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Table 2. Mean style length and distance of stigma from the highest anther in flowers of 6 almond 

cultivars.

Cultivar
Style length 

(mm)
Distance of stigma from 
the highest anther (mm)z

Ardechoice 11.3 ± 0.5y + 2.0 ± 0.2
Desmayo Larguetta 12.7 ± 1.0 + 2.6 ± 0.5
Ferragnes 13.3 ± 0.7 + 3.1 ± 0.2
Retsu 10.9 ± 0.9 + 0.2 ± 0.8
Texas 11.3 ± 0.8 + 3.3 ± 0.2
Truoito 8.6 ± 0.9 -  2.3 ± 0.3
z + Stigma above highest anther; -  Stigma below highest anther. 
yMean and sd (n = 50).

pollinated flowers (Table 1), but signifi­
cantly lower than the hand self-pollinated.

The stigmas of ‘Ferragnes’, ‘Ardechoice’, 
‘D. Larguetta’, and ‘Texas’ were positioned 
above the highest anther (Table 2), while the 
stigmas of ‘Retsu’ were at the same level as 
the highest anther. Stigmas of the ‘Truoito’, 
however, were between the lowest and high­
est anthers (Fig. 1). Most of the ‘Truoito’ 
flowers examined had stigmas in contact with 
anthers. The morphology of the ‘Truoito’ 
flower is ideal for cool climate pollination 
(too cool for bee flight) because the short 
style length maintains a stigmatic surface be­
low and in contact with the anthers (30 per

Pollen tube growth was temperature re­
lated as has been reported for other almond 
cultivars (1, 6). Pollen tube growth in selfed 
styles of ‘Truoito’ was continuous without 
any sign of incompatibility at all tempera­
tures tested, except 30°C, in 1982 and 1983 
(Fig 2). It took 144 hr for pollen tubes to

penetrate the base of all styles in both treat­
ments at 10°C, while 72 hr were required in 
the selfed and 96 hr in crossed styles at 15°. 
At 20° and 25°, pollen tube extension to the 
stylar base took 54 hr for both self- and cross­
pollination. Pollen tube growth in selfed styles 
at 30°C was inhibited, however, and only 
55% had pollen tubes at their base after 54 
hr.

Pollen tube growth in the field was slow 
in both treatments, taking 120 hr to penetrate 
the base of most styles. No differences in 
pollen tube growth rate were noticed be­
tween selfed or crossed styles, which ex­
plains the high fruit set from selfing.

The self-compatibility of ‘Truoito’ has been 
confirmed by examining the pollen tube 
growth and the fruit set level from self- or 
cross-pollination. The ratio of stamen num­
ber to pistil length in ‘Truoito’ flowers was 
2.5 and it was higher than the range of 2.0 
to 1.7 found in self-incompatible cultivars

examined or reported elsewhere (7). Screen­
ing of other almond cultivars and seedlings 
for flowers having similar morphological 
characteristics would be desirable in a breed­
ing program.
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Pecan Kernel Proteins and Their 
Changes with Kernel Development
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Abstract. Pecan [Carya illinoensis (Wangenh.) Koch] kernel development is charac­
terized by rapid accumulation of dilute acid and dilute alkali soluble proteins and 
decline of buffer and alcohol soluble proteins during embryo and cotyledon expansion. 
Mature kernels contained 7.8% protein, consisting of 51% acidic glutelins, 27% alkali 
glutelins, 9% concentration alkali, 7% prolamine, 4% albumin, and 1% globulin. Each 
fraction was composed of at least 2 proteins throughout kernel development. Proteins 
in each fraction were comprised primarily of neutral amino acids, but individual amino 
acid levels were highest for basic amino acids, with relatively high levels of lysine and 
sulfur containing amino acids. Electrophoresis of acid soluble glutelins revealed at least 
7 subunits with molecular weights of 102, 58, 37, 30, 26, 19, and 16 ( x 103). The data 
are considered in relation to alternate bearing and manipulations of fruit maturity.
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Annual pecan production in the United 
States approximates 154 million kg of which 
essentially all comes from trees exhibiting 
some degree of irregular bearing. Irregular 
bearing creates uncertainly in income, mar­
keting, and kernel quality. It seems largely 
dependent upon energy reserves, such that 
low reserves correlates with reduced nut yield

(12, 13, 15, 16). Factors, such as late-season 
kernel filling, that prevent accumulation of 
a high level of energy reserves in storage 
tissues by the conclusion of the growing sea­
son contribute to irregular bearing (12). Early 
kernel development and maturation in rela­
tion to autumn leaf abscission would likely 
contribute to consistent nut production and 
quality. The developmental processes of ker­
nel growth (filling of cotyledons) are inti­
mately associated with both quantitative and 
qualitative changes in endogenous kernel 
proteins (8). These proteins accumulate rap­
idly after shell hardening (7) to about 10% 
of kernel weight at nut maturity (5, 7). The 
relationship of protein types and composition 
to kernel development is unknown, espe­
cially the relationship with initiation of rapid 
kernel filling. This report presents baseline 
information concerning protein classes and 
their association with kernel development.

Source o f plant material. Pecan fruit were 
collected from ten 65-yr-old ‘Moneymaker’ 
pecan trees maintained free of disease and 
insect pests. Samples were from trees with 
moderate crops; thus, kernel development was 
normal and had well-filled cotyledons. Fruit 
were collected 10 Aug. to 27 Oct. at inter­
vals of 1-3 weeks, packed in dry ice, bulked, 
transported to the laboratory, and lyophi- 
lized. The kernel (embryo, endosperm, and 
testa) was separated from other fruit tissues 
and analyzed for lipid and protein character­
istics.
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Fig. 1. Total lipids and proteins in developing 
pecan kernels (A), and accumulation of differ­
ent classes of protein in developing kernels (B). 
Protein classes are designated according to their 
soluability in alcohol (prolamines), aqueous 
buffer (albumins), aqueous salt (globulins), di­
lute acid (acidic glutelins), dilute alkali (alkali 
glutelins), and concentrated alkali (residual). 
Kernel development is indexed to shell hard­
ening (defined as complete lignification of the 
shell), which occurred on 3 Sept.

Lipid extraction and quantitation. Crude 
lipids were measured by extracting kernel 
tissue with diethyl ether, weighing the kernel 
residue and determining lipid content by 
subtraction.

Protein extraction and quantitation. Ker­
nel proteins were extracted and classified ac­
cording to the solubility method of Osborn 
(11). Kernel meal was extracted consecu­
tively with 0.1 m sodium phosphate buffer 
(pH 7), 10% NaCl, 70% ethanol, 0.05 n HC1 
and 0.05 n NaOH to solubalize albumins, 
globulins, prolamines, and glutelins, respec­
tively. Fifteen grams of freeze-dried kernel 
(in triplicate) from each of several sampling 
dates were ground in a mortar with a pestle 
with acetone to remove lipids prior to protein 
extraction. Protein quantitation was by the 
Bradford method (2).

Electrophoresis. Protein fractions that ex­
hibited marked changes during kernel de­
velopment were precipitated by adjusting 
sample solution pH in preparation for poly­
acrylamide gel electrophoresis (PAGE). The 
acid soluble glutelin precipitate then was 
centrifuged and the pellet subjected to so­
dium dodecyl sulfate (SDS) PAGE with and 
without (3-mercaptoethanol. [SDS sample 
buffer was 391 mg NaH2P 04 H20 ; 1.02 g 
Na2H P04; 1 g SDS; 1 ml P-mercaptoethanol

(or absent); and 15 mg Bromphenol Blue di­
luted to 100 ml with deionized water.] After 
tubes containing sample or marker were heated 
in boiling water for 10 min, they were ready 
for electrophoresis.

Ten percent SDS polyacrylamide gels were 
prepared by combining 15 ml of gel buffer 
(7.8 g NaH2P 04 H20; 20.45 g Na2HP04; 
2.0 g SDS; water to one liter, pH 7), 13.5 
ml of 10% acrylamide solution (22.2 g ac­
rylamide; 600 mg N, N-methylene-bis-ac- 
rylamide, 100 ml water), 1.5 ml ammounium 
persulfate solution (100 mg ammonium per­
sulfate in 15 ml water, and 50 pd TMEDA 
( N,N,N,N-tetramethylethylenediamine). This 
mixture was dispersed in glass gel tubes (5 
mm x 102 mm) and layered with water.

Gel tubes were placed in a Pharmacia 
(Model GE-2/4) electrophoresis unit filled 
with 3.3 liters of gel buffer diluted 1:2 with 
water. Samples of 10 pig of treated protein 
were layered on each gel. Molecular weight 
markers, (phosphosylase b, bovine serium 
albumin, ovalbumin, carbonic anhydrase, 
soybean trypsin inhibitor and gamma-lactal- 
bumin) were treated in the same manner as 
the sample proteins and subjected to electro­
phoresis concurrently with the samples. Gels 
were subjected initially to 4 mA per gel tube 
and increased to 8 mA per tube after the 
tracking dye penetrated all gels. Upon com­
pletion of the run, gels were fixed (400 ml 
methanol; 70 ml glacial acetic acid; 530 ml 
water) for 2 hr, stained [454 ml 50% (v/v) 
methanol; 46 ml glacial acetic acid; 1.25 g 
Brilliant Blue R (Comassie Brilliant Blue R)] 
for 2-5 hrs and then destained with frequent 
changes in destaining solution (50 ml meth­
anol; 75 ml glacial acetic acid; 875 ml water).

Gel profiles were determined with a gel 
scanner (Instrumentation Specialties Co., 
Model 1310) and an absorbance/fluores- 
cence monitor (Instrumentation Specialties 
Co., Model UA-5).

Amino acid analysis. Fifty milligrams of

protein from each protein fraction was acid 
hydrolyzed, then purified in preparation for 
derivatization by the procedure described by 
product data bulletin 9702-2 (Alltech As­
sociated, 2051 Waukegan Road, Deerfield, 
IL 60015) which is a slight modification of 
procedures developed by Adams (1). The N- 
acetyl amino acid n-propyl esters then were 
subjected to flame ionization GLC analysis 
using an amino acid column (Alltech Asso­
ciates). Chromotography conditions were 
helium (12 ml/min), hydrogen (30 ml/min), 
air (300 ml/min), injector at 250°C, FID de­
tector at 300°, oven temperature program from 
110° to 182° at 8°/min and then 182° to 275° 
at 317min held at 275° for 5 min. Norleucine 
was used as an internal standard.

Crude lipids and proteins comprise about 
80%-85% of mature kernel dry weight from 
well-filled ‘Moneymaker’ nuts (Fig. 1-A). 
They began rapid accumulation at the time 
of rapid cotyledon growth when there is a 
cessation of cotyledon cell division and ini­
tiation of rapid cell expansion (6, 9), which 
also corresponds to the beginning of ligni­
fication of the shell (4). This period of rapid 
dry weight accumulation is marked by com­
pletion of total protein accumulation (dry 
weight basis) about 40 days before shuck 
dehiscence. Thus, protein accumulation pri­
marily occurs early in the period of cotyle­
don expansion and is essentially complete 3 
weeks after complete lignification of the shell. 
Total protein of the mature kernel was de­
termined to be 7.8%, which compares to 10% 
reported by Meredith (10) and 9.5% by 
Hammar and Hunter (7).

Pecan kernel proteins are composed of 
several major classes, including globulins, 
albumins, prolamines, and both acidic and 
alkali soluable glutelins, most of which vary 
greatly in concentration during kernel de­
velopment and especially around the time of 
complete shell hardening (Fig. 1-B). These 
flucuations occur at a time of great flucua-

Table 1. Amino acid composition of pecan kernel protein classes and total kernel protein at kernel 
maturity.

_______________ mg amino acid per gram protein_______________  Proportion of
Acidic2 Basicy total protein

Amino acid Prolamines Albumins Globulins glutelins glutelins Residual (%)
Ala tx 12 70 31 17 53 2.6
Arg 105 124 177 287 366 112 24.9
Asp 12 6 13 18 8 14 1.4
Cysw t 42 t 59 101 45 6.3
Glu 51 71 95 113 59 45 8.5
Gly t 3 31 24 16 31 2.0
His 38 293 224 56 47 89 6.6
Ilew 118 16 36 37 20 30 3.7
Leuw t 6 66 108 68 62 1.6
Lysw 58 123 74 37 100 49 6.0
Metw 20 6 10 7 16 14 1.1
Phew 401 91 70 112 95 271 14.6
Prow 40 7 32 18 9 38 1.9
Ser 39 6 10 16 14 52 2.0
Thrw 29 1 11 5 2 24 2.6
Tyrw 43 180 26 42 48 22 1.3
Valw 46 10 65 28 14 49 12.9
zProteins soluble in 0.05 N HC1. 
yProteins soluble in 0.05 n  NaOH. 
xDetectable at trace levels. 
wEssential amino acid.
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Fig. 2. Relative absorption of acidic glutelins of 
developing pecan kernels after SDS-PAGE. 
Acidic glutelins were digested in sodium do- 
decyl sulfate in both the presence ( + ME) and 
absence ( -  ME) of (3-mercaptoethanol; gels were 
then scanned with a gel scanner to determine 
relative absorption.

tions in abscisic acid and gibberellin levels 
in the same kernel tissues (14). Thus, there 
may be an important relationship between 
these growth regulators and protein classes. 
Globulins are at trace levels throughout all 
measured phases of kernel development and 
are thus a minor class of pecan protein in 
terms of kernel composition. Prolamines and 
albumins begin at relatively high levels 20 
days prior to shell hardening, but decline with 
further kernel development. Acid soluble 
glutelins originally are present at only trace 
levels during the early stages of kernel de­
velopment but increase repidly and become 
the predominant protein during cotyledon 
growth. Alkali soluble glutelins also are 
present at high levels in the mature kernel 
and comprise the most common protein dur­
ing early kernel development. Thus, the ma­
jor storage proteins in pecan seed are 2 classes 
of glutelins. In contrast, the major storage 
proteins in most cereals are prolamines (8).

Class composition of pecan proteins is more 
like that of monocots than dicots, such as 
peanut, soybean, and hemp (3, 8). Albumins 
and globulins are major proteins in most di­
cots, but are present at low levels in pecan.

Acidic glutelins are the major kernel pro­

tein class. These proteins are present from 
the beginning of kernel filling (3 Sept.) to 
its cessation (27 Oct.); however, their con­
centrations increase with filling (Fig. 1-B). 
SDS-poly acrylamide gel electrophoresis 
without (3-mercaptoethanol revealed at least 
7 subunits with molecular weights of 102, 
58, 37, 30, 26, 19, and 16 (x  103) (Fig. 
2). The same subunits were detected in gels 
of each date of the acidic glutelins fraction 
analyzed. Their electrophoresis, using (3- 
mercaptoethanol, revealed 5 peptides. Pep­
tide molecular weights are 36, 28, 24, 23, 
and 16 (x  103). These data suggest that at 
least 2 major proteins are present in the frac­
tion and that the composition of the fraction 
remains the same during development.

Protein fractions differ markedly in amino 
acid composition (Table 1). Protein classes 
are mainly composed of neutral amino acids, 
but individual amino acid levels are highest 
for basic acids (lysine, arginine, and histi­
dine), typical of many seed storage proteins. 
The percentage of amino acid composition 
of mature kernels was determined by GLC 
and individual percentages of amino acids 
differed from those determined by an amino 
acid analyzer, as reported by Elmore and 
Polles (5) and Meredith (10). Levels of lys­
ine cystein and methionine were detected at 
levels higher than previously reported for pe­
can (5, 10), and are present at levels nec­
essary to meet human nutrutional needs. The 
vast majority of essential amino acids in the 
mature kernel are found in glutelins.

Regulation of nut maturity by manipulat­
ing kernel development must, in part, in­
volve either early  lipid and protein 
accumulation in cotyledons or an increased 
rate of cotyledon filling or cell enlargement 
(9). Since filling already is rapid, the initi­
ation of protein (primarily glutelins) and lipid 
accumulation may prove to be the most fruit­
ful avenue of manipulation. Thus, the major 
limiting factor is more closely related to cell 
division and, perhaps, tissue differentiation. 
The advancement of cotyledon filling would 
likely allow the tree to accumulate increased 
energy reserves that would contribute to tree 
productivity the following year.
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