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Abstract. Experiments were conducted in north Florida and south Georgia to determine
the effects of H2CN2 sprays on vegetative and reproductive growth of blueberry. In Florida,
mature, field-grown ‘Misty’ southern highbush (Vaccinium corymbosum L. hybrid)
blueberry plants were sprayed to drip with 0, 10.2, or 20.4 g·L–1 of H2CN2 [hereafter
referred to as 0%, 1.0%, and 2.0% (v/v) H2CN2] on 20 Dec. 1996 and 7 Jan. 1997. During
the following winter, mature ‘Misty’ southern highbush and ‘Climax’ rabbiteye (V. ashei
Reade) plants were sprayed to drip with 0, 7.6, or 15.3 g·L–1 of H2CN2 [hereafter referred
to as 0%, 0.75%, and 1.5% (v/v) H2CN2] on 17 Dec. 1997 and 6 Jan. 1998. For all
experiments, plants were dormant and leafless, with slightly swollen flower buds, at the
time of spray applications. Generally, H2CN2 sprays increased the extent and earliness of
vegetative budbreak and canopy establishment and advanced flowering slightly. The
number of vegetative budbreaks usually increased linearly with increasing spray concen-
trations. In Florida, H2CN2 [0.75% to 1.0% (v/v)] sprays increased mean fruit fresh weight
and yield, and shortened the fruit development period (FDP) compared to controls.
However, H2CN2 sprays ranging in concentration from 1.5% to 2.0% (v/v) resulted in
significant flower bud injury and reduced total fruit yield compared to controls. In south
Georgia, 27 of 37 field trials conducted between 1991 and 1998 on several rabbiteye and
southern highbush cultivars indicated that leaf development was significantly enhanced
by H2CN2. H2CN2 shows potential for increasing early fruit maturity, fruit size, and yield
of southern highbush and rabbiteye blueberry cultivars with poor leaf development
characteristics in low-chill production regions. Chemical name used: hydrogen cyanamide
(H2CN2).

poor-leafing cultivars, particularly under con-
ditions of marginal chilling. H2CN2 (Dormex;
SKW Trosberg AG, Trosberg, Germany) is in
widespread use around the world to enhance
leaf and flower budbreak of numerous decidu-
ous fruit crops (Dokoozlian and Williams,
1995; Erez, 1987; Krewer et al., 1997; Shulman
et al., 1986; Sieler et al., 1991). This is the first
detailed report of use of H2CN2 on blueberry
under field conditions.

The objectives of this research were to
determine the effects of H2CN2 rate and time of
application on vegetative and reproductive
growth of various cultivars of field-grown
rabbiteye and southern highbush blueberries.

Materials and Methods

1997 Florida experiment. Mature, field-
grown, ‘Misty’ southern highbush blueberry
plants were sprayed to run-off with 0, 10.2, or
20.4 g·L–1 concentrations of H2CN2 [hereafter
referred to as 0%, 1%, and 2% (v/v) H2CN2

sprays] at a commercial north Florida blueberry
planting on 20 Dec. 1996 or 7 Jan. 1997. A
nonionic surfactant was included at 0.25%
(v/v) in each treatment. Accumulated chilling
hours (hours between 0 and 7.2 °C) were 36 and
40 on 20 Dec. and 7 Jan., respectively. Total
accumulated chilling was 134 h by 20 Feb.
Plants were dormant and leafless with slightly
swollen buds [Stage 2 (Spiers, 1978)] at the
time of spray applications. Two-plant plots
were used with a minimum of one buffer plant
between plots. A randomized complete-block
design with seven replications per treatment
was used. Three representative canes per plant
(total of 42 canes per treatment) were randomly
selected before treatments were applied and
used for detailed measurements of flower and
fruit development, and vegetative growth. Af-
ter all fruit were harvested (late May), these
canes were harvested to determine leaf areas
per unit of cane length. Analysis of variance
(ANOVA) and regression were used to deter-
mine treatment effects.

1998 Florida experiment. Mature, field-
grown, ‘Misty’ southern highbush and ‘Climax’
rabbiteye blueberry plants were sprayed to run-
off with 0, 7.7, and 15.4 g·L–1 concentrations of
hydrogen cyanamide [hereafter referred to as
0%, 0.75% and 1.5% (v/v) H2CN2 sprays] on 17
Dec. 1997 and 6 Jan. 1998 at a commercial
north Florida blueberry planting. A nonionic
surfactant at 0.25% v/v was included in each
spray. Accumulated chilling hours (hours be-
tween 0 and 7.2 °C) were 130 and 243 on 17
Dec. and 6 Jan., respectively. Total accumu-
lated chilling was 502 h on 20 Feb. Plants were
dormant with slightly swollen flower buds [stage
2, (Spiers, 1978)] at the time of spray applica-
tions. A randomized complete-block design
with seven replications per treatment was used.
Single-plant plots with at least one buffer plant
between plots were used. Four canes per plot
(total of 28 canes per treatment) were selected
before the treatments were applied for detailed
measurements of flower, fruit, and vegetative
bud development. All ripe fruit were harvested
at 3–4 d intervals from entire plants and from
selected representative canes beginning at first
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Commercial blueberry production in south
Georgia and Florida has expanded rapidly
since 1990 with over 2300 ha now planted in
low and moderate winter chilling zones. In
Florida, southern highbush blueberry com-
prise the majority of commercial blueberry
acreage and in south Georgia rabbiteye blue-
berry are the predominant commercial spe-
cies. Chilling requirements for cultivars grown
in this region of the United States vary from
200 to 600 chill units. The most profitable
marketing window for this fruit is from about
1 Apr. to 20 May. In recent years below
average chilling has resulted in poor spring
flowering and foliation which has reduced the
amount of fruit ripening during this market
window (Lyrene and Williamson, 1997;
NeSmith and Bridges, 1992).

Fruit growth and development of blue-
berry are strongly influenced by fruit load, leaf

canopy establishment, and the resulting leaf :
fruit ratios (Maust, et al., 1999). Under the
climatic conditions of the southeastern United
States, leaf buds often emerge after flower
buds resulting in delayed canopy develop-
ment. The condition is greatly aggravated by
marginal winter chilling. If heavy fruit set
occurs before leaf emergence, the emergence
of leaf buds is further suppressed resulting in
very low leaf : fruit ratios. Cultivars vary
greatly in their susceptibility to this problem
and, unfortunately, a number of southern high-
bush and rabbiteye cultivars have this prob-
lem. Under marginal winter chilling condi-
tions, vegetative budbreak can be delayed for
up to several weeks after anthesis resulting in
low leaf : fruit ratios during much of fruit
development. Flower bud thinning by dor-
mant pruning can increase leaf : fruit ratios and
has been partially effective in increasing mean
fruit fresh weight (FW) and shortening fruit
development period (FDP) of southern high-
bush (Maust et al., 1999). However, acceler-
ated spring leafing prior to, or concomitant
with, anthesis may further increase fruit size
and shorten fruit development periods of some
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fruit ripening. Fruit from the selected canes
were harvested separately. The ANOVA and
regression were used to determine treatment
effects.

1991–98 south Georgia experiments. Dur-
ing the course of 8 years, 36 experiments were
conducted in growers fields to determine the
commercial practicality of using H2CN2 as a
leaf enhancing agent for southern highbush
and rabbiteye blueberries. Several different
experimental designs were used with the most
common being a randomized complete block
with three replications of 10 bushes per repli-
cation per treatment. Most applications were
made with an airblast sprayer applying ≈365
L/ha of finished spray. H2CN2 was applied at
rates between 0.5% and 2% (v/v). Surfactant
was used at the rate of 0.25% (v/v) in most
experiments. To obtain vegetative budbreak
data, usually two shoots per bush were mea-
sured and vegetative budbreaks counted to
obtain vegetative budbreaks per cm of shoot
length. In trials where vegetative budbreak
percentages were obtained, the total number
of active and inactive vegetative buds per
shoot was counted. In cases were vegetative
budbreak development was rated, typically
each bush was assessed using the scale devel-
oped by NeSmith et al. (1998).

Results and Discussion

1997 Florida experiment. All H2CN2 sprays
increased the extent and earliness of vegeta-
tive budbreak and canopy establishment of
‘Misty’ southern highbush blueberry. How-
ever, no interactions between spray concen-
tration and date were observed; nor were dif-
ferences observed between the two spray dates
(data not reported). Therefore, only the main
effects of spray concentration are discussed.
The number of vegetative budbreaks per shoot
length increased linearly with increased H2CN2

spray concentration at both measuring dates
(Table 1). Both H2CN2 spray concentrations
resulted in earlier fruit ripening compared to
the controls. For example, by 15 Apr., 41%
and 61% of all fruit on representative canes
were ripe for the 1% and 2% H2CN2 treat-
ments, respectively, compared with only 7%
for the controls. By the end of April, a large
majority of fruit from the H2CN2 treatments
(89% to 97%) had ripened compared to ≈60%
of the fruit from representative canes on con-
trol plants. In general, H2CN2 advanced har-
vest by 10–14 d. Since bloom date was not
affected by H2CN2 treatments (data not shown),
we conclude that FDP was shortened by H2CN2

treatments.
H2CN2 sprays also resulted in greater fruit

fresh weights (Table 1). Mean fruit FW in-
creased linearly as H2CN2 spray concentra-
tions increased. The reduction in FDP and
increase in mean fruit FW of the 1% H2CN2

treatment over the control were probably due
to greater and earlier spring leafing caused by
H2CN2. Maust et al. (1999) showed that shorter
FDP and increased fruit FW were correlated
with greater leaf : fruit ratios during fruit
development of southern highbush blueberry.
Table 1 shows greater leaf area per shoot

Table 2. Effect of H2CN2 spray concentration on vegetative budbreak for representa-
tive canes of ‘Misty’ and ‘Climax’ blueberry following treatment (1998).

Spray Vegetative buds Vegetative buds
concentration growing (% of total) growing/cm shoot length
(% H2CN2) 22 Jan. 6 Feb. 6 Mar. 10 Feb. 27 Feb. 7 Apr.

Misty Climax
0 0 0 2 0 0.03 0.21
0.75 33 40 54 0.11 0.13 0.31
1.5 71 74 71 0.24 0.24 0.30

Significance
L *** *** *** *** *** NS

Q NS NS NS NS NS *
NS, **, ***Nonsignificant, or significant at P ≤ 0.05 or 0.001, respectively.

Table 1. Effect of H2CN2 spray concentration on the number of vegetative budbreaks/cm of shoot length and
cumulative percent of total fruit harvested of representative canes of field-grown ‘Misty’ blueberry (1997).

No. of Mean
Spray vegetative budbreaks/ Leaf area Cumulative percent of total berries berry
concn cm shoot length (cm2) per cm on canes at harvest dates (g) fresh wt
(% of H2CN2) 31 Jan. 14 Feb. shoot length 7 Apr. 15 Apr. 22 Apr. 29 Apr. (g)
0 0 0.01 4.9 0 6.9  27.5  61.7 1.44
1 0.09 0.11 8.9 6.4  41.0  68.0  89.2 1.64
2 0.23 0.24 8.7 10.7  61.4  89.1  97.1 1.86

Significance
L *** *** NS *** *** NS NS ***
Q NS NS * NS NS *** *** NS

NS, *, ***Nonsignificant or significant at P ≤ 0.05 or 0.001, respectively.

length for the H2CN2 treatments compared
with the controls. This is indicative of greater
canopy establishment and suggests that leaf :
fruit ratios were greater for the H2CN2 plants
than for the control plants. Although data for
flower bud mortality was not collected, no
significant flower bud mortality was noted for
the 1% H2CN2 spray. However, considerable
flower mortality was observed at the 2% H2CN2

concentration. Flower bud thinning in the 2%
H2CN2 treatment probably further increased
leaf : fruit ratios and may explain the addi-
tional increase in early fruit ripening and greater
mean fruit fresh weight gained from that treat-
ment. This explanation of larger, earlier-
ripening fruit from the higher H2CN2 spray
concentration is supported by the fact that leaf
areas per cm shoot length were similar for the
two H2CN2 treatments (Table 1).

1998 Florida experiment. Based on 1997
results, H2CN2 concentrations for 1998 were
decreased. All H2CN2 treatments increased the
extent and earliness of vegetative budbreak for
‘Misty’ southern highbush and ‘Climax’
rabbiteye blueberry compared to controls
(Table 2). As in 1997, both spray timings were
similar in their effects on vegetative budbreak
and fruit development. Therefore only the
main effects of spray concentration are dis-
cussed. Vegetative budbreak for both culti-
vars increased as H2CN2 spray concentration
increased. For ‘Misty’, the percentage of veg-
etative buds which grew on representative
canes of control plants remained very low
throughout fruit development (Table 2). How-
ever, H2CN2 treatments resulted in a large and
rapid increase in vegetative budbreak. A simi-
lar response to H2CN2 occurred for ‘Climax’.
By 27 Feb., the number of growing vegetative
buds was 4- to 8-fold greater for the H2CN2

treatments than for the controls (Table 2). Late
during ‘Climax’ fruit development (7 Apr.),

vegetative budbreak was still ≈50% greater for
the H2CN2 treatments than for controls.

Fruit ripening of ‘Misty’ and ‘Climax’ was
advanced by H2CN2 sprays (Tables 3 and 4).
Significantly more ‘Misty’ fruit was harvested
from the H2CN2 treatments than from the con-
trols during the 16–30 Apr. period and less
fruit was harvested from H2CN2 treated plants
during the final harvest period (16–31 May)
(Table 3). The economic impact of this is very
significant since fruit ripening in late April
averaged $21.53/kg (1997–99), while fruit
ripening in late May averaged $11.47/kg
(VanSickle, 2000). The effects of H2CN2 on
earliness of ‘Climax’ fruit harvest were simi-
lar to those of ‘Misty’ but less pronounced.
During the first half of the ‘Climax’ harvest
season, fruit harvest was greater for the 0.75%
H2CN2 treatment than for the control plants
(Table 4). Total berry yield was increased
slightly by the 0.75% rate of H2CN2 and de-
creased by the 1.5% rate for both cultivars
(Tables 3 and 4).

Mean berry FW of ‘Misty’ was increased
by both H2CN2 spray concentrations com-
pared to the controls (Table 3). Although FW
of the 1.5% H2CN2-treated fruit tended to be
greater than the 0.75% H2CN2 fruit during
some harvest periods, these differences were
small and inconsistent. However, a difference
in individual fruit FW of ≈0.3 g, as observed
between the 0.75% H2CN2 treatment and the
control, is noteworthy and of practical and
economic significance.

Greater total fruit yield from the 0.75%
H2CN2 vs. the control is probably in part due to
the increase in average fruit FW resulting from
the H2CN2 treatment. As in the 1997 experi-
ment, the higher concentration of H2CN2 re-
sulted in some flower bud mortality which
probably accounts for the reduction in total
yield for that treatment.
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South Georgia experiments. The south Geor-
gia field trials between 1991 and 1998 included
H2CN2 spray concentrations ranging from 0.5%
to 2.0% (v/v). Generally, H2CN2 increased and
advanced vegetative budbreak for a variety of
rabbiteye and southern highbush blueberry cul-
tivars during most years and at most spray
concentrations (Table 5). Vegetative budbreak,
or vegetative stage rating, was significantly
increased in 27 out of 37 field trials. To avoid
unnecessary duplication, information from a
representative group of 22 of the 37 trials is
included in Table 5. Although poor winter
chilling increases the need for H2CN2, even in
years of average or above average winter chill-
ing, excellent responses were observed on
rabbiteye and southern highbush cultivars with
poor leaf development characteristics (Table 5,
1996 and 1997). Variable results among culti-
vars were most often observed in trials using
0.5% H2CN2. Flower bud mortality was most
commonly observed in trials where some flower
buds were at stage 3 or greater, especially if
H2CN2 was applied at 1% or greater. This
agrees with previous work by Williamson, et al.
(2001). Flower bud mortality was observed, but
not quantified, in 7 of the 37 trials. It was
normally limited to the most advanced terminal
bud which had reached stage 3 at the time of
application. This damage to flower buds may
have been partly responsible for the accelerated
leaf development noted in five of these seven
trials. Cultivars responding well to H2CN2 were
‘Climax’ rabbiteye blueberry and nearly all
southern highbush blueberry cultivars. Fruit
ripening was usually accelerated by H2CN2.
Although yield was not measured, observations
indicated that the first harvest date was ad-
vanced by several days and a greater percentage
of fruit was harvested during the first and sec-
ond harvest dates for H2CN2 treatments than for

Table 4. Effect of H2CN2 spray concentration on time
of fruit harvest and fruit yield (g) of field-grown
‘Climax’ blueberry (1998).

Spray Fruit wt (g) Total
concn from harvest period yield
(% H2CN2) 1 May–1 June 2 June–30 June (g)
0 1982 1379 3361
0.75 2472 1619 4091
1.5 1597 413 2010

Significance
L NS NS NS

Q ** *** ***
NS, **, ***Nonsignificant or significant at P ≤ 0.01 or
0.001, respectively. L = linear, Q = quadratic.

Table 3. Effect of H2CN2 spray concentration on time of harvest, fruit yield and mean fruit fresh weight of field-grown ‘Misty’ southern
highbush blueberry (1998).

Harvest period
Spray 1–15 Apr. 16–30 Apr. 1–15 May 16 May–1 June
concentration Yield Mean berry Yield Mean berry Yield Mean berry Yield Mean berry Total
(% H2CN2 ) (g) wt (g) (g) wt (g) (g) wt (g) (g) wt (g) yield (g)
0 248 1.53 1310 1.63 1733 1.49 1790 1.14 5050
0.75 360 1.88 2710 1.94 1842 1.57 811 1.36 5860
1.5 361 1.92 2050 1.97 748 1.45 215 1.41 3370

Significance
L NS *** * NS NS NS *** *** NS

Q NS NS ** ** *** * NS NS *
NS, *, **, ***Nonsignificant, or significant at P ≤ 0.05, 0.01, or 0.001, respectively. L = linear, Q = quadratic.

Table 5. Effect of season and cultivar on budbreak reaction of blueberry to H2CN2 sprays in south Georgia.

Winter Date Veg. bud- Veg. bud- Veg. bud Flower
chilling of H2CN2 breaks/cm break (%) stagez bud

Year  (h) Cultivar treatment (%) shoot (date) (date)  (date) stagey

1991 607 Tifblue 1/23 0 0.21 bx (4/1) --- --- ---
1/23 1 0.33 b --- --- ---
2/1 2 0.62 a --- --- ---

1992 708 Tifblue 2/18 0 0.34 a (4/15) --- --- ---
0.5 0.40 a --- --- ---

1995 525 Climax 1/31 0 0.36 b (4/15) --- --- ---
0.5 0.48 a --- --- ---

Premier 1/31 0 0.31 a (4/15) --- --- ---
0.5 0.27 a --- --- ---

Tifblue 2/13 0 0.33 a (4/15) --- --- ---
0.5 0.35 a --- --- ---

1996 1009 Bluecrisp 1/5 0 --- 19 b (2/24) 3.4 b ---
1 --- 70 a 4.9 a ---
1.25 --- 65 a 4.5 a ---

Brightwell 1/30 0 --- 67 a (3/23) 5.5 b ---
0.5 --- 69 a 6.0 a ---

Brightwell 1/6 0 --- 0 b (2/24) 0.8 b ---
1 --- 63 a 4.4 a ---

Brightwell 1/5 0 --- 67 a (3/28) 5.5 a ---
1 --- 69 a 6.0 a ---

Climax 1/30 0 --- 47 b (3/23) 4.3 b ---
0.5 --- 60 a 5.1 a ---

Climax 1/5 0 --- 49 b (3/23) 4.4 b ---
1 --- 71 a 5.7 a ---

FL 81-156 1/6 0 --- 20 b (3/3) 3.2 b ---
1 --- 74 a 5.7 a ---

Southern Belle 1/6 0 --- 19 b (2/24) 3.0 b ---
1 --- 72 a 4.9 a ---

1997 779 Bladen 1/19 0 --- --- 1.3 b (3/6) ---
1 --- --- 2.8 a ---

Climax 2/10 0 --- --- 1.6 b (3/13) ---
0.75 --- --- 2.4  a ---

Climax 1/19 0 --- --- 2.8 b (3/6) ---
1 --- --- 4.7 a ---

Southern Belle 1/19 0 --- --- 5.2 b (3/9) ---
1 --- --- 5.7 a ---

Brightwell 1/27 0 --- --- 2.8 b (3/11) ---
0.75 --- --- 5.6 a ---

1998 683 O’Neal 1/14 0 --- 9.8 b 1.0 b (2/19) 4.1 b
0.75 --- 185 a 1.5 a 5.4 a

Bladen 1/14 0 --- 20.6 b 1.1 b (2/19) 2.7 b
0.75 --- 44.6 a 2.8 a 3.9 a

Climax 1/15 0 --- 21.6 b 1.3 b (2/14) 2.9 b
0.75 --- 36.7 a 2.1 a 3.8 a

Tifblue 1/15 0 --- 18.3 b 1.3 b (2/14) 2.3 a
0.75 --- 38.1 a 2.0 a 2.6 a

zNumerical scale for vegetative bud development from NeSmith et al. (1999).
yNumerical scale for flower bud development from Spiers (1978).
xMeans separation within columns, years, and cultivars, P ≤ 0.05.

controls. This effect has economic implications
since prices can drop rapidly in the spring
(VanSickle, 2000). Another potentially benefi-
cial effect on some cultivars is improved bush
architecture in the following year. Since the
number of lateral vegetative buds breaking
often is increased, cultivars with poor lateral

shoot development could have improved crop-
ping potential the following year. The carry-
over effects of H2CN2 on potential yield the
season(s) following application need further
investigation.

Cultivars which responded most erratically
to H2CN2 were ‘Brightwell’ and ‘Tifblue’.
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These cultivars are late season rabbiteyes
with good natural leaf bud development abil-
ity. Although leaf budbreak early in the spring
can be accelerated by H2CN2 on cultivars
such as ‘Brightwell’, later in the spring these
differences can fade (Table 5, 1996). In the
Georgia trials, flower bud development in the
spring was typically advanced 1–2 d by
H2CN2. However, in 1998, H2CN2 advanced
flower bud development by 0.9 bud stages or
≈1 week on ‘Climax’ (Table 5, 1998). Most
growers producing southern highbush blue-
berries have overhead irrigation for freeze
protection so slightly advanced flowering is
normally of limited concern. Variable results
among cultivars were observed for 0.5%
H2CN2 applied during a low chill year (1995).
In this case, vegetative budbreak was in-
creased for ‘Climax’ but not for ‘Tifblue’ or
‘Premier’. In 1998, with 683 h of accumu-
lated pretreatment chilling, all cultivars tested
responded to 0.75% H2CN2 with increased
and advanced vegetative budbreak, and with
advanced floral budbreak for all cultivars
except ‘Tifblue’.

Collectively, these experiments clearly il-
lustrate the efficacy of H2CN2 in promoting
earlier and stronger leafing of some southern
highbush and rabbiteye blueberry cultivars
which, in turn, results in earlier ripening ber-
ries, increased berry fresh weight and, in some
cases, a slight increase in total yield. Increased
vegetative budbreak and earlier ripening have
been shown for both rabbiteye and southern
highbush blueberries under a range of envi-
ronmental and climatic conditions during sev-
eral years. The increase in vegetative budbreak
was rate sensitive and increased as H2CN2

spray concentration increased up to 2% (v/v),
the highest concentration tested. However,
H2CN2 spray concentrations of 1.5% to 2% (v/
v) resulted in significant flower bud injury and
reduced yields. A range of H2CN2 spray con-
centrations which has consistently shown in-
creased leafing and earlier fruit ripening with-
out significant flower bud damage is 0.75% to
1.0% (v/v).

Field applications of H2CN2 during mid-
December to early January (Florida) and early
to late January (Georgia) consistently increased
vegetative budbreak and shortened FDPs.
Within these time frames, differences from
spray application dates were nonsignificant.
However, year to year differences in H2CN2

efficacy suggest that the accumulation of sig-
nificant chilling hours prior to treatment with
H2CN2 is beneficial for its intended effects.
Williamson et al. (2001) reported that applica-
tion of H2CN2 to plants that had received no
chilling, or to plants with more than 30% stage
3 flower buds (Spiers, 1978), resulted in higher
flower bud mortality and, in some cases, less
vegetative budbreak than when H2CN2 was
applied to plants with significant pretreatment
chilling, but before flower bud swell pro-
gressed past stage 2. The potential benefits of
H2CN2 to blueberry in the southeastern United
States include increased spring budbreak and
vegetative growth, shorter FDPs with earlier
harvest periods, increased mean fruit FW, a
slight increase in total yield, and improved of
bush architecture on some cultivars.
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