l u t a r a l d e h y d e  in 0. l  M p h o s p h a t e  buffer  
(pH 7.2) for 24 h at  25 C. I n f e c t e d  roo t  seg- 
men t s  were  r e m o v e d  front plates ,  washed  
th ree  t imes  for  15 ra in  each a n d  pos t f ixed  
wi th  2~'o OsO4 in the  same buffer  for 3 h 
at  25 C. F i x e d  tissues were  d e h y d r a t e d  in  
a g r aded  e t h a n o l  series a n d  cr i t ica l  p o i n t  
d r i e d  us ing  COe. Spec imens  were  m o u n t e d  
on a l u m i n t m t  stuhs, spu t t e r  coa ted  wi th  
g o h l - p a l l a d i u m ,  a n d  e x a m i n e d  wi th  a Hi-  
tachi SEM S-430a t  10 or  15 KV. 

RESU L T S  

T h e  desc r ibed  c ond i t i ons  and  composi -  

Table 1. Composition of the holidic agar medium formulated by Skoog, Tsui, and White (10) and 
used in this study, 

COMPONENTS COMPONENTS 

Macronutr ient  salts (Stock A): Micronutr ient  salts (Stock C),: 

Solution 1 ZnSO 4 . 7H=,O 0.027 g 

Ca(NO3),, • 4 H , O  1.44 g MnS() 4 • H,,O 0.049 
KNO 3 0.80 H:~BO3 0.016 

• KI 0.0075 
KCI 0.65 

Distilled H20  q.s. 100 ml 
KH2PO 4 0.38 
NH4NO a 0.40 Store @ 5°C 
Distilled H20  q.s. 800 ml 

Vitamins and Amino Acids (Stock D): 

Solution II  Nicotinic acid 0.050 g 

MgSO 4 • 7H .O  0.72 g Pyridoxine HCI 0.075 
Distilled HeO q.s, 200 ml Th iamine  HCI 0.010 

Sodium glycinate 0.262 
Combine solutions I and I I  to make 

Distilled H oO q.s. 100 ml 
IL of Stock A, store @ 5°C. 

Iron ~Stock B): Filter sterilize Stock D, store 
1.0 ml aliquots @ -- 20°C. 

FeSO 4 , 7HoO 0.56 g 
Na~EDTA 0.74 
Distilled HzO q.s. 100 ml 

Aerate Stock B for 24 hrs., store in 
dark bottle @ 5°C. 

To make 1L of nutrient agar medium, combine 100 ml of Stock A, 5 ml of Stock B, 10 ml of Stock 
C, 20 g of sucrose, 15 g of Difco Noble agar and distilled H,,O q.s. 1000 ml. Autoclave medium 0) 15 p.s.i. 
for 15 min. Add 1 ml of Stock D and adjust pH with acid or base to 5.6-5.8 after medium has cooled 
to about 60 C. 
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tion of tile medium (Table  1) supported 
prolific growth of tile axenic soybean root 
explants and the complete development of 
SCN 3 as shown in Fig. 1. T h e  L2-to-L2 life 
cycle in monoxenic  culture was completed 
21 (lays after inoculation (DA1), and the 
development, which consisted of four mohs 
and five stages, was typical of bisexual endo- 
parasitic phytonematodes. A diagramatic 
representation of the SCN 3 life cycle under  
gnotobiotic conditions is shown in Fig. 2. 

Growth medium: T h e  pH of the growth 
medium significantly (P = 0.01) decreased 
during the first 7 DAI, whereas the p H  
differences dur ing the remainder  of the life 
cycle were not significant (Table 2). Th e  
decrease in p H  may have resulted from am- 
monium absorption which would cause an 
acid drift  in the medium (21). However, 
the low pH did not prevent SCN 3 develop- 
ment  in root explants, and reinfection and 
nematode maturat ion occurred in cultures 
in which the p H  had decreased to approxi- 
mately 4.8. 

Penetration: In vitro observations of 
axenic root explants 1 DAI revealed small 
necrotic lesions along the main and lateral 
roots. Th e  posterior port ion of the L3 were 
later seen prot ruding from the root where 
these lesions occurred. Observations by SEM 
of intact roots showed that some L2 were 
still in the process of penetrat ion (Fig. 3). 
Examinat ion by L M  of stained roots 1 DAI 
indicated that 42-61% (~ 51%) o.f the L2 
penetrated the root system including the 
tap root. 

Third stage: Observations by LM 
stained roots revealed that the L2 molted 
(M2) within tile root tissues between 3 and 
4 DAI. Third-stage larvae (L3) could not 
be sexually differentiated on the basis of 
gonad development until  5 DAI. As shown 
by SEM (Fig. 4), swollen L3 protruded 
from the roots 6 DAI causing relatively 
large root lesions through rupture  of the 
cortical and epidermal layers. 

Fourth stage: Molting (M3) of tile L3 
occurred between 6 and 7 DAI. T h e  sex of 

Fig. 1. Monoxenic culture of Heterodera glycines, Race 3, on a Glycine max cv. Kent root explant 
showing nematode infected root system (arrows) 21 days after inoculation. X 1.1. 
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Tab le  2. Re la t ionsh ip  between p H  of the  holidic 
agar m e d i u m  and  days  of  g rowth  of soybean  e'ist 
nema tod e  infected 'Ken t '  root exp lan t s  incuba ted  
in the  dark  at 25 C. 

Days Average p H  
0 5.66 a* 
5 5.36 b 
7 5.18 c 

14 4.91 d 
21 4.88 d 
28 4.81 d 

* N u m h e r s  followed by a Letter in comm~)n are 
not  significantly (P = 0.01) different according t,) 
Duncan ' s  mul t ip l e - range  test. 

tile fottrth-stage larvae (L4) could be de- 
termined on the basis of body shape. SEM 
micrographs showed that the L4 males were 
more elongated (Fig. 5) than the more oval- 
shaped L't females (Fig. 6). 

Adult  stage: Sexual development di- 
verged with the onset of the four th  molt  
(M4). T h e  L4 males molted between 8 and 
9 DAI but  remained ensheathed as adults 
within the third-stage cuticle, whereas tlte 
1,4 females molted between 9 and 10 DAI. 
Adttlt white fetnales at 10 DAI formed 
gelatinotts sacs at their posterior (Fig. 7), 
anti the sacs contintted to enlarge prior to 
tnating (Fig. 8). Evidence of male exsheath- 
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Fig. 2. Schemat ic  r ep resen ta t ion  of  the  life cycle of Heterodera glycines, Race 3, der ived f rom growth  
and  deve lopmen t  on Glycine max cv. Ken t  axenie  root  e xp l an t s  incuba ted  in the  dark  a t  25 C. 
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Figs. 3-4. SEM micrographs  of H. glycines, Race 3, on Glycine max cv. Kent  root  explants.  3) Second* 
stage larva (L2) invading the root  I day after  ino:ula t ion  (DAI). 4) Swollen thixd-stage larvae (L3) 
pro t ruding  from the root 6 DAI. 

ment was found II DA1 with the appear- 
ance of free adults on the agar surface. T h e  
adult female-to-malc ration ranged from 
2.3:1 to 9.5:1 and averaged 6.3:1. At 12 
DAI, males were observed in the process of 
mating; they were entwined aroun(l the 
gelatinous sac of the female. It was diffi- 
cult to determine from LM observations 
whether the male entered the sac; however, 
SEM observations revealed that some adult  
males were completely enveloped by the 
gelatinous sac (Fig. 9). Occasionally, sev- 
eral males were o])served around a single 
adult female. 

Embryogenesis: Unembryonated eggs 
were first observed in the body of white 
females 12 DAI and within the gelatinous 
sac at 15 DAI. A SEM micrograph of a 
gTavid female at 16 DAI shows eggs within 
the gelatinous sac (Fig. 10). By 18 DAI, the 
sac and body were filled with eggs, some of 
which were fully embryonated. T h e  first 
molt (M1) of the first-stage larva (L1) was 
observed 18 DAI. T h e  color of the female 
(luring this period was distinctly yellow. 
Hatching of eggs and emergence of the L2 
was observed 21 DAI, thereby completing 
the L2-to-L2 life cycle. 

Cyst stage: T h e  first brown cyst was ob- 
served 27 DAI, but  the majori ty of adult  
females remained yellow for several addi- 

tional weeks. Th e  total number  of eggs 
within the cyst body ranged from 161 tc 
291 (average 210), and the total number  ot 
eggs within the gelatinous sacs of cyst,, 
ranged from 119 to 273 (average 187). 

DISCUSSION 

The  percentile range of L2 that pene- 
trated soybean root explants (42-61%) was 
slightly higher than reported by Johnson 
and Viglierchio (1 I) for L2 of H. schachtii 
penetrating sugar beet root explants (35- 
45%). Some females which formed within 
clusters on root explants never developed, 
possibly a result of competi t ion for plant 
nutrients. Some positive features that arise 
from females developing in aggregates are 
greater capability of sexual reproduct ion 
among sparse populations (25) and en- 
hanced attraction of males (6). 

Th e  average female-to-male sex ratio 
of 6.3:1 was considerably ltigher than the 
2.3:1 reported for H. schachtii (12). Vari- 
ation in the numbers of adult  females 
among replicates partly contr ibuted to the 
wide range of 2.3:1 to 9.5:1. Error in count- 
ing free adult  males may also have been a 
factor, since males were easily obscured by 
the root system. As previously reported (15), 
the number  of adult  males does not  differ 
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Figs. 5-8. SEM micrographs  of Heterodera glycim',~, Race ,3 developing on Glycbze max cv. Kent  
axenic root  explants .  5) Elongated fourth-s tage (L4) males 7 clays af ter  inocula ted (DAI). 6) Oval-shaped 
fourtla-stage (L4) females 7 DAI. 7) Adu l t  female 10 1)AI showing sac fo rmat ion  (arrow) a t  the  vulval  
end. 8) Adul t  female wi th  an  enlarged sac 12 DA/. Bar e,tuals 59 urn. 
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Figs. 9-10. 8EM micrographs of adult females 
Kent axenic root explants. 9) Adult male within 
(DAI). 10) Adult female with sac containing eggs 

of Heterodera glycines, Race 3, on Glycine max cv. 
the female egg sac (arrow) 15 days after inoculation 
(arrow) 16 I)AI. Bar equals 50 urn. 

significantly (P -- 0.01) among  susceptible 
and resistant soybean cultivars. Johnson 
and Viglierchio (12) also reported that  the 
percentage of developing males of H .  
schachtii on exercised B. vulgaris roots was 
relatively constant and that  the num b er  
of adult  females fluctuated in relat ion to 
host nutri t ion.  Because of the high female- 
to-male sex ratio, male promiscuity un- 
doubtedly occurs as repor ted for /4. 
schachtii and G. rostochiensis in which a 
male inseminates up  to 10 females (5). 

T h e  first observation of free adult  males 
and mat ing  was at 11 and 12 DAI, respec- 
tively, which was 2 days earlier than pre- 
viously reported (13,23). Ichinohe (9) first 
observed SCN males within the gelatinous 
sac of adtdt  females, and the role of males 
in sexual reproduct ion has been well estab- 
lished (4,24). Our  results confirm, that  
the SCN males do enter the female gelatin- 
ous sac (Fig. 9), which in its hydrated state 
has been described as an irregular glyco- 
protein meshwork (1,3). However,  we can- 
not unequivocally state that  the entry of a 
male into the gelatinous sac is essential for 
the insemination of the female. I t  is possi- 

ble that males inatlvertently became en- 
veloped and t rapped within the gelatinous 
SHC. 

Gravid  females in monoxenic  cultures 
contained an average of 210 eggs per cyst, 
which is comparable  to the average of 262 
per cyst in pot cultures (9). T h e  average 
total number  of eggs produced by a single 
female (cyst hody and sac) in monoxenic  
culture was 397, which falls within the 
range of 228 to 564 total eggs per female 
reported by Ichinohe (9). 

A schematic in terpre ta t ion of the life 
cycles of H. glyci~es and H. schachtii de- 
rived from pot cultures of lchinohe (9) and 
Raski (19), respectively, and monoxenic  
cultures of the authors  and .Johnson and 
Viglierchio (11), respectively, is shown in 
Fig. 1 I. Evaluations of the life cycles deter- 
mined from different environmenta l  condi- 
tions may not be totally valid; however, 
some observations seem appropriate .  T h e  
min imunt  number  of days required for the 
complet ion of each developmental  stage of 
H. glycines (as repor ted by Ichinohe [9]) 
is longer than compared  with monoxenic  
cultures (Fig. 11). Soil t empera ture  affects 
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the rate  of deve lopmen t  of the  SCN: the 
lower the t empera tu re  the slower the rate  
of deve lopmen t  (9). T h e  low soil tempera-  
tu re  recorded by I c h i n o h e  (9) may exp l a i n  
why the gene ra t ion  t ime was cons iderab ly  
longer  t h a n  observed in  m o n o x e n i c  cul- 
tures. Skot land 's  (22,23) life his tory s tudy of 
the SCN, which was conduc ted  at  24 C, 
also showed shorter  t imes for d e v e l o p m e n t  
t h a n  repor ted  by I ch inohe  (9). A l t h o u g h  
the gene ra t ion  t ime of 21 days observed by 
Sko t l and  (23) coincides wi th  the results of 
the present  study, the m o l t i n g  periods were 
1 day la ter  t h a n  in  m o n o x e n i c  cultures.  A 
s imi lar  eva lua t i on  of life cycles of H .  
schachtii, d e t e r m i n e d  f rom sugar  bee t  pot  
cul tures  g rown at 19.3 C (19) a n d  from 
m o n o x e n i c  cul tures  at  25 C (11), also shows 
that  gene ra t ion  t ime and  d u r a t i o n  of each 
life stage is shorter  i n  m o n o x e n i c  cul tures  
(Fig. 11). T h e  more  r ap id  n e m a t o d e  devel- 
o p m e n t  of H. schachtii in  m o n o x e n i c  cul- 
tures was a t t r i b u t e d  to the control  of envi-  
r o n m e n t a l  factors such as elevated cons tan t  
t empera tu re  and  a b u n d a n c e  of n u t r i e n t s  
(12). I n  add i t ion ,  the absence of predators,  
parasites, and  compet i tors  in  axenic  root  
cu l tures  would  also p romote  op t ima l  con- 
d i t ions  for n e m a t o d e  deve lopment .  

Compar i son  of the life cycles of the 
closely re la ted  species H. glycines a n d  H .  
schachtii, as d e t e r m i n e d  from m o n o x e n i c  
cul tures  i n c u b a t e d  at 25 C, indicates  tha t  
there are sl ight differences in  the d u r a t i o n  
of deve lopmen ta l  life stages (Fig. 11). T h e  
e n v i r o n m e n t a l  cond i t ions  for phy tonema-  
tode d e v e l o p m e n t  were s imi lar  except  for 
the host and  hol id ic  m e d i u m  used in  each 
study. Therefore ,  the differences in  the 
d u r a t i o n  of the deve lopmen ta l  stages may 
be a t t r i bu t ed  to differences in  the compo- 
s i t ion  of the e n v i r o n m e n t  a n d / o r  the eso- 
teric characteristics of the species. 

F u r t h e r  studies wil l  be directed toward 
the i sola t ion  a n d  chemical  charac ter iza t ion  
of the SCN female phe romones  wi th  the 
object ive  of nema tode  cont ro l  t h rough  in- 
terference of phe romone-med ia t ed  commu-  
n i ca t ion  be tween  sexes. 
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Susceptibility of plant selections to Heterodera schachtii 
and a race of H. trifolii parasitic on Sugarbeet 

in The Netherlands I 
A. E. STEELE," H. TOXOPEUS, :~ and W. HEIJBROEK 4 

Abstract:  Similar host  ranges were found for Heterodera schachtii  and a race of H. tri[olii 
parasitic on sugarbeet in The  Netherlands.  Twenty-nine of 41 plant  accessions evaluated were 
susceptible to H. tri[olii. Five breeding lines of the interspecific hybrid Beta vulgaris-B. 
procumbens  which are resistant to H. schachtii  were highly susceptible to H. tri[olii. An acces- 
sion of B. mar i t ima with partial  resistance to H. schachtii  was resistant to H. tri]olii. Key words: 
clover cyst nematode, sugarbeet nematode, Chenopodiaceae, Cruciferae, susceptibility. 

Journa l  of Nematology 15(2):281-288. 1983. 

Unti l  recently, the sugarbeet nematode, 
Heterodera schachtii Schm., 1871, was the 
only species of the genus known to attack 
sugarbeet, Beta vulgaris L. In 1975 a race of 
the clover cyst nematode, H. trifolii Goffart, 
was found to be widely distributed in south- 
eastern Netherlands. Subsequent investiga- 
tions revealed that this race caused severe 
sugarbeet crop losses and that legumes and 
a number of Dutch plant cultivars within 
the families Chenopodiacea and Cruciferae 
were hosts (6). T h e  majority of agricul- 
turally important plant species susceptible 
to H. schachtii are members of these fam- 
ilies. 
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In 1981 sugarbeets were grown on more 
than 526,000 ha in 13 states of the USA. 
Although almost all of the beet growing 
areas are infested with H. schachtii, the 
race of H. tri[olii that attacks sugarbeet has 
not been reported in the USA. Because of 
the severe damage to sugarbeet caused by 
this race of H. trifo~ii, investigations were 
under taken in T h e  Netherlands to obta in  
informat ion on the susceptibilities of U.S. 
sugarbeet cultivars, cruciferous crops fre- 
quently grown in rotation with sugarbeet, 
interspecific hybrids of Beta vulgaris and 
B. procumbens resistant to H. schachtii, to- 
mato, pea, and bean. 

MATERIALS A N D  M E T H O D S  

Ewduation of host susceptibility: Forty 
plant cultivars or breeding lines (Table 1), 
selected mostly from the Cruciferae and 
Chenopodiaceae, were evaluated for suscep- 
tibility to the race of H. trifolii parasitic on 
sugarbeet. 

Except for the Beta species and cultivars 
of bean and pea, seed were individually 
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