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In Vitro Reproductive Development of a Diploid Wild Species,

Ar(lChiS dur(mensisl
Q. L. Feng, H. E. Pattee* and H. T. Stalker?

ABSTRACT

Embnvo abortion at an early stage of reproductive development
is a major impediment for introgressing germplasm from wild to
enltivated species of Arachis by interspecitic hybridization, Owile
and embnvo culture techniques have been used to rescue aborting
hybridembryos, but increased efficiencvand recoveryofveryvoung
tissues are still needed. The objective of this study was to induce
growth and differentiation of A. duranensis proembryos. Seven.,
10-. and 14-d-old peg tips were cultured on a modified basal
medium containing MS and B, media combinations with 16
combination treatments using three growth regulators—1-
nupht}udenczlccticxlcid.giblwrcllicuci(l.;mdﬁ-l)ella‘lun\inol)llﬁne—
eachat four levels. The results showed that seeds could be obtained
in titro by peg tip culture of four- to 16-celled proembrvos. The
favorable concentration ranges of growth regulators forpod formation
and embryo development were 0.5.2.0 mg/L NAA, 0.05-0.5 mg/1,
GALand 0.05-0.2m@/L 6-BAP, Overall three selectedages of pegs.
the three best combinations of growth regulators resulted in 18,47,
and 3.5% pod formation, respectively.,
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Embryo abortion is a major cause for failure of many
interspecific hybrids between Arachis hypogaea L. and
diploid Arachis species. One approach to rescue the hvbrid
embryos is in titro culture of reproductive tissues before
they abort. Bajaj et al. (1) reported the regeneration of
hybrid plants from 30-d-old embryos between A. hypogaca
and A. cillosa Benth.  Sastri et al. (10) obtained hvbrid
plants of A. monticola Krapov. and Rigoni x A. glabrata var.
glabrata Benth. from heart-shaped or early cotyledonary
embryos. Stalker and Eweda (11) recovered two hvbrids
from 30-d-old embryos of a cross between an Arachis
hexaploid interspecific hvbrid and a diploid species. These
studies indicated the feasibility of rescuing differentiated
embryos of interspecific hybrids. However, abortion of
proembryos prior to development of heart-shaped embrvos
often occurs (4.3).

Inattempts to develop techniques to rescue proembrvos
from selfed one- or two-celled proembryos of A. hypogaca,
Pattee et al. (8) and Moss ¢t al. (6) were able to obtain
multicellulurglobularembryos. Zivand Sager (12) achieved
in citro growth of selfed embryos of A. hypogaea and
produced viable plants by a two-step process. Recently,
proembryos of A. hypogaea were cultured in q one-step
process from which mature plants were recovered by Feng
(unpubl. data, 1994). The purpose of this investigation was
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to apply in vitro culture techniques to promote develop-
ment of proembryos of a diploid wild species and induce
differentiation to recover mature plants.

Materials and Methods

Plants of the wild diploid (2n=2v=20)) species. A. duranensis Krapov.
and W.C. Gregorv (K 7958, PI 219823) were grown in a greenhouse at
North Carolina State Univ.. Raleigh, NC during the summers of 1992
and 1993 in 15 x 15-cm pots. Selfed flowers were marked dailyv with
colored tags and aerial pegs were collected 7, 10 and 14 d later. Pegs
were rinsed in running water for 5 min, surface-sterilized in 70% ethanol
for 10 sec and 0.1% mercuric chloride for S min, and chen washed three
times for 10 min each with sterile distilled water. Peg tips were cut 10
mm from the apex, which left both the ovules and meristem within the
specimen. Pegs were placed into 2.5 x 13-cm culture tubes by inserting
2to 3 mm of the cut end vertically into the medium with the apex end
upward. The basal medium contained the inorganic components of MS
medium (7}, the organic components of By medium (3) plus 0.3 /L.
casein hvdrolvsate and 60 g/L sucrose. All media were adjusted to pH
5.5 and solidified with Difeo Bacto-agar ut 6 g/L. Plant growth regulator
treatments consisted of four levels as follows: 0.5.1.0.2.0 4.0 mg/L 1-
raphthaleneacetic acid (NAAL 0.05.0.10. 0.30, 1.00 mz/L gibberellic
acid (GA ) and 0.05, 0.10, 0.20. (.50 m/L B-benzylaminopurine (6.
BAP). The 16 treatments were arranged so that each growth regulator
was combined once with each level of the other two compounds (Table
D. A control with the basal medinm without growth regulators was
included. The cul*ures were placed in the light for 1 d and then kept in
the darkat 271 Cfor90ding growth chamber except for brief periodic
observations. Three replications of 10 peg tips for each dav and media
combination were cultured, and observations were made after
contaminated explants were discarded.

Peg elongation, peg lip swelling, po | formation. ovule growth, fresh
weight of callus, and root number were scored at the end of Y0 d. Pods
were distingnished from tip swelling by a size of at least 3 x 2 mum tlength
x width) and netted veins on the pericarp surface.

Ovules or seeds were aseptically isolated from pods and subeultured
on MS media containing 60 ¢/1. sucrose, 0.3 g/L casein hydmlysute. 0.2
mg/L 6-BAP, and either 0.05 ML GA; or NAA. If seeds did not
germinate within I mo, they were treated for 1 wk with a combination
of 100 ppm ethylene and 3 me/L cach of GA| and 6-BAP and placed in
soil until they germinated or died.

Tohist()logicully determine the stage ofembrvo de\‘vlopment.sn'ollen
tipsorovules from enlarged pods were fixed in FAA (70% ethanol:glacial
acetic acid:formalin, 18:1:1). Specimens were dehydrated in an aleohol
series and paraffin embedded according to Berlva and Miksche (2). The
tissues were sectioned at 7 mm thickness. stained with safranin-fast
green and prepured for observation under light microscopy. The
experimental design for this study was a randomized complete block
and the GLM procedure of SAS (9) was used for statistical analvsis,

Results

Seven-d-old pegs of A. duranensis were 1 to 2 cm long
and had three- to four-tier embrvos (Fig. 1A and D) rapidly
elonguting. Ten-d-old pegs were 3 to 5 cm long and 14-d-
olri pegs generally were longer than 5 em. Embryos of 10-
(Fig. 1Band E) and 14-d-old pegs (Fig. 1ICand F) consisted
offour-ticrs and cight to 16 cells, Basal embryoswere more
developed than apical ones in 7-d-old pegs. whereas in 10-
and 14-d-old pegs. apical and basal embryos appeared to be
at the same stage of development.

Between 2 and 3 d after the peg tips were placed in
medinm thev started geotropic curvation and initinted
elongation. Most peg tips, including 14-d-old pegs which
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Table L. Invitro reproductive traits of A, duranensis peg tips excised
7, 10, und 14 d after pollination in different treatments of plant
growth regulators for 90 d culture.

Growth regulater Pep tip Peg  Callus Roots/ Tip Pod for.
Tr. NAA GA, 6-BAP age Obs. length freshwt peg swelling mation
No.---mg/L --— d No. cm g/peg Avgno. % %
1. 05 010 020 7 29 41 08 01 138 35
10 27 43 07 00 148 37
429 38 08 00 69 69
2. 20 1.00 0.05 7 30 37 1.7 1.9 110 33
10 27 37 12 08 Il 00
4 29 36 1.3 03 103 00
3. 1.0 100 020 7 26 45 1.0 00 115 39
10 23 38 1.0 00 44 00
14 28 33 10 01 7.1 0.0
440 010 005 7 24 3425 52 42 00
0 27 30 1Y 30 00 00
4 29 3425 22 35 00
5. 05 050 005 7 30 53 07 01 200 6.7
10 27 42 05 00 148 37
4 29 41 07 00 69 00
6. 20 005 020 7 28 40 21 04 36 36
100 28 36 19 01 107 7.
14 28 33 22 04 286 36
7. 1.0 005 0.05 7 28 37 16 04 00 00
10 29 42 14 00 0.0 00
4 27 41 1.3 00 37 37
8. 40 050 020 7 29 36 1.7 04 35 35
10029 33 12 02 103 00
4 29 3420 02 172 00
@ 05 005 050 7 27 43 L1 00 111 00
10 26 37 L0 00 115 39
425 34 L1 00 120 00
10. 20 050 010 7 29 37 14 01 103 00
10 28 36 14 00 7.1 3.6
4 28 35 15 01 143 00
.10 050 050 7 25 44 L1 00 80 4.0
10 24 35 1.2 00 42 4.2
14 24 34 L1 00 42 00
12.40 005 010 7 27 29 25 33 74 0.0
10 16 34 25 38 63 00
14 26 32 21 1.4 39 39
13.05 100 010 7 28 53 06 00 36 00
10 19 48 07 00 00 00
29 34 04 00 00 00
14.20 010 050 7 23 39 20 00 44 00
10 19 38 24 01 53 00
4 29 33 21 00 103 00
15. 1.0 010 010 7 19 46 14 0.1 53 53
10 27 42 13 00 74 3.7
14 28 37 15 00 36 00
16. 40 1.0 050 7 16 48 25 00 00 00
10 24 3123 00 125 42
14 27 32 20 00 1.1 00
17. Control 7 22 48 00 00 00 00
10 27 40 00 00 00 00
4 29 30 00 03 0.0 0.0
Overall avg 38 14 05 77 1.8
LSD (P =0.05)
Between treatments 1.1 04 06 48 1.4
Between ages 05 03 02 32 1l

‘Observations were total numbers of peg tip explants for three
replications after contaminated explants were discarded.

b S . N . . -

Pod formation was distinguished from tip swelling by significant
tissue enlargement to at least 3.0 x 2.0 mm (length x width) and having
netted veins formed on the pericarp surface.

almost ceased clongation in civo, rapidly elongated into the
medium (Table 1. At 0.5 mg/L. NAA promoted peg
clongation but. with increased levels, elongation was
suppressed at all ages of pegs for all peg stages. GA| had
significant positive effects on elongation at 7 «l. 6-BAP had
nosignificant effects at day 7 except for the 0.50-mg/L level.
GA,and 6-BAP eftects on elongation are confounded at 10-
and 14-d ages because of peg shrinkage (Table 2).

In general, higher levels of NAA significantly (P < 0.03)
enhanced callus production, whereas GA_ had an opposite
effect (Table 2). 6-BAP at all tested levels induced a large
amount of callus (Table 2). When excessive callus was

Table 2. Effects of NAA, GA,, and 6-BAP at different levels on in
titro reproductive traits of peg tips of A. duranensis after 90
d eulture.

Pegtip Peg Callus Pod Roots/
Level age  length  (freshwt Swelling formation peg
mg/L d cm g/peg % % Avg no.
NAA
0.5 7 4.8 0.8 12.3 1.8 0.0
10 4.2 0.7 7.1 3.0 0.0
14 3.7 0.8 6.3 1.8 0.0
1.0 7 4.2 1.3 6.1 3.1 0.1
10 4.0 1.3 2.0 i 0.0
14 36 1.3 4.7 0.9 0.0
2.0 7 38 1.8 7.3 1.8 0.6
10 3.7 1.7 8.7 1.9 0.2
14 34 1.8 15.8 0.9 0.2
4.0 7 3.5 23 4.2 1.0 2.4
10 32 1.9 7.3 1.0 1.5
14 33 2.1 9.0 09 1.0
GA,
0.05 7 37 1.8 5.5 0.9 1.0
10 38 1.6 7.1 4.0 0.7
14 35 1.7 12.3 1.9 0.5
0.10 7 4.0 1.6 7.4 2.1 1.4
10 39 1.5 3.0 1.0 0.8
14 36 1.7 6.1 1.7 0.6
0.50 7 4.2 1.2 10.6 2.7 0.2
10 36 1.1 74 09 0.1
14 36 1.3 10.9 0.0 0.1
1.00 7 4.5 1.3 7.0 1.0 0.6
10 38 1.3 7.5 1.1 0.2
14 34 1.2 7.1 0.0 0.1
6-BAP
0.05 7 4.1 1.6 8.9 27 1.7
10 38 1.3 4.5 c9 1.0
14 38 ‘1.5 6.1 0.9 0.7
0.10 7 4.1 1.5 6.8 1.0 0.9
10 4.0 14 33 2.2 0.7
14 34 14 5.4 0.9 0.4
0.20 7 4.0 14 8.0 36 0.2
10 37 1.2 8.5 238 0.1
14 3.5 1.5 149 2.6 0.2
0.50 7 4.3 1.6 6.6 1.1 0.0
10 35 1.7 8.6 22 0.0
14 33 1.6 9.5 0.0 0.0
LSD (P = 0.05):
Between ages 0.3 0.3 53 0.6 0.5
Between levels 0.1 0.2 4.6 0.4 0.3
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Fig. 1. Longitudinal scotions of embryo sac and proembryo of A,
duranensi. atthree collectionsstages: (A) 7-d-old apical embryvo
at three-tier stage; (B) 10-d-old apical embryo at four-tier
stage; (C) 14-d-old apical embryo at four-tier stage; (D) 7-d-old
basal embryo at four-tier stage; (E) 10-d-old basal embryo at

four-tier stage; (F) 1.4-d-old basal embryo at four-tier stage.

present. acorresponding suppression of peg elongation and
pod formation was observed. Roots appeared to originate
either from callus or the cut end of peg tip explants. NAA
induced, while GA, and 6-BAP inhibited, root formation
with increased concentrations (Tables 1 and 2).

Overall, 7.7% (103/1340) of the explants swelled across
alltreatments (Table 1). Swelling occurred at the basal area
of the ovary and was the result of both pericarp expansion
and ovule growth (Fig. 2). No significant difference in
swelling was observed among the three ages, and no
significant relationship between peg swelling and growth
regulator concentration was observed. After90 dofeulture,
most busal embryos had grown to the glol)ulzlrstzlge. whereas
apical embryos remained at the 8- to 16-cell stage. Eleven
ovules isolated from swollen tips and subcultured turned
brown and then died within a month; whereas three ovules
turned green and produced callus, but later died.
Histological observation indicated that these embrvos
remained at the globular stage.

All pods developed from the basal locule of the ovary.
Nine, 9, and 6 pods were recovered from 7-, 10-, and 14-d-
old peg tips. respectively. They had an average size of 7.2
mmlongx3.9 mmwide (Fig. 3A-C). Secondary meristematic
activity was initiated between the basal and apical ovule of

Fig. 2. An in vitro-cultured peg tip, showing the enlarged ovule
with a globular embryo and cell expansion of pericarp.

most pods which also resulted in elongating peg tissues
beyond the basal ovule (Fig. 3B). Although no significant
overall relationship between pod formation and levels of
growth regulators was found, the most suitable levels of
GA, for pod formation ranged from 0.05 to 0.5 mg/L, of 6-
BAP from 0.05to 0.2 mg/L, and of NAA from 0.3 to 2 mg/
L (Table 2). However. pod formation varied with different
growth regulator treatments (Table 1), The highest rates of
pod formation occurred in treatments 1,5, and 6 across all
three ages, where an average of 4.7, 3.5, and 4.8% pods with
lengths x widths of 8.8 x 3.8, $.7 x 5.2, and 5.3 x 2.9 mm,
respectivelv, were obsenved.

Fourteen lurge ovules (;wernge size 2.9 mm longx 1.5mimn
wide) and six sceds (average size 7.3 mm long x 4.1 mm
wide) were recovered from the 24 pods (Fig. 3). For 7-,
10-, and 14-d-old pegtips. the numbers of large ovules were
7. 5, and 2, respectively, and seeds were 2, 1, and 3.
Treatments with the highest rate of pod formation also had
more ovule growth and embryvo (lovel()pnwnt. Seeds (one
from treatment 1, one from 2. two from 3, one from 6, and
one from 9) were distinguished by having a cotvledonary
embryo (Fig. 3D) covered with a thin seed coat. Seven
ovules and all six seeds were aseptically isolated trom the
pods and subcultured on the MS medium containing .2
mg/L 6-BAP and 0.05 mg/L GA,. None of these ovules or
seeds germinated.  Anatomical observation of the other
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Fig. 3. In vitro peanut pods, sceds, and a cotyledonary embryo
recovered from pegtips of A, duranensis after 90 d culture. (A)
A pad in the medium with 0.5 mg/L NAA. 0.5 mg/L GA,, and
0.05 my/L 6-BAP; (B) a seed inside the pod which occurred at
the middle of the peg and with an elongated tip at the apex end;
(C) a pod containing a seed cultured on the medium with 2.0
mg/L NAA, 0.05 mg/L GA,, and 0.2 mp/L 6-BAP showing the
pod formation at the end of the peg tip; (D) an in vitro-raised
embryo at late cotyledonary stage recovered from a 7-d-old
proembno.

seven ovules indicated that thev contained g Elobul.lrcml)r\ 0s
with eithera pourl\ differentiated suspensor (Fig. 4A) or no
suspensor (Fig, 4B).

After removing seeds from the media and treating them
withethvlene. GA and NAA foraweek. two seeds mltmted
ﬂermm.mon with a protruding radicle. No further growth
wasobserved. however, ev en‘lltcrtmnsfcrt()pnts(_ontmmng
vermiculite supplied with 172 strength MS liguid solution.
Four other nongerminated sceds were recultured on the
MS medium with 0.2 mg/L 6-BAP and 0.05 mg/L NAA.
Two produced radicles within 3 wk (Fig. 3); however. no
further growth was observed after 2 mo of (_u]tme. The
seed coat was removed from the other two seeds, but thev
did not grow during almost 4 mo of culture.

Discussion

Recovery of interspecific peanut hybrids by in cvitro

c ,i. ’ 4]
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Fig. 4. Globular embryos recovered from proembryos of A.
duranensis by in vitro peg tip culture. (A) A globular embryo
which had a poorly differentinted suspensor; (B) a globular
embryo without a suspensor.

Fig. 3. An in vitro-recovered seed genninnlcd with only radicle
protrusion and no further growth in the MS medium with 0.2
mg/L G-BAP and 0.05 mg/L NAA after released-dormancy
treutment with growth regulators.

culture of immature embrvos at the heart-shaped or
cotvledonary stage has been possible (1,10,11), but
experiments with proembryos have had less success (6.8).
Culture of very voung xcpm(luctl\e tissues in peanut is
believed to be necessan because many potential hyvbrids
abort within a few da'\.s after fertilization. Alth()u},h the
entire reproductive developmental process from a
proembryo to a mature plant by in vitro peg tip culture of
A. hypogaca has been successtul (Feng, unpubl. data,
1994), culturing wild species is more difficult. Thisimplies
that interspecific hvbridization will be easier it A, hypogaca
is used as a female p.lrent, however. ifreciprocal crosses are
desired. then a need exists for developing techniques to
rescue female tissues of wild Arachis species.

The percentage ot in vitro pod formation (1.8%) in A.
duranensis was low. The results are believed to be largely
due to excessive amonnts of callus on explants which may
have s‘upprcsse(] pod formationand seed set. Theacee ptdl)lv

ranges of growth regulators for in citro pod formation and
embryo dC\ el()pmcnt were 0.3 to 2.0 mg/L NAA, 0.1 to L0

\



IN VITRO REPRODUCTIVE DEVELOPMENT 143

mg/L GA,, and 0.05 10 0.2 mg/L 6-BAP for both the
cultivated (4) and the wild species used in this esperiment,
The three best treatments in this study were 1, 5, and 6.

After 90 d in culture, the pegs and pods contained only
proembryvos, globular, or late cotyledonary embryvos or
seeds, whereas no heart-shaped and early cotyledonarv
embryos were observed. The failure to find intérmediate
stages indicates that growth and development will continue
to maturity when an embrvo differentiates to the heart-
shaped stage.  Because of 'the low frequency of pods, a
critical step in reproductive development of peanut appea s
to be differentiation from the globular to heart-shaped
embryo. It is proposed that differentiation failures may be
related to less-than-optimal hormone concentrations or
poorlydeveloped suspensors associated with many globular
embnvos,

Because the in vitro-developed seeds were intenselv
dormant, they did not germinate into plants even after
treatmentwith growth regulators. Fowever, this is the first
report of seed production with mature embrvos from in
titro-cultured proembryos of wild peanut species.
Development of techniques to break dormancy will be
needed before applving this in vitro culture protocol to
recover interspecific hvbrids.
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A Visual Method of Determining Maturity of Shelled Peanuts!
K.S. Rucker*, C.K. Kvien, G. Vellidis, N.S. Hill, and J.K. Shurpe2

ABSTRACT

To assess maturity distributions of shelled-stock peanut lots, a
method was developed to churacterize peanut kemels into one of
three possible maturity classes based on testa texture and color and
kemel shape. Kemnels having testa with longitudinal wrinkles. a
raisin-like texture, light color and slightly elongated shape were
classed Iimmature ;1n(?prcdr)milmtely\\'ere shelled from pods in the
Hull-Serape categories White, Yellow I and early-Yellow 1. Kernels
with a smooth testa, pink to dark pink and with a more rounded
appearance were classed Mid-mature and predominately were
shelled from pods in the late-Yellow I1. Orange, and early-Brown
Hull-Scrape classes. Kernels with a waffle-like surface testure, dark
pink to brown testa. and a more rounded appearance were classed
as Mature, and predominately were shelled from pods in the mid-
and late-Brown and the Black Hull-Serape categories. Attempts to
automate the system using color alone were unsuccessful; to be a
reliable maturity sorting technique, hoth testa texture and color
pattemn had to be considered.

! Equipient brands and manufacturers are given as information for the
reader and are notan endorsement to the exclusion of ather produets which
may perform the same funetion.
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The peanut’sindeterminate fruiting pattern results in the
harvested crop consisting of seeds of different maturity.
Williams et al. (1987) reported that maturity and size of
kernels within a cultivar are related, Therefore, the current
size related market classes of shelled stock peanut (Jumbo,
Medium, No. 1) reflect a degree of maturity. However,
kernel size and maturity are not perfectly correlated (Sand-
ers, 1989). Virying environmental conditions can result in
small mature kernels or large immature kernels.

Tollner and Hung (1993) used NMR readings for moist
and dried peanuts to assess peanut maturity. In 1987,
Whitaker et al. found that Near Infared Redlectance (NIR)
could be used to measure kernel maturity.

Pastresearch has determined that ‘shriveled’ or‘wrinkled’
testa are indicators of immaturity (Parham, 1942; Mixon,
1963; Aristizabal et al., 1969). Pickett (1930) noted that a
reliable and simple method of determining maturity of
developing peanut kernels included a combination of seed
texture and testa color. Schenk (1961) also used kernel
surface texture (wrinkled, smooth) and testa color (white to
pink to red with brown splotchies) to describe the seed
maturing process. Pattee et al. (1970 and refined in 1974)
gave a detailed description of characteristics associated

~



