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Relationship of Seed Number and Maturity 
to Berry Development, Fruit Maturation,
Hormonal Changes, and Uneven Ripening 
of ‘Concord’ (Vitis labrusca L.) Grapes1
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Abstract. Fruits were collected on weekly intervals in 1980, beginning at fruit set (ovary shatter) and continuing 
through harvest. Additional samples collected at harvest in 1980 and veraison in 1981 were sorted into preveraison 
green, postveraison green, and ripening categories. Seed number per berry was directly related to accumulation of 
14C-photosynthate, fresh weight, and dry weight. Seed number had little relationship with berry content of indoleacetic 
acid (I A A), abscisic acid (ABA) or percentage of acidity. Percentage of soluble solids was not affected by seed number 
prior to veraison, but after veraison, percentage of soluble solids and intensity of juice color were inversely related 
to seed number. Nonripe fruit at the time of harvest had fewer seeds per berry, and fruit containing an immature 
seed did not accumulate ABA or enter veraison. IAA levels were similar in ripening and nonripening fruit. IAA 
declined to basal levels by about 55 days after peak bloom. ABA began to increase after 65 days from peak bloom 
and berry changes associated with veraison occurred after 72 days.

For production of high quality grape berries, the whole cluster 
should ripen at the same time. The lack of uniformity of berry 
ripening within a cluster is termed “ uneven ripening” , and is 
characterized by the presence of green berries in an otherwise
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mature ripe cluster. Uneven ripening of ‘Concord’ is a major 
problem in the Southern United States, often prohibiting pro­
duction. Northwest Arkansas is the southern boundary for com­
mercial ‘Concord’ production and, even in this region, severe 
problems with juice quality can develop due to uneven fruit 
ripening.

Fruit ripening is considered to be a senescence process reg­
ulated through hormonal control (24). Ethylene evolution from 
grape berries remains low through the period of grape maturation 
(6, 13); however, changes in auxin and ABA levels appear to 
correlate with the initiation of ripening (veraison) (13, 22). En­
dogenous auxin levels are relatively high during early stages of 
berry development, but decline prior to initiation of ripening (5, 
13, 22). Auxin applied prior to veraison delays ABA increase
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(6, 11) and fruit ripening (6, 11, 12, 26). ABA substantially 
increases at the time of fruit ripening (6, 9, 11, 13), and when 
applied prior to veraison, will initiate ripening (11, 12).

Uneven ripening is more severe when the grapevine is stressed 
by environmental or cultural factors. Daytime temperatures in 
Arkansas can approach 40°C during July and August (21) and 
leaves can attain temperatures up to 10° higher than ambient
(15), producing an effective leaf temperature well above a pho­
tosynthetic optimum of 25 to 30° for Vitis vinifera (14, 15) and 
V. labrusca (25) cultivars. Water stress reduces photosynthetic 
activity in grapevines (15, 16). Cultural stress induced through 
increasing fruit loads (7, 18, 19), withholding irrigation during 
dry periods (20), or otherwise not maintaining an adequate leaf 
to fruit ratio (7 ,8 , 17), increases the severity of uneven ripening.

Even though stresses could promote competition among ber­
ries by reducing the available photosynthate, a need exists to 
identify inherent physiological differences between ripening and 
nonripening berries which may affect the time of veraison or 
rate of ripening. Seed content affects grape berry development 
(23, 30), although there are conflicting reports regarding the 
influence of seeds on uneven ripening (27, 28, 29). This study 
investigated relationships between seed development, berry de­
velopment, fruit maturation, and hormonal changes in ripening 
and nonripening ‘Concord’ berries.

Materials and Methods
Fruit sampling. Samples were collected in 1980 and 1981 

from a nonirrigated, own-rooted ‘Concord’ vineyard established 
in 1957 at the Main Experiment Station, Fayetteville, Ark. Vines 
were trained to a single wire cordon trellis and pruned to a 
30-1-10 severity (2).

In 1980, duplicate samples (about 500 berries each) were 
collected weekly beginning at ovary shatter (June 6) and con­
tinuing through harvest (September 2). Berries were deseeded, 
sorted on the basis of seed number, weighed, and frozen im­
mediately in liquid nitrogen. After freezing, samples were sub­
divided for IAA, ABA, and fruit quality analysis.

At harvest in 1980 (September 2) and during veraison in 1981 
(July 28), fruit samples (3 replications) were collected and sorted 
into 3 maturity categories: 1) preveraison green, 2) postveraison 
green, and 3) ripening. Pre- and postveraison green fruit were 
separated on the basis of firmness. Preveraison fruit showed no 
softening, which indicates the initial stages of fruit maturation 
(veraison), and required an average force of 4.6 ±0.5  kg to 
compress individual berries to the point of rupture using a U.C. 
Fruit Firmness Tester (Western Industrial Supply, Inc.) equipped 
with an Ametek LKG-14 gauge and an 8-mm tip. Postveraison 
green fruit had begun to soften (2.8 ± 0.4 kg force required to 
compress to the point of rupture) but had no color development. 
The berries were deseeded, weighed, and frozen in liquid nitro­
gen for later analysis. The seeds were counted and classified as 
mature or immature based on seed coat color.

To further investigate the influence of seed number and ma­
turity on fruit m aturation, 3 replicate fruit samples of the 3 
maturity categories were collected during veraison (July 28) in 
1981 and subdivided into 5 groups based upon seed content: 1- 
seeded berries with 0 or 1 mature seed per berry, and 2-seeded 
berries with 0, 1, or 2 mature seeds per berry. All berries were 
deseeded, weighed, and frozen in liquid nitrogen for later anal­
ysis.

Quality analysis. Samples were thawed and homogenized 
for 30 sec in a laboratory blender. A portion of the sample was 
removed for dry weight determination and the remainder was

heated in a water bath for one hour at 85°C. Pulp was removed 
by straining through cheesecloth. Soluble solids were determined 
using a Bausch and Lomb Abbe refractometer. Acidity was 
determined by titration and expressed as the percentage of tartaric 
acid. The intensity of the purple juice color was determined 
(after veraison only) spectrophotometrically at 520 nm on 5 ml 
of juice diluted to 100 ml with deionized water.

Indoleacetic acid and abscisic acid analysis. Deseeded fro­
zen grape tissue (20 g) were homogenized in 50 ml of 100% 
methanol. Samples were filtered, methanol was removed by 
rotary evaporation, and pH was adjusted to 2.8 with 0.2 n 
H2S 04. The samples were clarified by centrifugation (15,000 x g) 
and partitioned twice against equal volumes of diethyl ether. 
The ether phases were dried by rotary evaporation and resus­
pended in 0.2 ml of methanol. Recovery of added standard IAA 
was 86% and ABA was 93%.

IAA and ABA concentrations were determined using a Beck­
man model 332 gradient high-pressure liquid chromatograph 
equipped with 2 Model 110A solvent metering pumps, a Model 
420 system controller programmer, a Model 210 sample injec­
tion valve equipped with a 25 pJ loop, a Beckman Model 155 
variable wavelength detector, and a Series 5000 Fisher chart 
recorder.

The hormones were separated isocratically in 45% methanol 
and 0.2 M acetic acid (3) at a solvent flow rate of 1.0 ml/min 
(4000 psi) using a 4.6 mm x 25 cm Beckman Ultrasphere-ODS 
reversed phase column with 5 pm C-18 silica packing. Injection 
volume was 25 pi and the detecting wavelength was 280-nm 
for both compounds. Identities of IAA and ABA were deter­
mined by retention times. Retention times were 8.5 and 13.6 
min for IAA and ABA, respectively (Fig. 1). Preliminary hor­
mone quantitations were similar using these chromatography 
methods compared with ion exchange methods used by During
(10) and suggest relative peak purity. Peak height was related 
linearly to concentration and was used to quantify both com­
pounds. IAA and ABA standards were obtained from Calbi- 
ochem, San Diego, Calif.

14C labeling. Six representative shoots (1 per vine) were 
selected with 3 clusters per shoot for monitoring translocation 
of 14C-photosynthate into berries. Treatments were applied on 
July 3 and Sept. 2, 1980. A vial containing 0.1 ml of 14C- 
NaHC03 (Amersham Corp., Arlington Heights, IL 60005) with 
a specific activity of 50 pCi/ml was placed inside a polyethylene 
bag (about 400 cc internal volume) surrounding the first leaf 
distal to the third cluster. 14C 0 2 was liberated by addition of
0.5 ml of 1.0 n HC1. The enclosed leaf was exposed to sunlight 
for 3 hr, the polyethylene bag was removed, and the distal cluster 
was harvested 8 hr after initial leaf exposure to 14C 0 2 and frozen.

Berries from the July 3 treatments were sorted into 1-, 2-, 
and 3-seeded categories for radioactivity determinations. On 
September 2, berries were sorted into pre- and postveraison green 
and ripe categories prior to freezing. Liquid scintillation counting 
was conducted within 5 days after treatment. For counting, ber­
ries were deseeded, weighed, placed in liquid scintillation vials 
(1 per vial), and crushed. Cocktail (15 ml) containing 50 mg 
POPOP [1 ,4-bis-2-(5-phenyloxazolyl)-benzene], 7 g PPO (2,5- 
diphenyloxazole), and 100 g naphthalene per liter dioxane was 
added to each sample. Samples were counted for 50 min in a 
Packard Tri-Carb 2650 Liquid Scintillation Counter.

Results and Discussion
Environmental conditions during the summer of 1980 were 

severe and uneven ripening in ‘Concord’ vineyards was preva-
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M I N U T E
Fig. 1. Chromatograms showing separation of authentic (A) and ex­

tracted (B) indoleacetic acid (IAA) and abscisic acid (ABA) by 
reversed phase HPLC (AUFS = 0.2).

lent. In 1980, 45 days of the growing season between June 1 
and August 31 reached or exceeded daytime temperatures of 
35°C, while only 2 days exceeded 35° in 1981. Drought con­
ditions also occurred in 1980 with only 4.6 cm of rainfall during 
July and August, compared to 27.7 cm during the same period 
in 1981. The 20-year (1960 to 1980) average rainfall during July 
and August in northwest Arkansas is 18.3-cm.

Changes in berry size (fresh weight) during the 1980 season 
(Fig. 2) illustrate the “ double sigmoid” growth curve typical 
of Vitis species. However, the “ lag” stage of berry development 
(between about 30 and 75 days from peak bloom) was consid­
erably longer and size increase during fruit maturation was re­
duced as compared to ‘Concord’ in New York (22). These berry 
growth patterns may not represent Arkansas-produced ‘Concord’ 
fruit in normal years. However, the increased size due to seed 
number was evident throughout the growing season.

Dry weight accumulated slowly until veraison (about 72 days 
after peak bloom) when several-fold increases were evident; 
higher seed numbers contributed to higher dry weight accu­
mulations (Fig. 3). On July 3, 1980, seed number related directly 
to 14C-photosynthate accumulation per berry and per g fresh 
weight (Table 1).

Seed number had little influence on percentage of acidity 
through the sampling period (Fig. 4). Acidity reached a maxi­
mum of about 3.0% at 20 days after peak bloom and gradually

___I_________________I_________________ i_________________ L
JUNE JULY AUGUST

Fig. 2. Effect of seed number per berry on fresh weight of ‘Concord’ 
grapes, 1980.

declined until veraison, when acidity decreased rapidly to about
0.5%. Percentage of soluble solids remained constant at near 
5% until veraison, followed by the expected rapid increase (Fig. 
4). Seed number influenced percentage of soluble solids only 
after veraison, with an inverse relationship between seed number 
and percentage of soluble solids. Intensity of juice color was 
also inversely related to seed number (data not shown). Higher 
percentage of soluble solids and better color in berries with fewer 
seeds may have been due to dilution effects because of the higher 
moisture content of berries containing more seeds.

When acidity and soluble solids are expressed on a “ per 
berry” basis, both increase with seed number (Fig. 5). Acid 
accumulated in the berries for about 35 days following peak 
bloom and subsequently declined until harvest. Soluble solids 
per berry slowly accumulated until veraison, followed by rapid 
increases. Acid and soluble solids per berry increased with seed 
number.

Seed number had little influence on endogenous levels of IAA 
and ABA (Fig. 6). IAA was highest early in the season (at berry 
shatter) and gradually declined to a base level at 50 to 55 days

— I---------------------1---------------------- 1______________ I
JUNE JULY AUGUST

Fig. 3. Effect of seed number per berry on dry weight accumulation 
of ‘Concord’ grapes, 1980.
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Table 1. Effect of seed number on berry weight and I4C accumulation 
in ‘Concord’ grapes, July 3, 1980.

No. of 
seeds

Fresh wt 
per berry (g)

DPMZ per 
berry ( x 103)

DPM per g 
fresh wt ( x 103)

1 0.99cy 9.7c 9.8c
2 1.57b 20.8b 13.2b
3 1.96a 39.5a 20.2a

^Disintegrations per min.
yMean separation within columns by Duncan’s multiple range test, 5% 
level.

after bloom. Bioassays of auxin in ‘Concord’ grapes in New 
York indicated that auxin levels increased up to the “ lag” phase 
of berry development and then rapidly declined (22).

About 10 days after the IAA decline (65 days after bloom), 
ABA began increasing (Fig. 6). This initial ABA increase was 
about 10 days before the rapid increases in fresh weight (Fig.
2), dry weight (Fig. 3), and soluble solids (Fig. 4 and 5). ABA 
accumulation in the berry tissue approached 100 jjug/100 g fresh 
weight by 100 days after peak bloom. This value is higher than 
has been reported previously in cultivars of both V. vinifera (11) 
and V. labrusca (13).

At harvest (September 2) in 1980, differences in seed number 
and seed maturity were evident between different maturity cat­
egories (Table 2). Normally ripening fruit contained the highest 
number of seeds per berry with no difference between prever- 
aison and post veraison green fruit. However, all the seeds in 
berries which had entered veraison were mature (brown seed

coat color) as compared to 26.3% immature seeds in preveraison 
green fruit. These same trends in seed number and maturity were 
apparent at the time of general veraison (July 28) in 1981 (Table 
3 ) .

Fresh weight and dry weight increased with berry maturity at 
harvest in 1980 (Table 2) and at veraison in 1981 (Table 3), 
although the differences in dry weight between pre- and post- 
veraison green fruit were not significant in 1980.

Soluble solids, both in percentage of and grams per berry, 
increased with berry maturity in both years (Tables 2 and 3). 
Percentage of acidity declined with increasing fruit maturity in 
both years; however, when expressed on a per berry basis to 
remove the effects of berry size, acidity showed little change 
between the fruit maturity categories.

14C accumulation in fruit of the 3 maturity categories indicated 
that those berries which had just entered veraison (postveraison 
green) were the most active sinks and were begining to actively 
accumulate photosynthate in the ripening process (Table 2). Ripe 
fruit were not as actively accumulating photosynthetic materials 
as postveraison green, while pre veraison green fruit were com­
paratively weak sinks.

IAA contents were similar among the 3 fruit maturity cate­
gories at harvest in 1980 (Table 2) and at veraison in 1981 (Table
3). These results, combined with the steady IAA decline after 
berry shatter and the relatively low IAA levels attained before 
veraison (Fig. 6), do not indicate an involvement of IAA in 
uneven ripening.

Nonripening fruit had low ABA content at the time of harvest 
in 1980 (Table 2). Once the fruit entered veraison, ABA in­
creased, and in the ripe maturity category, ABA levels ap-

JUNE JULY AUGUST

Fig. 4. Effect of seed number per berry on percentage of soluble solids and percentage of acidity in ‘Concord’ grapes, 
1980.

1100 J. Amer. Soc. Hort. Sci. 107(6): 1097-1104. 1982.



>
k.
<D

JO

O)

CO
Q
_ Joco
GQ
D_l
O
CO

>
o
O
?
CD\cr
CD
-n<

i

JUNE JULY AUGUST

Fig. 5. Effect of seed number per berry on grams of soluble solids and mg of acid per berry in ‘Concord’ grapes, 
1980.

proached 100 |xg/100 g fresh weight. Similar trends were evident 
at veraison in 1981 (Table 3), but fruit in the coloring category 
had not yet attained maximum ABA content.

At veraison in 1981, fruits were sorted on the basis of seed 
number and seed maturity. Berries containing only 1 seed were 
in the preveraison stage of development if that seed was im­
mature (Table 4). However, if the seed was mature (as indicated 
by a dark-brown seed coat color), then fruits were distributed

through the 3 maturity categories. Some of the fruit (17%) con­
taining 1 mature seed remained in the preveraison green cate­
gory, which suggests that the seed matures prior to the onset of 
the berry quality changes associated with veraison.

Of the berries containing 2 seeds, those with both seeds im­
mature or those containing 1 mature and 1 immature seed were 
in the preveraison green category (Table 4). All berries con­
taining 2 mature seeds had entered veraison with none remaining
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Fig. 6. Effect of seed number per berry on indoleacetic acid (I A A) and abscisic acid (ABA) content per g fresh 
weight of ‘Concord’ grapes, l 980.
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Table 2. Characteristics of ‘Concord’ grapes in different maturity stages at the time of harvest, Sept. 2, 1980.

Fruit No. seeds
Immature

seeds
Fresh

wt
Dry
wt Soluble solids

i
Acid"

DPMy per 
berry

IAA
M-g/

100gfwJ

ABA
n-g/

1 100gfwxmaturity per berry (%) (g) (g) % g/berry % mg/berry ( x 103)

Preveraison
green 1.94aw 26.3b 1.91c 0.20b 8.7c 0.17c 1.16c 22.2a 3.7c 2.1a 16.5c

Postveraison
green 1.96a 0.0a 2.35b 0.30b 10.5b 0.25b 0.96b 22.6a 29.0a 2.2a 31.3b

Ripe 2.25b 0.0a 3.00a 0.55a 16.7a 0.50a 0.65a 19.5a 13.3b 2.7a 96.2a

"Expressed as tartaric. 
yDisintegrations per minute. 
xgfw = grams fresh weight.
wMean separation within columns by Duncan’s multiple range test, 5% level.

Table 3. Characteristics of ‘Concord’ grapes in different maturity stages during veraisori, July 28, 1981.

Fruit No. seeds
Immature

seeds
Fresh

wt
Dry
wt Soluble solids Acid" IAA ABA

maturity per berry % (g) (g) % g/berry % mg/berry p,g/100gfwy |xg/100gfwy

Preveraison
green 1.32bx 66.2b 1.70c 0.16c 8.1c 0.14c 2.60a 44.2a 3.9a 18.3c

Postveraison
green 1.24b 0.0a 2.07b 0.23b 10.0b 0.21b 2.17b 44.9a 3.5a 29.1b

Coloring 1.65a 0.0a 2.54a 0.32a 12.0a 0.30a 1.85c 47.0a 3.8a 64.0a

"Expressed as tartaric. 
ygfw = grams fresh weight.
xMean separation within columns by Duncan’s multiple range test, 5% level.

in the preveraison category. The fact that 100% of the 2-seeded 
berries containing 1 mature and 1 immature seed were present 
in the preveraison category suggests that both seeds must mature 
before the onset of veraison.

Within each fruit maturity category, 2-seeded berries were 
larger and generally had higher dry weights (Table 5). One- 
seeded berries in the preveraison green category were smaller 
and tended to have a lower dry weight if the seed was immature. 
Seed number had little influence on percentage of soluble solids 
of fruit in postveraison green or coloring categories, but soluble 
solids per berry was higher in 2-seeded berries due to the in­
creased size. In preveraison green fruit, a slightly higher per­
centage of soluble solids had accumulated in 1-seeded berries if 
that seed was mature.

Percentage of acidity was not influenced by seed number but 
those berries containing an immature seed were slightly more 
acid than berries containing all mature seeds (Table 5). Due to 
berry size differences, acid content per berry was generally higher 
in 2-seeded than in 1-seeded berries.

IAA was not influenced by seed number or seed maturity and 
remained relatively constant among the fruit maturity categories 
(Table 5). In preveraison green fruit, ABA was relatively low; 
however, 1-seeded fruit containing a mature seed had begun to 
increase in ABA content. These data indicate that seeds mature 
before ABA begins to accumulate and before the berry enters 
veraison. Seed number had only slight influence on ABA content 
of postveraison green and coloring fruit, with 2-seeded berries 
having somewhat higher ABA levels.

In this study, fruit ripening did not commence until ABA had 
increased in the berry tissue. Also, ABA did not start accu­
mulating until the seeds had matured. For 2-seeded berries, ABA 
did not increase until both seeds had matured, suggesting an 
association of immature seeds with suppression of ABA accu­
mulation and delayed ripening. ABA may be the immediate 
initiator of the grape-ripening process since increases in ABA 
directly precede veraison, and application of ABA to berries can 
initiate fruit ripening (6, 9, 11, 13).

Table 4. Influence of seed number and seed maturity on the fruit maturity distribution of ‘Concord’ grapes during 
veraison, July 28, 1981.

Seed category Maturity distribution within each seed category (%)
No. seeds No. mature Preveraison Postveraison
per berry seeds green green Coloring

1 0 100 0 0
1 1 17 54 29
2 0 100 0 0
2 1 100 0 0
2 2 0 26 74
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Table 5. Influence of seed number and seed maturity on berry size, fruit quality, and hormone content of ‘Concord’ grapes during veraison, 
July 28, 1981.

Fresh Dry Soluble solids Acid2
Fruit No. seeds No. mature wt Wt IAA ABA

maturity per berry seeds (g> (g) % g/berry % mg/berry jxg/100gfwwJJLg/100gfww

Preveraison 1 0 1.67cv 0.15b 7.8b 0.13b 2.52b 41.9b 4.5a 14.8b
greeny 1 1 1.86b 0.19ab 8.8a 0.16ab 2.32a 43.2b 3.5a 18.7a

2 0 2.29a 0.21a 7.7b 0.18a 2.52b 57.7a 3.6a 13.8b
2 1 2.23a 0.21a 8.1b 0.18a 2.39a 53.3ab 4.0a 14.8b

Postveraison 1 1 2.08b 0.22b 9.7a 0.20b 2.14a 44.5b 3.1a 24.1b
greenx 2 2 2.78a 0.30a 9.8a 0.27a 2.12a 58.9a 3.3a 26.2a

Coloringx 1 1 1.94b 0.25b 11.9a 0.23b 1.71a 33.2b 3.6a 51.5b
2 2 2.60a 0.33a 12.0a 0.31a 1.75a 45.5a 3.5a 61.3a

Expressed as tartaric.
yNo 2-seeded berries containing 2 mature seeds were present in this fruit maturity category. 
xNo berries containing immature seeds were present in this fruit maturity category.
Wgfw = grams fresh weight.
vMean separation within columns and fruit maturities by Duncan’s multiple range test, 5% level.

The physiological mechanisms triggering ABA production in 
grapes are not known but seem to relate to seed maturation. 
ABA production or accumulation in grape berries does not de­
pend upon the presence of seeds. Seedless grape cultivars as 
well as seeded cultivars with chemically induced parthenocarpy 
show typical increases in ABA (1, 13). Naturally seedless berries 
and those with induced parthenocarpy often mature earlier (1, 
4, 13), implying that the presence of seeds may delay the onset 
of fruit maturation.

Since IAA contents were similar in ripening and nonripening 
‘Concord’ berries, IAA does not appear to be directly involved 
in uneven ripening. However, IAA cannot be discounted based 
on these data nor can the possible involvement of other regulatory 
agents be ignored. Accumulation of IAA or any other regulatory 
compound in the berry flesh would not necessarily be a prereq­
uisite for establishing senescence-inhibiting activity. Direct im­
port or export of materials between seeds and the parent yine 
via placental tissue is possible and could influence berry phys­
iology with no net accumulation in the berry tissue per se. 
However, reports indicate that the grape seed abscises from the 
placental tissue when it matures (27), reducing the possibility 
of mature seed influence and strengthening the argument for the 
regulatory involvement of immature seeds in grape berry ma­
turation.
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Slow-release Fertilizers Optimize Mycorrhizal 
Development in Container-grown Pine Seedlings 
Inoculated with Pisolithus tinctorius1
Dale M . M aronek,2 James W. H endrix,3 and Paul L. Cornelius4
University o f Kentucky, Lexington, KY 40546
Additional index words. Pinus rigida, Pirns Virginia, pitch pine, Virginia pine, ectomycorrhizae, plant nutrition
Abstract Seedlings of pitch pine (Pinus rigida mill.) and Virginia pine (P. virginiana mill.) were grown with and 
without inoculum of the ectomycorrhizal fungus Pisolithus tinctorius [(Pers.) Coker & Couch] in a sphagnum peatmoss- 
perlite medium supplemented with various rates of the slow-release fertilizer (18N-2.5P-10K Osmocote or single rates 
of 14N-6P-11.6K Osmocote and 19N-3P-8.3K Sierrablen plus ON-19.8P-OK superphosphate) or a soluble 20N- 
8.6P-16.4K fertilizer treatment. Mycorrhizal development was evaluated after 5 months of growth and then after a 
3-month cold storage period. Seedlings heavily mycorrhizal with P. tinctorius and of acceptable planting size were 
produced with 2.3 to 4.5 kg 18N-2.5P-10K Osmocote/m3 medium. Higher fertilizer rates reduced or eliminated 
mycorrhizal development and reduced plant growth. Seedlings grown with soluble fertilizer were comparable in size 
to those produced with slow-release fertilizers, but mycorrhizal development was eliminated. The 3 slow-release 
fertilizer formulations produced seedlings of comparable size and mycorrhizal development. Superphosphate with or 
without slow-release or soluble fertilizer did not influence seedling growth or mycorrhizal development. Mycorrhizae 
continued to develop while plants were in cold storage. The ITW One-Way tube produced seedlings equal in size to 
those produced in the Leach Pine Cell, but mycorrhizal development appeared to be more sensitive to high fertilizer 
rates with the ITW tube. Mycorrhizal development did not affect seedling size.

During the past decade, mycorrhizal fungi have been found 
to be important in the efficient production of a number of woody 
plants, and in most instances, some mycorrhizal fungal isolates 
have been found superior to others. Seedlings infected with 
mycorrhizal fungi which were selected for ecological adaptation
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to adverse conditions have been found to survive and grow better 
on adverse sites than nonmycorrhizal plants or plants mycor­
rhizal with fungi naturally present in nursery soil. The exploi­
tation of mycorrhizal fungi to improve plant growth has just 
begun (8).

Common nursery production practices are not suitable for the 
production of seedlings infected with specific mycorrhizal fungi 
(8, 15). One cultural factor which requires modification for 
production of mycorrhizal seedlings is fertilization. Fertility in­
fluences both development of mycorrhizae and the effects fungi 
have on their hosts. The conventional method of fertilizing con­
tainer- and field-grown nursery seedlings with large amounts of 
soluble fertilizer inhibits mycorrhizal development (3, 11, 13). 
Consequently, current production methods of producing my­
corrhizal seedlings often involves a reduction in soil fertility 
which also may be at the sacrifice of target sizes for plantable 
nursery stock (12).

Slow-release fertilizers incorporated into the medium before 
seeding may permit both adequate plant growth and mycorrhizal
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