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Summary

14C-labelled cyanamide (H,CN) was rapidly metabolized in young shoots of Vitis vinifera (experi-

mental cross No. 6234 GM, Geissenheim, FRG) when applied as a pulse (2—2.5 h) through their cut end.
Within 20 hours after the beginning of the experiment, about one third of the total activity was found as
14CQ,, suggesting that a significant amount of the cyanamide was transformed to urea and subsequently
hydrolyzed by urease. A significant *COy-release was observed as early as one hour after cyanamide ap-
plication. Preliminary results indicate that a part of the decomposition of H;CN; in plant material might

be of purely chemical nature.

Key words: “C-labelling, COxrelease, cyanamide, cyanamide-decomposition, urease, Vitis vinifera.

Abbreviations: BUOH = butanol, EtOAc

ethylacetate, MeOH = methanol, SD = Standard devia-

tion, TCA = trichloroacetic acid, TLC = thin layer chromatography.

Introduction

Cyanamide (H,CN,, trade name: «Dormex», SKW Trost-
berg) may be applied to the wood of grapes (and fruit trees)
in early spring for an enhanced and uniform bud break. This
treatment is especially advantageous in areas with relatively
high temperatures during wintertime (Shulman et al., 1983).

Earlier research revealed that H,CN, may be metabolized
into urea, arginine, and probably further into guanidinium
compounds (Wiinsch and Amberger, 1968, 1973; Miller and
Hall, 1963). In these studies with species of the Cruciferae
family and cotton, resp., the rate of decomposition was very
high (i.e. most of the H,CN, was metabolized within less
than 24 hours after transferring the plants to a HoCNa-free
medium).

So far, no information about the decomposition rate of
H,CN, and its possible metabolites in grapes was available,
which might lead to a better understanding of its dormancy
breaking effect. Thus, the objective of this study was to
quantify the H>CN, metabolization in grapes and to
elucidate the consequences of cyanamide applications with
respect to plant metabolism.
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Material and Methods

Plant material and labelling

Cuttings of Vitis vinifera (an experimental cross of «Riesling x
Ehrenfelser», No. 6234 GM, staatl. Lehr- und Versuchsanstalt Geis-
senheim), were rooted and raised hydroponically in an aerated nu-
trient solution [5mol-m~% KNOQOi, 1.5mol-m~3* Ca(NOj;),,
1mol-m~* MgSQy, 1mol-m~* NHsH,PO,, 60mg/l Fe-EDTA
(13 %), 107% mol-m~? H3BOs; other trace elements according to
Hoagland and Arnon, 1950]. The plants were kept in a phytotrone
(16h light, 8h dark, temperature 24°C/18°C, 70% r.h.). The
apical 40— 50 cm part of the shoot was cut off with a scalpel and kept
in a 0.1 N Hoagland solution until starting the labelling period. The
cuttings were then placed with the cut end in «Eppendorf reaction
vessels», containing 1.75 MBq H,'*CN; (20 h experiment, 1.52MBq
for the 3d experiment) in 380 ul of a 40 mol - m ~* cyanamide solu-
tion. The nutrient concentration corresponded to a 0.1 strength
Hoagland medium. The tops of the vessels were sealed with «Para-
film» to avoid evaporation of the labelled solution. After about 2h,
the labelled solution had been taken up, and the plants were sup-
plied with a cyanamide-free nutrient solution (as above). Plants were
then kept for a further 18h and 70h, resp., after H,'*CN,-addition
(«chase»). Throughout the experiment, the individual shoots have
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been kept in 3.5] glassjars with 2 water seal, which were flushed
continuously with air {about 30-40 changes per hour). The ex-
changed air was passed through two consecutive traps per plans,
cach with 10ml KOH in two experiments. In a separate experiment,
where only "CO; release was monitored, we used 4 traps per plant
each with 25 ml of 10% KOH; always far over 90% of the MCQ,
were retaimed by the first trap.

Extraction, deanup and connting

At the end of the experiment, plants were divided into fully ex-
panded leaves, shoot tip (about the apical 15-20cm portion of the
shoot, including both stem and just expanding leaves) and stem, The
plant fractions were weighed, immediately shock-frozen in liguid
Nz and kept frozen until extracted.

Fig. 1: Extraction scheme used to test the metabolization rate of 1C-
cyanamide.
Add 50 mmol Na-Phosphat buffer (+ 1% EtOH), pH 6.0 1o
frozen plant material (2.5 : 1, v/w)
homogenize at % 0°C in a «Potter-homogenizer» (glass/glass)

centrifuge 107 ar 10,000 x g, —* aliquot of supernatant for TLC

i
reextract pellet twice with 2 ml each of 50 mmol Na-phosphate
buffer (pH 6.0)
(sonicate 10 N, 100 W, micro-tip) {under coolingl)
_ centrifuge (10,000 x g, 107)

combine supernatants — aliquot for B-counting

L aliquot for protein precipitation by 10% TCA, heat
1 h to 70°C, centrifuge (10,000 g, 20)

pellet for counting «buffer soluble
proteins {+ supernatant)

- extract pellet three times with MeOH EtQAc (1:1, v/v} by
sonication, centrifuge (10,000 x g, 107}

combine supernatants
l‘* aliquot for S-counting

extract pellet 1 h in 0.05 N NaOH
centrifuge 207 at 10,000 x g
repeat exiraction and centrifuge again

i

combine supernatants

L aliquot for B-counting

add TCA to give a 10% solution,
heat 1 b at 70°C,

centrifuge 207 ar 10,000 x g

{—' aliquot of supernatant for S-counting

pellet for f-counting («NaOH-soluble protein»)

resuspend peller in warter

aliquot for B-counting («residual activity»)

For extraction, plant material was re-warmed to abour 0°C,
10 mol-m ~3 phosphate buffer (pH6.5 + 1% Ethanol) was added
{ratio of 1:2.5 w/v), and the muixture ground in a Potter-Elvethem
homogenizer (ghass/glass) cooled by an ice bath. If necessary, addi-
tional buffer was added to guarantee a uniform homogenate.

An aliquort of about 5g was used for further separation. The ho-
mogenate was centrifuged at 10,000 g, and a part of the supernatant
applied directly onto TLC plates {Merck silica gel 0.25mm,
10 20cm or 20x 20em). The plates were developed in acetonitrile::
NH; (25%) (95:5, v/v) and butanol:glacial acetic acid:H,O
{(4:1:1, v/v) for the separation of cyanamide and some of its meta-
bolites, The distribution of radioactivity over the plate was mon-
itored either wich a «Berthold Betascan» or an «IM 3060 B-scanner
{lsomess).

The complete extraction procedure Is given in Fig. 1. 12ml of a
scintillation cocktail {PCS, Amersham Corp.) were added to the ali-
quots of the different fractions and the COqo-traps, and after chemo-
luminescence had ceased, they were counted in a Phillips-B-counter
with automated quench correction.

All experiments were carried out in quadruplicate; COprelease
was monitored with 5 plants. Figures are giver % standard error.

Throughout the experiments, care had been taken to minimize
evaporation of water from the extracts, as reducing to dryness {at
least in vacro) may lead to substantial losses of cyanamide (unpub-
lished observations).

Results and Discussion

When applying Ha**CN; via the cut end of Vitis cuttings,
the most striking result was that almost one third of the total
4C activity was released as '"*CO, within 20h and over 50 %
during the 72h {pulse + chase-} period {Table 1}. It could be
demonstrated by TLC that the activity which was collected
in the KOH traps did not derive from eventually evaporated
cyanamide (data not shown here). Considering that about

Table 1: Distribution of **C-activity 18h and 70h after applying
H,'""CNj; as 2 2h pulse (1.75MBq at 181, 1.52 MBq at 70h, corres-
ponding to about 10 xMol HoCNy/plant; values are given £ 8D).

Relative distribution of "C-activity (%)

chase period: 18h 70h
Fraction

Stem 439464 251134
Leaves 21931 16.8+2.7
Shoot tip 2110 1.0£0.9
CO, 32.0+45 57.1+6.7

* Not determined experimentally over the 7Ch periode.

Table 2: Relative concentration of *C-cyanamide in the 50 mmal
Na-phosphate-buffer  extractable  '""C-activity  after  feeding
H,'"CN; to Vizisshoots; data from TLC scans [plates: silica gel,
250 um, developed in acetonitriler 25% NH; (95:5, v/v), values
+5D1.

MC activity in the cyanamide fraction (%)

chase period: 18h 70h
Fraction

Stem 309107 2411
Leaves 323% 65 2613
Shoot tip 251+ 49  62%19

* Hardly detectable over the background level.




Tig.2a: 3D - plot of TLC-scans (silica gel, solvent system : aceto-
nitrile/25 % NHa, 95:5, v/v}, watersoluble "Ceactivity, 18 h chase
afrer application of Hy"CNj (pulse: 2h); peak identification: 1 =
proteins and various metabolites (unidentified), 2 = unknown, 3, 4
= unknowns (may contain urea), 5 = dicyandiamide, 6 = thiourea
(??), 7 = cyanamide.

Ty Y Tips

Leaves

7
¢ 0,5 10
Fig. 2 b: same as Fig. 2 a, but 70h chase period.

30 % of the buffer extractable activity in stem and leaves, and
only 25% in the shoot tip, co-chromatographed with
authentic cyanamide (Table 2), about 70% of the applied
cyanamide were thus metabolized within the chase period of
18h. The rate of cyanamide decomposition by Vitis shoots
{the average fresh weight was 12.3 g) may thus be estimated
to be around 1.1~ 1.2 umol/g FW-h, Consequently, only a
minor part of F,'*CN; remained unmetabolized after 72 h.
These results confirm earlier observations of a rapid de-
composition of cyanamide (Wiinsch and Amberger, 1968;
Hofmann et al., 1954).
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Several “C-metabolites were found in the TLC-scans, but
most of them could not yet be determined unequivocally.
Traces of dicyandiamide found in the extracts are probably
derived from impurities in the cyanamide preparation (about
2.2%). Fig. 2a,b shows the distribution of “C activity in
scans of TLC plates loaded with the buffer extracts and de-
veloped In acetonitrile/25% NH; (95:5, v/v}, Those meta-
bolites which were identified earlier (FHofmann et al., 1954;
Wiinsch and Amberger, 1968) run mostly near the origin,
Separation of the extracts with other solvent systems lead to
the positive identification of the following metabolites: urea,
guanylurea, and probably arginine. It was found that most of
the "“C-activity disappeared from the chromatographicaily
mobile compounds within 3d (Fig. 2b), and about 32% of
the buffer extractable activity became insoluble in 10%

CO2 RELEASE BY VITIS SHOOTS

AFTER C14—CYANAMIDE APPLICATION

3
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gprn 14502 fem?® Loal aroo
11 I

T T T T T T T T T T T 7 T
0 4 g T2 16 20 24 28

hours gftar Clé—cyanamide application
Fig. 3: "CO; release of Vitis vinifera ~ shoots after feeding with

H,""CN, (values are given as dpm/cm?® leaf area); data are shown
sD{O, ).

Table 3: Extractability of **C-activity after application of Hy"™CN; to Vitis vinifera cuttings (2— 2.5 h pulse, chase periods as indicated («pro-
_teinn = precipitated by 10% TCA at 70 °C; values are given as % of the rotal activity in the respective plant parts).

T chase Extractant H,O/buffer* — «protein» MeOH/EtoAc 0.05N NaOH -+ «protein» insoluble in
period plant part {1:1v/%) 0.05N NaOH
(n)

stem 84.6 C.8 7.6 33 0.9 6.5
+5d {£3.9) (£0.5) {(£2.9) {£0.5) (£0.1) (£2.1)
18 leaves 84.2 0.3 8.3 2.2 1.0 5.4
+5d {£5.1) (£0.1) (£4.6) {(+0C.4) (+0.4) (£0.5)
shoot tip 85.7 0.3 5.2 32 0.8 6.0
+5d {+1.3) (£0.2) (£1.7) {£0.3) (+£3.0) (£1.3)
stem 68.1 320 12.0 5.0 0.4 150
+5d (£6.5) (£8.6) (£8.9) (£1.5) (£0.2) (£4.2)
70 leaves 76.0 22,6 9.0 4.3 0.1 10.8
£8d (£4.2) (£3.5) (£2.7) (£1.6) (40.05) (£1.7)
shoot tip 86.2 31.9 6.7 2.9 0.2 53
+5d (£6.5) (£8.3) (£4.0) {£2.5) {£0.7) (£3.7)

* buffer = extractant: 50 nmol Nall.POy4 + 1% ethanol



302 H. GoipsacH, CH. THarer, A, WiNsCH, and A. AMBERGER

TCA, i.e. was bound In the protein fraction {Table 3). This
coincides with observations for other plants of the Cracl-
Serae-family (Wiinsch and Amberger, 1968).

In a separate experiment, the time course of H¥COy-devel-
opment was followed when feeding H,"CN,. Significant
amounts of activity were found one hour after the beginning
of the experiment (Fig. 3). A cyanamide-hydratase has been
1solated by Stransky and Amberger (1973} from Myrothecium
verrnicaria Alb. u. Schw., which catalyzes the reaction of

H;N-C=N + HOH — HzN—ng-—NHz. A comparable
enzymatic activity in higher plants has not been observed by
these authors. Nevertheless, the results presented here sug-
gest that higher plants may as well incorporate a high per-
centage of the applied cyanamide via urea or a similar sub-
stance, which in turn might be further decomposed (by
urease). Although the formation of urea from cyanamide
may be under enzymatic controf in higher plants, to a cer-
tain extent this might also occur spontanecusly. We hap-
pened to observe a decompaosition of *C-cyanamide in
frozen leaf extracts stored at ~20°C over 4 months and 2

1244 |

concomitant increase of “C-activity in a fraction which co-
chromatographed with urea in butanol:glacial acetic ac-
id:water (4:1: 1) (Fig. 4 a}, It may thus tentatively be assum-
ed that H,CN, decomposition in higher plants is (in part) of
purely chemical nature, aithough this was questioned by
Latzko {1955). But as this author used heat to inactivaie en-
zymes, other possibly reactive compounds might have been
altered as well. It cannor be ruled out, though, that the ob-
served substance is not urea, as the main peak (No. 4) in Fig.
42 co-chromatographed with guanylthiourea in BuQH/
CHCL/CH,COOH/MeOH/HO  (40:24:10:8:10), and
the respective r'F in this system is slightly different from ures
{peak No. 3 in Fig. 4b). Further experiments are needed to
assess the formula of the {transitory) metabolites, As can be
seen from Table 3, most of the *C-activity remains in a
water-/buffer soluble form aver the entire 3d period. About
one fourth to one third of the *C was incorporated intc a
TCA-precipitable fraction («protein»). Recently, Vilsmeier
and Amberger (1988) with grape cuttings found a significant
mcorporamon of N into the protein fraction and 2 sixfald
increase of arginine derived from '"IN-fabelled cyanamide.

Fig.4a: TLC-scans of extracts from
Ha"CNyfed Virisleaves ({extracts were
kept frozen at —20°C for over 4 months);
silica gel-plates (0.25 mm) were developed in
BuOH/CH;COOH/H,O (4:1:1, v/v)
peak identification: 1 = start, immobile me-
tabolites, 2 = unidentified metabolite, 3 =

T guanidinium (2}, 4, 5 = urea/guanylthiourea
Lo rF (3?), 6 = dicyandiamide, 7 = cyanamide.

Fig. 4 b: The same as Fig. 4a, but the solvent
system was BuOH/CHCL/CH; COOH/
MeOH/H,O (40:24:10:8:10, v/v), peak

o I

0 0.2 0.4 0.6 0.8
720 4 cpm
!
- |
2 3

0 [ 7 T | T et

0 0.2 0.4 0.6 0.8 1.0 rF

T identification: 1, 2 = as above, 3 = guanyl-
thiourea (%), 4 = cyanamide,




The possibility that part of the *CO;, developing during
the experiment might have been assimilated agair, makes it
difficult to identify metabolites occurring only in trace
amounts, It is therefore required to work in complete darkness
or with dark-grown cell cultures in order to give a full account
ofall early occurring metabolites of cyanamide in higher plants,

The standard deviations were relatively high in our experi-
ments (see Tables and Fig. 2), but this reflects the normal
variability between individual shoots and gives more realistic
figures.

Presently, experiments are being undertaken to further
identify the transitory metabolites after H; CNpapplication,
The resuits presented here clearly show that cyanamide is
rapidly decomposed by Vitis winifera plants, similar to
earlier observarions with other species (Wiinsch and Am-
berger, 1973; Hofmana et al,, 1954), and thar its metabolites
are mainly incorporated into the protein fraction. To which
reactions of cyanamide its dormancy-breaking properties can
be attribured, is still a matter of speculation. As cyanammide 1s
a very reactive compound, it may exert multiple effects on
plant metabolism.
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Summary

CO; gas exchange and transpiration of each of the eleven youngest leaves of Senecio medley-woodii were
monitored separately. The youngest leaves exhibited a marked net CO, release associated with a low
transpiration. With increasing leaf age a typical C; photosynthesis pattern was measured and the tran-
spiration was on a high level. In older leaves a shift to the crassulacean acid metabolism (CAM) occurred
and the transpirational water loss for the 24 h period decreased. As a consequence of the shift to CAM a
substantial improvement of the water use efficiency resulted. A correlation could be established between
leaf area on the one hand and nocturnal accumulation of malate and increase in osmolality on the other.
The importance of minimizing water loss at early stages of leaf expansion is discussed in connection with
the shift to CAM and the water economy of the whole plant.

Key words: Senecio medley-woodii; Asteraceae; crassulacean acid metabolism; gas exchange (CO,); leaf age;

transpiration; water use efficiency.

Abbreviations: CAM = Crassulacean acid metabolism; VPD = Water vapour pressure deficit.

Introduction

The Crassulacean acid metabolism (CAM) plants generally
grow in arid habitats and are characterized by an efficient
water economy (Winter, 1985; Ting, 1985; Liittge, 1987). On
one hand, the inverted stomatal rhythm reduces transpira-
tional water loss in general and on the other hand, the
diurnal transpiration decreases rapidly with the onset of
drought (Kluge and Ting, 1978; Osmond et al., 1979; Ruess
and Eller, 1985). CAM plants are highly versatile in their re-
sponse to environmental conditions (Liittge, 1987) particu-
larly to water vapour pressure deficit (VPD) of the air and to
the water availability in the soil (Ting, 1985; von Willert et
al., 1985). The expression of CAM is also modulated by de-
velopmental changes (Winter and Liittge, 1976; von Willert
et al,, 1976). In many CAM plants, young leaves perform C,
photosynthesis and with maturation a shift towards CAM
occurs (Jones, 1975; Nishida, 1978; von Willert, 1979; Ace-
vedo et al., 1983; Holthe et al., 1987).

In Brophyllum fedtshenkoi leaf resistance to water vapour
during daytime was found to be lower in the younger leaves
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compared with the older ones (Jones, 1975). This may in-
dicate that the transpiration rates of younger leaves are
higher than those of the older leaves. This has been verified
in the cases of Opuntia basilaris (Hanscom and Ting, 1977)
and Senecio medley-woodii (Eller and Ruess, 1986) but the in-
formation about the relationship between expression of
CAM and water economy of maturing leaves is still scarce.

The objective of this study was to investigate the daily car-
bon gain and the expression of CAM in connection with
water conservation and water use efficiency. For this
purpose, CO, exchange and transpiration of the eleven
youngest leaves of Senecio medley-woodii were monitored
separately to quantify the progressive accentuation of CAM
and its effectiveness in water conservation.

Material and Methods

The CAM plant used in this study is a member of the Asteraceae,
Senecio medley-woodii Hutchins. from the province of Natal (Re-
public of South Africa). Cuttings were propagated in the



