stage. This suggests that the east coast grapefruit may have a
lower metabolic rate with less potential for enzyme synthesis in
response to treatment. The continued changes observed in
grapefruit that was waxed after degreening was initiated (4) may
provide an alternative approach to in-transit degreening.
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Influence of a Substituted Oxathiin, a Localized Growth
Inhibitor, on the Stem Elongation, Branching, and
Flowering of Chrysanthemum morifolium Ramat!

Henry M. Cathey 2

Agricultural Research Service U.S. Department of Agriculture, Beltsville, MD 20705
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Abstract. 2,3-dihydro-5,6-diphenyl-1,4-oxathiin, (UBI-P293) acts as localized blocker of cell division and expan-
sion while well formed tissues are exempt and develop normally. When applied to vegetative chrysanthemum
plants, UBI-P293 blocked development of the top 8—10 nodes; whereas lateral shoots developed at the same rate,
number, and weight as those observed on manually pruned plants. When applied to plants initiating flowers,
UBI-P293 caused chemical disbudding by blocking development of laterals while the terminal bud was exempt
and expanded into a normal inflorescence. The optimum concentration for the 35 cultivars evaluated varied from
0.25 to 1.0% when applied between 15 to 24 short days. Higher concentrations or earlier applications of UBI-

P293 inhibited all development.

Regulation of the growth and form of plants is exerted
through physical, environmental, and chemical means. The phy-
siological state of plants determines the effectiveness and rela-
tive consistency of chemical or manual pruning techniques from
one test to the next. Without this understanding, most treat-
ments with chemicals will fail to gain acceptance due to their
unpredictable results on plants (2, 20, 21). Chemical growth
retardants such as succinic acid-2,2-dimethyl hydrazide (SADH,
daminozide) and ancymidol (23) can be used to control growth
with some degree of predictability; since there is a margin of
safety in the response which they induce. Also, there is no
killing of plant parts. Chemical growth inhibitors either kill or
stop the growth of tissues (1, 4, 18, 28). Systemic growth inhi-
bitors such as maleic hydrazide translocate and affect growth of
tissues at distances from treated areas (3, 8, 9, 19, 24, 25, 28).
New leaves, stems, and meristems which develop show typical
auxin-like disruption of growth (11, 12, 13, 14, 17). Plants
seldom resume normal growth; but may become senescent
earlier than untreated ones. This paper reports research on the
effects of a new localized chemical growth inhibitor, a substi-

1Received for publication April 19, 1976.

2Research Horticulturist, Ornamentals Laboratory, Plant Genetics and
Germplasm Institute, Northeastern Region.

3Cuttings supplied: California — Florida Plant Corporation of Florida,
Stuart, FL 33494; Pan American Plant Co., West Chicago, IL 60185;
and Yoder Brothers, Barberton, OH 44203.

4Chemical from Uniroyal Chemical Division of Uniroyal, Inc., Agricul-
tural Chemicals Naugatuck, CN 06770.
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tuded oxathiin, which acts as a localized growth inhibitor on
stem elongation, branching, and flowering of chrysanthemum
plants.

Materials and Methods

Test plants. The test emulsions of the chemicals were applied
to Chrysanthemum morifolium cvs. #4 Improved Indianapolis
White, Bright Golden Princess Anne, Superchief, Streamer,
Goldburst Mefo, Fred Shoesmith, and Iceberg®. The plants were
grown from rooted cuttings in a pad and fan-cooled greenhouse,
in photoperiodic conditions that assured their remaining in a
vegetative condition throughout the experiments. These condi-
tions consisted of natural photoperiods and 4 hr of light from
incandescent lamps of 200 lux from 2200 to 0200 daily. To
induce flowering, the plants were covered with black sateen
cloth nightly from 1600 to 0800 to give the plants an 8 hr day.

Spray emulsions. UBI-P293* concn (47.3% a.i. emulsifiable
concentrate) ranged from 0.125 to 1.0%. A blank emulsion,
containing only the solvents and surfactants, was applied to
plants to determine the toxicity of the carriers of the UBI-
P293. The emulsions were used as soon as prepared.

Test method. The emulsions were applied with an ordinary
throat atomizer. The entire top of the plant, including terminal
meristem and surrounding leaves of various stages of maturity,
was sprayed until the emulsion began to glisten on the foliage;
750 ml of emulsion were required to treat 100 chrysanthemum
plants, 30 ¢cm tall. A mechanical fogger with either a 0.33 or
2.29 mm orifice was also used to apply the emulsions to test
plants. Thirty and 120 ml, respectively, were required to treat
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Fig. 1. Plant of ‘#4 Improved Indianapolis White’ chrysanthemum.
Upper: Stem without manual pruning. Middle: Plant sprayed with 3%
fatty acid esters to prune chemically. Lower: Plant sprayed with 0.5%
UBI-P293 to block growth of terminal meristem and to permit devel-
opment of lateral meristems.

100 chrysanthemum plants, 30 cm tall. All plants were sprayed
uniformly until the foliage glistened. The lateral growth was
harvested and weighed (to the nearest 0.1 g) 21 days after treat-
ment. Numbers and locations of lateral flower buds were re-
corded on stems.

Results
I. Applications to vegetative chrysanthemum plants
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Table 1. Effect of concentration of UBI-P293 and washing the foliage
on the number and weight of the lateral shoots which developed on
vegetative plants of ‘#4 Improved Indianapolis White’ chrysanthe-

mums.
Spray Wash Wash Wash

UBI-P293 Dry foliage  Immediately After S min  After 30 min

concn  Lateral shoots Lateral shoots Lateral shoots Lateral shoots

(%) No. Wt No. Wt No. Wt No. Wt

0.125 3.5bZ 25.5b Oa Oa Oa Oa Oa Oa
0.25 3.5b 22.7b Oa 0a 2.7b 21.0b 3.7b 26.5b
0.5 3.5b 15.7a 4.0b 21.3b 3.5b 22.0b 3.2b 18.7ab
0.75 3.0b 12.7a 3.2b 21.0b 3.5b 22.0b 2.5b 18.5ab
1.0 3.2b  17.7a 3.5b 22.0b 3.2b 24.5b 3.0b 19.7ab
Manually

pruned 3.0b  21.0b

ZMean separation, within columns, by Duncan’s multiple range test, 5%
level.

Concentration. Plants of ‘#4 Improved Indianapolis White’
chrysanthemum were sprayed with various concn of UBI-P293.
Growth of the top 8 to 10 nodes ceased (Fig. 1) when the
chemical concn was >0.125%. A spray application of >0.5%
also inhibited the growth of the lateral meristems (Table 1).
Washing the top of plants immediately following the treatment
reduced the effectiveness of the 0.125 and 0.25% spray applica-
tions and reduced the growth inhibiting effects of the 0.75 and
1.0% spray applications. Growth of plants sprayed with emul-
sions of 0.5, 0.75, and 1% and washed with water 5 or 30 min
later was stopped; the number of lateral shoots and their weight
3 weeks after application of the chemical were similar to
responses recorded from manually pruned plants. Plants sprayed
with the blank emulsions showed no change in growth from
unsprayed plants.

Method of application. Plants of ‘#4 Improved Indianapolis
White’ chrysanthemum were sprayed or fogged with emul-
sions containing 0.125 to 1.0% UBI-P293 (Table 2). Amount of
chemical required to cause chemical pruning of the plants was
directly related to the volume of liquid and concn of chemical
which was applied. When the fogger with the 0.33 mm orifice
was used, plant growth, regardless of the concn of chemical,
was only partially stopped. Some shoots on the same plants
were unaffected. When the fogger with a 2.29 mm orifice was
used, the top growth of plants was uniformly stopped, and
lateral shoots developed at the same rate and number as
recorded on the manually pruned plants. The lowest concn of

Table 2. Effect of concn and method of applying UBI-P293 on the num-
ber and weight of the lateral shoots which developed on vegetative
plant of ‘#4 Improved Indianapolis White’ chrysanthemum.

Spray Fogger without Fogger with
dry foliage insert insert
orifice diam orifice diam orifice diam
UBI-P293 1.60mm 2.29mm 0.33mm
concn Lateral shoots Lateral shoots Lateral shoots
(%) No. Wt No. Wt No. Wt
0.125 2.5bZ 9.8b Oa Oa Oa Oa
0.25 2.2b 8.9b 2.2b 7.3ab Oa Oa
0.5 2.7b 5.0ab 2.5b 6.8ab 0.7aY 6.6aby
0.75 2.2b 4.4ab 2.0b 6.0ab 1.0ayY 6.3aby
1.0 3.0b 3.5ab 2.0b 5.7ab 1.0ay 6.5aby
Manually
pruned 2.7 8.0b

YIncomplete, some shoots on plants were unaffected by application of
chemical.

ZMean separation, within columns, by Duncan’s multiple range test, 5%
level.
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Table 3. Effect of addition of surfactant and solvents to the basic formu-
lation of UBI-P293 on the number and weight of the lateral shoots
which developed on vegetative plants of ‘#4 Improved Indianapolis
White’ chrysanthemum.

2 times the 4 times the
amount of amount of
Spray surfactant and surfactant and
UBI-P293 dry foliage solvents solvents
concn Lateral shoots Lateral shoots Lateral shoots
(%) No. Wt No. Wt No. Wt
0.125 2.5bZ 9.8b 276 9.3b 2.0b 5.9ab
0.25 2.2b 8.9b 270 1.6b 3.2b  4.9ab
0.5 2.7b 5.0ab 3.5b 5.1ab 2.7b  2.6ab
0.75 2.2b 4.4ab 3.5b 5.6ab Day Day
1.0 3.0b 3.5ab 2.0b 4.5ab Day Day
Manually
pruned 2.7b 8.0b

YDead, chemical treatment killed sprayed tissue.

ZMean separation, within columns, by Duncan’s multiple range test, 5%
level.

UBI-P293, 0.125%, was insufficient to stop elongation of the
plant but was sufficient to stop the growth of the top of the
plant when applied with an ordinary large volume atomizer.

Surfactant and solvents. Plants of ‘#4 Improved Indianapolis
White’ chrysanthemum were sprayed with emulsions containing
0.125 to 1.0% UBI-P293 with 2 or 4 times of the surfactant and
solvents by weight added to final spray emulsion (Table 3).
Doubling the amount of surfactant and solvents did not alter
relative effectiveness of various concn of UBI-P293. Quadrupling
the amount of surfactant and solvents increased inhibitory
effects of UBI-P293. Spray emulsions containing 0.75 and 1.0%
of UBI-P293 and 4 times the amount of surfactant and solvent
killed plants.

II. Applications to flowering chrysanthemum plants

Time of treatment. Plants of ‘#4 Improved Indianapolis
White’ chrysanthemum were placed on short days and were
sprayed with various concn of UBI-P293 following 5, 10, 15,
20, and 25 short days (Table 4). The response of the plants
depended on the time of treatment and the concn of the chem-
ical. When UBI-P293 was applied to plants following 5 and 10
short days, the terminal inflorescence was blocked from further
development. Plants receiving 10 short days were more respon-
sive to UBI-P293 than those receiving 5 short days, in terms of
the number and weight of lateral shoots which developed. The
terminal inflorescence had reduced numbers of lateral flower
buds and no compound lateral flowering shoots developed when
the chemical was applied to plants following 15 and 20 short
days (Fig. 2). The optimum concn of UBI-P293, which blocked
the development of the lateral inflorescence buds without dis-
rupting the development of the terminal flower buds, varied
with the time of treatment: 0.25% for 15 short days, 1.0% for
20 short days. Concn greater than optimum inhibited the devel-
opment of all meristems. Lower concn than optimum blocked
the development of only a part of the lateral flower buds and
inhibited stem elongation. Because the plants were less respon-
sive to UBI-P293 following 20 short days than after 15 short
days, the later time was preferred to avoid overtreatment. Devel-
opment of peduncles of all inflorescences and individual florets
were inhibited when the chemical was applied to plants follow-
ing 25 short days. Elongation of the top 8 to 10 internodes was
inhibited by the 0.125 to 1.0% treatments. The internodes
which were already formed at the time of treatment, however,
were unaffected. The quiescent lateral meristems in the region
below the chemically inhibited area developed flower buds that
matured 2 weeks later than the terminal inflorescence. The
flowering display on the stem occurred twice, about 2 weeks

J. Amer. Soc. Hort. Sci. 101(5):599—-604. 1976.

Fig. 2. Closeup of stem of ‘#4 Improved Indianapolis White’ chrysanthe-
mum. Upper: Stem without manual disbudding. Middle: Stem
manually disbudded to remove lateral flower buds. Lower: Stem

sprayed with UBI-P293; lateral flowers buds were blocked from
further development.

apart. Terminal inflorescences opened at the same time as those
on manually disbudded plants. Two weeks later the lowermost
laterals opened.

Cultivars. Seven cultivars of chrysanthemums were sprayed
with various concn of UBI-P293 following 18, 21, 25 and 28
short days (SD) (Table 5). The cultivars varied greatly in their
responsiveness to UBI-P293 because of differing stages of
development of floral axes. The optimum concn of UBI-P293
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Table 4. Effect of UBI-P293 concn and time of treatment on the number of lateral inflorescents (single flower) or lateral
flowering shoots (branched flowering shoot) which developed on plants of ‘#4 Improved Indianapolis White’ chrysan-

themums.
Spray treatment after start of short days
5SD 10SD 15SD 20 SD 25 SD
Lateral Lateral Lateral Lateral  Lateral Lateral Lateral Lateral Lateral Lateral
UBI-P293 flower flowering flower flowering flower flowering flower flowering  flower flowering
concn buds shoots buds shoots buds shoots buds  shoots buds  shoots

(%) No. No. No. No. No. No. No. No. No. No.
0.125 14.0cZ -y 7.0c - 13.0c - 14.0c - 14.0c -
0.25 10.3¢ - 5.3¢ - 1.0b - 3.0b - 5.0c -
0.5 IaX 4.3 Ia 2.0 Ia 0 2.0b - 5.0c -
1.0 Ia 3.3 Ia 1.0 Ia 0 0b — 4.0bc —
Control 18.3d 0

XI = blocked development of terminal inflorescence, lateral flowering shoots with several inflorescences.
YDevelopment only of terminal inflorescence, lateral flowering shoots could not be formed because of the stage of develop-

ment of shoot.

ZMean separation, within columns, by Duncan’s multiple range test, 5% level.

and treatment time was 0.6% at 18 SD for ‘Superchief’ (Fig. 3),
0.25% at 21 SD for ‘Iceberg’, ‘Bright Golden Princess Anne’,
and ‘Fred Shoesmith’; and 0.6% at 25 SD for ‘Goldburst Mefo’.

Twenty-eight additional cultivars were sprayed with various
concn of UBI-P293 following 15, 18, 21, 25 and 28 SD (data
not given). The optimum concn of UBI-P293 and treatment
time for chemically disbudding the cultivars was 0.6% at 15 SD
for ‘Illini Pink’; 0.25% at 18 SD for ‘Dignity’, ‘Donolopes White
Spider’, ‘Luyona’, ‘Nob Hill’, ‘Promenade’, ‘Southern Comfort’,
and ‘Wildfire’; 0.5% at 18 SD for ‘Giant Betsy Ross’, ‘Goldstar’,
‘#2 Good News’, and ‘Firedance’; 0.6% at 18 SD for ‘Golden
Mandalay’, ‘St. Moritz’, and ‘Torch’; 0.7% at 18 SD for ‘Illini
Trophy’; 0.75% at 18 SD for ‘Bright Yellow May Shoesmith’,
‘GRA Improved Albatross’, and ‘May Shoesmith’; 0.5% at 21
SD for ‘Always Pink’ and ‘Puritan’; 0.6% at 21 SD for ‘Onward’;
and 1.0% at 21 SD for ‘Explorer’. As with the cultivar #4
Indianapolis White, in general spray application earlier than the
optimum time or in greater concn of UBI-P293 inhibited ter-
minal and lateral growth of the entire floral axis; both florets on
the capitulum and the primoridial meristems were permanently
blocked from further development. The quiescent meristems,
beneath the responsive area, grew over the inhibited area and
flowering was delayed at least 2 weeks on these plants. Spray
applications later than the optimum time inhibited the develop-
ment of the florets.

Apical meristem and surrounding leaves of the cultivar
Streamer were sensitive to all concn of UBI-P293 tested; and
tissues were killed without being chemically disbudded. The
results are not reported. The cultivars Hostess, Mrs. Roy,
Trident, and Winter Carnival were similar to the response of the
cultivar Streamer; the tissues were injured without chemically
disbudding the lateral flower buds.

Discussion

Control of growth and shaping of plants can be accomplished
by chemicals which inhibit plant processes. Compact plants can
be produced by using chemicals which can be placed into 4
categories: a) those that kill the apical meristem and permit the
release of arrested lateral meristems; b) those that stop cell
division in the apical meristem, thus allowing growth of lateral
meristems; c) those that retard internode elongation without
arresting the control exerted by the apical meristem; and d)
those that slow the activity of the apical meristem and disrupt
the natural movement of growth substances that regulate devel-
opment of lateral meristems.

We use chemicals of these different types to prune plants
chemically with fatty acid esters (7), to inhibit cell division with
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maleic hydrazide (22, 28), 2,3,5-triiodobenzoic acid (10, 27),
fluorenols, cytokinins (5), and morphactins (24) to disrupt
the control of the apical meristem with ethephon (23), and
selected petroleum fractions (6, 15, 16). In the case of the fatty
acid esters, the effects are exerted through physical means; the
esters eventually evaporate from the plant into the atmosphere.

The chemicals which inhibit cell division or disrupt the
functioning of the apical meristem exert their effects on the
plants for many weeks following a foliar application by moving
systemically and affecting growth throughout the plant.

UBI-P293 chemically pruned plants in a manner similar to
the action of fatty acid esters with no visible change on the
growth of lateral meristems when applied to vegetative plants
(26). When applied to plants initiating inflorescences, it blocked
all development of inflorescences already initiated but not well
developed; UBI-P293 totally blocked the expansion of some
axillary inflorescences while others were totally exempt from
any effects. Some plants had one normal-sized terminal inflores-
cence while all laterally-borne inflorescences were completely
arrested from further development. From a horticultural view-
point, the standard chrysanthemums had been chemically dis-
budded to leave one exhibition-sized inflorescence.

Cultivars varied in responsiveness to optimum time and UBI-
P293 concn required to block the development of all of the

TN A s p o - o

Fig. 3. Plants of ‘#4 Improved Indianapolis White’ chrysanthemum. Left:

Untreated, left to right sprayed with 0.6% UBI-P293 following 18,
21, 25, and 28 short days.
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Table 5. Effect of concentration of UBI-P293 and the time of treatment on the stem length and number of lateral inflor-
escences which developed on 6 cultivars of chyrsanthemum. I = blocked development of terminal inflorescence.

Spray treatment after start of short days

18 SD 21 SD 25 SD 28 SD
UBI-P293 Stem Lateral Stem Lateral Stem Lateral Stem Lateral
(concn length  flower buds length  flower buds length flower buds length  flower buds
(%) (cm) (No.) (cm) (No.) (cm) (No.) (cm) (No.)
Cultivar: ‘Superchief’ = 9 wk.
0.25 48cZ 10.0c 46¢ 5.0c 50c 12.3¢ 45c 8.3¢
0.5 43b 0b 40b 0.3b 46bc 10.8¢c 46¢ 8.3c
0.6 43b 0b 39ab 0.3b 47bc 10.3¢c 46¢ 8.0c
0.8 33a Ia 38ab 0b 45b 6.3c 46¢ 6.6¢
1.0 34a Ia 35a Iay 44b 6.0c 46¢ 6.3c
Control:
Untreated 57c 13c
Manually dis-
budded S57c 0b
Cultivar: ‘#4 Improved Indianapolis White’ = 9 wk
0.25 25a Ia 30a 0b 36b 3.6bc 38c 10.3¢
0.5 27a Ia 29a 0b 34b 1.0b 38b 8.6¢
0.6 25a Ia 28a Ia 37b 0.3b 39b 8.6¢
0.8 25a Ia 29a Ia 34b 0b 37b 3.3bc
1.0 25a Ia 26a Ia 35b 0b 35b 3.3bc
Control:
Untreated 47c 12¢
Manually dis-
budded 41bc 0b
Cultivar: ‘Iceberg’ = 10 wk.
0.25 40b 3.0bc 39ab 1.0b 52b 12.3¢ 42b 8.0c
0.5 33a Ia 36a Ia 47b 10.2¢ 47b 6.6¢
0.6 36a Ia 35a Ia 47b 10.0c 44v 6.6¢
0.8 32a Ia 34a Ia 44b 8.0c 45b Ia
1.0 33a Ia 33a Ia 42b Ia 46b Ia
Control:
Untreated 57c 10c
Manually dis-
budded 49b 0b
Cultivar: ‘Bright Golden Princess Anne’ = 10 wk.
0.25 32a 0b 32a 0.3b 39ab 10.3¢c 38ab 8.0c
0.5 27a Ia 29a Ia 37ab 1.3b 36a 3.3b
0.6 29a Ia 30a Ia 38ab 2.0b 39ab 3.6b
0.8 29a Ia 29a Ia 34a 0.3b 33a 2.0*b
1.0 30a Ia 30a Ia 33a 0.3b 34a 1.0*b
Control:
Untreated 52c 10c
Manually dis-
budded 49c 0b *Flower inhibited
Cultivar: ‘Fred Shoesmith’= 10 wk.
0.25 29b 3.0b 27ab 0b 34a 99.3¢ 35b 8.0c
0.5 21a 31a 20a Ia 29ab 3.3b 31b 6.0c
0.6 17a Ia 21a Ia 28ab 3.0b 34b 7.6¢
0.8 19a Ia 24a Ia 27ab 2.0b 34b 5.5¢
1.0 19a Ia 23a Ia 27ab 1.3b 32b 4.3bc
Control:
Untreated 42c 10c
Manually dis-
budded 4lc 0b
Cultivar: ‘Goldburst Mefo’ = 11 wk.
0.25 48 11.0 30a Ia 48¢c 5.0c 49¢ 8.8¢c
0.5 28a Ia 31a Ia 40b 4.0c 44b 0.6b
0.6 30a Ia 27a Ia 37b 0b 44b 0b
0.8 28a Ia 30a Ia 37b 0b 41b Ia
1.0 24a Ia 32a Ia 39b Ia 42b Ia
Control:
Untreated S53c 11.0c
Manually dis-
budded 54c 0b

ZMean separation, within columns, by Duncan’s multiple range test, 5% level.

¥I — blocked development of terminal inflorescence, lateral flowering shoots with several inflorescences.
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lateral flower buds while the terminal one developed at a rate,
and with the size and floret numbers, similar to those recorded
from the manually disbudded flowers. Every cultivar of chrysan-
themum will need to be tested to determine the optimum concn
and treatment time so that the chemical can be used success-
fully. The flowering of the cultivars ‘Mrs. Roy’, ‘Streamer’, and
‘Trident’ were not controllable with UBI-P293. One would
expect to find that other cultivars probably exist which cannot
be successfully disbudded with the chemical.

Literature Cited

1. Anonymous. 1969. Summary on testing with morphactins in the
United States — 1968. Vero Beach Laboratories, Inc., Vero Beach,
Fla.

2. . 1971. Technical report: NIA 10637 plant growth regula-
tor. Niagara Chemical Division FMC Corporation, Middleport, N.Y.
8 p.

3. Beach, R. G. and A. C. Leopold. 1953. The use of maleic hydrazide
to break apical dominance of Chrysanthemum morifolium. Proc.
Amer. Soc. Hort. Sci. 61:543-547.

4. Beyer, Jr., E. M. 1971. Inhibition of basipetal auxin transport by
DPX-1840. HortScience 6:288 (Abst.)

5. Carpenter, Wm. J. and W. H. Carlson. 1971. Improved branching of
poinsettia plants sprayed with cytokinins PBA and N6BA. Hort-
Science 6:289 (Abstr.)

6. Cathey, H. M., A. H. Yeoman, and F. F. Smith. 1966. Abortion of
flower buds in chrysanthemum after application of a selected petro-
leum fraction of high aromatic content. HortScience 1:61-62.

7., G. L. Steffens, N. W. Stuart, and R. H. Zimmerman.
1966. Chemical pruning of plants. Science 153:1382-1383.

8. Currier, H. B. and A. S. Crafts. 1950. Maleic hydrazide, a selective
herbicide. Science 111:152-153.

9. Foote, L. E. and B. F. Himmelman. 1971. MH as a roadside grass

retardant. Weed Science 19:86-90.

Galston, A. W. 1947. The effect of 2,3,5-triiodobenzoic acid on the

growth and flowering of soybeans. Amer. J. Bot. 34:356-360.

Gardner, M. R. 1971. Control of sucker growth in utility pruned

trees. Arborists’ News 36:64-69.

Hamner, C. L. and G. S. Rai. 1958. Maleic hydrazide. Growth inhi-

10.
11.

12.

bition studies with ornamentals and shade trees. Hormolog 2:11-13.
Harris, G. K., G. B. Garrette, and D. O. Anderson. 1971. Maintain
Success Boosting. Weeds, Trees and Turf 10:20-24.

Harris, R. W., R. M. Sachs, and R. E. Fissell. 1971. Control of trunk
sprouts with growth regulators. Calif. Agr. 25(11):11-13.

Kofranek, A. M. and L. Markiewicz. 1967. Selected naphthalenes as
disbudding agents for chrysanthemums. Flor. Rev. 140(3617):20-21,
54,57.
16.

13.
14.
15.

and R. A. Criley. 1967. Emulsifiable oils as disbudding
agents for chrysanthemums. Flor. Rev. 139(3611):24-25, 36, 57-58.
Kozel, P. C., K. W. Reisch, and G. E. Hull. 1970. Chemical control of
tree growth. Ohio Rpt. 55:104-105.
Marth, P. C. and J. W. Mitchell. 1964. Detection of compounds that
inhibit vegetative bud growth of tobacco. Agr. & Food Chem. 12:61-
64.
Mastalerz, J. W. and F. J. Campbell. 1956. Maleic hydrazide — a
substitute for pinching potted chrysanthemums. Proc. Amer. Soc.
Hort Sci. 68:511-517.
Mitchell, J. W., P. C. Marth, and G. D. Freeman. 1965. Apical domi-
nance in bean plants controlled with phthalamic acids. Agr. & Food
Chem. 13:326-329.
Nethery, A. A. and L. J. Washburn. 1971. NIA 10637 and NIA
10656 as chemical growth retardants for woody species. Arborists’
News 26:20-24.
Powell, E. N. and R. C. Andreasen. 1957. Responses of bench-grown
Chrysanthemum morifolium to maleic hydrazide. Proc. Amer. Soc.
Hort. Sci. 70:482-489.
Sachs, R. M. and W. P. Hackett. 1972. Chemical inhibition of plant
height. HortScience 7:440-447.
Schneider, G. 1970. Morphactins: physiology and performance.
Annu. Rev. Plant Physiol. 21:499-533.
Schoene, D. L. and O. L. Hoffman. 1949. Maleich hydrazide as a
plant growth regulant. Science 109:588.
Zacharioudakis, J. N. and R. A. Larson. 1976. Chemical removal of
lateral buds of Chrysanthemum morifolium Ramat. HortScience
11:36-37.
Zimmerman, P. W. and A. E. Hitchcock. 1942. Flowering habit and
correlation of organs modified by trilodobenzoic acid. Contrib.
Boyce Thompson Inst. 12:491-496.
Zukel, J. W. 1963. A literature summary on maleic hydrazide.
UNIROYAL, Inc., Naugatuck, CN.

17.

18.

19.

20.

21.

22.

23.
24.
25.
26.

27.

28.

J. Amer. Soc. Hort. Sci. 101(5):604—606. 1976.

Effects of Four Rootstocks on Yield and Quality of

Pistachio Nuts!

Julian C. Crane and Harold 1. Forde

Department of Pomology, University of California, Davis, CA 95616
Additional index words. Pistacia atlantica, P. palaestina, P. terebinthus, P. vera

Abstract. During the first S years of production, significantly greater yields of pistachios were obtained with
the ‘Kerman’ on seedlings identified as Pistacia atlantica Desf. than with ‘Kerman’ on seedlings of P. palaestina
Boiss., P. terebinthus L., or P. vera L. The least productive combination was ‘Kerman’ on P. vera, the species
that produces the edible pistachio nut. Weight per nut, percent blank nuts, and percent nuts with split shells
did not differ significantly among the rootstock combinations.

Seedlings of at least 8 species of Pistacia have been used in
various parts of the world as rootstocks for P. vera (7). Because
of their resistance to nematodes (5, 6), and growth character-
istics, seedlings of P. atlantica and P. terebinthus are generally
used in the U.S. Of about 12,141 ha (30,000 acres) of pista-
chios that have been planted in California during the past 6
years, approximately 99% are on P. atlantica or P. terebinthus
rootstocks. Seedlings of both species grow more slowly the first
year or two than those of P. vera; but, according to Joley (6),

1Received for publication June 5, 1976.
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cultivars budded on them shortly outgrow and outyield those
on P. vera roots. The objective of the study reported here was
to measure the response in terms of nut yield and quality of
‘Kerman’ when grown on seedling rootstocks identified as
P. atlantica, P. terebinthus, P. palaestina, and P. vera.

Materials and Methods
Seeds of P. atlantica and P. terebinthus were obtained from
the then existing U.S. Plant Introduction Station, Chicc, CA.
Seeds of P. palaestina were obtained from Turkey, and those
of P. vera were from an open-pollinated ‘Kerman’ tree in the
university orchard. In 1964, seedlings of each species were
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