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A b s t r a c t 

Three hyacinth cultivars were forced under fluorescent 
lamps which emitted white, blue, green, yellow and red light. 
The plants started flowering in the first decade of February. The 
forcing period for two cultivars, ‘Anna Marie’ and ‘Blue Star’, 
was shortest under lamps emitting red light. The cultivar ‘White 
Pearl’ flowered equally early under lamps emitting red, white 
and blue light. The impact of light colour (wavelength) on the 
leaf greenness index (SPAD) was demonstrated. The photosyn-
thetic activity of leaves was dependent on the cultivar. It was 
related both to the net rate of photosynthesis and the photosyn-
thetic efficiency. Specific leaf area (SLA) also depended on the 
cultivar. The level of SLA was related to the rate of photosyn-
thesis and its efficiency. SLA was highest in all cultivars under 
green and yellow colour light. The chlorophyll content in the 
fresh and dry weight of leaves was highest under yellow light 
lamps.

Key words: Hyacinthus orientalis L., forcing in winter, leaves, 
photosynthetic activity

INTRODUCTION

Bulbous plants are very popular in Poland in 
winter time. Their production is run in moderately 
warm greenhouses, plastic tunnels or, more often, in 
closed spaces such as warehouses and cellars under ar-
tificial light. Production under such conditions is possi-
ble as these plants have low light requirements. This is 
due to the fact that bulbs accumulate enough nutrients 
which are indispensable in the process of plant devel-
opment. However, depending on the species, these re-
quirements differ in regard to the photoperiod and light 
intensity [1,2,3,4].

Simultaneously, investigations were conducted 
on the influence of light colour on both the time of 
flowering and the quality of forced plants [5,6,7,8]. 
K r z y m i s k a  [9] stated that forcing alliums de-
pends on the species, cultivar and method of bulb cool-
ing. Wet-cooling of bulbs at a temperature of 9oC – 2oC 
promotes production of a larger number of flowering 
plants with longer inflorescence peduncles and within 
a shorter period of time than after cooling of bulbs by 
means of the standard (dry) method at the same tem-
perature. Alliums forced for cut flowers, cooled for
18 weeks, bloom earlier and their inflorescence pedun-
cles are longer than in alliums flowering after a shorter 
bulb cooling period. The largest percentage of flower-
ing plants is obtained when bulbs are wet-cooled for 
16 and 18 weeks.

Little is known about the possibility of forcing 
hyacinths under artificial light [10,11,12,13]. Based on 
the research conducted by m i g i e l s k a  and J e r z y 
[12], it is apparent that post-harvest longevity of hya-
cinths depends on, among other things, the length of 
the flowering period, which in turn is the longest after 
the application of white and blue light. Red light, on 
the other hand, reduces post-harvest longevity of flow-
ers and diminishes their ornamental value. The stiff-
ness of flower shoots depends on the cultivar, but it 
is still considerably lower than that recommended for 
plants flowering in pots intended for sale. The same 
is also applicable to leaves, whose elongation is the 
highest under lamps emitting red light. In cv. ‘Fon-
dant’, this elongation caused maximal flabbiness of 
inflorescence shoots and leaves. Other experiments by 

m i g i e l s k a  and J e r z y  [13] revealed that hya-
cinths flower earliest under blue and red fluorescent 
light. Plants forced under lamps emitting red light form 
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longer inflorescences and are flabbier. Plants forced 
under lamps emitting blue light are slightly lower than 
others and have shorter leaves. In the described experi-
ment, two daily light dose treatments were applied: 
in the first one, quantum irradiance was 12.5 mol × 
m-2 × s-1 and the photoperiod was 12 h; in the other 
one, quantum irradiance was 25 mol × m-2 × s-1 and 
the photoperiod was 6 h, which in each treatment was 
equal to quantum irradiance of 0.54 mol × m-2. It was 
found that the dosage of light has no effect either on 
the date of flowering or plant quality.

The purpose of the conducted experiment was 
to establish the effect of fluorescent light colour on 
growth and flowering of hyacinths forced in pots. The 
photosynthetic activity of leaves and the chlorophyll 
content in fresh and dry leaf weight were analysed.

MATERIALS AND METHODS

The experiment involved three cultivars of Hya-
cinthus orientalis L.: ‘Anna Marie’, ‘Blue Star’, and 
‘White Pearl’.

The bulb cooling process at a temperature of 
+9oC was commenced on 17 October 2011. Prior to 
cooling, bulbs with a circumference of 19–20 cm were 
planted in 11 cm diameter pots, in a medium which con-
sisted of a mixture of high moor peat and sand (4:1). 
After 12 weeks the pots with bulbs were moved to the 
growth room and on 16 January 2012 plant forcing 
began. The plants were forced under artificial light. 
The sources of light were fluorescent Philips TLD 36 
W lamps: White Colour 33 (370–700 nm), Blue Col-
our 18 (480–580 nm), Green Colour 17 (360–630 nm), 
Yellow Colour 16 (500–650 nm) and Red Colour 15
(600–700 nm). The photosynthetic activity of leaves 
was measured under daylight colour lamps – Daylight 
Colour 54 (370–700 nm). Quantum irradiance was 12.5 
mol × m-2 × s-1 and the photoperiod was 6 h × d-1. Air 

temperature in the growth room was 17±1oC and rela-
tive humidity was between 64–70%. The spectral char-
acteristics of the fluorescent lamps determined using a 
spectroradiometer (USB 4000) are shown in Figure 1.

The experiment comprised 15 combinations 
(light colour x cultivar) of 10 replications, each of 
which consisted of one plant.

The length of the forcing period was calculated. 
The date of appearance of the first flower at the bot-
tom of the inflorescence was the indicator of the begin-
ning of the blooming period. On that day, the height of 
plants, the length of the longest leaf and of the inflo-
rescence, and the diameter of plants were determined 
based on two measurements (at the widest and narrow-
est point of the plant). Afterwards, the means were cal-
culated. The leaf greenness index (SPAD) was meas-

ured using a Yara N-Tester apparatus. In order to do 
so, the leaves from the outer whorl of each plant were 
measured three times and the means were calculated.

The photosynthetic activity of hyacinth leaves 
is unknown. This parameter was examined for plants 
forced under white colour light. The photosynthetic ac-
tivity of leaves was examined using a portable CI-340aa 
apparatus (CID Biosciences Inc, USA) in the initial 
phase of plant flowering. For this purpose, fully devel-
oped leaves with no signs of senescence or mechanical 
damage were selected. In order to avoid the influence 
of the external factors on the rate of photosynthesis, 
the leaves were placed in a measuring compartment. 
The conditions in the measuring compartment were 
as follows: constant concentration of carbon dioxide
(330 mol CO2 × mol-1 of the air), constant rate of pho-
tosynthetic active radiation (1,000 mol × m-2 × s-1), 
and constant temperature (30oC). The following meas-
urements of the parameters were taken: net photosyn-
thetic rate, stomatal conductance, efficiency of photo-
synthesis, and the leaf transpiration index.

The contents of chlorophyll a+b, chlorophyll a 
and b in fresh weight of leaves were determined by 
means of dimethyl sulfoxide extraction (DMSO). Five 
plants were randomly selected from each combination. 
For this purpose, 0.2 g of a fresh leaf was ground and 
then placed in a test-tube into which 5 ml of 95% di-
methyl sulfoxide was added. The test-tubes were nect 
placed in a water bath at a temperature of 60–70oC in 
order to extract chlorophyll from the leaves. The spec-
trophotometric analysis of the extracts was conducted 
under three wavelengths: 645, 652 and 663 nm. The 
contents of chlorophyll a+b, chlorophyll a and b in 
leaf fresh weight were calculated using Arnon’s equa-
tion [14].

In order to determine the chlorophyll content 
in leaf dry weight, sample leaves were dried to con-
stant weight at 105oC to provide the percentage of leaf 
dry matter. Then, the chlorophyll content was calcu-
lated according to the following formula: [1/(% dry 
weight/100)]·chlorophyll content in fresh weight of 
leaves.

Specific leaf area (SLA) was determined as the 
ratio of leaf blade surface area and leaf dry matter [15]. 
The leaf surface area was measured using the CI-202 
apparatus (CID Bio-sciences Inc, USA) and labora-
tory scales. Five plants were randomly selected from 
each combination. The results were put into the fol-
lowing formula: {[(fresh matter·dry matter)/100]/leaf 
surface}·1,000.

The results were analysed statistically using 
the analysis of variance (ANOVA) separately for each 
cultivar, where the significance of differences was as-
sessed with Duncan’s test at  = 0.05.
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Green Colour 17
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Fig. 1. Spectral characteristics of the fluorescent lamps Philips TLD 36 W.

RESULTS

The plants started flowering in the first decade 
of February (Table 1). The forcing period of two hya-
cinth cultivars, i.e. ‘Anna Marie’ and ‘Blue Star’, was 
shortest under red light lamps. The cultivar ’White 
Pearl’ bloomed as early under white and blue light 

lamps as it did under red light lamps. The influence 
of light colour on plant height in cv. ‘Anna Marie’ and 
‘Blue Star’ was insignificant. However, cv. ‘White 
Pearl’ did form the longest inflorescences under green 
and yellow light lamps, but the recorded results did 
not differ significantly from the height obtained under 
white and blue colour lamps. 



Ma gorzata migielska, Marek Jerzy, Agnieszka Krzymi ska78

© The Author(s) 2014      Published by Polish Botanical Society

Table 1
Effect of fluorescent light colour on growth and flowering of three hyacinth cultivars

Features of plants ready for harvest
Light colour

White Blue Green Yellow Red

‘Anna Marie’

Forcing period (days) 25.7 b1 25.7 b 26.0 b 25.6 b 23.7 a

Plant height (cm) 23.2 a 23.2 a 24.7 a 22.9 a 23.9 a

Inflorescence length (cm) 8.7 a 8.7 a 8.6 a 8.9 a 8.9 a

Length of the longest leaf (cm) 24.3 a 26.4 ab 27.9 b 28.4 b 27.9 b

Plant circumference (cm) 8.9 a 8.5 a 9.4 a 9.4 a 8.7 a

SPAD2 56.7 b 51.1 a 53.2 ab 57.9 b 55.6 b

SLA3 58.1 a 65.8 ab 78.2 b 79.7 b 58.0 a

‘Blue Star’

Forcing period (days) 28.9 b 28.9 b 27.7 b 28.9 b 25.9 a

Plant height (cm) 20.5 a 21.1 a 21.5 a 20.8 a 20.4 a

Inflorescence length (cm) 9.5 a 9.3 a 9.1 a 9.1 a 9.4 a

Length of the longest leaf (cm) 18.1 a 18.4 a 18.4 a 17.6 a 18.7 a

Plant circumference (cm) 5.9 a 6.3 a 5.6 a 6.4 a 6.1 a

SPAD 59.5 b 55.0 a 57.9 ab 58.5 b 55.5 a

SLA 19.0 a 20.7 a 23.6 b 22.2 b 20.9 a

‘White Pearl’

Forcing period (days) 27.4 a 27.0 a 29.9 b 29.4 b 26.0 a

Plant height (cm) 18.3 ab 18.6 ab 21.5 b 20.1 b 18.0 a

Inflorescence length (cm) 9.8 a 10.2 a 9.7 a 10.0 a 11.1 b

Length of the longest leaf (cm) 13.9 a 14.8 a 17.4 b 18.2 b 18.3 b

Plant circumference (cm) 7.3 a 7.5 a 7.8 a 7.5 a 8.0 a

SPAD 54.5 c 46.3 a 51.3 b 55.5 c 52.4 b

SLA 12.9 a 14.4 a 16.9 b 16.6 b 13.9 a
1Means followed by the same letters do not differ significantly at =0.05
2SPAD – Leaf greenness index
3SLA – Specific leaf area

Light colour was found to have no effect on in-
florescence length produced by cv. ‘Anna Marie’ and 
‘Blue Star’. In contrast, cv. ‘White Pearl’ formed the 
longest inflorescences under red light lamps. 

The length of the longest leaf in cv. ‘Blue Star’ 
was not dependent on light colour. On the other hand, 
the influence of light colour was observed in cv. ‘Anna 
Marie’ and ‘Blue Star’ which formed shorter leaves un-
der white and blue light lamps than under green, yellow 
and red light lamps.

Light colour had no effect on plant diameter in 
any of the three studied cultivars of Hyacinthus orien-
talis. However, the effect of fluorescent light colour on 
the leaf greenness index (SPAD) was observed. Under 
white and yellow light lamps, the index was the highest. 
It was also of the highest value under red light lamps in 
cv. ‘Anna Marie. The recorded values did not differ sig-
nificantly from those obtained under green light lamps 
in cv. ‘Anna Marie’ and ‘Blue Star’.

Specific leaf area (SLA) was highly dependent 
on the cultivar. The highest value of SLA was observed 
in cv. ‘Anna Marie’, while it was lowest in cv. ‘White 
Pearl’; the average index value was observed in cv. 
‘Blue Star’. SLA values were highly dependent on fluo-
rescent light colour and were highest in all the cultivars 
under green and yellow light. The SLA values recorded 
in cv. ‘Anna Marie’ did not differ significantly from 
those obtained under blue light lamps.

A comprehensive comparison of the mean val-
ues calculated for light colour of the three studied cul-
tivars of Hyacinthus orientalis leads to the conclusion 
that fluorescent light colour has a significant effect on 
growth and flowering of these cultivars forced in pots 
(Table 2). Nonetheless, light colour was not shown 
to have an effect on plant diameter and inflorescence 
length.
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Table 2
Mean values of features calculated for light colour in three studied hyacinth cultivars

Plant features
Light colour

White Blue Green Yellow Red

Forcing period (days) 27.3 b1 27.2 b 27.9 b 28.0 b 25.2 a

Plant height (cm) 20.7 a 21.0 a 22.6 b 21.3 a 20.8 a

Inflorescence length (cm) 9.3 a 9.4 a 9.1 a 9.3 a 9.8 a

Length of the longest leaf (cm) 18.8 a 19.9 a 21.4 b 21.4 b 21.6 b

Plant circumference (cm) 7.4 a 7.4 a 7.6 a 7.8 a 7.6 a

SPAD2 56.9 c 50.8 a 54.1 b 57.3 c 54.5 b
1Means followed by the same letters do not differ significantly at =0.05
2SPAD – Leaf greenness index

The photosynthetic activity of leaves was de-
pendent on the cultivar (Table 3). It concerns both the 
net photosynthetic rate and its efficiency as well as sto-
matal conductance. The efficiency of photosynthesis, 
resulting from its intensity and stomatal conductance, 
was the highest in cv. ‘Anna Marie’ and the lowest in 
cv. ‘White Pearl’. In cv. ‘Blue Star’, the efficiency of 
photosynthesis was moderate.

Leaf transpiration did not depend significantly on 
the cultivar. The differences observed in the different 
cultivars were insignificant and may be disregarded.

Chlorophyll content in leaf fresh matter in hya-
cinths forced in pots under artificial light was dependent 
on light colour and the cultivar (Table 4). Under fluores-
cent yellow light, the contents of chlorophyll a, b as well 
as of a+b were the highest in all the selected cultivars.

Table 3
Leaf photosynthetic activity of three hyacinth cultivars forced in pots under fluorescent lamps emitting daylight colour

Parameters of leaf photosynthetic activity 
Cultivar

Anna Marie Blue Star White Pearl

Net photosynthetic rate ( mol CO2 m-2 × s-1) 5.16 c1 4.15 b 3.17 a

Stomatal conductance (mmol × m-2·s-1) 10.74 c 10.11 b 9.84 a

Photosynthesis efficiency ( mol CO2 m-2 × s-1/ mmol × m-2 × s-1) 0.52 c 0.41 b 0.32 a

Transpiration rate (mmol H2O m-2 × s-1) 0.20 a 0.19 a 0.18 a
1Means followed by the same letters do not differ significantly at =0.05

Table 4
Effect of fluorescent light colour on chlorophyll content in leaf fresh weight of three hyacinth cultivars

Chlorophyll content in leaf 
fresh weight 
(mg × g-1)

Light colour

White Blue Green Yellow Red

‘Anna Marie’

Chlorophyll a 0.26 a1 0.30 b 0.31 b 0.38 c 0.24 a

Chlorophyll b 0.07 a 0.09 b 0.09 b 0.12 c 0.06 a

Chlorophyll a+b 0.31 a 0.40 b 0.39 b 0.49 c 0.29 a

‘Blue Star’

Chlorophyll a 0.49 b 0.44 ab 0.38 a 0.58 c 0.51 b

Chlorophyll b 0.19 b 0.15 b 0.12 a 0.22 c 0.18 b

Chlorophyll a+b 0.70 b 0.58 ab 0.49 a 0.80 c 0.72 b

‘White Pearl’

Chlorophyll a 0.44 b 0.41 b 0.35 a 0.47 c 0.43 b

Chlorophyll b 0.15 b 0.14 b 0.11 a 0.17 c 0.15 b

Chlorophyll a+b 0.58 b 0.54 b 0.45 a 0.64 c 0.57 b
1Means followed by the same letters do not differ significantly at =0.05
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The cultivar ‘Anna Marie’ had the lowest chlo-
rophyll content in leaf fresh matter under white and red 
fluorescent lamps, whereas cv. ‘Blue Star’ and ‘White 
Pearl’ had the lowest chlorophyll content in leaf fresh 
matter when forced under green fluorescent light. 
When comparing the cultivars, it was observed that, ir-
respective of light colour, the highest chlorophyll con-

tent in leaf fresh weight was found in cv. ‘Blue Star’, 
whereas ‘Anna Marie’ was characterised by a signifi-
cantly lower chlorophyll content.

When forcing hyacinths in pots under artificial 
light, chlorophyll content in leaf dry matter, similarly 
to chlorophyll content in leaf fresh matter, was de-
pendent on light colour and the cultivar (Table 5). 

Table 5
Effect of fluorescent light colour on chlorophyll content in leaf dry weight of three hyacinth cultivars

Chlorophyll content
in leaf dry weight

Light colour

White Blue Green Yellow Red

‘Anna Marie’

Dry weight (%) 6.75 a1 6.27 a 6.30 a 6.24 a 6.53 a

Chlorophyll a (mg × g-1) 3.80 a 5.75 c 5.01 b 6.06 c 3.65 a

Chlorophyll b (mg × g-1) 1.00 a 1.73 c 1.45 b 1.97 c 0.94 a

Chlorophyll a+b (mg × g-1) 4.59 a 7.28 c 6.25 b 7.90 c 4.40 a

‘Blue Star’

Dry weight (%) 6.16 b 5.95 ab 5.74 a 6.01 ab 5.71 a

Chlorophyll a (mg × g-1) 8.17 b 7.38 ab 6.70 a 9.16 c 8.97 c

Chlorophyll b (mg × g-1) 3.13 b 2.50 a 2.14 a 3.90 c 3.54 b

Chlorophyll a+b (mg × g-1) 11.31 b 9.71 a 9.62 a 13.38 c 12.58 b

‘White Pearl’

Dry weight (%) 6.56 b 6.11 ab 5.94 a 6.21 ab 5.74 a

Chlorophyll a (mg × g-1) 6.69 b 6.79 b 5.92 a 7.61 c 7.52 c

Chlorophyll b (mg × g-1) 2.32 b 2.21 b 1.86 a 2.76 c 2.58 b

Chlorophyll a+b (mg × g-1) 8.90 b 8.81 b 7.55 a 10.33 c 9.94 c
1Means followed by the same letters do not differ significantly at =0.05

Under fluorescent yellow light, the contents of 
chlorophyll a, b and a+b were the highest in all the three 
cultivars selected for the study. In cv. ‘Anna Marie’, the 
chlorophyll content was also high under blue light. In 
‘Blue Star’ and ‘White Pearl’, a high chlorophyll content 
was found in leaf dry weight collected from plants forced 
under red fluorescent light. In cv. ‘White Pearl’, a high 
chlorophyll a+b content was found in leaf dry matter of 
plants forced under red light lamps. The lowest chloro-
phyll content was observed in leaf dry weight collected 
from cv. ‘Anna Marie’ plants forced under white and red 
lamps, while in ‘Blue Star’ and ‘White Pearl’ it was from 
plants forced under green colour lamps. In cv. ‘Anna 
Marie’, light colour had no effect on leaf dry matter. In 
‘Blue Star’ and ‘White Pearl’, this parameter had the 
highest value after treatment with white colour lamps; 
however, it did not differ significantly from the leaf 
dry matter of plants forced under blue and yellow light.

DISCUSSION

Light requirements for photosynthesis in bul-
bous plants are small mainly due to the fact that most 

of the essential nutrients are accumulated in the bulb. 
Only small amounts of light are necessary for obtain-
ing the proper appearance of plants through photomor-
phogenesis [10,16].

J e r z y  [17] proved that in the standard meth-
od of tulip forcing a very low light intensity of 250 lx
(3 mol × m-2 × s-1) and day length of 6 h × d-1 are suf-
ficient for 12 tested cultivars. A 1,000 lx (12.5 mol 
× m-2 × s-1) light intensity was more favourable only 
for 5oC forcing. In the conducted experiment, red light 
colour resulted in the shortening of the forcing period. 
Suh [3] concluded that light colour or even complete 
darkness have no effect on the flowering date in ‘Apel-
doorn’ tulips. The length of the first internode in tulips 
under blue light was greater when compared with the 
control or with plants forced under orange light. Red 
light, on the other hand, stimulated elongation of the 
last internode. All light colours had a favourable effect 
on total shoot length when compared with the control.

In the present experiment, it was impossible to 
observe shoot elongation in hyacinth due to its specif-
ic structure. However, plant height, the inflorescence 
length and the length of the longest leaf were determined.
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Plant response was dependent on the cultivar. Light col-
our did not influence the growth of cv. ‘Blue Star’. The 
elongation effect of green, yellow and red light on the 
length of the longest leaf was observed in cv. ‘Anna Ma-
rie’ and ‘White Pearl’. Also yellow and green light had 
a favourable effect on plant height in cv. ‘White Pearl’. 
In contrast, red light had a favourable effect on inflores-
cence elongation in this cultivar. 

Red light accelerates flowering of narcissi, 
while blue light retards it. Blue light improves stiff-
ness of the stem and leaves. Moreover, blue light has 
a favourable effect on the colouring of flowers and 
leaves. In contrast, red light lengthens stems and flow-
ers. It also reduces stiffness of stems and leaves. White 
light gives moderate results. Plants exposed to red 
light are higher than others, are of greater weight and 
have longer leaves. Plants forced under blue light are 
shorter, are of lower weight and have shorter leaves 
[7,18,8]. B o r o w i a k  and K o r s z u n  [19,20] dem-
onstrated differences in levels of photosynthetic activ-
ity parameters between selected grapevine cultivars. 
Net photosynthetic rate was related to photosynthesis 
efficiency and stomatal conductance. Similar inter-
dependencies were observed in hyacinths. B o r o -
w i a k  and K o r s z u n  [19,20] also found that pho-
tosynthetic activity and leaf size were not interrelated. 
Specific leaf area was also dependent on the cultivar. 
In hyacinths, the value of SLA was dependent on the 
cultivar and was highest in the treatment with green 
and yellow light. The highest values of SPAD and 
chlorophyll content in leaf fresh and dry matter were 
also related to yellow colour light. The treatment with 
yellow light colour resulted in the highest values of 
SPAD and the highest chlorophyll content in all the 
selected cultivars. 
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Wzrost i kwitnienie hiacyntów p dzonych
w doniczkach przy wietle fluorescencyjnym

o ró nej barwie

S t r e s z c z e n i e

Trzy odmiany hiacynta p dzono pod lampami 
fluorescencyjnymi emituj cymi wiat o bia e, niebie-
skie, zielone, ó te i czerwone. Ro liny rozpocz y 
kwitnienie w pierwszej dekadzie lutego. Okres p dze-
nia dwóch odmian ‘ Anna Marie’ i ‘Blue Star’ by  naj-
krótszy pod lampami o wietle czerwonym. Odmiana 
‘White Pearl’ kwit a równie wcze nie pod lampami

o wietle czerwonym, bia ym i niebieskim. Wykazano 
wp yw barwy wiat a fluorescencyjnego na indeks za-
zielenienia li ci (SPAD). Aktywno  fotosyntetyczna 
li ci zale a a od odmiany. I by a powi zana z intensyw-
no ci  fotosyntezy netto jak równie  jej wydajno ci . 
Specyficzna powierzchnia li ci (SLA) by a ci le uza-
le niona od odmiany. Wska nik SLA by  powi zany
z poziomem intensywno ci fotosyntezy i jej wydajno-
ci. Specyficzna powierzchnia li ci by a u wszystkich 

odmian najwi ksza pod lampami o wietle zielonym
i ó tym. Zawarto  chlorofilu w wie ej i suchej masie 
li ci by a najwy sza pod lampami emitujacymi wiat o 
o ó tej barwie.
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