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Abstract. Ammonium nitrate (NH,NQ,) fertilization and shoot growth of Acer
palmatum ‘Bloodgood’ were studied to determine their effects on carbohydrates and
endogenous ammonium (NH,) and nitrate (NO,) levels. Generally, an inverse rela-
tionship existed between tissue NH, and NG, levels and soluble sugars (fructose,
glucose, and sucrose). Exceedingly high NH, and concomitantly low soluble sugar
amounts were apparent, especially in plants lacking new shoot growth and given N
after rooting. Increasing the N rate magnified these trends. Plants with new shoot
growth and given N maintained higher soluble sugar levels and lower NH, levels
than plants without growth. Theseamounts remained relativelyunchanged as N rate
increased. Nitrogen had no effect on starch levels. These results suggest that plants
without shoot growth have low tolerance to NH,NQO, fertilization, and are subject to
N H, toxicity brought about by a decrease in available carbohydrates. Plants with
new shoot growth were able to assimilate large amounts of NH, without harmful
effect, while at the same time increasing shoot growth.

REVIEW OF LITERATURE

The low overwinter survival of rooted cuttings of certain
deciduous woody plants such as Acer, Cornus, Hamamelis,
Magnolia, Prunus, Rhododendron, and Viburnum is a significant
problem. Cuttings will root and appear alive and dormant in the
autumn, but eitherdie the first winter or afterbudbreak in the spring
(4,5,6,7,9,12,13).

Propagation time, nitrogen, and shoot growth were recently
found to affect overwinter survival of newly-rooted stem tip cut-
tings of Acer palmatum ‘Bloodgood’ and Cornus tlorida var. rubra
(9,20,21). Propagation of A. palmatum and C. florida in May and
June, respectively, resulted in a greater number of plants with shoot
growth after rooting compared to those propagated later. May
propagation of A. palmatum resulted in reduced overwinter
survival while propagation date did not significantly atfect over-
wintering of C. florida when N was excluded, regardless of shoot
growth. Plants with shoot growth receiving N had higher survival,
butless than those with shoot growth and not given N. Poorest over-
wintering occurred on both species given N that failed to grow prior

to winter storage.
| The objective of this research was to determine the relation-
ship of shoot growth and NH,NO, fertilizer on endogenous levels of
NH, and NO, nitrogen, and soluble carbohydrates.
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MATERIALS AND METHODS

Primary shoot tip cuttings of A. palmatum ‘Bloodgood’ were
taken at Angelica Nursery Inc., Chesterville, Maryland on 22 May,
1985. Cuttings were momentarily submerged in water, wrapped in
moist burlap and plastic and placed in wooden flats in the shade.
Upon return to the University of Maryland, they were resubmerged
in water, again wrapped in burlap and plastic and stored at 4°C
overnight.

Cuttings were recut to 20 cm and basal leaves were removed so
that 4 or 5 fully expanded leaves remained. To aid rooting, four 2.5
cm vertical basal wounds through the cambium were made with a
razor blade and the cuttings were dipped in water and treated with a
commercial talc powder preparation of indole-3-butyric acid
at 20,000 mg'g! (Hormo-Root 2; Hortus Products Inc.,
Newfoundland, New Jersey}. Cuttings were placed in a moistened
rooting medium composed of coarse perlite and sphagnum peat
(3:2, v/v). To reduce transplant shock, cuttings were placed in
styrofoam ‘‘Speedling”’ (Speedling Manufacturing, Inc., Sun City,
Florida) trays with individual 3.75 X 3.75 X 12.5 cm compartments,
and rooted under intermittent mist in the greenhouse.

After about 5 weeks, rooted cuttings (roots about 2.5 cm or
longer) were transplanted into 10.2 cm square plastic pots (0.5 liter
volume) with sphagnum peat and coarse perlite medium (3:2, v/v)
amended with 7.5 g fritted trace elements # 503, 525.0 g dolomitic
limestone, 88.5g ON-44P,0,-0K,0,and 77.9g ON-0P,0;- 50K ,0 per
50liters medium. The medium pH was 6.3. Potted plants were accli-
mated under decreasing levels of mist for 2 weeks.

After transplanting and acclimation, plants were placed in the
greenhouse under an 18 hr photoperiod with day continuation
(1600—-0200HR]) from 100 W incandescent bulbs placed 2 m apart and
1.1 m above the plants (9 umols s71m™2). Nitrogen treatments were
applied as NH,NO,; once weekly at 0, 100, 200, and 400 mg-liter~1.
Pots were fertilized to runoff with ca 150 ml fertilizer solution.
Water was provided to all plants in equal amounts between fer-
tilizer applications.

Plants were arranged in a split-plot design with 2 blocks.
Nitrogen was the whole plot. Within each whole plot, randomly
selected plants had a terminal leaf and petiole removed (10 July,
1985) to expose the subtending bud and promote apical growth (9).
This determined the subplot grouping: growth vs. no growth.

Plants were harvested 25 October, 1985 and roots and stems
with and without shoot growth afterrooting were analyzed for NH,
and NO, nitrogen, and for sucrose, glucose, fructose, and starch.
Detailed description of analysis procedures are described else-

where (17).
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RESULTS

Ammonium in roots and stems was influenced by a significant
N X growth interaction (Fig. 1) (17). Plants with growth which
received N had NH, levels slightly higher than treatments without
N. Increases in N rate on plants which grew had no significant
effect on root or stem NH, content. If A. palmatum ‘Bloodgood’
failed to grow after rooting and N was not provided, root and stem
NH, levels were low and similar to those which grew and did not
receive N. Increasing N rate to plants without growth resulted in
sharp increases of NH, in root and stem tissues. Highest NH,
concentrations were found in stems.

Nitrate levels in roots and stems were affected by a significant
N X growth interaction (Fig. 1) (17). As N rate increased, root NO,
increased further in plants which grew than those without growth.
Additional stem NO4 was found in plants without shoot growthasN
rate increased, compared to those with growth. Highest NO,
concentrations were found in roots.

Carbohydrates of roots and stems were intluenced by N rate
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Figure 1. Ammonium and nitrate accumulation in roots and stems of rooted Acer
palmatum ‘Bloodgood’ stem tip cuttings in response to nitrogen rate and
plant growth. Lines represent plants with { ) and without (----) shoot
growth after rooting. Vertical bars represent Fisher's LSD.
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and shoot growth after propagation (17). Root fructose and glucose
content and stem glucose were aftected significantly by N and
growth, and stem fructose by a N X growth interaction. A N X
growth interaction for root and stem sucrose was significant (17).
Plant starch levels were not affected by nitrogen, but were
influenced by plant growth, as seen in stem tissues.

Fructose and glucose levels of roots and stems were highest
when treatment excluded N (Fig. 2). These levels were reduced
sharply by addition of 100 mg-liter 1 N, and were depleted further
(though more slowly) by higher N rates. Nitrogen had little effect on
root and stem sucrose in plants which grew. Regardless of N, plants
with shoot growth after rooting generally maintained higher
sucrose levels than plants without growth that were given N. No
clear trend in starch level was apparent, regardless of shoot growth
or N rate.

DISCUSSION

These data suggest that endogenous NH, and NO, levels, and
fructose, glucose, and sucrose levels were associated with NH,NO,
fertilization rate and shoot growth response after rooting of A.
palmatum ‘Bloodgood’ stem cuttings. Generally, aninverserelation-
ship existed betweentissue NH, and NQ, levels, and soluble sugars.
Exceedingly high tissue NH, and concomitant low soluble sugar
concentrations were apparent, especially on plants lacking new
shoot growth and given NH,NQO; after rooting (Figs. 1 and 2).
Increasing the N rate enhanced the magnitude of separation
between thesetrends. Since NH, assimilationintoaminoacidshasa
carbohydrate requirement (1,14,16,18), NH,NO, fertilization
would be expected to deplete carbohydrate levels. Acer palmatum
with shoot growth and given NH,NO, maintained higher soluble
sugar levels and lower NH, levels than plants without growth.
Interestingly, on plants with growth, the levels of endogenous NH,
and soluble sugars remained relatively unchanged as NH,NO, was
increased. This suggests that, as a result of shoot growth, soluble
sugar levels were sufficient to offset the carbohydrate demands ot
NH, assimilation brought about by NH,NO, fertilization. If plants
produced no shoot growth after propagation, low soluble sugar
levels may have prevented assimilation of all cellular NH, allowing
toxic amounts to accumulate. |

Any role of starch in NH, assimilation remains unclear.
Increasing NH,NQO, rate had no significant effect on endogenous
starch levels in roots, stems or new shoots, even atter NH, had
reached toxic levels. Perhaps A. palmatum maintains its starch
reserves at a given level, and must assimilate NH, at the expense of
other carbohydrates. The rooted cuttings may be unable to
hydrolyze starch into glucose, and must rely solely on existing fruc-
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Figure 2. Influence of nitrogen rate and plant growth on carbohydrate levels in
roots and stems of rooted A. palmatum 'Bloodgood’ stem tip cuttings,
Lines represent plants with | ) and without (----) shoot growth after
rooting. Vertical bars represent standard errors.

tose, glucose, and sucrose as a carbon source for NH, assimilation.
In contrast, in research with A. rubrum ‘October Glory', starch
levels increased in plants which grew after rooting (19). However,
the role of nitrogen was not part of this study.
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Once taken into the root, NH, is usually assimilated imme-
diately into non-toxic glutamine (8). If inadequate carbohydrate
supplies delay complete assimilation, however, NH, ions can
accumulate in roots (18). This NH, may be transported to the stems
and leaves, where it effects can be especially deleterious (2).
Apparently this was the case in A. palmatum, where plants given
NH,NO, without shoot growth accumulated NH, in both roots and
stems (Fig. 1). There were no increases inroot or stem NH, in plants
that grew. Increases in shoot NH, may be due to accelerated trans-
piration (and nutrient uptake) in plants with new growth. High
transpiration has been associated previously with accumulation of
shoot NH, sometimes in quantities sufficient to trigger NH,,
toxicity through uncoupled photophosphorylation (1,10,11).

Nitrate N, which is non-toxic, may be accumulated safely in
cell vacuoles in relatively large quantities (1}. Since NO; must be
reduced beftore assimilation can occur, its usage requires more
energy than NH, assimilation. Because of this, regulatory
mechanisms within the plant limit NO, assimilation, periods of
optimum efficiency (3). Nitrate reduction in roots occurs only when
there is sufficient carbohydrates to produce the energy required for
reduction and, at the same time, carbon skeletons for assimilation
(15). The present data show that NO, is apparently not as mobile as
NH, within A. palmatum, and accumulates in the roots after
absorption (Figure 1). This finding may indicate the location of NO,
reduction in the plant. Since NO, reductase is an adaptive enzyme,
and is found only in the presence of NO,, it probably exists in the
highest quantities in the roots of A. palmatum. Plants with new
shoot growth were found to accumulate larger quantities of NO,
than plants lacking shoot growth, perhaps due to increased uptake
of soil solution.

The results of this research indicate that plant growth after
rooting of A. palmatum stem cuttings is essential to survival of
plants receiving N. If new growth is initiated, plants may be fer-
tilized with up to 200 mg-liter? N (as NH,NQ,) without appreciable
decrease in survival (17). If plants do not grow after rooting,
NH,NO, fertilization should be avoided, since lower survival is
eminent.
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