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ST U D IE S  OF T H E  ST A M IN A T E  IN F L O R E S C E N C E  A N D  
PO L L E N  OF H IC O R IA  P E C A N 1

By J. G. W o o d r o o f  2 

A s s o c i a t e  H o r t i c u l tu r i s t ,  G eo rg ia  A g r i c u l t u r a l  E x p e r i m e n t  S t a t io n

IN TRO DU CTIO N

From  the producer's standpoint one of the most im portan t limiting 
factors to profits in pecan culture is low yields. These m ay be due 
to any one or to a com bination of several factors, such as the failure 
of the trees to differentiate flowers, more especially pistillate flowers, 
poor pollen, unfavorable w eather during the flowering season, or 
insect or disease a ttack  upon flowers or developing fruits. Con­
siderable study has been devoted to some of these questions. L ittle, 
however, has been recorded regarding the development of pollen in 
the pecan, though pollen deficiencies are known to be responsible 
for unsatisfactory fru it setting in certain varieties of apples, pears, 
plums, grapes, and m any other fruits. I t  therefore appeared to the 
w riter th a t a study  of the morphology of the stam inate inflorescence 
and physiology of the pollen would throw  some light on practical 
questions of pollination.

REVIEW  OF LITERATURE

Unfruitfulness of the pecan (Hicoria pecan B rit.) is associated 
more closely with the initiation and development of pistillate than 
of stam inate flowers, and it is therefore logical th a t the pistillate 
flowers should have been studied first. Studies of the morphology 
of pistillate flowers of pecans have been made by Woodroof {27, 
28),3 S huhart {21), and Isbell {12), and the results have shown 
close agreem ent as to the time and m anner of development. S tam i­
nate flowers have received secondary attention, but fragm entary 
descriptions have appeared in a few reports {23, 26, 12, 27, 28).

Stuckey {23) studied the developm ent of stam inate flowers of 33 
varieties of pecans. He divided the varieties into two groups on 
the basis of the length and size of the catkins, length of bracts, and 
time of shedding pollen. Woodroof {26, 27) found th a t catkins were 
differentiated in lateral buds throughout the growing season of

1 R ece ived  for p u b lica tio n  Sept. 19, 1929; issued  .Tune, 1930. P resen ted  to  th e  fa cu lty  of M ich ig a n  State  
C ollege of A gricu ltu re an d  A p p lied  Science, in partia l fu lfillm en t of th e  req u irem en ts for th e  degree of 
d octor of p h ilo so p h y  an d  p u b lish ed  w ith  th e approva l of th e director of th e G eorgia A gricu ltural E x p er i­
m en t S ta tio n  as paper N o , 31, Journal Series.

2 In  th e in v estig a tio n s here reported N a o m i C. W oodroof, of th e  D ep a rtm en t of B o ta n y , and J. E . B a iley , 
o f th e  D epartm en t, of H orticu ltu re , of th e Georgia. A gricu ltu ral E xp erim en t S ta tion , aided  in  co llecting  
field  d ata  and in  preparing m aterial for lab oratory  stu d ies . O tis W oodard, of the G eorgia C oastal P lain  
E x p erim en t S ta tio n , furnished a part of th e data  for T a b le  5; C. F. W illia m s, of th e  N orth  C arolina A gri­
cu ltu ra l E x p er im en t S ta tion , an d  R . M . M id d le to n , of th e  G eorgia s ta tio n , furn ished  a part of the data  
for th e  sam e (able. M em b ers of th e  D ep a rtm en t of H orticu ltu re  of M ich ig a n  S ta le  C ollege offered su g­
g estion s in  th e  p la n n in g  of th e  work and  critic ized  th e m an u scrip t; an d  W . C . D u tto n  a ided in m akin g  
p h oto m icro g ra p h s,

R eferen ce is m ade b y  nu m b er (ita lic ) to “ L iterature c ite d ,” p. 1103.
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the year prior to the shedding of pollen. H e reported  m easurem ents 
of catkins of the two groups of varieties during the w inter stage and 
described the m ethod of shedding bud  scales the  following spring. 
Isbell (12) published 13 photom icrographs illu stra ting  progressive 
stages of ca tk in  developm ent during the sum m er.

Higgins (JO) described a disease (Microstroma juglandis  (Bereng.) 
Sacc., var. robustum,  n. var.) of pecan catkins th a t appeared on all 
of the varieties observed and som etim es destroyed one-th ird  of the 
pollen. The tissues of the catk in  wTere n o t killed ou trigh t, b u t the 
pollen grains degenerated, often leaving collapsed walls. This 
disease is common in the  orchard in which the present studies were 
m ade, b u t care was taken  to avoid using diseased m aterial.

Schuster (18) s ta ted  th a t the am ount of pollen produced by filberts 
in Oregon varies from  season to season and is influenced by m any 
factors. M any varieties produce a heavy crop of stam inate  and 
pistillate flowers one year, and a light crop of b o th  the  following year.

Valleau (24), working w ith straw berries, Dorsey (8) w ith  plums, 
Know lton (15) w ith  the J. H . H ale peach, and Asarni (3) w ith  
Shanghai peach, report th a t  the first abnorm al developm ent in 
pollen was seen a t the tim e of liberation from the te trad  wall; there­
after microspores were found in various stages of abortion. Shoem aker 
(19, 20) found lagging chromosomes in the hetero typ ic division, 
giving rise to abnorm al pollen in  the apple and cherry.

The germ ination of pollen on artificial m edia has been unsatis­
factorily accomplished w ith pollen of m any plants. W ood 4 found 
th a t  alm ond and w alnut pollen did n o t germ inate well on sugar-agar 
m edia, and concluded th a t  there was no satisfactory  laborato ry  
m ethod of ascertaining the v iab ility  of pollen of various varieties. 
A nthony and H arlan  (2) a ttem p ted  to duplicate n a tu ra l conditions 
for germ inating barley pollen by placing a piece of m esophyll from 
the leaf of the garden pea in the cell to  supply w ater. The cell was 
covered w ith a cover glass and placed in the open to  allow the con­
densation of m oisture on the pollen grains. G erm ination was accom ­
plished w ith b o th  mesophyll and drops of w ater for hum idifiers. 
B eaum ont and K night (5) and K now lton (15) a ttem p ted  to approach 
n a tu ra l conditions for germ inating apple pollen by adding stigm as 
of the same or different varieties to a hanging drop a t the sam e tim e 
the pollen was added. T hey concluded th a t fu rth e r im provem ent 
of the m ethod of germ ination was necessary to  produce pollen-tube 
length equal to th a t produced under n a tu ra l conditions. Lidforss 
(17) reported  th a t artificial media for germ inating pollen m ust contain  
not only the essential nu tritiv e  substances b u t th a t  i t  m ust n o t contain 
substances which prevent grow th, especially m ineral salts, as calcium.

The m ost satisfactory  results, from pollen-germ ination tests in 
general, have been obtained by using from  1 to 2 per cen t agar or 
gelatin and 5 to 20 per cent sucrose in the m edia. H ow le tt (11) used 
10 per cent sucrose and 2 per cent agar; B eaum ont and K n ig h t (d) 
used 5 per cent sucrose and 1 per cent gelatin  for germ inating apple 
pollen; B ooth (6‘) used 15 per cent sucrose and l l/2 per cent gelatin  for 
germ inating plum  pollen and 10 per cent sucrose and 5 per cent gelatin  
for germ inating cherry pollen; Schuster (18) obtained  best germ ination  
of filbert pollen in 12 to 15 per cent sucrose b u t observed bursting  of

* W o o d , M . N . p o l l e n  s t u d ie s  o f  a l m o n d  a n d  w a l n u t . 1917. (M a s te r ’s  th e sis . U n iv e r s ity  of 
C aliforn ia .)
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pollen grains and tubes; A uchter (4) germ inated apple pollen in 
distilled w ater; and K nigh t (14) increased apple-pollen germ ination 
by adding a trace of asparagine to the medium.

Valleau (24) determ ined the percentage of defective grains in 
straw berry  pollen and reported th a t—
lactic acid has the advantage over water or alcohol for this purpose as it is not 
volatile and seldom, if ever, breaks the pollen grains through osmotic pressure. 
It readily enters and expands the normal grains, while it leaves the aborted grains 
collapsed.

D orsey (8) studied plum  pollen and reported th a t the extent of 
pollen abortion  in  selected forms was determ ined p artly  from m ounts 
in lactic acid and partly  from stained sections. In  Shoem aker’s (19) 
work w ith apples lactic acid was employed to afford a liquid medium 
which would prevent bursting and germ ination of the pollen grains. 
B eaum ont and K night (5) hand-pollinated apple blossoms, and after 
the pollen had germ inated and penetrated  the stigmas the la tte r were 
flattened on a cover glass and m ounted in lactic acid which killed and 
fixed the pollen tube. Snow (22) used lactic acid in a similar m anner 
in studying the pollen of stocks. F lo rin ’s (9) germ ination tests 
closely checked w ith the lactic acid examinations of apple and pear 
pollen.

M ETHODS

M ateria l for morphological studies was taken from an orchard of 
28 varieties a t the Georgia Experim ent S tation. The location is 
abou t 150 miles north  of the center of pecan production in Georgia. 
M ost of the trees are 20 years old and have had uniform culture. 
D a ta  on pollen dissem ination were taken in commercial orahards near 
Barnesville, Ga.

In  general, the m ethods of collecting, killing, fixing, embedding, 
sectioning, and staining m aterial for microscopical studies were the 
same as those described in previous reports (27, 28, 31).

The Alley and F rotscher varieties were chosen as typical of Groups 
1 and 2, respectively, according to S tuckey’s classification (23). O ther 
varieties were repeatedly used to verify results. J u e l’s fixative 5 
and picro-sulphurous acid 6 were used as killing and fixing agents, the 
la tte r  giving the b etter results. M aterial was taken a t 15-day 
in tervals th roughout the year from each variety, alternating the 
fixatives. N orm al buds were selected from representative shoots, 
and norm al flowers were taken  from catkins typical of the variety. 
F rom  the m other-cell stage until pollen shedding, catkins of the 
S tu a rt varie ty  were collected daily; and during the reduction division, 
m aterial of the F rotscher and S tu a rt varieties was collected a t 3-hour 
intervals. Buds collected during the actively growing season wrere sec­
tioned 5 microns in thickness. The hairy nature of w inter buds ren­
dered i t  difficult to section them  sufficiently thin for cellular studies.

A m odification of the sm ear m ethod, as described by K aufm ann 
(13), was used to determ ine the num ber of te trads per an ther and the 
num ber of pollen grains per pollen sac. An anther in the te trad  stage 
w'as placed in  a drop of w ater on a slide and thoroughly m acerated w ith 
a needle. The tetrads separated from the anther wmll and floated 
independently  in the medium. A fter the fragm ents of the anther

* J u e l’s fixative: Z n C h , 2 gm .; acetic  acid , 2 c. c.; a lcoh ol, 95 per cen t, 50 c. c.; d istilled  H 2O,_50 c. c.
* P icro-su lp h u rou s acid: S u lp h u rou s ac id , 6 per cen t, 10 c. c.; p icric ac id , 1XA  gm .; a lcohol, 75 per cen t,
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wail were rem oved the te trad s  were stained  w ith  eosin, covered w ith 
a cover glass, and exam ined under the high pow er of the microscope.

D issem ination of pollen was studied  by catching pollen from  the  
a ir on slides greased w ith vaseline, a m ethod  sim ilar to th a t  used by 
W augh {25) for catching plum , pear, and  apple pollen. Two y a rd ­
sticks w rapped w ith cheesecloth and  loosely bolted together m ade a 
convenient holder for 12 slides. A bout tw o-th irds of the length of 
each slide was exposed, the  rem ainder being held firm ly betw een the 
yardsticks. T hree series of slides were m ounted  on a slender pole,

F ir ,c u e  1. — A, P o le  30 feet h igh  su p p o rted  b y  g u y  w ires to  w h ic h  w ere a tta c h e d  th ree series of 
greased  slid es  for c a tc h in g  p o l l e n  from  th e air; H, v ia ls  c o n ta in in g  w ater  an d  c a lc iu m  ch lo rid e , 
in w h ich  were p laced  sm aller  v ia ls c o n ta in in g  pecan  p o llen  w h ich  w as k ep t “ m o is t"  a n d  " d r y ’’ 
r esp ec t iv e ly ;  C , cells f o r  g erm in a tin g  p o llen . A rrow s in  ea ch  case in d ica te  p o s itio n  of th e  p o llen

one series each 10, 20, and 30 feet above the ground. T he slides 
were set on the leeward side of the trees, a t a 45° angle w ith the 
ground, the greased face of the slide being tu rned  tow ard  the pollen- 
shedding trees. The slides were changed by lowering and  raising 
the pole w ith three guy wires. (Fig. 1, A.)

Pecan pollen grains on the greased slides were identified and 
counted under the low-power objective of the microscope. A fter 
the area ol the microscopical lield was calculated, the num ber of 
grains in 200 fields were counted, averaged, and  calculated  to the 
num ber of grains per square centim eter.
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T he wind velocity was determ ined by the use of a Robinson cup 
anem om eter w ith electric connections and a buzzer which indicated 
the num ber of miles per hour. The relative hum idity  was determined 
by the use of a sta tionary  hygrom eter placed in the orchard.

M E T R I C

F ig u r e  2 .—A. .M icrospore print m ade from  a pecan ca tk in  of G rou p 1 sh o w in g  th e  case w ith  w h ich  
pec m  p o llen  m a y  be co llec ted  in q u a n tity ;  If. ph oto  m icrograph of lo n g itu d in a l sectio n  of A lley  
v a r ie ty  an th er  w h ile  in  th e m oth er-cell s tage on A p ril 1; in som e eases there seem  to he row s of 
m o th er  cells

Pollen for germ ination tests was obtained from ripe anthers which 
were allowed to dehisce in the laboratory. (Fig. 2.) In  this way 
the time of dehiscence could be determ ined to within two hours, 
('ells for germ inating pollen were made by shellacking six hard
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rubber rings, 15 mm. in  d iam eter and  10 mm. high, to  glass slides 
2 inches wide and 3 inches long. W ate r to  supply  m oisture for 
germ ination was placed in the bo ttom  of each cell. A drop of sterile 
germ inating m edium  was placed on a cover glass while h o t and allowed 
to solidify. T he pollen was dusted  on the m edium  and  the cover 
glass was inverted  and sealed on the cell w ith  vaseline. E xam ina­
tions were m ade a t in tervals under low power w ithou t d istu rb ing  the 
cell. (Fig. 1, C.)

D ry  and m oist storage conditions were provided by placing cal­
cium chloride and  w ater, respectively, in two 50 c. c. vials. A 
10 c. c. vial containing pollen was placed in each 50 c. c. vial and  the 
la tte r  was corked. (Fig. 1, B .) A duplicate series was set up for 
each varie ty  and tem perature. E lectric ovens provided tem pera-

F ig u r e  3 .— A, T w ig  from  .Stuart p ecan  tree w h ic h  bore 3 p o u n d s  of n u ts  la st  year; B, tw ig  from  
-M obile treo w h ic h  bore 29 p o u n d s  of n u ts  last year. T h is  tree a n d  th a t  in A are b o th  12 years 
o ld  and h a v e  rece iv ed  th e  sam e fertilizer  arid cu ltu ra l tr e a tm e n ts  sin ce  b e in g  set in th e orchard.
C , T w ig  from  -M cA lister v a r ie ty , a su p p o se d  h y b r id  b e tw e e n  H icoria  p eca n  a n d  C'anja alba, 
w h ich  has a c a tk in  p ro d u c in g  h a b it  lik e C. alba, i. e ., o n ly  th e  term in a l b u d  p ro d u ces  c a tk in s

tures constan t a t 32°, 25°, 23°, and  22° C .; and a refrigerator p ro ­
vided a tem perature of 5° C.

M ounting pollen in lactic acid for m icroscopical determ ination  of 
the percentage of defective grains seems a m ore reliable m ethod 
than  germ inating  it on artificial m edia. Two drops of 90 per cent 
lactic acid placed on a slide w ith a small am ount of pollen and  covered 
w ith a cover glass render the grains containing a norm al am ount of 
protoplasm  d istinct from those containing less th an  the no rm al 
am ount. A bout three m inutes are required  for com plete p e n e tra ­
tion; afte r three hours the grains become bleached and  d ifferentiation 
of defective and norm al grains is uncertain. F resh  m ounts and  high 
m agnification are necessary for one to m ake reliable counts by th is 
method.
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PR E SE N T A TIO N  OF E X PE R IM EN T A L  DATA

The lateral buds of a growing shoot on a bearing pecan tree differ­
en tiate  ca tk in  prim ordia by the tim e the subtending leaf is one-tenth 
grown {26, 27). D ifferentiation begins about two weeks after active 
grow th s ta rts  in the spring (April 15) and continues throughout the 
growing season. In  the pecan, catkins are always produced in lateral, 
axillary buds (figs. 3, 4), and the num ber of catkin prim ordia formed 
is in proportion to the num ber of leaves produced on th a t shoot. 
N orm ally there are two groups of three catkins each produced at 
each node. In  o ther native hickories {Carya alba, C. ovalis, C. 
glabra) the catkins are produced in the term inal bud. (Fig. 3, C.)

F ig u r e  4.— A, T w ig  from  M o b ile  tree w h ic h  bore 58 p o u n d s  of n u ts  la st year; tree from  v a r ie ty  of 
G rou p 1; B , tw ig  from  A lley  tree w h ic h  bore 34 p o u n d s of n u ts  last year; tree from  v a r ie ty  of G rou p  
1; C , tw ig  from  F rotsch er v a r ie ty  w h ic h  bore 100 p o u n d s of n u ts  last year; tree from  v a r ie ty  of 
G rou p  2; D , tw ig  from  Stuart tree  w h ich  bore no n u ts  last year; tree from  v a r ie ty  of G rou p  2. A ll 
of th ese  trees are 20 years o ld  and h a v e  received  th e sam e fertilizer and  cu ltu ra l trea tm en ts  since  
being se t. A rrow  in d ica tes  p o in t of ab sc ission  of th e  ca tk in  b ud s on A p ril 'J

The characteristics of the buds and inclosed catkin prim ordia 
have been previously described by the writer {26). The central 
catk in  is formed and develops som ewhat in advance of the catkins 
borne on either side, and ultim ately  reaches a greater length at 
m atu rity . (Figs. 5, 6, 4.)

T H E  TW O  G R O U P S  O F  V A R I E T I E S

Stuckey’s {23) description of the two groups of varieties was based 
on characteristics of the catkins a t the time of pollen shedding. The 
w riter {26) found th a t  the catkin prim ordia of Group 1 have a greater 
diam eter and lesser length than  those of Group 2 in both October 
and Jan u ary  {26). Such m easurem ents aid in differentiating the
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two groups, b u t as diam eter and length vary  w ith the vigor of the 
tree, they  can no t be depended upon solely.

T here seems to be no difference between the mode of differentiation 
and type  of grow th of the catkins of the two groups of varieties 
during the spring and  sum m er, b u t a m arked difference is evident 
by early fall.

F i g u r e  7 —P rim ord ia  of sta m in a te  inflorescence: B , In itia l form ation  
of a group o f three ca tk in s w ith in  a sin g le  b u d  scale, M a y  15; A , 
s in g le  inflorescence six  w eek s later: a, bu d  scale; b, prim ordium  
of an in d iv id u a l flower; c, in it ia l form ation  of vascu lar bun d les.
Frotscher v a r ie ty . X  181

Individual flower prim ordia develop as lateral “ bu m p s” on the 
axis of the catk in  prim ordium , beginning a t the base and progress­
ing tow ard the term inus. (Fig. 7.) In  Group 1 flower prim ordia 
continue to form at the term inus, while the older ones near the base 
differentiate anthers by early fall. B y  the time growth practically 
ceases in the fall anthers are distinguishable along the entire length 
of the axis. (Figs. 8 and 9 and Table 1.) Thus the w inter stage of 
Group 1 shows complete differentiation of anthers and bracts.

109031— 30— 2
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F i g u r e  8.— A , I n d iv id u a l flow er p r im o rd iu m  sh o w in g  sp e c ia liz a tio n  of cells  b u t  n o  d ifferen tia tio n  
of floral organs; en largem en t of F ig u re  7, X 1040; B , A lle y  v a r ie ty  on  M a rch  15 sh o w in g  floral 
organ s w e ll d ifferen tia ted ; X  114; C , F ro tsch er  v a r ie ty  o n  M aTch 15 s h o w in g  v e r y  ea r ly  s ta g e  
in  d ifferen tia tio n  of floral organs; X 114; D , F ro tsch er  v a r ie ty  on  A p ril 1 sh o w in g  floral organs 
in  sa m e  stage  as A lley  on  M a rch  15; X 114
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T a b l e  1 . — S t a g e s  o f  d e v e l o p m e n t  o f  p o l l e n  o f  p e c a n  v a r i t i e s  i n  G r o u p s  1 a n d  2

G rou ps at sta g e  of d e v e lo p m e n t m en tio n ed  at t im e  in d ica ted

S tage of d ev e lo p m e n t j M a rch  A p ril M a ;
I * g ® 3

10 20 1 ! 10 | 21) 1 ! 10

D iffe r e n t ia lio n  of in f lo r e sc e n c e .. .  1 .2  1 ,2  1 ,2  1 ,2  1,2 1,2 ____ . . . _ ! -----
D iffe r e n tia tio n  o f a n t h e r s .  ________ _______________  ________  1 1 2 1 2
F o rm a tio n  of an th er  lo b e s   ----------    1------
A rehesporia l c e lls  __________________ _________ ________. . .  --------------- !____
M o th er  c e l l s ______________ _____________ _____________—  —  — j —
R o u n d in g -u p  of m other c e lls  ------------       :------
R ed u ctio n  d iv is io n  ........    . _______
T e tr a d s ______________________     ;------
M icrosp ore  lib e r a t io n ________      •------
A n th er  d e h isce n c e _______________     '------

2 I
1 1 .2  j 2 
1 1,2 | 2

1 22: 2il. 2 1 2 '__1.2 ! 2 ....1 1 1.2 1 1 1 2

In  G roup 2 the flower prim ordia continue to form as long as 
grow th continues in the fall, bu t no differentiation of anthers occurs

F ig c u t  In.— U n fru itfu l (A . 11) a nd  fru itfu l ((.', D )  tw igs; th e  a u x ilia ry  b u d s on  b o th  ty p e s  of sh o o ts  
p rodu ce s ta m in a te  flow ers th e  fo llow ing  sp rin g  (0.4H n a tu ra l size)

until the following spring. T hus the individual flower prim ordia 
reach an inactive stage soon afte r form ation and rem ain so for from 
four to nine m onths, while additional flower prim ordia continue for­
m ation toward the actively growing term inus. (Fig. 7.) T hus catk ins 
of v a r i e t i e s  of G roup 2 tire longer than  those of G roup 1. The period 
of inactiv ity  varies with the time of form ation— the basal and first- 
formed ones remain inactive longer than  the newly form ed term inal 
ones; also those formed in buds near the base of the new shoot early 
in the season are inactive for a longer tim e th an  those tow ard the 
term inus of the shoot. (Fig. 10.)
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fro m  early lull until the anthers arc m ature the following spring 
the developm ent of the catkin prim ordia and the catkins of Group 1 
is considerably in advance of th a t of Group 2. In  the fall the differ­
ence is from 2 to 3 weeks; in w inter when growth is almost at a stand­
still the m axim um  difference of 3 or 4 m onths occurs; while in spring 
when growth is m ost rapid the difference is from 10 to 15 days (figs. 
4, 5, 6, and 11), and under some seasonal conditions the shedding of 
pollen of the two groups m ay be nearly coincident. (Table 5.)

A

F ig u r e  11.— A , W eak ca tk in s  w ith  aborted  flow ers at base; B , vigorou s ca tk in s  branched at bn^e;
O, norm al ca tk in ; D , aborted  flow ers from w eak shoots. In d ia n a  va r ie ty . (0.55 natural_sizo)

The varieties of pecans can be separated into two groups in winter 
on the basis of the internal appearance of the lateral buds. Carefully 
cut and stained free-hand sections are sufficient to enable one to make 
the distinction. Practical use has been made of this fact in determ in­
ing in advance the approxim ate date on which pollen of a new or 
unknown variety should shed.

The practical significance of the time of pollen shedding of the two 
groups will be discussed later. A nthers of varieties of Group 1 are 
differentiated several m onths before pollen shedding and differentia­
tion occurs during the previous growing season, while differentiation 
of anthers of varieties of Group 2 occurs about two m onths before 
pollen shedding and takes place during the current growing season, 
as is the case with pistillate flowers (28 , 21, 12). A closer relation thus 
exists in respect to tim e of differentiation between stam inate and 
pistillate flowers of Group 2 than between stam inate and pist ill a t c 
flowers of Group 1.
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INFLORESCENCE

A catk in  prim ordium  consists of th ree regions.
(1) T he in terio r region occupies, as seen in longitudinal section, 

alm ost one-half of the d iam eter of the prim ordium . I t  consists entirely 
of large, slightly elongated, parenchym a cells, extending longitudinally  
with the  axis. These rem ain parenchym a cells th roughou t the life 
of the  catk in  and are analogous to p ith  cells in a young shoot. The 
d iam eter of the spherical nuclei is abou t one-th ird  the sm allest di­
am eter of the cell. T he nuclei and cytoplasm  do n o t stain  as heavily 
as in the parenchym a cells of the prim ordia of individual flowers.

(2) Surrounding the  in terio r region is a cylinder of small, narrow  
cells, w ith  elongated nuclei which m ore th an  half fill the  cells. The 
outline of this region is slightly irregular in both  cross and longitudinal 
sections. In  longitudinal section the cells vary  g reatly  in size and 
shape and lie very close together. As grow th continues these cells 
become sclerenchym a cells of the vascular bundles which connect 
each flower w ith the vascular system  of the  catkin.

(3) T he th ird  region of the catk in  prim ordium  consists of individual 
flower prim ordia which are m ade up  entirely  of parenchym a cells from 
the tim e of differentiation un til Septem ber. (Fig. 8, A.)

In  longitudinal section the epiderm al cells of the  flower prim ordium  
are rounded, uniform  in size, b u t som ew hat elongated. T hey  lie 
close to one another and form a com plete layer one cell th ick  over the 
surface. D irectly  beneath  the epiderm al layer are closely appressed
3-sided to 6-sided m eristem atic cells which vary  widely in  size. Sec­
tions m ade from m aterial collected A ugust 1 show th a t  some of these 
cells are several tim es larger th an  others and are in a s ta te  of division. 
In  the center of a flower prim ordium  are several layers of elongated 
cells w ith oblong nucleii. These become sclerenchym a cells of a vas­
cular system  connecting each b ract and an th er w ith  th e  vascular 
system  of the catkin,

B rac ts are differentiated abou t 10 days before the anthers. T he 
first appearance of the bracts is shown by a tu rn ing  of the term inus of 
the flower prim ordia tow ard the term inus of the catk in  prim ordium , 
forming an  angle of about 45°. As grow th continues the bend becomes 
less ab ru p t and a protrusion appears in  the  axil. T his pro trusion  
divides im m ediately into four or five sm aller ones, and each of these 
becomes an anther. (Figs. 8, 7.)

The developm ent of bracts in spring is very rapid . T hree branches 
soon form, the m iddle one being broader and longer th an  those on 
either side. The three alm ost envelop the developing anthers. 
(Figs. 6, 12.) The bracts contain  chlorophyll, have num erous hairs on 
their surfaces and small veins, and presum ably  function as true  
leaves.

A N T H E R

The anthers of the F ro tscher varie ty  on M arch  5 (40 days before 
shedding pollen) were a homogeneous m ass of parenchym a cells covered 
by an epidermis. (Fig. 13, B.) Very early the an th er appeared
4-lobcd in cross section (fig. 14, B ); and the differentiation of the 
vascular s trand  of the connective tissue outlined the general plan of 
structure. Almost sim ultaneously w ith the form ation of lobes, a p late 
of hypoderm al (archesporial) cells becam e d ifferentiated  in  each lobe,
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fain tly  distinguished from the adjacent cells by their large size, 
num erous sides, large nucleii, and less dense staining.

Subsequent divisions up to the mother-cell stage follow one another 
very rapidly. The archesporial cells divide by periclinal walls, form­

ing an outer layer of p rim ary parietal (prim ary tapetum ) cells, and 
an inner layer of prim ary sporogenous cells; the former producing the 
wall of the embedded sporangium  and the la tte r the sporogenous 
tissue. The prim ary tapetum  cells successively divide by periclinal 
walls until six or seven layers are formed. The inner layer is known
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as the endothecium  or tapetum , the ou ter layer as the exothecium  or 
epiderm is, the  three or four rem aining layers as “ m iddle layers.” 
The exothecium  cells are th in  walled, large and cubical, w ith  large 
vacuoles and small oval nuclei which adhere to the sides of the  cells 
tow ard the center of the an ther. The cells of the  m iddle layer arc 
m uch smaller, som ew hat compressed, m any-sided, thin-w alled, con­
ta in  no vacuoles, have nuclei centrally  located, are elongated, and

F ig u r e  13.— E n la rg em en ts  of F ig u re  8. A , F igu re 8, C X  1,000; B , F ig u re  8, B  X  1,000

stain  lightly. The thick-walled, deeply stain ing, 6-sided, closely 
pressed, small nucleate tap e tu m  cells form a jacket abou t the sporog­
enous cells, one or two cells in thickness.

Sim ultaneously w ith the division of the p rim ary  tap e tu m  cells the 
prim ary  sporogenous cells m ultip ly  w ithou t definite order to form 
m other cells. D ivision apparen tly  occurs in every direction w ith 
occasional form ation of layers but no definite m assulae. L ongitudi­
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nally, the m ass of closely compressed, many-sided, large nucleate 
m other cells extends alm ost the length of the anther, and about three 
cells wide. (Fig. 15, B .) T hey  stain  about as deeply as the middle 
layers b u t m uch lighter th an  the surrounding tapetum  cells.

F u rth er developm ent is accompanied by separation, disorganiza­
tion and disintegration of tapetum  cells; and separation, increase in

F i g u r e  14,— A , C am era lu c id a  d raw ing  of cross section  of 
a n  anther o f A lley  v a r ie ty  on  A p ril 5, sh o w in g  round- 
ing-u p  sta g e  of th e  m oth er ce lls  a n d  co n tin u ed  d is in te ­
gration  of th e  ta p e tu m  cells; X  410: B , cross section  of 
an  anther of F rotsch er v a r ie ty  on  A p ril 5, sh o w in g  lack  
o f d ifferen tia tion  of th e  interior in to  ty p ic a l ta p e tu m  
a nd m o th er  cells; X  410

size, increase in thickness of walls, and rounding-up of the m other 
cells. (Figs. 14 and 16.)

The first evidence of disintegration of the tapetum  cells occurs 
about 35 days before pollen shedding. (Fig. 15, B.) The layer of 
cells adjacent to the m other cells undergoes nuclear division once or 
twice, w ithdraw s from the m other cells, shrinks in size, and clusters 
around the m other cells in a deeply staining irregular mass. D isin­
tegration of the tapetum  layer is increasingly rapid for 15 days, after 
which disintegration is almost complete and the fragm ents form an

109031— 30 ------------- 3
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incom plete layer around the m other cells. T he layers of cells ad ja ­
cent to the tape tum  undergo sim ilar b u t less rap id  disintegration. 
These cells lose their conten ts and the  walls collect around the 
periphery of the pollen sac. (Fig. 17.) The epiderm is and the layer

F i g u r e  1">.— A , C am era lu e id a  d ra w in g  of cross se ctio n  of a s to m iu m  of a m a tu r e  anther; B , lo n g i­
tu d in a l sectio n  of a m icrosp oran giu m  sh o w in g  th e  m a tu re  m o th er  ce lls , m ,  ju s t  before ro u n d in g  
up; th e  ta p e tu m  cells , t ,  sh o w in g  th e  first s ig n s of d is in teg ra tio n ; th e  ce lls  b e tw e e n  th e  lo cu li. I ,  
and th e  ep id erm is, e

of cells next to it do not disintegrate, b u t increase in radial diam eter. 
The cells of the m iddle layers continue to d isin tegrate un til the pollen 
is m ature and the w asting aw ay of the wall separating  two loculi on 
either side of the an ther allows them  to fuse in to  one, and is a p a r t 
of the process of dehiscence.
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The m other cells do no t increase in num ber after the tapetum  cells 
reach full size (35 to 40 days before pollen shedding). As the tapetum  
cells disintegrate, the m other cells become separated and loosely fill

F i g u r e  10.—-A, Cam era lu c id a  d raw in g  of lo n g itu d in a l sectio n  of an  anther of th e  A lley  v ar ie ty  
on A p ril 1 sh o w in g  th e  m oth er ce lls  b reak in g  apart and th e  ta p e tu m  cells ra p id ly  d is in teg ra tin g ,
X  110; B , A  sh o w n  in  cross section ; X  HO; C , en largem en t of A; X  1003. T h e  F rotsch er v a r ie ty  
reach ed  th is  sam e stage  on A p ril 15

the sporangium. Rounding up occurs about 21 days before pollen 
s h e d d i n g  and reduction division follows im mediately.

Division of the m other cells and form ation of tetrads apparently 
require only a few hours and the entire process seems to go to com­
pletion in an an ther at a specific time on a single day. (Fig. 18.)
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T E T R A D

I t  is during the hetero typic  and hom otypic divisions th a t  the first 
abnorm al behavior has been observed. T he appearance of all of the 
m other cells is norm al, and they  seem very  uniform  in cell contents, 
staining reaction, and size and shape. (Figs. 2, 14, and 19.) In  the 
process of division various types of abnorm alities occur. D ividing 
cells were found in the F ro tscher varie ty  April 26 a t 9 a. m. P rac­
tically  all steps in the process of hetero typ ic and hom otypic divisions 
were present in a single an ther. In  the form ation of new nuclei the 
organization of the chrom atin  resu lts in nuclei of various sizes and

F i g u r e  17.— C am era lu c id a  d ra w in g  of cross se ctio n  of an th er  j u s t  before d e h isce n c e  (A ) ," a n d la  
ta n g en tia l lo n g itu d in a l sectio n  of th e  sa m e  (B );  stom iu rn  at s, S tu a r t v a r ie ty , M a y  13. X  110

density as determ ined by the in tensity  of staining. Because of the 
m inuteness of the chromosomes the num ber has n o t been definitely 
determ ined. In  m ost cases the haploid num ber was found to  be 12, 
in others only 10. In  some cases where the nucleus was in the ana­
phase stage of the first division, one or two chromosom es were lagging 
slightly, b u t in some of the more advanced stages they  had  com pletely 
caught up w ith the o ther chromosomes.

B oth  the successive and sim ultaneous m ethods of division of the 
m other cells are common in pecans, producing bilatera l and te tra ­
hedral arrangem ents, respectively, of the microspores. (Figs. 20, 
and 21.) In  the bilateral arrangem ent the spindles lie in the sam e or
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in perpendicular planes, and no wall is formed between the successive 
divisions. The two arrangem ents are about equally common. No 
case has been observed where the four microspores were in a row within 
the te trad  wall, nor has a failure of four microspores to form been 
found. Small supernum erary microspores are often seen which, 
according to Shoem aker (19), m ay be the result of small nuclei formed 
from lagging chromosomes, or, according to C oulter and Cham berlain 
(7), from division of one or more members of the tetrad . Small 
microspores are especially num erous in lots of pollen containing a

c

1

F ig u r e  18 — A , C am era lu c id a  d raw in g  of cross section  of an  
anther of th e  F rotscher v a r ie ty  on A p ril 26 sh ow in g  th e  
tetrad  stage w ith  fragm ents of th e  ta p e tu m  cells; X 82; B , 
en largem ent of A; X  400. A lley  reached th is  stage  on A p ril 10

high percentage of defective grains and are almost always partially 
or to tally  void of cell contents. A few oversized grains were found, 
and the cell contents of m ost of them  appeared normal. The normal 
num ber of pores is three, and variance is very rare with norm al or 
undersized microspores; however, oversized microspores often have 
five or six pores.

At m atu rity  some of the microspores are w ithout nuclei and others 
w ithout either nuclei or cytoplasm . The lack of protoplasm ic con­
ten ts is the basis of the lactic acid m ethod of determ ining the percent­
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age of defective pollen. B y the  use of this m ethod  defective grains 
were found in all lots examined, the num ber ranging from  0.3 to  81.7 
per cent.

Flow ers of the Beverage varie ty  were found in th e  te tra d  stage on 
April 24, and counts were m ade as follows: F our an thers taken  from 
the base of a catk in  contained 294, 373, 331, and 357 te trad s, respec­
tively; and four an thers taken  from  the m iddle of the ca tk in  contained 
380, 380, 317, and 488 te trads. Since each an th er contains four pollen 
sacs, and each te tra d  contains four m icrospores, the above figures also

F ig u r e  19.— A ,  C am era  lu c id a  d ra w in g  of m a tu re  m o th e r  c e lls  
th a t  a p p ear norm al; B , m o th e r  cells  w ith  a b n o rm a l m icro ­
sp ores. X  850

represent the average num ber of pollen grains per pollen sac in the 
respective anthers, the general average being 365.

L iberation of the m icrospores (pollen grains) occurs from  15 to 20 
days before the pollen is shed. Because of the  d isin tegration  of the 
tapetum  and surrounding cells, the pollen sac is only partia lly  filled 
w ith pollen. U pon liberation from the te trad  wall the grains w ander 
independently  w ithin the pollen sac and rap id ly  enlarge in  size, b u t 
as the cavity  continues to enlarge, owing to the  continued d isin tegra­
tion of the surrounding sterile cells, the pollen sac rem ains only p a r­
tially  filled.
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DEHISCENCE OF ANTHERS

The fusion of the four pollen sacs into two loculi by  the dissolution 
of the separating  wall occurs only a few days before the opening of

F i g u r e  20.— C am era lu c id a  d raw in gs o f  sta g es  of d iv is io n s  of p o llen  m o th er  cells at 9 'a. m .r 
A p ril 26; F ro tsch er  v a r ie ty . N o te  form ation  of b o th  b ila tera l a nd  tetrahed ra l arrangem ents  
of m icrospores; a ll h ad  reach ed  th e  te tra d  stage  th e  fo llow in g  d a y . X  850

the an ther on either side by m eans of a stomium, w ith consequent 
liberation of pollen grains a t m aturity . (Figs. 15 and 17.) The 
an ther wall is two cells thick, w ith fragm ents of one or more additional
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layers. T he opening of the an ther is due to  drying of the exterior or 
epiderm al cells and consequent contraction  of the  ou ter in  proportion 
to  the inner surface. Reclosing of an thers occurs when m oisture is

F i g u r e  21 .— C am era lu c id a  d ra w in g s of te tr a d s  a n d  y o u n g  p o llen  
grain s: E , F , G , a n d  H  appear norm al; K , N ,  a n d  Q co n ta in  m ore  
t h a n  four m icrospores; a t P  are show n , p o llen  grain s tw o  d a y s  after  
l ib e r a tio n  from  th e  m o th er  cell w a ll, so m e  of th e  gra in s b e in g  d e­
fec tiv e . X  450

restored. No opening takes place in an atm osphere m ore th an  abou t 
85 per cent sa tu ra ted . (Tables 2 and 3.)

T a b l e _ 2 .— D ata on dehiscence of ripe  anthers when plained in  m oist and d ry  a ir at
different tem peratures

T e m p e r a tu r e H u m id ity C o n d it io n  of an th ers

3° C .  

22° C 

23° C 

32° C

f  M o is t  
lD r y ._  
/M o is t  
i D r y . .  
/  M o ist  
I D r y . .  
/M o is t  
\D ry__

F a ile d  to  d e h isce .  
D e h is c e d  in  5 d a y s .  
F a ile d  to  d eh isce .  
D e h is c e d  in  2 d a y s .  
F a ile d  to  d eh isce . 
D e h is c e d  in  18 hours. 
F a ile d  to  d eh isce .  
D e h is c e d  in  6 h o u rs.



T
ab

le
 

3.
—

Su
m

m
ar

y 
of 

da
ta 

or 
po

lle
n 

di
ss

em
in

at
io

n 
at 

va
rio

us
 

tim
es

 
of 

da
y 

in 
26 

va
ri

et
ie

s 
of 

pe
ca

ns
 

in 
the

 
G

eo
rg

ia
 

E
xp

er
im

en
t 

St
at

io
n 

or
ch

ar
d

June i5, 1930 Staminate Inflorescence and Pollen of Hicoria pecan 1083

3 
p.

 m
. 

to 
6 

p.
 m

. P
ol

le
n

pe
r

sq
u

ar
e

ce
n

ti
­

m
et

er
i

s,O H O I> M , NO»HCiOOO<fH O O O O O N iO OgcO r—i WWW
sV.
O

IN
o<N

1 CO eo 1 l-H N fliH N O  <N i—l

W
in

d
ve

lo
ci

ty

!

M
il

es
 

pe
r 

ho
ur

 
1  3 10
 2 3 4 1 8 4 4 coTrccoc^TticOffOocq

4.2
 

|

1 WCJNtP vr <N © 1-h

T
em

­
pe

ra
­

tu
re ^•©©ir—N-© © N *N-io© © N-© r'-Tti© © t'-t"-© © co

©CO

I © n- ©O N N N <N © 03 00 lO © © N-

R
el

a­
tiv

e 
h

u
­

m
id

it
y KCfflHNOONtOMOOOOOOHOiOOCCOJNM«!OOOiO«5^.NNt-ClOOOO)WO>OOa5b-©N?OCOfl)

f*.
£

£
[ to © co as© © W© I-» 03 03 00 Tji © CO

12 
m

. 
to 

3 
p.

 m
.

P
ol

le
n

pe
r

sq
u

ar
e

ce
n

ti
­

m
et

er

G
ra

in
s OOHOC'OOOO^ONrtCOOCOHHNHifl'^O  r i|> i£ 5 0 c 0 ^ ffl i-i f-4 i-< i-H

1 
O

’ZS
1 

1

h O « hTJ1 CO 00 CO 00 00 © 00 <N

W
in

d
v

el
o

ci
t-

i

M
il

es
 

pe
r 

ho
ur ’c^r'-cor-iiot'-^ooiocco^i'r'-iNOcqTjHCi’—i©T—1 J—1 t-H 1“̂  |—1

j 
Z'L CO ̂  03 CN Oi Tt< CO © N-

T
em

­
pe

ra
­

tu
re O'

N t ^ ^ N N t 'O P 5  00(NNO«000(NNu5Oe0'J< t'»t’-OOP-t’-t'-oo© © N-i>G O N -© © © i'»oor-©

72
.3 O O C -1  00 00 00 00 03 N- © -^00^  © P- 00 oo

R
el

a­
tiv

e 
h

u
­

m
id

it
y

Pe
r 

ce
nt

i

P-f-l©C3G0©O©©©C3C0C0t'-00©©»-<TFC0 lososocoto^osot^f—o o o o o o r -c o c o t^ i—ooa>

72
.8 ICHHlO rji CO rfi CONOCO  © N s f  N rt

9 
a. 

m
. 

to 
12 

m
.

P
ol

le
n

pe
r

sq
u

ar
e

ce
n

ti
­

m
et

er

; G
ra

in
s NTtltO^^OQOONtscOTliC^aJW HHriN^CO  1-1 1*5 OG CO c3 1—1 CO 1-1 (N 00 Tj* o  (M © CO ’’T CN iO

N

o © ^ i

W
in

d
ve

lo
ci

ty

M
il

es
 

\pe
r 

ho
ur o o ^ -i, © t’-© ^ o O ’*3tcocoe<io3<N t> 03 03 © CO © © II lO lO O w tJ4 N P-*

T
em

­
pe

ra
­

tu
re O'

<Nr-'t''^tlP-<NcOTi'Tji^©©P'-t-N©CO©©Tji© ■Sf OIMMMp- oo oo oo
(7- I

©© <M -HN- 00 00

R
el

a­
tiv

e 
h

u
­

m
id

it
y

.P
er

 
ce

nt
i

io H H t f lo o ^ < o o o H o c o H o o i i ; » o w t > w o©©r''©©t''.CT3r-t''-OO*’-QOaO03©©t'’-OGOOt'-a3

1 
75

. 
5 

1

CO CN to 05 cc Tf CO © eo03 GO GO ©3

6 
a. 

m
. 

to 
9 

a
.m

. 
j

P
ol

le
n

pe
r

sq
u

ar
e

ce
n

ti
­

m
et

er

G
ra

in
s ^ (^ O i- iO f 'O M M O O iD O ^ O O H O O N O  OJ N  cocoes iHIO 1-1 1—(

1 
12

.4 ©  CQ C-3 CO CO © »-i 03 »-H ^ © N

W
in

d
ve

lo
ci

ty
j i 1

M
il

es
 

\pe
r 

ho
ur (NCnOTti<N’̂ 0 0 1 ‘0 « « N < 0 ^ to CO 00 0 )0 0 0

1 
8-

4 r t^ l^ O C 3 00 OO©

T
em

­
pe

ra
­

tu
re <0

C l>'t£’l> 'O O C :£1'DP*tOdis'ts-iO tD N N N cC '0

1 
67

.3 O N  CO O Cl N  P- P- t— lr*» © © 03 i-H 00 © P- P~

R
el

a­
tiv

e 
h

u
­

m
id

it
y

Pe
r 

ce
nt N500DN<DOOO)00(»00®NOir'f»h-COOOOJOOO> OO

a>f-

© N os os 03 © CO ^  CO to oo (NW© I"* © CO

6. 
p.

 m
. 

to 
6 

a. 
m

.

P
ol

le
n

pe
r

sq
u

ar
e

ce
n

ti
­

m
et

er

G
ra

in
s •H W hii>O CO OiOO CCOO OO O OO OO (M O  ^  CO cocoes •—* l »-< © NMCOCOCO CN © O

W
in

d
ve

lo
ci

ty

M
il

es
 

pe
r 

ho
ur h w o n m ^ h oO '#^ eo^cooc^tjieoeocoiN 03 H N N r t © CO <N

T
em

­
pe

ra
­

tu
re O'

IDtD^NCOWOCOOtOOOOOrtOiOlOOOOMOMtOOO‘ivtDI^NP'{OOOaOO‘OCiaOO:N^NCiODO>

76
.2 t'— CO i—i GO CO P- I> © 00 00 CO © 00 

0 3 1— ©

R
el

a­
tiv

e 
h

u
­

m
id

it
y

Pe
r 

ce
nt 000©»OiCTji©t-©C^»-iOO^?OOiCO^C^O>0>rt*© © t*»t>-©© p'*l'-© ©© t,'-©r-.Ttl©©P>- l> © ©

J 
66

.6 00 © © l-« 03 © © © ©  ^ If CO o  Til © ©

D
at

e

19
29

 
A

pr
. 

1
8

-.

2  MM c5 C$ S  «  cl cS M c? >-1 N M -tfW 5000005 ^  
R k k r i h Q Q Q Q ,n , n ,Q , « « « «  «

CC ̂  © © P» OC 
£>> ^  >> > 
c3 c3 «J as ca c:
s s s s s s M

ay
 

9
__

_
M

a>
r 1

0
..

 
M

ay
 

1
1

..



T
ab

le
 

3.
—

Su
m

m
ar

y 
of 

da
ta 

or 
po

lle
n 

di
ss

em
in

at
io

n 
at 

va
rio

us
 

tim
es

 
of 

da
y 

in 
26 

va
ri

et
ie

s 
of 

pe
ca

ns
 

in 
the

 
G

eo
rg

ia
 

E
xp

er
im

en
t 

St
at

io
n

or
ch

ar
d—

C
on

ti
nu

ed

1084 Journal of Agricultural Research voi.^o.No. n

2 8  :

d  >■

2 2 3 2 S 2 2 2 § 3 ? 3 S



June is, 1930 Staminate Inflorescence and Pollen of Hicoria pecan 1085

An idea of the m atu rity  of pollen can be had from the stiffness of 
the catkin. A catk in  th a t would no t shed pollen w ithin 48 hours is 
relatively stiff; one th a t  would norm ally shed w ithin 12 hours in warm, 
sunny w eather is limber. W ithin two days after pollen is shed the 
catkin  becomes dry, very stiff, and falls to the ground.

The stage of m atu rity  of pollen can best be determ ined by the color 
of the anthers. From  the time of emerging from the bud scales until 
48 hours before pollen would norm ally shed under suitable conditions, 
the anthers are the same color as the bracts and leaves. A fter this 
time, however, the green color gradually disappears and the anthers 
take on more and more of the orange-yellow color of the pollen. 
When fully ripe the an ther is pale greenish yellow. If conditions are 
suitable, dehiscence will occur im m ediately, b u t if the tem perature is 
too low, or the hum idity  above about 85 per cent, the catkin m ay 
rem ain for five days or more w ithout falling to the ground.

The rap id ity  of opening of ripe anthers depends som ewhat on tem ­
perature b u t largely on the relative hum idity  of the air. On a warm, 
sunny day a single an ther will completely shed its contents in an 
hour after opening begins. Due to variations in catkins, twigs, 
trees, and varieties under the same conditions, a single catkin will 
shed pollen for 2 days, a single tree will shed pollen for 5 or 6 days, a 
single variety  will furnish pollen for 10 or 12 days, and a collection of 
three or more varieties of each group will furnish pollen for about 3 
weeks.

If w ilting was produced very rapidly by the high tem peratures 
im m ediately after the catkins were removed from the tree, opening 
did not occur. Likewise, if the relative hum idity was above 82 per 
cent the anthers remained closed. P artly  or completely open anthers 
closed in a few m inutes when subjected to a relative hum idity  of 
more than 90 per cent. C atkins th a t had fallen from the tree and 
become dry reabsorbed m oisture and the anthers closed in the pres­
ence of high hum idity.

Records taken in the orchard a t 3-hour intervals showed th a t the 
time of m ost rapid shedding of pollen varied from day to day, de­
pending on the tem perature and the relative hum idity  of the air. 
No shedding occurred when the relative hum idity was above 85 per 
cent. On some days the peak was reached before 9 a. m. On other 
days it was delayed until after 3 p. m., bu t it  never occurred between 
6 p. m. and 6 a. m. The tem perature, relative hum idity, and wind- 
velocity d a ta  in Table 3 were taken a t the end of the time of exposure 
of the slides, and in some cases do no t accurately indicate the condi­
tions th a t  prevailed during the period of exposure. The apparatus 
for catching pollen (fig. 1, A) remained in the same place throughout 
the pollen-shedding season for three years.

In  1928, in the m idst of the pollen-shedding season, a period of 64 
hours elapsed with no shedding because of rain. Three 24-hour 
periods occurred during the same season when no pollen was shed. 
As a result of low tem peratures and high hum idity  in 1929, not more 
than  5 days out of 21 covered in the pollen-shedding season were 
really favorable for pollen dissemination. The relative hum idity  and 
tem perature reached during clear nights with a gentle breeze were 
not sufficient to cause anthers already open to close, bu t they did 
p revent the fu rther opening of anthers. A dew or rain which caused
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the relative hum idity  to rise above 90 per cent caused all an thers  to 
close and delayed shedding un til several hours afte r sunrise on the 
following morning.

Since very high or very low tem peratu res do no t occur a t  the time 
th a t  pecans shed their pollen, the influence of tem peratu re  and wind 
velocity is chiefly indirect in regulating the relative hum id ity  of the 
air. Though there is no opening of an thers during  dam p, ra iny  
weather, im m ature an thers continue to  reach  the stage of m atu rity , 
therefore a period of high relative hum id ity  followed by a prolonged, 
period of low relative hum idity  is accom panied by the shedding of a 
very large q u an tity  of pollen for several hours.

Close observation and careful records k ep t for a num ber of years 
(30) show th a t  the length of the receptive period of the p istilla te  flow­
ers is as responsive to conditions of tem peratu re  and hum id ity  as th a t 
of stam inate flowers. T he same conditions which delay the shedding 
of pollen also prolong the receptive period of the stigm as. Trees on 
which the stigm as became receptive a t  a tim e unfavorable for pollen 
shedding and favorable for pollen germ ination did n o t have a heavy 
M ay " d ro p .”

The effect of high hum idity  is m ainly th a t  of re ta rd a tio n . In ­
stances have been observed in which stigm a tic surfaces dried as m uch 
in 24 hours under dry, w indy conditions as they  did in two weeks of 
dam p, cloudy w eather. D uring a prolonged d rough t the suscepti­
bility of the stigm atic surfaces to rap id  drying increases as the recep­
tive stage is approached, and on the second day  afte r becoming 
receptive the roughened surface darkens, shrinks, and dies.

In  rainy w eather the receptive stage is reached very gradually , 
and after about 10 days the stigm atic surfaces show sym ptom s of 
drying. If cloudy w eather continues the stigm as do n o t become 
com pletely dry  for abou t 15 days. T he norm al period of receptiv ity  
of a single flower is abou t five days.

O bservations of about 25 varieties for seven years show th a t during 
rainy seasons there are usually enough sunny days to effect pollina­
tion; and th a t  dry w eather, though optim um  for pollen dissem ination 
often precedes a heavy M ay drop. D a ta  in this paper indicate th a t 
the degree of hum idity  optim um  for pollen shedding is not sufficient 
to cause germ ination of pollen; also a low relative hum id ity  m arkedly 
reduces the viability  of the pollen.

Table 4 shows the am ount of pollen caught on greased slides a t 
various distances from  pollen-shedding trees. T he appara tus was 
always kep t on the leeward side of the trees. The difference between 
the am ount of pollen caught a t a height of 10, 20, or 30 feet is insignifi­
cant. The am ount of pollen th a t will be blown by the wind depends 
on the hum idity , tem perature, and velocity of the circulating air. 
The pa th  of the pollen from  a small group of trees is narrow a t a 
given time, bu t the horizontal direction of air curren ts is likely to 
vary greatly during the 10 or 12 days of pollen shedding of a single 
variety . T hroughout the southeastern  p art of the U nited  S ta tes 
winds from the east and south are som ew hat m oist and are not as 
conducive to pollen shedding as winds from the west and northw est.
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T a b le  4.— A m ount of pollen blown by a % to 5 m ile-per-hour w in d  from  a 20-year- 
vld pecan orchard of M obile, Stuart, and Teche varieties, 1927 and 1928

D is ta n c e  from  orchard
H eig h t

from
ground

Y ea r  an d  t im e  of d a y
P o lle n  per  
sq u are cen-  

t im eter  I R e d d in g

D a y  after 
pollen

began

500 fee t___
D o . . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  

800 f e e t . . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  

1,000 fee t .  
D o ._ .  
D o__ . 
D o . . .  
D o . . .  
D o . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  
D o . . .  
D o -  
D o . .  
D o . .  
D o . .

3,000 fee t . 
D o . . .  
D o . . .  
D o . . .  
D o . . .

Feet
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30

1927

2 p . m . to  5 p . m . . .
 d o _____________
 d o  ................
6 p . m , to  7 a . m ._
 d o _____________
 d o _____________
8 a. m . to  11 a. m ._
 d o _____________
 d o . . . ...................
 d o ..........................
 d o _____________
 d o  ................
11 a. m , to  2 p . m .

 d o ____________
 d o ____________
2 p . m . to  5 p . m . .

 d o ..........................
 d o  ................
5 p . m . to  7 a. m . .

 d o _______ _____
 d o  ____

7 a, m . to  11 a. m_.
 d o ____________
 d o ____________

11 a. m . to  2 p . m .
 d o ____________
 d o ____________
2 p . m . to  5 p . m _ .

 d o ____________
 d o ____________

1928

2 p . m . to  2 p . m .“_
 d o ______________
 d o ______________
 d o ______________
 d o ______________

G rains
70.7 F irst.
80 .7 D o .
92 .6 D o

0 .8 D o .
3 .7 D o .
4 .5 D o .

137.8 Secon d .
162.5 D o .
156.5 D o .

3 .8 F o u rth .
5 .2 D o .
5 .6 D o .

19.3 D o .
28 .0 D o .
28.3 D o .

8 .3 D o ,
16.6 D o .
15.5 D o .
13.1 D o .
21.4 D o .
19.1 D o .
11.1 F ifth .
13.2 D o .
13.5 D o ,
64.9 D o .

107.1 D o .
134.7 D o .

28 .6 D o .
44 .8 D o .
39 .7 D o .

10.6 F irst.
8 .4 Second.

10.6 T h ird .
13.3 F o u rth .
13.6 F ifth .

» 24 hours.

T a b le  5.— Dales on which pollen was shed and on which p istilla te  flowers were 
receptive of commercial varieties of pecans in  leading pecan-growing centers of 
southeastern U nited States

1926

L ocation  an d  v a r ie ty  of pecan

P o lle n  sh ed d in g P is tils  recep tive

B egan E n d ed B egan E n d ed

T ifto n , G a.:
A lle y .................... .................................................. .......... A p r 27 

A p r. 29
A p r. 30 
A p r. 28 
A p r. 26 
A p r. 28 
A p r. 27 
A p r. 29 
A p r. 28 
A p r. 27 
A p r. 26 
A p r. 27 
A p r. 28 
A p r. 30 
A p r. 28 
A p r. 29 
A p r. 28

B ig  Z _________________  ____________________
B r a d le y ..  ______________________ ___________
C u r tis___________ _________  ______________ A p r. 28 

M a y  1 
M a y  4 
A p r. 26 
M a y  1 
A p r. 26

D e im a s ............ ................... .................................. ........
F ro tseh er ....................... ................................ ..............
M o b ile ___________  _________ ____________ _
M o n e y m a k er___________  _______________
M o o re_________ _______ _____________________
N e l s o n . . ....................... ..................................................
P a b s t ............................................. ...................................
P r e s id e n t .......................... .............................................. A p r. 28 

A p r. 29 
A p r. 30 
A p r. 26 
A p r. 30 
Apr. 28

S c h le y ..................... ...................... .........................
S tu a r t....................................... .....................................
S u m m er s .........................................................................
T e c h e ................. ................................... ......................
V a n  D e m a n ___________ _________ ___________ A p r. 25

I Self- 
G roup j polli-  

I n a ted

1 Y e s .
2 Y es.
2 Y es.
2 Y e s .
2 Y e s .
2 Y e s .
1 Y e s .
2 Y e s .
1 Y es.
1 Y e s .
1 Y e s .
2 Y e s .
2 Y es.
2 Y e s .
1 Y e s .
2 Y es.
2 Y e s .
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T a b le  5.— Dates on which pollen was shed and  on which p istilla te  flowers were  
receptive of com m ercial varieties of pecans in  leading pecan-growing centers of 
southeastern U n ited  S tates— Continued

1927

L o ca tio n  an d  v a r ie ty  of pecan

T if to n , G a.:
A l le y  .........
B ig  Z ...................
B r a d le y .............
C u rtis .................
D e lm a s _______
F r o tsc h e r____
M o b ile ...............
M o n e y m a k er .
M o o re ________
N e ls o n ________
P a b s t ________
P r e s id e n t____
S c h le y  .
S u c c e ss ...............
T e c h e ..................
V a n  D e m a n ...

P o llen  sh e d d in g

B e g a n  E n d e d

A p r. 21 
A p r. 29 
A p r. 21 
A pr. 22 
A p r. 26 
A p r. 12 
A p r. 29 
A p r. 18 
A p r. 21 
A p r. 9 
A p r. 18 
A p r. 21

. - .d o .........

. . . d o .........

. . . d o ____
A p r. 26

P is t i ls  re ce p tiv e

B e g a n  E n d e d

A p r. 29 
M a y  7 
A p r. 28 
M a y  3 
A p r. 29 
A p r. 18 
M a y  6 
A p r. 21 
A p r. 26 
A p r. 22 
A p r. 29 
A p r. 26 
A p r. 29

— .d o .........
. . . d o ____
. . . d o ____

G rou p
S e l f -
p o lli­
n a ted

N o .
N o .
N o .
N o .
Y e s .
Y e s .
N o .
Y e s .
Y e s .
N o .
N o .
Y e s
N o .
N o .
N o .
Y es.

1928

T ifto n , G a.:
A lle y  -
B ig  Z ...................
B r a d le y ..............
M o b ile_______
M o n e y m a k e r .
M o o re ________
N e l s o n . . - .........
P a b s t _________
P r e s id e n t_____
S c h le y ________
S u c c e ss_______
T e c h e _________

A p r. 30 
A p r. 28

. . - d o ........
A p r. 30

. . . d o ........
A p r. 28 
A p r. 21 
A p r. 30

. . . d o ____
A p r. 28

. . . d o ____
A p r. 30

M a y  
M a y  
M a y  
M a y  
M a y  
M a y  
A p r . 28 

! M a y  2  
I M a y  5 
| M a y  2 
! M a y  5 
L .- d o ____

1 Y e s .
2 N o .
2 N o .
1 Y e s .
2 Y es.
1 Y e s .
1 N o .
1 Y es.
2 Y e s .
2 Y e s .
1 N o .
2 Y e s .

Tifton, Ga.:
Alley_______
Big,Z .........
Bradley .
Curtis______
Delmas-.........
Frotscher___
Mobile_____
Moneymaker.
Moore______
Nelson______
Pabst_______
President___
Rome .....
Schley .
Stuart.............
Success .
Summers____
Teche. .
Van Deman--.
Williams........

Cordele, Ga.:
Frotscher___
Mobile______
Moore______
Nelson______
Schley______
Stuart______
Van Deman__ 

Albany, Ga.:
Schley .
Stuart .
Van-Dcman..

A p r. 22
. . . d o ____
A p r. 24

A p r. 23 

A p r. 21

A p r. 20

A pr. 21 
A p r. 24

A p r. 23
. . . d o ____
. . . d o ____

A p r. 20 
A p r. 20 
A p r. 18

A p r. 20
..d o _____
A p r. 23

A p r. 22
. . . d o ____
. . . d o ____

A p r. 20

A p r. 18 

A p r. 19

A p r. 18 
A p r. 22 
A p r. 21

A p r. 18

A p r. 18 
A p r. 19

A p r. 18

A p r. 22

A p r. 22 
A p r. 21 
A p r. 20 
A p r. 25 
A p r. 24

A p r. 22 
A p r. 21

A p r. 22 
A p r. 21

A p r. 22 
A pr. 23

A p r. 20

A p r. 20 
A p r. 21 
A p r. 20 

- . . d o ____

A p r. 20

A p r. 21 
A p r. 20 
A p r. 21

A p r. 20

A p r. 21 

Apr? 20

A p r. 29

A p r. 19

A p r. 25 
A p r. 26 
A p r. 25

1 N o .
2 N o .
2 N o .
2 N o .
2 Y e s .
2 N o .
1 N o .
2 Y e s .
1 N o .
1 N o .
1 N o .
2 Y e s .
1 N o .
2 Y e s .
2 N o .
1 N o .
1 N o .
2 N o .
2 Y e s .
2 Y e s .

2 Y e s .
1 N o .
1 Y e s .
1 N o .
2 Y e s .
2 Y e s .
2 N o .

2 Y e s .
2 Y e s .
2 Y e s .
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T a b le  5.— Dates on which pollen w as shed and on which p istilla te  flowers were 
receptive of commercial varieties of pecans in  leading pecan-growing centers of 
southeastern U nited S tates— 'Continued

1929

L o ca tio n  a n d  v a r ie ty  of pecan

Monticello, Fla.:
Curtis............. .
Frotscher .
Mahan______
Moore_______
Russell______
Schley .
Stuart..............
Teche_______

Experiment, Ga.:
Alley .......
Appomattox..
Beverage.........
Bradley .
Centennial__
Curtis______
Delmas...........
Indiana...........
Jerome______
Mantura........
Mobile............
Moore.............
Nelson______
Pabst. .........
Randal...........
Robson...........
Rome_______
San Saba____
Schley............
Stuart.............
Success_____
Teche_______
Van Deman...

Thomasville, Ga.:
Frotscher___
Mobile...........
Stuart.............
Schley............

Athens, Ga.:
Alley .........
Delmas_____
Frotscher........
Jerome______
Mobile.. .
Nelson______
Pabst..............
Success...........
Schley. ___
Stuart______
Teche..............
Van Deman...

Raleigh, N. C.: 
Appomattox. .
Bradley.........
Curtis.............
Delmas .
Frotscher____
Georgia_____
Krakezy.........
Louisiana.......
Manture.........
Mobile______
Moneymaker.
Pabst..............
President........
Russel.............
Schley______
Sovereign____
Stuart______
Success...........
Teche..............
Van Deman...

P o lle n  sh ed d in g

B eg a n  E n d e d

A p r.
A p r.
A p r.

A p r.
A pr.
A p r.
A p r.

A p r.
A p r.
A p r.
A p r.
A p r.
A pr.

do.
M a y
A pr.
A p r.
. .d o -

. . .d o ..

. . . d o .
A pr.
A pr.

. . .d o .
A p r.
A p r.
A pr.

. . . d o .
Apr.
A pr.
M a y

A p r. 22

A pr.
. . .d o .

22

M a y
A pr.

M a y
M a y
M a y

. . . d o .
M a y
M a y

M a y
M a y
M a y
M a y
M a y

M a y

M a y
M a y
M a y
M a y
M a y

M a y
d o -

M a y
M a y

A p r. 18

A p r. 24 
M a y  3 
A p r. 24 
M a y  7 
A p r. 25 
M a y  12 
M a y  7 
M a y  12 
A p r. 30 
A p r. 23 
A p r. 24 
A p r. 23 
A p r. 24

. . . d o ____
A p r. 27 
A p r. 24 
A p r. 30 
A p r, 26 
M a y  7 
M a y  8 
A p r. 26 
M a y  7 
M a y  8

P is t i ls  r ecep tiv e

B eg a n  E n d ed

A p r. 19

A p r. 21

A p r. 18

M a y  3 
M a y  15 
M a y  6

. . . d o ____

. . . d o ------
M a y  3 
M a y  9 
M a y  13

. . . d o ____
M a y  14

. . . d o ____
M a y  15

. . . d o ------

. . . d o ____
M a y  23 
M a y  19 
M a y  21 
M a y  6 
M a y  1 
M a y  15 
M a y  5 
M a y  1 
M a y  16 
M a y  15 
M a y  23 
M a y  19 
M a y  23 
M a y  3 
M a y  21 
M a y  18 
M a y  22 
M a y  21

A p r. 22 
A p r. 23 
A pr. 21

A p r. 28 
A p r. 22 

. . . d o . - i .

. . . d o ------
A p r. 25 
A p r. 23 
A p r. 21 
A p r. 30 
A p r. 24 
A p r. 22

A p r. 22 
. . . d o ____

A p r. 25 
A p r. 22 
A p r, 23

A p r. 22

M a y  8 
M a y  1 
M a y  6 
A p r. 26 
M a y  3 
M a y  2

. . . d o ____
M a y  8 
M a y  9 
M a y  1

A p r. 30 
. . . d o ------

A p r. 23 
A p r, 24

. . . d o ___
A p r. 22

. . . d o ____
A p r. 25 
A p r. 20 
A p r. 21

A p r. 22

M a y  6 
M a y  3 
M a y  1 
M a y  5

M a y

M a y  2 
M a y  3 
M a y  2 
A p r. 30

A p r. 29

M a y
M a y

M a y
. - .d o -

M a y
M a y

M a y
M a y
M a y
M a y
M a y
M a y
M a y
M a y

M a y  3 
M a y  9 
M a y  8 
M a y  3 
M a y  7 
M a y  9 
A p r. 24 
A p r. 28

A p r. 21

A p r. 24 
. . . d o ___

M a y  13 
M a y  11 
M a y  9 
M a y  13

M a y  13

M a y  10 
M a y  12 
M a y  11 
M a y  9

M a y  10 
M a y  1 
M a y  19 
M a y  11 
M a y  3 
M a y  23 
M a y  21 
M a y  8 
M a y  18 
M a y  23 
M a y  3 
M a y  23 
M a y  11 
M a y  10 
M a y  17 
M a y  24 
M a y  13 
M a y  24 
M a y  15 
M a y  10

G rou p
Self-

p o lli­
n a ted

Y es.
N o .
Y e s .
N o .
Y es.
Y e s .
Y e s .
Y e s .

.N o .
Y e s .
Y e s .
N o .
N o .
Y e s .
Y e s .
Y e s .
Y es.
Y es.
N o .
Y es.
Y es.
N o .
N o .
Y es.
Y es.
Y e s .
Y e s .
Y e s .
Y e s .
N o .
N o ,

N o .
N o .
Y e s .
Y e s .

N o .
Y e s .
Y e s .
Y e s .
N o .

.N o .
Y e s .

.Vies.
Y e s .
Y e s .
Y e s .
Y e s .

N o .
Y e s .
Y e s .
Y e s .
N o .
Y e s .
N o .
Y e s .
N o .
N o .
N o .
Y e s .
Y e s .
Y e s .
Y e s .
N o .
Y e s .
Y e s .
Y e s .
N o .
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Table 5 contains incom plete d a ta  on dates of beginning and  ending 
of pollen shedding and beginning and ending of recep tiv ity  of stigm as 
of 142 varieties from  eight pecan-producing sections in  these S tates.

In  varieties of G roup 1 there were 31 instances of hom ogam y and 
25 instances of com plete dichogam y, all of the la t te r  being pro tan- 
drous. In  varieties of G roup 2 there were 57 instances of hom ogam y 
and 29 instances of dichogam y— 11 instances of p ro tan d ry  and 18 
instances of protogyny.

I j K
F i g u r e  22.— C am era lu c id a  d ra w in g s of p o llen  gra in s in  la ctic  

acid  m o u n ts;  A , B , C , D , E , H , I , J, a n d  K  c o n ta in  a sm a ll  
a m o u n t of f in e ly  gran u lar cy to p la sm ; G a n d  M  are e lo n g a ted  
grains; 11, a grain  w ith  se v en  pores; F , a norm a] gra in . X  850

E X A M I N A T I O N  O F  P O L L E N

T he w riter has confirmed S tuckey’s (23) observation  th a t “ in  size, 
shape and general character, the pollen of the two groups of varieties 
of pecans differ alm ost none.” However, the grains are n o t “ ra th e r 
flattened, ” as he described them .

D ry  pollen grains from  a single varie ty  vary  slightly  in  size and 
shape, are sculptured, and uniform ly pale yellow. T hey  are spherical 
b u t become shrunken im m ediately afte r shedding, and w hen exposed 
to very d ry  air the shrinking increases. F resh  pollen taken  from  
an atm osphere 80 per cent sa tu ra ted  a t  21° C. and placed in  an oven 
a t  32° lost 5.5 per cent m oisture; w hen placed in  an  oven a t  60° 
i t  lost 10 per cent. D ry  grains containing no pro toplasm  can n o t be 
distinguished from  those w ith protoplasm . T hough the increased 
am ount of shrinkage which accom panies the absence of pro toplasm
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may serve as  ̂a m eans of identifying certain  defective grains, m any 
abnormal grains appear norm al when dry.

N orm al pollen grains m ounted in distilled water swell im m ediately 
and tu rn  dark. G rains w ithou t protoplasm  fail to swell, and grains 
containing protoplasm  in less th an  the norm al am ount swell so th a t 
they are indistinguishable from  norm al grains.

W hen m ounted in  lactic acid, norm al grains become light cream 
in color and spherical in  outline, and assume in one m inute an appear­
ance d istinct from  defective grains. The la tte r  either fail to swell 
and rem ain opaque, or swell and become alm ost transparent. The

F i g u r e  2 3 .— C am era lu c id a  d raw in gs of p o llen  grain s in  la ctic  acid  
m o u n ts: A , N o r m a l grain  w ith  coarse ly  granular cy to p la sm  
(Jerom e); B , C , D , L , a n d  M  co n ta in  no c y to p la sm  (Jerom e);
F , a grain  o f le ss  th a n  norm al s ize  (Jerom e); E , G , H  (Jerom e),
I , K  (B ev era g e), grains en larged , ab n o rm a lly  sh a p ed . X  800

lack of norm al protoplasm ic conten t in  certain  grains is clearly evident. 
Some grains are w ithout either protoplasm  or pores, indicating th a t 
abnorm ality began early in  the developm ent; others contain a small 
am ount of protoplasm  and one or m ore pores; still others have the 
normal num ber of pores and swell norm ally, b u t the protoplasm  
granules are very fine and sufficiently different from  norm al grains 
to be term ed defective.

A single pollen grain observed in lactic acid am ount is spherical 
w ith a roughened surface. W hen the percentage of norm al grains 
is high they are extrem ely uniform  in size, b u t if the percentage of
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defective grains is high there are num erous large, sm all, and odd­
shaped grains. (Figs. 22 and  23.) A  norm al grain  is ab o u t 50 mi­
crons in  d iam eter (23) w ith  a wall ab o u t 2 m icrons in  thickness. T here 
is no appreciable difference in  the size of pollen of any  of th e  varieties 
stud ied  except varia tions due to a large am oun t of defective pollen.

P E R C E N T A G E  O F  D E F E C T I V E  P O L L E N

T able 6 contains d a ta  on the  am oun t of defective pollen found when 
169 lo ts were exam ined b y  the  lactic acid m ethod . T he to ta l num ber 
of grains examined was 169,000.

T a b l e  6 . — Percentage of defective pollen as foun d  by counting 1 ,000 grains in  
lactic acid mounts, 1928 and 1929 a 

1928

P eca n  v a r ie ty  a n d  
v ig o r

A v er­
age d e­
fectiv e  
grain s

P ercen ta g e  of d efec­
t iv e  gra in s found  
at p o s itio n  in d i­
ca ted

A p ex M id d le B a se

19.5
3 .0 3. 7 2 .5 2 .9
6 .7
8. 3 10. 2 8 .9 6 .3

35.1 33. 5 34. 5 37 .1
6 .3 8. 6 6. 7 4 1
5 4 4. 4 7 .6 4. 1
7 .9 9. 2 3 .1 6. 3
6. 4 6. 0 7. 3 6 .0

Jerom e:
27 .2 32.4 37.1 42 .2

N o n v ig o r o u s 35 .2
71 .2

31 .6 33 .5 40 .5

23.8 10. 6 44 .8 16.3
20. 2

N e lso n  ____________ 20.2

P eca n  v a r ie ty  a n d  
vig o r

P a b st:
V ig o r o u s_____
N o n v ig o u r o u s

R a n d a l___________
R o b so n ___________
R o m e  ............
S an  Saba:

V ig o ro u s............
N on vigorou s__

S c h le y ..........................
S tu a r t ..........................
T e c h e _____________
U n k n o w n  .
V a n  D e m a n ............
W a u c h e n a h  -_

A v e r ­
age de' 
fec tiv e  
grain s

4 .5
4 .4  
5 .9  
7.1

29 .6

10.3
13.4  
14.3
46 .6

7 .5
13.1
29 .2  

5 .8

P e r c en ta g e  of d efec­
t iv e  g ra in s  fou n d  
a t  p o s it io n  in d i­
c a te d

A p ex  M id d le  B a se

6 .7

14 7

12.8 
81. 7 
8.0  

12.2 
35. 6 

5. 7

5 .4

16.0  
27 .6  

5.1  
9 .4  

44 .5  
6 3

4 .0

11.3

14.0  
20 . 6 

9 .4  
17 .6  
37,5  

5 .3

1929

P eca n  v a r ie ty L o ca tio n V ig o r
A v er-

fec t iv e
gra in s

P ercen ta g e  of d efec­
t iv e  g ra in s  fou n d  at  

p o s itio n  in d ic a te d

A p ex M id d le B a se

1 .4
7 .7

1 .4
4 .4

0
8 .5

4 .3 2 .3 4 .4

.8 1 .4

E x p er im e n t , G a .
- - . - d o ...... ............... .
 d o  .............. .
 d o ___________
 d o  _____
 d o ___________
 d o ___________
T ifto n , G a ______
E x p er im e n t , G a .
 d o  .........
M o n tic e llo , F la - .

Alley.....................
Appomattox______
Beverage .........
Bradley______ ____
Centennial________
Curtis ..............
Delmas______ ____
Ga. Giant________
Indiana__________
Jerome ______
Mahan ______
Mantura--------------------- Experiment, Ga
McAlister_______  do....... .........
Mobile_________ . ..d o ________

Do ----------Oordele, Ga.............
D o. .............. . Milner, Ga____
D o.............................. Barnsville, Ga..
Do_______________ . . . . .d o ....... ..........
Do..............................j____ do________
D o-----------  do..... ...........
Do.......................   do________
Do ..................... do________
Do_______________I_____do________

M e d iu m  .
 d o ________
 d o ________
 d o ________
 d o ________
 d o ________
V ig o ro u s_____

 d o ________
M e d iu m _____

 d o ________
V ig o r o u s ..........
M e d iu m ..........

 d o . _ ..........
 d o . .  .
 d o _______
V ig o r o u s  .
 d o ________
 d o ________
 d o _______
M e d iu m _____

 d o ________
N o t  v ig o r o u s .  

 d o . . ..........

10.2
.3
.9

6 .9
3 1 .7

4 .6
7 .0  

10 .4
3 .3
3 .3  

12.0  
20.0
8.2
1.1
8 .4
1 .7
3 .7  
2.6  
8.0
5 .4  
3 .6  
3 .0  
2 .3

_ a P o lle n  from  v a r io u s  p eca n  v a r ie t ie s  w h e n  ex a m in ed  in  1929 ,13  y ea rs  a fter  c o lle c tio n , sh o w e d  th e  fo llo w -  
m g  p ercen ta g es  of d e fec t iv e  g ra in s: F ro tsch er , 4.5; M o n e y m a k e r , 6.2; P a n  A m e r ic a n , 9 8: P ie s id e n t ,  4 1* 
T e c h e , 30.6; V a n  D e m a n , 3. '
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T a b le  6.— Percentage o f defective pollen as foun d by counting 1,000 grains in  
lactic acid m ounts, 1928 and 1929—-Continued

1929

P eca n  v a r ie ty L o ca tio n V igor
A ver­

age de­
fective  
grains

P ercen tage of defec­
t iv e  grains fou n d  at 

p o sitio n  in d ica ted

A p ex M id d le B a se

M o o re ___________________ 6 .3  
5. G

12.3  
1.0
6 .5
2 .7
5 .2  
5 .9  
6 .0

37.5
6 .0

16.4
7 .2
3 .7
1.2

41.0
32.1
40 .0

9 .6
26.0
11.2
10.4

5 .4
3 .0  
5. G 
S. 6 
7 .2
6 .5

9 .8
5 .4

2 .5
4 .6

6 .7
6 .8..........d o ............................................

D o ...................................... B a rn sv ille . G a ____________
E x p er im en t, G a ___________

_____d o _______ _______

. . . d o  .  .
P a b s t ........................................ 1.1 .9 .9

R o b so n . _______________ ......... d o ............................. 2 .2
2 .9
6 .5

3 .2
7 .8
5.7

San S ab a .................... ............ 3 .7
5. G

D o ......................................
D o __________________
D o . . ..................................

S u m m ers .............................
S tu a rt........................................
S u ccess.....................................
T ech e  . .  .................. . . .
V a n  D e m a n .......................... 36.6 46.0 41 .5

D o ...................................... ____ d o ___________
D o ......................................
D o . . . _______________
D o __________________

W a u ch en a h ...........................
W illia m s....... ..........................

S tu a r t ........... ........ ................... E x p er im en t, G a ..................

F ertilizer

D o __________________ ____ d o ____ __ . . . ________
D o ______________ _ ____ d o _____ _____  ____
D o ...................................... ..........d o ........................................... H ig h  N ............
D o ................ ..................... ..........d o ............................................ H ig h  K _______
Do............................ ____ d o .  __________________

In  1928 pollen was m uch more plentiful in the orchards th an  in 1929, 
and the percentage of defective grains was about twice as high. T h e  
differences between the percentages of defective pollen shed from  th e  
apex, middle, and base of the same catkins is negligible. The C enten­
nial and M an tu ra  were the only varieties th a t  produced pollen more 
than  19 per cent of which was defective in 1928 and 1929, and the 
P abst was the only variety  th a t  produced pollen less than  5 per cent 
of which was defective in bo th  years. The variation  in percentages of 
defective pollen of the M obile variety, taken from four localities and 
from trees of unequal vigor in 1929, is very small; also the variation  in 
percentages of defective pollen taken  from S tu a rt trees which received 
different lands of fertilizers is insignificant. On the o ther hand, 
Schley pollen from  nonvigorous trees a t  Griffin had  about six tim es as 
high a percentage of defective pollen as th a t  gathered a t  Experim ent, 
Bacon ton, or T ifton, and Van D em an pollen from vigorous trees a t 
Cordele had  about one-third as high a percentage of defective pollen 
as th a t  from trees of m edium  vigor a t  B aconton and abou t one-fourth 
as high as th a t  from vigorous trees a t  E xperim ent or T ifton.

Table 7 shows the m agnitude of varia tion  of defective grains in 
successive lots of 100, th a t  is, the percentage of defective grains in 
successive lots.  ̂ T he table includes 6 varieties and  12 lots of 1,000 
grains each which were shown in Table 6 . In  general, i t  m ay be 
said th a t in counting 1,000 grains in lots of 100 grains each, the
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lowest percentage of defective grains is ab o u t half th a t  of th e  highest 
percentage.

T a b l e  7 .— M agnitude of the variation  (per cent) of defective grains as counted in
successive lots of 100

P ercen ta g e  of d e fec t iv e  gra in s a t  p o s it io n  m en tio n e d  in  p o lle n  from — P e r c en ta g e  of d efec tiv e  
grain s in  p o lle n  from —

C en ten n ia l Jerom e S c h le y

A lle y M a n - C u rtistu ra
A p ex M id d le B a se A p ex M id d le B ase A p ex M id d le B a se

34 32 30 33 33 44 11 20 13 30 57 54
30 34 32 19 35 38 13 14 21 16 72 51
35 30 33 36 47 42 9 16 15 16 80 52
35 34 44 24 37 40 15 15 12 13 57 53
32 38 41 40 33 45 10 22 9 17 74 54
33 40 44 30 35 43 16 17 8 19 74 77
43 29 42 36 46 47 10 13 16 25 68 60
34 36 34 31 34 54 15 17 13 21 77 56
45 34 33 40 39 39 17 14 18 17 28 56
19 38 38 35 30 30 12 12 14 21 81 48

33.5 34 .5 37.1 32.4 37. 1 42 .2 12.8 16 14 19. 5 7 1 .2 56.1

T he d a ta  recorded in T able 8 were ob tained  w hen the rubber-ring 
cells were used, as previously described.

T a b l e  8 . — Pollen germ ination under varying conditions 
S E R I E S  1 <■

S u gar u sed

M a lto s e ..  
D o . . .  
D o . . .  
D o . . .  

S u c r o se . _ 
D o . . .  
D o . . .  
D o . . .  

L a e t o s e . .  
D o . . .  
D o . . .  
D o . . .  

G lu c o s e ..  
D o . . .  
D o . . .  
D o . . .  

F r u c to se .  
D o . . .  
D o . . .  
D o . . .  

G alactose  
D o . . .  
D o . . .  
D o . . .

S tren g th G erm i­
n a tio n T u b e  len g th

P er  cent
20 0 .5 S h o r t .
15 .5 ------- do
10 1 .0 - - .d o
5 1 .0 .d o

20 25.0 L o n g ..
15 30 .0 ------- do
10 50. 0 - . .d o

5 40 .0 ------- do
20 50 .0 - . - . . d o
15 4 0 .0 .d o
10 3 0 .0 -------do

5 3 0 .0 ------- d o
20 15.0 S h o rt
15 10.0 ------- do
10 5 .0 ..........d o
5 2 .0 ----- do

20 0 ------- do
15 .5 - - -  .d o
10 1 .0 - . .d o

5 1 .0 - - -  .d o
20 20 .0 - . . . d o
15 15.0 ----- do
10 10.0 .d o .
5 5 .0 .d o

Grains
b u r stin g

F e w .
D o .
D o .
D o .

N o n e .
D o .
D o .
D o .
D o .
D o .
D o .
D o .

F e w .
D o .
D o .
D o .
D o .
D o .
D o .
D o .
D o .

M a n y .
D o .
D o .

<* U s in g  2 per c e n t  agar, p o llen  s to red  in  lab oratory  for 24 h ou rs, g e r m in a tio n  a t 25° C .,  4 d ro p s of w a te r  in  
b o tto m  of cell.
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T a b l e  8.— Pollen germ ination under varying conditions— C o n tin u e d

S E R I E S  2 *

R ea g en t ad d ed A m o u n t
u sed

G erm i­
n a tio n

P er  cent 
1 .0

P e r  cent 
75

D o .................................. ..................... .5 80
D o _________ __________________ . I 85

1 .0 0
D o ___________________________ . 5 0
D o  . .  ....................... . 1 0

1 .0 20
.5 50

D o ........................................................ . 1 75
S o d iu m  h y d ro x id e ....... ........................ 1 .0 0

D o  ___  _____________ .5 0
D o  . ______________ ____ . 1 0
D o ............ - _______ _____________ .03 20
D o _______ ____________________ .025 30

C h eck ______ _______________ 75

T u b e  len g th

L o n g ..
 do.
 do.

L o n g ..
 do.
 do.

L o n g ..
 do.
 do

G rains
b u rstin g

P e r  cent 
10 
10 
10 0 0 0 
10 
15 
20 0 0 0 
20 
20 
10

R em ark s

S ta in ed  b row n . 
D o .
D o .

S E R I E S  3 ■

Storage c o n d itio n s Storage
period

G erm i­
n a tio n T u b e  len g th

F r e sh .................... .............................. .................
H ours P e r  cent 

70.0
48 25. 0
48 0

M o is t  c h a m b e r . . ............ .............. .. 48 30.0
25° C ., d r y ....... ................. .............................. 48 20.0

48 40. 0
L a b o ra to ry____  _________ .  . . 72

72
15. 0 ___ d o . . . .

M o is t  ch a m b er_____  _________ . . 10. 0
25° C ,, d r y . ............................. ......................... 72 0

72 30. 0
L a b o ra to ry ............................... ............ 16 . 2
M o is t  ch am b er________  .  . .............. 96 10.0
O n ic e . .  ........................................................... 90 10 0

1.0 0
1 .0 5. 0

O n ice _____ _________  . . ........... .... 1 .0 10.0 ......... d o .......................
M o is t  c h a m b e r .. __________ ______ ____ 144 0
O n ice ................. .................................................. 144 2 .0
I n  m ail, m o is t___________  ____ 48 25.0
In  m ail, s e m im o is t . .  ________ 43 10.0 ......... d o ___
In  m ail, d ry _____ __' .. ....................... 48 5 0
In  m a il, m o is t . . .  ___________ _________ 192 5 0
In  m ail, s e m im o i s t . . .......... . .  _ ____ 192 2. 0
In  m ail, d rv___ __ _ ________ 192 0

G rains
b u rstin g

N o n e.
D o .
D o .
D o .
D o .

E ew .
M a n y ,

D o .
N o n e .
M a n y .
F ew .

D o .
M a n y .
N o n e .

D o .
M a n y .
N o n e.
M a n y .

D o .
D o .
D o .
D o .
D o .

F e w .

& U sin g  10 per cen t sucrose, 1 ^  per cen t agar, S uccess p o llen  stored  in  la b o ra to ry  for 21 hou rs, g erm in a­
tion  a t 22° C ., cell h a lf filled  w ith  w ater. 

e U s in g  20 per cen t sucrose, 2 per cen t agar, germ in ation  a t  25° C „  4 drops of w ater  in  ce ll.
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T a b l e  8 .— Pollen germ ination  under varying conditions— C o n tin u e d

S E R I E S  4 **

P ercen ta g e  g e r m in a tio n  u n d er  s to ra g e  c o n d itio n s  in d ic a te d

P e c a n  v a r ie ty
P eriod

of
storage

32° c . 23° c . 22= c . In  orchard 5° c .

D r y M oist D r y M o is t D r y M o is t D r y M o is t D r y M o ist

H o u rs
24 0 0 0 65 0 65 30 64 50 65
24 0 0 0 80 0 80 45 so 65 80
24 0 0 0 50 0 50 25 45 45

S c h le y ....................... .  _______ . . . 48 0 0 0 50 0 55 0 60 25 60
S tu a r t ........................................... ........... 48 0 0 0 65 0 70 0 75 35 75

48 0 0 0 30 0 40 0 45 20 45
S c h le y ....................................  .  . . .  . 72 0 20 30 0 55
S tu a r t .............. .................  ................ 72 0 25 45 0 65

72 0 10 20 0 40
S c h le y  ______________ __________ 96 0 15 30
S t u a r t . . ........................... ................. .. 96 0 25 40

96 0 10 25
120 0 3
120 0 5
120

—  -  _
0 0

120 0 0 0 0 0 0 0 0 0 0
N e ls o n ................... .. . .  _________ 120 0 0 0 0 0 0 0 0 0 3
R o b so n .................................... .. . . . 120 0 0 0 0 0 0 0 0 0 2
C e n te n n ia l_______________ . .  . . 120 0 0 0 0 0 0 0 0 0 0
A lle y __________ _____ _ .  . .  . . 120 0 0 0 0 0 0 0 0 0 1

SERIES a*

G erm in a tin g  tem p era ­

1
P ercen ta g e  g erm in a ­

t io n  of—
G erm in a tin g  tem p era ­

P ercen ta g e  g erm in a ­
t io n  of—

tu re
S ch ley S tu a rt V an

D em a n
1

tu re
S ch ley S tu a rt V a n

D e m a n

3° C ............................................ 0 0 0 23° C 65 80 50
022° C ______________________ 60 75 50 32° C 0 0

d U s in g  20 per c e n t  su crose, \ } i  per c e n t  agar, germ in a tio n  a t 23° C ., ce lls  h a lf filled  w ith  w a te r  (p ercen tage  
g erm in a tio n ).

* U s in g  10 per c e n t  su crose, 1 \ i  per cen t agar, cell h a lf  f il le d  w ith  w a ter , fresh  p o lle n .

M edia containing 10 per cen t sucrose, \  }{ per cen t agar, plus e ither 
one of the following formed a precipitate , failed to solidify a t  20° C., 
and was no t used: U nited  S ta tes Pharm acopoeia citric acid, 1, 0 .5 , 
and 0.1 per cen t; 91 per cent lactic acid, 0.5 and  0.1 per cen t; U nited  
S ta tes Pharm acopoeia tannic acid, 1 per cent.

U nder suitable conditions pollen began to germ inate in  1% hours 
and com pleted germ ination in  12 hours, b u t 14 to  18 hours were 
required for pollen tubes to reach full length  before bursting. If 
allowed to  rem ain  longer th an  about 18 hours the  tubes b u rs t and 
em ptied their con ten ts into the surrounding m edium . (Fig. 24.)

B ursting  of pollen tubes is d istinc t from  “ pseudo g erm in a tio n ” or 
bursting  of ungerm inated  grains as described by  A ndronescu (1) and 
as used in  Table 8 . I f  the  conditions rem ain favorable for grow th 
all of the pollen tubes will b u rs t in abou t 30 hours.

N o tubes in  artificial m edia have been found to branch , as occurs 
in the tube grow th in the pistils (31); nor has any  of th e  germ ination 
percentages equaled the percentage of norm al pollen as show n by 
counts in lactic acid.
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Pollen failed to germ inate in pure w ater, or in any concentration of 
agar which did no t solidify a t 25° C. Satisfactory results were 
obtained w ith l){ or 2 per cent agar when sugar was added. No 
germination was obtained when no w ater was placed in  the cell to 
provide moisture for the pollen. From  four to eight drops of w ater 
were found best for th is; less than  this am ount did not keep the pollen 
sufficiently m oist for germ ination, and m uch more th an  this caused 
excessive bursting of grains.

D ata  in Table 8 show th a t  of the six sugars used in the media for 
germinating pollen, lactose and sucrose gave highest percentage

F i g u r e  24.— C am era lu e id a  draw in g of stages in  the g erm in a tio n  of 
p ollen  grains on sugar-agar m ed iu m : A , N o rm a l germ in ation ; B , 
form ation  of tw o  tu b es from  a sin gle  p o llen  grain; B  an d  E , sw e ll­
in g  at en d  of tu b e  w h ic h  m a y  later burst; C , tw o  n u c le i in th e  
p o llen  tube; D ,  a norm al tu b e; F , section  of a p ollen  grain 10 d a y s  
before sh ed d in g . X  750

germination and least bursting of the grains; galactose and glucose 
produced fair germ ination; and fructose and m altose cau sed ’ an 
extremely low percentage germ ination and a high percentage of 
bursting.

One-tenth of 1 or one-half of 1 per cent asparagine when added to 
the medium produced a slight increase in percentage of germ ination; 
1 per cent neither increased nor decreased the percentage of germ ina­
tion. More than 0.1 per cent of peptone caused a decrease in  per­
centage of germination. Tannic acid prevented germ ination when 1, 
0.5, or 0.1 per cent was added to the medium. Sodium hydroxide 
decreased germ ination when as low as 0.025 per cent was added to the 
medium, and more than  0.1 per cent prevented  germ ination.
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Pollen was stored under ten  tem peratu re  and hum id ity  conditions. 
T h a t stored under bo th  m oist and dry  atm ospheric conditions a t  32° C. 
lost its  v ita lity  in 24 hours. T h a t stored  a t  e ither 23° o r 22° in  a 
d ry  atm osphere did n o t germ inate afte r 24 hours, b u t o ther lots 
germ inated afte r being stored for 48 and 72 hours, respectively, under 
m oist conditions. T h a t stored d ry  a t  5° germ inated  afte r 48 hours, 
and th a t stored m oist germ inated  afte r 96 hours. No tem peratu re  
and hum idity  condition was found under which pollen could be stored 
for longer th an  96 hours w ith  ce rta in ty  of germ ination. T he optim um  
tem peratu re  for germ ination was found to be abou t 23° C.
R E L A T I O N  O P  S IZ E  O F  C R O P  P R O D U C E D  I N  O N E  Y E A R  T O  N U M B E R  O F  F L O W E R S  

P R O D U C E D  T H E  F O L L O W IN G  Y E A R

In  Table 9 is shown the relation between the size of crop of n u ts  of 
one year and the size of crop of stam inate and p istilla te  flowers of the 
next year. In  order th a t  the d a ta  from trees of different varieties and 
ages m ight be com parable, each tree was ra te d  and placed in one of 
six groups. The sum m ary of all varieties shows th a t  a large or very 
large crop of n u ts  is followed by a som ew hat reduced crop of b o th  
stam inate  and p istillate flowers the following season; and no crop or a 
fair, poor, or very poor crop of nu ts  is followed by a large crop of both 
stam inate  and pistillate flowers.

T a b l e  9 .— Relation between the s ize  of crop of nuts of one year and the production o' 
catkins and p istilla te  flowers the fo llow ing  year

[ A = v e r y  large crop; B  =  large crop; C =  fair crop; D  =  poor crop; E = v e r y  poor crop: F  =  no crop]

/

P eca n  v a r ie ty A ge of 1928 crop  of n u ts 1928 crop

R a tin g  o f 1929 crop  
of—

tree ra tin g

C a tk in s P is ti lla te
flow ers

A l le y ______________ ____  _ _ ___
Y ears

D c B
D o ________ _____________________ 7 D c B
D o .......... ...................... ............... ............. 7 D c B

DD o ............ ................................................. 18 C A
D o .......... ................................................... 20 C A D

A p p o m a tto x  _ __ _____________  . . . 18 B F B
A tla n ta  . .  _____________________ 20 A F F
B ev era g e  . . .  .  _ _  _________ 20 D A A
B r a d le y _____ .  . .  ..................... 20 B c A
C e n te n n ia l.  . . .  . .  .  _ _ 20 E B c

E
A

C u r t is___  _______ _______________ 18 B F
D e lm a s ................ .. _ . . .  . . .  __ 12 D A

D o ________ _____________________ 18 D B A
D o ___________ __________________ 18 D B A
D o ______________________________ 18 D B

A
A

D o ___________ _________ _____ _ 20 E A
D o _________ ______ ____________ 20 E A A
D o ___________________ __________ 20 E A

F ro tsch er  . ________ _____ _________ 20 A F F
D o ______________________________ 20 A F F
D o ______________________________ 10 A E

Ec
D o ............................ ................................. 10 A
D o ______________________________ 20 B B

B
B
B
B
B
B
B
B
B
B
B
B

D o ______________________________ 20 B c
D o ______________________________ 20 B CcD o ______________________________ 20 B
D o ______________________________ 20 B

B
c

D o ______________________________ 20 c
D o ______________________________ 20 B

B
B

ccc
D o ________ _____ ________________ 20
D o ________ _____________________ 20
D o ______________________________ 20 B

B
ccD o . . _________ __________________ 20

12 E
Ec

D o _______________ _________ 12
J e r o m e___________  _______ ________ 20
M a n tu ra  ___ __ ____________  _ . . 20 34 p o u n d s____ ______ C A F
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T a b l e  9. Relation between the s ize  of crop of nuts of one year and the production of 
catkins and p istilla te  flowers the follow ing year— C o n tin u ed

P eca n  v a r ie ty A ge of 1928 crop of n u ts 1928 crop

R a tin g  of 1929 crop  
of—

tree rating

C atk in s P istilla te
flow ers

Y ears
18 E

AD o ............................................................. 18 P
D o _______ ______ ________ _______ 18 F A A
D o ______________________________ 18 F A
D o ______________________________ 18 F A A

AD o ............................................................. 18 F A
D o ......................................... .................... 18 F A A

AD o ............................................................. 18 F A
AD o ______________________________ 18 F A

D o ______________________________ 18 A A D
D o ______________________________ 18 4,704 n u ts  ° A A c
D o _____________________________ 18 D

A
A A

D o ............................................................. 25 F F
D o _______________ ______________ 22 D B B
D o ______________________________ 11 A F F
D o ______________________________ 11 A F F
D o .................................... ........................ 11 A F F
D o ............................................................. 11 A F F
D o ............................................... ............. 11 A F F
D o __________ __________ ________ 11 33 p o u n d s . .____ ____________ A F F
D o ______________________________ 11 43 p o u n d s ........................................ A F F

20 C F F
12 b A A

D o ............................................................ 12 E A A
20 A B F

D o ____ ____________ 18 A B F
D o ............................................................. 19 A E B
D o .................................... ........ ............... 19 A E F
D o ____ ____________ 19 A E F
D o  . __________ 19 A E F
D o ............................................................. 19 A E F
D o _______  ____________ 19 A E F
D o  . . .  ......................... 19 A E F
D o .  ....................... 19 A E F
D o 19 A E F
D o .  . 19 A E F
D o  ....................... 19 A E F
D o .................................... ............. ........... 19 A E B
D o ........ ......................... 16 1,504 n u ts  ___ A A B
D o 16 A A c
D o  ___ 16 1,779 n u ts  *..................................... A A B

20 91 p o u n d s___________  - . . . A B F
20 A F F
20 C B D
12 0 B B

D o 20 40 p o u n d s . . ............ . . .  - c B B
18 25 p o u n d s ..  . . . .  . . .  - c B B
12 A E E

D o 18 A C A
D o 18 A C A
D o 18 A c A
D o 8 B c C
D o 9 22 p o u n d s_____ ___________  . B D E

18 A c A
D o 18 A C A
D o 18 A B A
D o 18 A B B
D o 18 A B B
D o 22 D B B
D o 22 D B B
D o 22 D B B
D o 22 D c B
D o 22 E c B
D o 16 615 n u t s . ....................  .  . . . B D B
D o 18 689 n u ts .  . . . -------  ------- C D B

20 E A B
D o 18 2,161 n u t s . .................. ........ C B B
D o 18 1,961 n u t s . . ------- ------------------- c B B
D o 18 999 n u ts ....................  - ------- D B B
D o 18 2,136 n u ts ____________________ C B B
D o 18 1,273 n u t s ____________________ c B B

D o 18 992 r u t s ______________________ D B B

D o 18 1,533 n u t s ------------ ------------------ C B B

D o . . ........................................................ 16 852 n u t s . ---------- --------------------- c c B

0 N u ts  poorly  filled .
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T a b l e  9 .— R elation  between the s ize  of crop of nu ts o f one year an d  the production  
of catkins an d  p istilla te  flowers the fo llow ing  year— Continued

P e c a n  v a r ie ty

S tu a r t  .
D o _____
D o ..........
D o ..........
D o ..........
D o ...........
D o ...........
D o ...........
D o _____
D o ...........
D o _____
D o ...........
D o ...........
D o _____
D o ..........
D o ...........
D o ...........
D o ...........
D o ...........
D o ...........
D o _____
D o ..........
D o ...........
D o ...........
D o ..........
D o ...........
D o ...........
D o ...........
D o ...........
D o _____
D o ...........
D o _____
D o ...........
D o _____
D o ..........
D o ...........
D o ..........
D o ..........

S u ccess_____
T e c h e .............

D o ...........
D o _____
D o _____
D o _____
D o _____
D o ...........
D o ...........
D o ...........
D o ...........
D o ...........
D o ...........
D o _____
D o ...........
D o ...........
D o _____
D o _____

V a n  D e m a n
D o _____
D o _____
D o _____
D o ...........
D o _____
D o ...........
D o ..........

W ils o n _____
D o ..........

A g e  of  
tree

Yea

1928 crop  o f n u ts

717 n u t s . .  
lo 4  n u t s . .  
763 n u t s . .  
607 n u t s . .  
625 n u t s . .  
663 n u t s . .
3 p o u n d s ..
2 p o u n d s .  
7 p o u n d s .  
1 p o u n d .. .
4 p o u n d s .,  
17 p o u n d s  
l  p o u n d ..  
4 p o u n d s .,
3 p o u n d s .,
7 p o u n d s .
16 p o u n d s
3 p o u n d s .  
13 p o u n d s  
9 p o u n d s .  
12 p o u n d s
17 p ou n ds. 
17 p o u n d s  
6 p o u n d s ..  
9 p o u n d s .,
1 p o u n d ..
16 p o u n d s  
9 p o u n d s .  
9 p o u n d s .  
6 p o u n d s .,  
6 p o u n d s .,
17 p o u n d s
6 p o u n d s .,
8  p o u n d s .,  
U  p o u n d s  
16 p o u n d s  
8 p o u n d s .
2 p o u n d s .,
4 p o u n d s .,  
55 p o u n d s  
81 p o u n d s  
61 p o u n d s  
71 p o u n d s  
258 n u t s . .  
1,083 n u ts .  
1,167 n u ts .  
434 n u t s . . .  
24 p o u n d s  
21 p o u n d s
18 p o u n d s  
8 p o u n d s ..
18 p o u n d s  
15 p o u n d s
7 p o u n d s . 
24 p o u n d s  
20 p o u n d s
19 p o u n d s

1928 crop  
r a tin g

R a t in g  o f  1929 crop  of—

C a tk in s P is t i lla te
flow ers
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T a b l e  9 .— R elation between the size  of crop of nu ts of one year and the production  
of catkins and p istilla te  flowers the follow ing year— Continued

A g e  of 
tree

1926

R a t in g  of 1927 
crop  of—

P eca n  v a r ie ty crop
r a tin g

C a tk in s
P is t i l ­

la te
flow ers

P e c a n  v a r ie ty

M o b ile .....................
Y ears

9 A F F
D o ..................... 9 A F F D o  ____
D o ..................... 9 A F F D o
D o ............ .. 9 A F F D o
D o __________ 9 A F F D o
D o __________ 9 A F F D o  ___
D o ..................... 9 A F F D o  ___
D o ..................... 9 A F F D o
D o .............. . . . 9 A F F D o
D o __________ 9 A F F D o  ___

Stu art___________ 9 C A A D o  ____
D o ...................... 9 C A A
D o ..................... 9 c A A D o  ____
D o ................... 9 c A C D o .....................
D o __________ 9 c A A D o  ................
D o __________ 9 c A A D o  ________
D o ..................... 9 c A A D o  _____
D o . ................... 9 c A A D o  ____
D o ............ .. 9 c A A D o ...................
D o _________ 9 c A A D o  - ..............
D o ................. 9 c A A D o  ________

A ge of 
tree

Y ears
9

1926
crop

ratin g

R atinR  of 1927 
crop of—

C atk in s
P is t i l ­

la te
flow ers

S U M M A R Y  O F  A L L  V A R I E T I E S

C urrent y ea r’s crop of—

P rev iou s y ea r ’s  crop of n u ts C a tk in s

A B c D E F A B C D E F

66 A ’s ............................................... 5 6 7 0 14 24 10 7 1 1 2 35
27 B ’s ...................................... .. 2 0 15 5 2 3 2 14 4 I 2 4
71 C ’s ____ _____ ____________ 52 13 2 3 0 1 24 23 11 5 0 8
31 D 's _____________ _________ 16 14 1 0 0 0 12 19 0 0 O' 0
29 E ’s ......................... ............... .. 26 2 1 0 0 0 9 19 1 0 0 0
6 F ’s ...................................... ........... 6 0 0 0 0 0 6 0 0 0 0 0

P is tilla te  flow ers

DISCUSSION

The general course of developm ent of the pollen of the pecan is the 
same as th a t  of o ther fruits. T he fact th a t floral differentiation 
occurs a year before the pollen sheds shows th a t  either the quantity  
or the quality  of pollen m ay be influenced by the condition of the 
trees during the sum m er, fall, or w inter previous to  the shedding of 
pollen. On the  other hand, p istillate flower differentiation occurs 
only about four m onths before the flowers become receptive. There­
fore i t  would be expected th a t the condition of the tree during the 
previous year would influence stam inate flower developm ent m uch 
more th an  i t  would pistillate flower development.

Irregularities and abnorm alities were found in the development of 
pollen in  b o th  groups of varieties. In  a few cases there were ra ther 
high percentages of defective pollen. However, in view of the ra ther 
universal abundance of catkin form ation, and therefore of pollen, it 
seems unlikely th a t  pollen defects or impotence are factors of lm-
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portance in lim iting the setting  of fru it, except in cases of an  isolated 
tree or variety , and then  only when conditions are such as to cause 
a failure of stam inate  flowers to  develop.

On the o ther hand , the m ore or less com plete dichogam y th a t 
characterizes the pecan m ay occasion pollination difficulties. T his is 
accentuated by th e  fact th a t  pollen shedding is p ractically  inhibited  
when the hum idity  rem ains above a certain  point for any considerable 
period. I t  is still fu rther accentuated  by the fact th a t  the period of 
receptiv ity  of the stigm as is g reatly  reduced if the w eather is very 
dry. In  selecting varieties, therefore, the question of securing proper 
pollination should be considered. F o r practical purposes it  seems 
th a t at least two varieties of each group should be included in a com­
mercial planting. This would provide for a t  least one varie ty  to 
shed pollen early in the  season and a t least one varie ty  to shed late.

I t  also seems th a t the num ber of trees of either of these two varie­
ties could be reduced to one-tw entieth  of the to ta l num ber of trees.

SU M M AR Y  A N D  CONCLUSION

C atk in  prim ordia are differentiated in la tera l buds on new shoots 
th roughout the growing season. In  varieties of G roup 1, an thers are 
differentiated in the fall of the year in which the ca tk in  prim ordia 
are formed; in varieties of G roup 2 an thers are d ifferentiated  early 
the following spring.

No abnorm al behavior was observed in  the developm ent of ca tk in  
prim ordia, individual flower prim ordia, archesporial-cell stage or the 
m other-cell stage, b u t abnorm alities occurred in  all varieties studied 
during the reduction-division stage.

The sm ear m ethod for counting the num ber of te trad s  per an ther, 
and the lactic acid m ethod for determ ining the percentage of defective 
grains of pollen, have been successfully applied to pecan pollen studies. 
A m ethod for quan tita tiv e ly  catching pollen from the air a t various 
distances from pollen-shedding trees and a t various heights from  the 
ground was developed.

T hough an entirely satisfactory  m ethod for germ inating pecan pollen 
has not been developed, m uch was learned abou t the tem peratu re , 
hum idity , and nu tritiona l requirem ents for germ ination on artificial 
media. The longevity of pollen was found to he abou t equal to or less 
than  the period of receptiv ity  of the stigm as, which indicates th a t 
there m ust be a continuous shedding of pollen th roughou t the period 
of receptiv ity  of the stigmas.

V! hen 1,000 grains from  each of 169 lots of pollen were exam ined 
by the lactic acid m ethod, the defective grains were found to range 
from 0 to 81.7 per cent. Pollen produced on trees of low vigor or 
on trees which bore very heavy crops of catkins had a slightly higher 
percentage of defective grains th an  pollen produced on trees of high 
vigor or on trees which had a light crop of catkins.

Records of blooming dates showed th a t either hom ogam y, p rc- 
tandry , or protogyny m ay occur in pecans.

I t  was found th a t pollen sheds only when the relative hum idity  of 
the air is below about 85 per cent and th a t p ractically  all shedding 
occurs betw een 9 a. m. and sundown.

C onditions which were optim um  for pollen shedding were destruc­
tive to the v ita lity  of pollen. O ptim um  conditions for shedding of 
pollen are those which exist in the orchard  on a warm , sunny day;
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and optim um  conditions for germ ination are found in an orchard on 
a warm, dewy night.

From  the d a ta  contained herein it  seems th a t all of the m ethods of 
studying pecans which involve hand pollination, used by the writer 
and others, have been som ewhat a t fau lt in th a t account was not taken 
of the fact th a t  during times of low hum idity  there m ay be an enor­
mous am ount of pollen in the air even a t great distances from pollen- 
shedding trees.

The size of the crop of nu ts of one year was found to influence the 
size of crop of b o th  stam inate and pistillate flowers of the following 
year. A very heavy crop of nuts usually follows and is followed by 
a lighter crop. C ertain  varieties of pecan produce a medium-size 
crop of stam inate  flowers, pistillate flowers, and nuts each year.
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