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Abstract

Amaryllis plants (Hippeastrum hybrid, in the family Amaryllidaceae) are
cultivated in Brazil mainly for bulb export. Studies about the nutrient ac-
cumulation dynamics by the species are yet incipient when considering Bra-
zilian cultivation conditions. The objective was to determine the nutrient
accumulation in amaryllis “Orange Souvereign” cultivated in the field. The
experimental design was entirely randomized with four replications and 14
collection periods (at 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360,
390, and 420 days after planting). Sampled plants were divided into leaves,
bulb, and roots, which were used for determination of nutrient accumula-
tion by leaves (aerial part) and bulb + roots (underground part). Nutrient
accumulation of N, P, K, Ca, Mg, S, B, Cu, Fe, Mn, and Zn was calculated
for each collection period, and then represented by curves of macro and mi-
cronutrient accumulation, as well as accumulation percentages for each
plant part. For most macro and micronutrients, the interval of maximum
accumulation fell from 301 to 420 days after planting, matching with the
cycle final stage of plants cultivated in the field. Accumulated macronu-
trients by amaryllis plants along the cultivation cycle was, in g-plant™: 1.57
N; 0.19 P; 2.58 K; 0.64 Ca; 0.20 Mg; and 0.29 S, following the descending
order: K > N > Ca > § > Mg > P. Accumulated micronutrients, in
mg-plant‘l, was: 2.18 B; 1.17 Cu; 22.33 Fe; 2.19 Mn; and 4.09 Zn, following
the descending order: Fe > Zn > Mn > B > Cu.
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1. Introduction

Ornamental bulbous plants are herbaceous species that are morphologically
characterized by regeneration structures located in underground storage organs,
such as rhizomes, tubers, and bulbs [1]. This plant group is composed of more
than 800 geni [2]; one of them, Hippeastrum, is commonly known as amaryllis,
lily, or empress flower [3]. Hippeastrum genus, belonging to the family Amaryl-
lidaceae, comprises 70 to 90 species and more than 600 cultivars and hybrids; its
origin center is Eastern Brazil [4] that holds 40 native species [5].

Amaryllis inflorescences are terminal, with big flowers, and colors varying
with species, hybrid, and variety, but ranging from dark red to white, green,
orange, and corresponding mixtures [2] [4] [5]. Amaryllis plants are produced
commercially as cut flowers, pot plants, or propagation material (bulb), besides
being also used for gardening and landscaping [1]. In Brazil, amaryllis is mar-
keted on a small-scale directly to the retail consumer as cut flowers, pot plants,
and single bulbs; on the other hand, it is very much exported as bulbs [6], so
most of bulb production is destined to Netherlands [4] [7]. In general, 60% of
the whole production is directed to the international market, while 40% is con-
sumed in the country as pot plants and cut flowers [6].

Several climatic and plant conditions are necessary to achieve amaryllis satis-
factory growth and development. Therefore, physical and nutrition characteris-
tics of the growing medium are fundamental for an economically feasible culti-
vation [8]. One way to monitor the need of a certain nutrient along plant cycle is
the nutrient accumulation curve.

Studies on nutrient accumulation in plant parts are important to quantify nu-
tritional requirements and indicate more appropriate periods for fertilization.
The curve of nutrient accumulation usually denotes fertilization according to the
physiological stage of maximum absorption, so plants receive the total amount
of required nutrients towards maximum production [8]. This results in lower
fertilizer losses and toxicity risks [9], with no damage to the environment or the
crop.

Mineral nutrients, when considering the essentiality criteria, are equally im-
portant for crop production. However, there is a classification based on the rate
of nutrient requirement that accumulates in plant dry matter and can be either
macronutrients (N, P, K, Ca, Mg, and S) or micronutrients (B, Cu, Fe, Mn and
Zn) [10].

In Brazil, research on mineral nutrition for floriculture and ornamental plants
are recent and highlight only few species. Therefore, our objective was to deter-
mine the nutrient accumulation (macro and micronutrients) in amaryllis (Hip-
peastrum hybrid “Orange Souvereign”) along its cultivation cycle under field

conditions.

2. Material and Methods

The experiment was conducted under field conditions at a commercial area of
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bulb production for exportation, located in Santo Antonio de Posse, Sao Paulo
State, Brazil (22°4224"S, 47°59'50"W). The climate in the region, according to
the Koppen classification, is of Cwa type—subtropical with hot summers.

Planting was performed in a soil with the following characteristics at 0.0 - 20.0
cm depth: pH 6.0 (water); O.M. = 3.6 dagkg™; P = 71 mg-dm™; K = 0.46
cmol.-dm™; Ca = 4.5 cmol-dm™; Mg = 1.4 cmol.-dm™; CEC = 9.0 cmol.-dm™;
V% =71; S = 6.0 mg-dm™; Na = 4.0 mg-dm™; B = 0.2 mg-dm™>; Fe = 80 mg-dm>;
Mn = 5.8 mg-dm™; Cu = 2.5 mg-dm™; and Zn = 19 mg-dm™. Due to N move-
ment along soil profile, there is no correlation, considering Brazilian conditions,
between inorganic N content and crop yield; therefore, such element is not con-
sidered for basic soil analysis.

Spacing among rows was of 0.10 m, reaching the density of 40 seedlings-m™.
Each plant bed was 1.25 m width and 0.20 m height. Seedlings were prepared
following the twin-scale propagation method and planted with 5.0 to 10.0 cm
height (from the upper bulb part up to the leaf end). The variety used was
“Orange Souvereign” that produces red-orange flowers, which plant cycle is
from February (planting) to next year’s May (harvest). Amaryllis plants were
cultivated for bulb commercialization, not for cut flowers. Therefore, plants were
harvested before flowering.

The experimental design was entirely randomized with 14 harvest periods (30,
60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360, 390, and 420 days after plant-
ing of twin scales) and four replications. For each harvest, 10 plants per replica-
tion were randomly sampled from a 2-hectare area.

The applied agricultural practices related to pest, disease and weed control
were those commonly administered. Therefore, all those cultivation operations
necessary for crop development were implemented, including soil coverage with
sugarcane bagasse with the aim to maintain soil temperature and moisture. Irri-
gation was performed by the sprinkler method, so the provided water amount
varied with plant growth speed and soil water content; however, the soil surface
layer was always moist.

Considering the results of soil analysis, liming was performed one month be-
fore planting with the aim to rise the base saturation to 75%. Fertilization was
done at planting and as top-dressing (solid fertilization, fertigation, and foliar
fertilization). The applied total amount of each nutrient along the entire amaryl-
lis production cycle, in kg-ha™, was: 1247.1 N; 139.0 P; 1757.7 K; 1391.3 Ca;
437.2 Mg; 613.1 S; 5.1 B; 19.2 Cu; 0.1 Fe; 26.7 Mn; 24.7 Zn; 87.3 Si; and 0.1 Mo.

After each harvest period, plants were divided into leaves (aerial part) and
bulb + roots (underground part), washed, and dried in a forced ventilation hea-
ter at 65°C for 48 hours. Dry matter of leaves and bulb + roots were weighted on
a digital scale of 0.01 g accuracy. For evaluation of plant nutritional status,
chemical analysis of each plant part (leaves, bulbs, and roots) were performed
for determination of macronutrients (N, P, K, Ca, Mg, and S) and micronu-

trients (B, Cu, Fe, Mn, and Zn) [11]. Macronutrients and micronutrients accu-
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mulation (in g-plant™ and mg-plant™, respectively) was then calculated from da-
ta of plant dry matter and nutrient concentration.
Linear correlation between total plant dry matter and accumulated macro and
micronutrients was calculated according to Pearson method.
Regression curves of nutrient accumulation (macro and micronutrients) ac-
cording to days after planting were adjusted with the help of Origin 2016°
Al- A2

software [12] for sigmoidal Boltzmann equation (Y =A2+m R

where:

Y = amount of accumulated nutrients, in g-plant™ for macronutrients and
mg-plant™ for micronutrients, which was obtained according to the harvest pe-
riods;

X = upper limit of the sampling period, in days;

Al = minimum nutrient accumulation, in g-plant™ for macronutrients and
mg-plant™ for micronutrients;

A2 = maximum nutrient accumulation, in g-plant™ for macronutrients and
mg-plant™ for micronutrients;

Al - A2 = loss of the accumulated nutrient amount, in g-plant™ for macronu-
trients and mg-plant™ for micronutrients;

x0 = upper limit of the sampling period that corresponds to the intermediate
value between maximum and minimum amount of accumulated nutrients;

dx = parameter indicating speed of gain or loss of nutrient accumulation

(tangent at x0 value).

3. Results and Discussion

Results are presented separately for leaves and bulb + roots because bulbs are
marketed with roots, while leaves remain at the cultivation area, replacing part
of the nutrients in the soil.

At 420 DAP (days after planting), greater amount of dry matter was located in
the bulb + roots (52.3%), while leaves retained the remaining (47.6%) (Table 1).
Gladiolus plants (Gladiolus grandiflorus), which are also bulbous species, had, at
the end of plant cycle after flowering, the following dry matter distribution:
44.9% in the aerial part (leaves + flower stem) and 55.1% in the corm + cormels
(disregarding the root dry matter) [13].

Average dry matter distribution was: 10.2% up to 210 DAP, that is, period re-
ferring to half of the cultivation cycle; 50.0% up to 330 DAP; and 86.2% up to
390 DAP (Table 1), showing that 50.0% of plant dry matter is accumulated after
330 DAP, combined with most of macro and micronutrients. Virtually, there
was no dry matter accumulation by plants from 120 to 150 DAP.

There were high positive correlations between total plant dry matter and accu-
mulated amount of all macro and micronutrients in amaryllis: r = 0.9929 for N; r
= 0.9942 for P; r = 0.9965 for K; r = 0.9929 for Ca; r = 0.9767 for Mg; r = 0.9981 for
S; r = 0.9761 for B; r = 0.9976 for Cu; r = 0.9853 for Fe; r = 0.9916 for Mn;
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Table 1. Bulb diameter, dry matter of leaves and bulb + roots, and total plant dry matter
(TPDM) of Hippeastrum hybrid “Orange Souvereign” cultivated under field conditions
according to days after planting (DAP).

Days after Bulb Dry matter of
planting diameter Total plant dry mass ~ Dry matter of leaves bulb + roots
% regardin % regardin % regardin
o 8 AP 8 i TPDM

30 1.19 0.50 0.6 0.00 0.0 0.50 100.0
60 1.38 0.56 0.7 0.11 19.6 0.45 80.4
90 1.86 2.16 2.5 0.43 199 1.73 80.1
120 2.31 2.16 2.5 0.89 41.2 1.27 58.8
150 2.96 4.65 54 1.86 40.0 2.79 60.0
180 3.15 6.14 7.2 2.80 45.6 3.34 54.4
210 3.39 8.76 10.2 4.28 48.9 4.48 51.1
240 4.24 16.01 18.7 8.88 55.5 7.13 44.5
270 4.86 21.49 25.1 12.57 58.5 8.92 41.5
300 5.73 31.06 36.3 18.54 59.7 12.52 40.3
330 7.06 42.76 50.0 24.49 57.3 18.27 42.7
360 8.24 67.14 78.5 31.98 47.6 35.16 52.4
390 8.90 73.78 86.2 31.74 43.0 42.04 57.0
420 9.11 85.57 100.0 40.72 47.6 44.75 52.3

and r = 0.9989 for Zn. This demonstrates that all nutrients are required along
plant cycle with an increasing demand according to plant development.

Bulb mean diameter at the end of cultivation was 9.1 cm, which is bigger than
what was found by [14] for Hippeastrum vittatum cultivated in different sub-
strates with varied NPK doses; greater bulb diameter (7.99 cm) was obtained
with the highest NPK dose, which was 5 g-plant™ of NPK 19-19-19 applied
monthly via fertigation in a substrate mixture of sand and leaf compost. Other
authors found values of bulb diameter close to 9 cm when studying different
media substrates on twin scale cutting propagation [15] and close to 8 cm when
studying the response in bulb growth of Hippeastrum bulbs of two initial sizes to
N and K concentration and gaseous CO, enrichment [16].

After evaluation of plant dry matter and nutrient concentration, amount of
accumulated macro (N, P, K, Ca, Mg, and S) and micronutrients (B, Cu, Fe, Mn,
and Zn) was calculated along its 420-day amaryllis cultivation cycle (Figure 1
and Figure 2).

Results of regression analysis for data of nutrient accumulation in amaryllis
“Orange Souvereign” according to its cultivation cycle are shown in Table 2.
Values of x0 represent the moment that plants most require nutrients, reducing
such demand after it; these values show then a change on absorption metabolism
and nutrient accumulation. Along the 420-day amaryllis cultivation cycle, some
x0 values are high for N, P, and B (Table 2). Such behavior is observed for these
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Figure 1. Amount of accumulated macronutrients in Hippeastrum hybrid “Orange Sou-
vereign” along a 420-day cultivation cycle.
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Figure 2. Amount of accumulated micronutrients in Hippeastrum hybrid “Orange Sou-
vereign” along a 420-day cultivation cycle.

nutrients because the species was cultivated for bulb commercialization, thus, it
has its development cycle interrupted. If the cycle is continued, N and P would
be less needed only after 439 days of planting; also, there would be a reduction in
B demand around 1200 days after planting. The other nutrients had a decreasing
requirement up to 370 days of planting, period within the 420-day amaryllis cul-

tivation cycle for bulb commercialization.
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Table 2. Values resulted from the sigmoidal Boltzmann equation adjusted for macro and
micronutrient accumulation curves along the cultivation cycle of Hippeastrum hybrid
“Orange Souvereign”, and the adjustment determination coefficient.

Values from the sigmoidal Boltzmann equation

Nutrient
Al A2 x0 dx 7
N —0.04469 3.48566 439.78496 93.29650 0.99389
P -0.01066 0.42221 439.41001 102.51306 0.98493
K -0.01334 3.42691 354.47586 63.90702 0.99429
Ca -0.00319 0.76275 323.92933 58.47698 0.99701
Mg 0.00375 0.21669 291.30331 49.05847 0.99667
S 0.00136 0.37501 347.27905 57.64440 0.98798
B -0.11937 1066.23180 1196.29819 125.55619 0.97741
Cu 0.02641 1.38636 336.54024 50.49210 0.98819
Fe -0.16752 24.70437 315.59721 55.74993 0.99013
Mn 0.04567 2.83715 357.48608 49.23191 0.99234
Zn 0.00956 5.93737 369.03956 63.23130 0.99664

Higher potassium accumulation in corms + cormels (0.85 g-plant™) and leaves
(0.31 g-plant™") were observed with chemical and organic (urban waste compost)
fertilization on gladiolus nutrition [13]. According to Table 3, amaryllis bulbs
and leaves absorb and accumulate more macronutrients than gladiolus plants;
however, potassium was also the most accumulated macronutrient, both in bulb
+ roots and leaves. Therefore, for both species (amaryllis and gladiolus), potas-
sium is the most absorbed and accumulated nutrient in all studied plant parts
(leaves and bulbs).

Potassium is an enzymatic activating element; it does not belong to the pros-
thetic group, but it is necessary for enzymatic activity, so more than 50 enzymes
are stimulated by this element [10]. Potassium also participates in nutrient
translocation and composts for plant drains, such as reserve organs. In compar-
ison with other macronutrients, there is higher potassium accumulation in
bulbous species because their bulbs are reserve structures.

Regarding micronutrients, Fe was the most accumulated in leaves, bulb +
roots, and in the whole plant (Table 3). This nutrient constitutes enzymes and is
part of the prosthetic group, so it is necessary for enzymatic activity [10]. Main
roles of micronutrients, with the exception of B and Cl, are to compose pros-
thetic groups of metal-proteins and act as activators of enzymatic functions [17].

The accumulation of B, Cu, Fe, Mn, and Zn in gladioli was determined ac-
cording to plant age and parts, and Fe was the most accumulated micronutrient
[18]. The authors also state that for all studied nutrients, regardless plant age and
part, highest accumulation occurred at the end of the development cycle, as we

also verified for amaryllis plants.
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Table 3. Amount and percentage of macro and micronutrients accumulated in Hippeas-
trum hybrid “Orange Souvereign” (total plant, leaves, and bulb + roots) at the end of its
cultivation cycle.

Amount and percentage of nutrients

Total plant Leaves Bulb + roots
Macronutrient g-plant™ g-plant™ % g-plant™ %
N 1.57 0.74 47.3 0.83 52.7
P 0.19 0.09 46.7 0.10 53.3
K 2.58 1.62 62.8 0.96 37.2
Ca 0.64 0.32 49.4 0.32 50.6
Mg 0.20 0.09 48.3 0.11 51.7
S 0.29 0.10 34.7 0.19 65.3
Micronutrient mg-plant™! mg-plant™! % mg-plant™! %
B 2.18 1.13 51.6 1.06 48.4
Cu 1.17 0.60 51.8 0.56 48.2
Fe 22.33 18.72 83.8 3.61 16.2
Mn 2.19 1.21 55.1 0.98 44.9
Zn 6.26 2.16 34.6 4.09 65.4

Amaryllis has a low nutrient requirement at initial stages, therefore, high nu-
trient levels should be avoided mainly at planting time [4]. In fact, amount of
accumulated nutrients, with the exception of Mg, was higher at the end of the
cultivation cycle, from 301 to 420 DAP (Table 4). In general, macronutrient ac-
cumulation presented a mean of 6.4% up to 150 DAP, 35.8% from 151 to 300
DAP, and 57.7% from 301 to 420 DAP; for micronutrients, there was an accu-
mulation mean of 5.6% up to 150 DAP, 31.3% from 151 to 300 DAP, and 63.1%
from 301 to 420 DAP (Table 4). Therefore, greater supply of macro and micro-
nutrients is needed at the last 120 days of amaryllis cultivation.

From all nutrients accumulated by amaryllis (Table 5), K was the most accu-
mulated macronutrient (1033.2 kg-ha™) along the plant cultivation cycle, fol-
lowed by N, Ca, S, Mg, and P. The most accumulated micronutrient was Fe (8.9
kg-ha™), followed by Zn, Mn, B, and Cu. From the total applied of each nutrient
per hectare, plants used the following percentage: 50.2% N; 53.3% P; 58.8% K;
18.1% Ca; 18.1% Mg; 19.1% S; 17.3% B; 2.4% Cu; 3.3% Mn; and 6.6% Zn.

The comparison among accumulation values of macro and micronutrients in
bulb + roots (Table 3) and the total accumulated amount along the entire ama-
ryllis cultivation cycle (Table 5) indicates that the following quantities of each
nutrient were exported from the cultivation area with bulb + roots at harvest
time, in kg-ha™: 330.20 N; 39.44 P; 384.35 K; 129.38 Ca; 40.84 Mg; 76.27 S; 0.44
B; 0.24 Cu; 1.44 Fe; 0.40 Mn; and 1.05 Zn.

Fertilization applied along the 420-day cultivation cycle, at a commercial area

of bulb production for exportation, reached the production goal, as bulbs had 9
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Table 4. Amount and percentage of macro and micronutrients accumulated in Hippeas-
trum hybrid “Orange Souvereign” according to specific periods of a 420-day cultivation

cycle.
Days after planting
up to 150 151 to 300 301 to 420

Macronutrient g-plant™ % g-plant™ % g-plant™ %
N 0.10 6.3 0.51 32.2 0.96 61.5
P 0.01 7.0 0.07 333 0.11 59.7
K 0.13 5.2 0.86 33.2 1.59 61.6
Ca 0.04 6.4 0.24 37.6 0.36 56.0
Mg 0.02 8.9 0.10 50.5 0.08 40.6
S 0.01 4.9 0.09 28.1 0.19 67.0

Micronutrient mg-plant™ % mg-plant™ % mg-plant™ %
B 0.11 5.2 0.73 33.5 1.34 61.3
Cu 0.09 7.4 0.32 27.8 0.75 64.8
Fe 1.04 4.7 10.00 44.7 11.30 50.6
Mn 0.12 5.6 0.46 20.9 1.61 73.5
Zn 0.21 5.1 1.22 29.8 2.67 65.1

Table 5. Total nutrient amount accumulated in Hippeastrum hybrid “Orange Souve-
reign” along a 420-day cultivation cycle.

Nutrient Accumulated amount (kg-ha™)
N 626.5
P 74.0
K 1,033.2

Ca 255.7
Mg 79.0
S 116.8
B 0.9
Cu 0.5
Fe 8.9
Mn 0.9
Zn 1.6

cm diameter (Table 1), size considered commercially appropriate for the ama-
ryllis variety “Orange Souvereign”. However, according to the percentage of each
nutrient applied via fertilization and used by plants, it is still possible to proceed
with adjustment of both nutrient amount and application time with the aim to

optimize production and avoid damage to the environment.
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4. Conclusions

Amount of macronutrients accumulated by amaryllis plants (Hippeastrum hy-
brid “Orange Souvereign”) along the cultivation cycle, in g-plant™, was: 1.57 N;
0.19 P; 2.58 K; 0.64 Ca; 0.20 Mg; and 0.29 S, following the descending order: K >
N>Ca>S>Mg>P.

Amount of micronutrients accumulated by amaryllis plants along the cultiva-
tion cycle, in mg-plant’, was: 2.18 B; 1.17 Cu; 22.33 Fe; 2.19 Mn; and 4.09 Zn,
following the descending order: Fe > Zn > Mn > B > Cu.

For most of macro and micronutrients, maximum accumulation interval
ranged from 301 to 420 days after planting, that is, occurred at the final stage of

amaryllis cultivation cycle.
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