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Abstract: Growing Hippeastrum in an open field or a greenhouse requires precision irrigation and
fertilizer to promote plant growth and development. Therefore, this research aimed to study the effect
of irrigation level combined with fertilization rate on the growth and development of Hippeastrum.
Two experiments were carried out to determine the influence of irrigation and fertilizer on the growth,
flowering, and bulb quality of Hippeastrum. In the first experiment, bulbs of Hippeastrum ‘Red Lion’
with circumferences of 25 cm were grown in plastic plots using mixed soil as growing media under
a 50% shading net. Plants were irrigated daily until drainage and water contained in macropores
by gravity action (Field capacity: FC) for 90 days after planting (DAP) and supplied with three
different 15N-15P2O5-15K2O fertilization rates, i.e., 0, 2.5, and 5 g per pot. Plant growth and water
use efficiency were measured at 45, 60, and 90 DAP. The results showed that plants supplied with
0 g of fertilizer had the lowest plant height and number of leaves per plant at 90 DAP, whereas
there was no significant effect of fertilizer rate treatments on flower quality. The water use efficiency,
evapotranspiration rate (ET), crop evapotranspiration under standard condition (ETc), crop coefficient
(Kc), photosynthetic rate, and stomatal conductance were decreased when plants were supplied with
fertilizer at a rate of 0 g per pot at 90 DAP. In the second experiment, plants were irrigated with four
levels, i.e., 100, 75, 50, and 25% ETc combined with three fertilization rates, i.e., 0, 2.5, and 5 g per pot.
At 180 DAP, the results showed that water deficit treatment (50 and 25% ETc) decreased plant growth
and bulb quality. Irrigation with 100% ETc combined with 2.5 or 5 g per pot and irrigation with 75%
ETc combined with 5 g per pot were the optimum levels to promote plant growth and bulb quality
in Hippeastrum.

Keywords: amaryllis; bulb quality; crop evapotranspiration; fertilizer management; water deficit

1. Introduction

An irrigation system is important to ensure sufficient soil moisture for plant growth
and development, especially for the growth and yield of horticultural crops. However,
over or insufficient irrigation may bring about the leaching of nutrients and decrease
production yield [1,2]. Growing plants under water deficit could reduce the growth and
respiration rates and divert a larger percentage of carbohydrates to storage and stomatal
closure [3]. Hippeastrum, commonly known as the giant amaryllis, is one of the most
important flower bulb crops in the world. Although the scientific name of the genus from
South America is Hippeastrum, the common name amaryllis is always used on a commercial
scale. The demand for Hippeastrum in Asia has increased sharply in recent years, driven
by importation into China, Japan, and South Korea. Hippeastrum bulbs are exported by
the Netherlands, South Africa, Japan, Brazil, and the USA [4]. In 2018, about 29 million
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stems of Hippeastrum were sold as cut flowers in the Royal FloraHolland auction in the
Netherlands [5]. In Brazil, bulbs are produced in open fields. However, for cut flower
production in the Netherlands, plants are grown in greenhouses using soilless culture.
Generally, all bulb production in the Netherlands is carried out in greenhouses, planting
starts from October to March, and bulbs are harvested from July to October. The irrigation
interruption of Hippeastrum during crop production affected early flowering compared with
continuously irrigated plants, sufficient soil moisture content stimulated rapid rooting at the
planting stage, and the plants did not require high nutrition in the early stage of growth [6].
Factors such as the limited application of fertilizer reduce the evapotranspiration (ETo)
and affected crop evapotranspiration (ETc) under standard conditions. Irrigation and
fertilizer management in the greenhouse are very important considerations. The balance
of water use and plant nutritional management brings about increasing plant growth, a
good yield, and a low cost. The water use efficiency (WUE) and crop coefficient values
(Kc) represent the integrated effects of changes in plant growth and development and
carbohydrate metabolism in plants. The WUE hypothesis is based on the increment in
plant productivity with increasing water use [7]. Therefore, this research aimed to study the
effect of water shortage by different watering levels, estimated by crop evapotranspiration
(ETc) percentage combined with fertilization rate factors, on growth, quality, and bulb yield
in Hippeastrum by two experiments. The first experiment aimed to determine crop water
use and growth under different fertilizer rates. The second experiment was carried out to
study the effect of irrigation levels at different % ETc combined with fertilizer levels on the
growth and development of Hippeastrum at different growth stages.

2. Materials and Methods
2.1. Experiment 1: Effect of Fertilization Rates on Growth and Water Use Efficiency
of Hippeastrum

Hippeastrum ‘Red Lion’ bulbs with a 25 cm circumference were kept in a cold room
at 5 ◦C for 2 months before planting in 10-inch diameter and 7.5-inch height plastic pots
(0.40 ft3 of dry soil) filled with 400 g of mixed soil per pot (1:1:1:0.1 ratio by volume of rice
husk:rice husk charcoal:soil:compost) as the growing media under a 50% shading net in a
greenhouse. The average temperature was approximately 25–30 ◦C, the relative humidity
was 80%, and the light intensity was 333.20 µmol m−2 s−1. Plants were well watered daily
until the bulb harvest stage.

The experimental design was in a completely randomized design (CRD) with 3 treat-
ments. Fertilizer of the formula 15N:15P2O5:15K2O was supplied to the plants at three
different rates (0, 2.5, and 5 g per pot) once a month. The amount of NPK fertilizer that
plants received per pot per month in the fertilizing treatment of 2.5 g per pot was 375 N, 82 P,
and 156 K mg, respectively (938 N, 205 P, and 389 K mg per Kg substrate). In addition, the
amount of NPK fertilizer that plants received per pot per month in the fertilizing treatment
of 5 g per pot was 750 N, 164 P, and 311 K mg, respectively (1875 N, 409 P, and 778 K mg
per Kg substrate).

Plants were irrigated daily by hand. Plant growth (plant height and the number of
leaves per plant) as well as the evapotranspiration rate (ET), crop evapotranspiration (ETc),
water use efficiency (WUE), and crop coefficient (Kc) were measured at three different
growing stages: (1) the flowering stage (45 DAP), (2) the early vegetative stage (60 DAP),
and (3) the late vegetative stage (90 DAP). Flower quality and bulb quality were measured
at 45 and 180 DAP, respectively.

The ET, ETc, WUE, and Kc at each growing stage were calculated from:

1. Evapotranspiration rate (ET)

The evapotranspiration rate was determined daily by measuring the weight loss of the
pot plus plant system according to the modified method of Pereira and Kozlowski [8]. The
soil was well watered and the soil drying cycle was repeated every day. After the pots were
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well watered at 10.00 a.m., the pot was weighed as M1. On the next day before rewatering
(at 9.00 a.m.), each pot was weighed as M2.

Daily water use = M1 − M2

When
M1 = weight of pots after well watering.
M2 = weight of the pots in the next days before rewatering.
The weight difference is the evapotranspiration rate of plant and surface water, which

weighs 1 g for every 1 mL of water.

2. Crop evapotranspiration (ETc)

The amount of water that plants use each day was calculated to ETc (mm) at each
stage of growth as follows:

Crop Evapotranspiration (ETc)(mm) =
Daily water use (mL)

Bush area × 1000

Bush area = 0.05069 m2 (calculated from ¶r2, when r of 10 inches pot = 0.127 m).
Water content 1 mm = 1 L per 1 m2.

3. Water use efficiency (WUE)

Plant WUE of each growing stage refers to the ratio between total dry matter and
amount of water used by the plant [9] as follows:

WUE
(

mg DWmL−1
)
=

(end plant dry weight − start plant dry weight)
Total water used throughout each growing stage

4 Crop coefficient (Kc)

Calculated from Penman–Monteith equation [10] as follows:

Kc = ETc/ETp

ETp = Epan × Kp

Therefore, the water coefficient of plants can be calculated from the equation

Kc = ETc/(Kp × Epan) (1)

where Kc = water use coefficient in each growing stage;
ETc = the amount of water used each day (mm);
ETp = plant water evapotranspiration potential (value from climatological station);
Kp = evaporation tray coefficient for Type A measuring tray (Thailand = 0.85) [11]
Epan = the amount of water evaporation from the evaporation tray (value from the clima-
tological station).

The Kc of each growing stage was calculated by the sum of daily Kc and then divided
by the day number of each growing stage.

The diurnal photosynthesis rate (Pn) and stomatal conductance (Gs) were measured
at 90 DAP (during daytime; 06.00 a.m.–06.00 p.m.) by using a portable photosynthesis mea-
suring system incorporating infrared gas analysis (Lcpro+, ADC Bioscience, Hoddesdon,
UK) at 90 DAP.

2.2. Experiment 2: Effect of Irrigation Level and Fertilizer Rate on Growth and Yield
of Hippeastrum

Hippeastrum ‘Red Lion’ bulbs with circumferences of 25 cm were grown in 10-inch plas-
tic pots using mixed soil as the growing media under the same conditions as in experiment
1. After planting, plants were supplied with two different factors, i.e., factor (1) four levels
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of irrigation treatment (100, 75, 50, and 25% ETc; daily supply with tap water by hand for
180 days) and factor (2) three levels of fertilization rates (0, 2.5, and 5.0 g per pot, supplied
once a month for 6 months by using fertilizer with the formula 15N-15P2O5-15K2O). The
experimental design was factorial in a completely randomized design (factorial in CRD)
with 4 × 3 factorial combination treatments and 10 replications (pots) per treatment.

Flower quality in terms of flower diameter and flower stalk length were measured
at 45 DAP. At 180 days after planting, plant growth in terms of plant height, number of
leaves per plant, and number of new shoots per plant were collected. Chlorophyll content
(SPAD value) was measured in mature leaves by using a SPAD meter (SPAD-502, Minolta,
Japan). Photosynthesis and stomatal conductance were measured by using a portable
photosynthesis measuring system incorporating an infrared gas analyzer (Lcpro+, ADC
Bioscience, UK), the measurements were carried out at 11:00 a.m., and the evaluation
was performed on a clear day without clouds. At the bulb harvest stage (180 DAP), bulb
fresh weight and bulb circumference were recorded, and bulb firmness was measured by
manually puncturing the bulb surface using a hardness tester (Fruit Hardness Tester, 5 kg,
FUJIWARA, Japan).

2.3. Statistical Analysis

All data were subjected to analysis of variance (ANOVA) to differentiate the effects of
treatment inputs on physiological responses of Hippeastrum using generalized linear models
using the Statistix 8 analytical software package (SXW, Tallahassee, FL, USA). In the case of
significant treatment effects, the least significant difference (LSD) test at a significance level
of 0.05 was used for mean comparisons.

3. Results
3.1. Experiment 1: Effect of Fertilization Rates on Growth and Water Use Efficiency
of Hippeastrum

The effect of fertilization rates on Hippeastrum growth and water use efficiency (WUE)
was determined within a one-year growth cycle. The Hippeastrum plant heights were
evaluated by measuring the height of the longest leaf at the different growing stages. The
results showed plant height was not significantly different between fertilizer rate treatments
at 60 DAP; however, plants supplied with 2.5 and 5 g of fertilizer grew taller than plants
supplied with no fertilizer supply (Table 1, Figure 1). Similar physiological responses were
found in the parameter number of leaves per plant in this experiment (Table 1, Figure 1).

Table 1. Effect of fertilization rates on growth and Hippeastrum ‘Red Lion’ at different growing stages.

Fertilization Rate
(g per Plant per Month)

Plant Height (cm) Number of Leaves per Plant

45 DAP 60 DAP 90 DAP 45 DAP 60 DAP 90 DAP

0 g NL 31.5 42.6 b NL 4.1 4.8 b
2.5 g NL 31.8 46.1 a NL 4.3 6.1 a
5.0 g NL 30.8 47.1 a NL 4.1 6.6 a

LSD0.05 - NS * - NS *
* Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD, NS = not
significantly different, NL = no leaves appear, DAP = days after planting.



Horticulturae 2022, 8, 345 5 of 15Horticulturae 2022, 8, x FOR PEER REVIEW 5 of 15 
 

 

 
Figure 1. Growth of Hippeastrum ‘Red Lion’ after fertilization at different rates 45 (A), 60 (B), and 90 
(C) days after planting. 

Table 1. Effect of fertilization rates on growth and Hippeastrum ‘Red Lion’ at different growing 
stages. 

Fertilization Rate 
(g per Plant per Month) 

Plant Height (cm) Number of Leaves per Plant 
45 DAP 60 DAP 90 DAP 45 DAP 60 DAP 90 DAP 

0 g NL 31.5 42.6 b NL 4.1 4.8 b 
2.5 g NL 31.8 46.1 a NL 4.3 6.1 a 
5.0 g NL 30.8 47.1 a NL 4.1 6.6 a 

LSD0.05 - NS * - NS * 
* Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD, 
NS = not significantly different, NL = no leaves appear, DAP = days after planting. 

Flower quality (at 45 DAP) was not affected by fertilizer rate treatments. The flower 
size and flower stalk length of Hippeastrum in this study were in the range of 12.8–13.1 cm 
and 31.8–32.3 cm, respectively (Figure 1A, Table 2). However, bulb quality (at 180 DAP) 
showed a dramatic decrease in bulb circumference when no fertilizer was supplied 
compared with 2.5 and 5.0 g per pot (Table 2, Figure 2). Moreover, plants supplied with 
5.0 g fertilizer produced more new bulbs per plant and greater bulb firmness than no 

Figure 1. Growth of Hippeastrum ‘Red Lion’ after fertilization at different rates 45 (A), 60 (B), and 90
(C) days after planting.

Flower quality (at 45 DAP) was not affected by fertilizer rate treatments. The flower
size and flower stalk length of Hippeastrum in this study were in the range of 12.8–13.1 cm
and 31.8–32.3 cm, respectively (Figure 1A, Table 2). However, bulb quality (at 180 DAP)
showed a dramatic decrease in bulb circumference when no fertilizer was supplied com-
pared with 2.5 and 5.0 g per pot (Table 2, Figure 2). Moreover, plants supplied with 5.0 g
fertilizer produced more new bulbs per plant and greater bulb firmness than no fertilizer
supply (Table 2). Nevertheless, there was no significant difference in bulb quality between
plants supplied with 2.5 and 5.0 g treatments.
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Table 2. Effects of fertilization rates on flower and bulb qualities of Hippeastrum ‘Red Lion’ at the
flowering stage (45 DAP) and bulb harvesting stage (180 DAP).

Fertilizer Rate
(g per Plant per Month)

Flower Quality
(45 DAP)

Bulb Quality
(180 DAP)

Flower Stalk
Length (cm)

Flower Diameter
(cm)

Bulb Circumference
(cm)

Number of New
Bulbs

Bulb Firmness
(Newtons)

0 g 31.8 12.8 24.0 b 0.0 b 2.3 b
2.5 g 32.2 13.1 28.0 a 0.5 ab 2.7 ab
5.0 g 32.3 12.7 28.5 a 0.8 a 2.9 a

LSD0.05 NS NS * * *

* Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD, NS: not
significantly different, DAP = days after planting.
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ter planting.

At the flowering stage (45 DAP) and early vegetative stage (60 DAP), there were no
significant differences in the evapotranspiration rate (ET), WUE, crop evapotranspiration
(ETc), and crop coefficient (Kc) among fertilizer rate treatments (Table 3). The averages of
ET, WUE, ETc, and Kc at the flowering stage (45 DAP) were 201.2 mm, 1.22 × 10−4 mg DW
mL−1, 120.9 mm, and 2.89, respectively. The average ET, WUE, ETc, and Kc at the early
vegetative stage (60 DAP) were 99.8 mm, 9.33 × 10−4 mg DW mL−1, 59.1 mm, and 1.20,
respectively, and all of those parameters had a decreasing trend when compared with the
flowering stage (45 DAP). At the late vegetative stage (90 DAP), plants supplied with 5.0 g
of fertilizer gave higher results for ET, ETc, and Kc than plants supplied with 0 g fertilizer
(Table 3). The average values of ET, WUE, ETc, and Kc of Hippeastrum at the late vegetative
stage (90 DAP) were 159.7 mm, 4.2 × 10−4 mg DW mL−1, 94.3 mm, and 1.53, respectively,
which were higher values than at the early vegetative stage (60 DAP) but lower than at the
flowering stage (45 DAP).
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Table 3. Effects of fertilization rates on the evapotranspiration rates, water use efficiency, crop
evapotranspiration, and crop coefficient of Hippeastrum ‘Red Lion’ at different growing stages.

Fertilizer Rate
(g per Plant per Month)

Evapotranspiration Rate
(ET; mm)

Water Use Efficiency
(WUE; mg DW mL−1)

Crop Evapotranspiration
(ETc; mm)

Crop Coefficient
(Kc)

45 days after planting

0 g 205 7.88 × 10−5 121.3 2.91
2.5 g 207.6 7.42 × 10−5 122.9 2.94
5.0 g 200 2.11 × 10−4 118.4 2.83

LSD0.05 NS NS NS NS

60 days after planting

0 g 100 6.95 × 10−4 59.2 1.2
2.5 g 101 1.41 × 10−3 59.8 1.21
5.0 g 98.4 6.95 × 10−4 58.2 1.18

LSD0.05 NS NS NS NS

90 days after planting

0 g 148.2 b 3.29 × 10−4 87.7 b 1.42 b
2.5 g 163.6 ab 3.42 × 10−4 96.8 ab 1.57 ab
5.0 g 166.0 a 5.91 × 10−4 98.2 a 1.59 a

LSD0.05 * NS * *

* Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD, NS = not
significantly different.

The diurnal photosynthetic rate of Hippeastrum was affected by different fertilizer rate
treatments. Fertilizer deficit (0 g of fertilizer) showed a decreasing trend in the diurnal
photosynthetic rate compared with other treatments (Figure 3). The photosynthetic rate
(Pn) in all treatments peaked at 11.00 a.m. and declined from the afternoon to the evening
(12.00 p.m. to 6.00 p.m.), while the stomatal conductance (Gs) of plants supplied with 2.5 g
of fertilizer showed an increasing trend over the other treatment from 6 a.m. to 11 a.m.
(Figure 3).
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3.2. Experiment 2: Effect of Irrigation Level and Fertilizer Rate on Growth and Yield
of Hippeastrum

The effects of irrigation levels and fertilization rates on plant growth, flower quality,
and bulb quality of Hippeastrum are shown in Table 4, Figures 4 and 5. The results revealed
that flower quality, in terms of flower diameter and stalk length, was not affected by
irrigation levels or fertilization rates (Table 4). At 180 DAP, plants supplied with 100% or
75% ETc combined with fertilization rates of 2.5 or 5 g gave higher results for plant height
and the number of shoots per plant than plants supplied with irrigation levels at 50% or



Horticulturae 2022, 8, 345 9 of 15

25% ETc combined with 0 g fertilizer (Table 4, Figure 4). The number of leaves per plant
was not affected by the fertilizer rate factor, but there was a significant difference when the
plant was supplied with different irrigation levels. The highest number of leaves per plant
was found when the plant was supplied with 100% ETc combined with 5 g of fertilizer. The
irrigation level factor did not affect the leaf color intensity (SPAD Unit) of Hippeastrum. No
fertilizer supply treatment displayed lower leaf color intensity than plants supplied with
2.5 and 5 g fertilizer treatments (Table 4).

Table 4. Plant growth, flower quality, and bulb quality of Hippeastrum ‘Red Lion’ grown under
different irrigation levels and fertilization rates at the flowering stage (45 DAP), growing stage (180
DAP), and bulb harvest stage (180 DAP).

Irrigation
Levels
(% ETc)

Fertilization
Rates

(g per Plant
per Month)

Flower Quality
(45 Days after

Planting)
Flower Quality

(45 Days after Planting)
Bulb Quality

(180 Days after Planting)

Flower
Diameter

(cm)

Stalk
Length

(cm)

Plant
Height

(cm)

No.
Shoots

per Plant

No.
Leaves

per Plant

Leaf
Color

(SPAD)

Bulb
Fresh

Weight (g)

Bulb
Circumference

(cm)

Bulb
Firmness

(Newtons)

100 0 11.9 12.7 50.3 b 0.1 d 6.7 bc 50.1 c 274.9 d 25.2 bc 2.53 b
2.5 13 14.7 63.3 a 1.4 ab 8.0 ab 58.4 ab 426.1 b 29.3 a 2.60 b
5 12.2 13.7 63.5 a 2.0 a 8.2 a 63.8 a 511.5 a 31.9 a 2.70 ab

75 0 12.5 13 50.0 b 0.1 d 6.6 bc 49.1 c 220.3 f 24.5 bc 2.66 ab
2.5 11.8 12.1 60.3 a 1.1 ab 6.8 bc 59.1 ab 255.4 e 24.0 cd 2.60 b
5 11.9 14.4 60.8 a 1.2 ab 7.0 abc 55.6 bc 401.5 c 28.1 ab 2.70 ab

50 0 12.5 15.5 40.0 c 0.1 d 6.4 c 56.1 bc 175.1 h 20.5 d 2.76 ab
2.5 12.4 13.1 50.0 b 0.1 d 6.5 c 62.2 ab 220.7 f 23.2 cd 2.73 ab
5 12.3 13.8 51.0 b 1.0 bc 6.8 bc 56.3 abc 226.8 f 23.6 cd 2.76 ab

25 0 12.8 13.2 35.3 c 0.1 d 6.3 c 58.1 ab 170.1 h 20.2 d 2.76 ab
2.5 12.6 14.1 36.0 c 0.1 d 6.4 c 54.8 bc 200.6 g 21.8 cd 2.90 a
5 12.4 14 37.0 c 0.5 bcd 6.6 bc 59.5 ab 221.3 f 23.1 cd 2.73 ab

Irrigation × Fertilizer NS NS * * * * * *
Individual factor analysis

Irrigation levels factor NS NS * * * NS * *
Fertilization rates factor NS NS * * NS * * *

* Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD, NS: not
significantly different.
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Month) 

Flower Quality 
(45 Days after Planting) 

Flower Quality 
(45 Days after Planting) 

Bulb Quality 
(180 Days after Planting) 

Flower 
Diameter 

(cm) 

Stalk 
Length 

(cm) 

Plant 
Height 

(cm) 

No. Shoots 
per Plant 

No. 
Leaves per 

Plant 

Leaf Color 
(SPAD) 

Bulb 
Fresh 

Weight (g) 

Bulb 
Circumference 

(cm) 

Bulb 
Firmness 

(Newtons) 
100 0 11.9 12.7 50.3 b 0.1 d 6.7 bc 50.1 c 274.9 d 25.2 bc 2.53 b 
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 2.5 12.6 14.1 36.0 c 0.1 d 6.4 c 54.8 bc 200.6 g 21.8 cd 2.90 a 
 5 12.4 14 37.0 c 0.5 bcd 6.6 bc 59.5 ab 221.3 f 23.1 cd 2.73 ab 
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with different fertilization rates 180 days after planting.

At the bulb harvest stage (180 DAP), the results showed that the fertilizer rate factor
did not affect bulb firmness, but bulb fresh weight and circumference increased when
plants had higher fertilizer rates. However, a significant interaction between watering
and fertilization rates was found in all bulb quality parameters. The highest bulb fresh
weight (511.47 g) occurred in the treatment with 100% ETc watering and supplied with 5 g
of fertilizer. However, the bulb circumference and firmness of plants supplied with 75% or
100% ETc combined with 5 g of fertilizer were not significantly different (Table 4, Figure 5).
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Figure 5. Bulb quality of Hippeastrum ‘Red Lion’ grown under different irrigation level combinations
with different fertilization rates 180 days after planting.

The photosynthetic rate of Hippeastrum, when measured at 11.00 a.m., was in the range
of 1.02–3.71 µmol·m−2·s−1 at 180 DAP, and it differed significantly between irrigation
level treatments and fertilizer rate treatments (Table 5). The photosynthetic rates were
decreased by the reduction in water irrigation levels from 100% ETc to 25% ETc. The highest
photosynthetic rates were found when the plant was supplied with a combination of 75%
ETc × 5 g of fertilizer and 100% ETc × 2.5 or 5 g of fertilizer (Table 5). Stomatal conductance
was not affected by the fertilizer rate factor. However, under a deficit of water supply at
25% ETc, the stomatal conductance was decreased (Table 5).

Table 5. Photosynthetic rates (µmol m−2 s−1) and stomatal conductance (mol m−2 s−1) of Hippeastrum
‘Red Lion’ grown under different irrigation levels and fertilization rates 180 days after planting.

Factors Photosynthetic Rates
(µmol m−2 s−1)

Stomatal Conductance
(mol m−2 s−1)

Irrigation level (% ETC)

100% ETc 3.04 a 0.031 ab
75% ETc 2.22 b 0.037 a
50% ETc 1.37 c 0.036 ab
25% ETc 1.30 c 0.024 b

LSD0.05 * *

Fertilizer rate (g per plant per month)

0 g 1.43 b 0.03
2.5 g 2.12 a 0.028
5.0 g 2.41 a 0.038

LSD0.05 * NS
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Table 5. Cont.

Factors Photosynthetic Rates
(µmol m−2 s−1)

Stomatal Conductance
(mol m−2 s−1)

Irrigation level × Fertilizer rate

100% ETc × 0.0 g 2.14 b 0.023 bc
100% ETc × 2.5 g 3.37 a 0.023 bc
100% ETc × 5.0 g 3.62 a 0.047 a
75% ETc × 0.0 g 1.23 bc 0.033 abc
75% ETc × 2.5 g 1.73 bc 0.037 abc
75% ETc × 5.0 g 3.71 a 0.043 ab
50% ETc × 0.0 g 1.31 bc 0.043 ab
50% ETc × 2.5 g 1.51 bc 0.030 abc
50% ETc × 5.0 g 1.30 bc 0.033 abc
25% ETc × 0.0 g 1.03 c 0.020 c
25% ETc × 2.5 g 1.86 bc 0.023 bc
25% ETc × 5.0 g 1.02 c 0.030 abc

LSD0.05 * *
* Means in the same column followed by different letters are significantly different (p ≤ 0.05) by LSD, NS = not
significantly different.

4. Discussion
4.1. Experiment 1: Effect of Fertilization Rates on Growth and Water Use Efficiency
of Hippeastrum

Normally the mother bulb plays a role as a strong source of food reserves at the
beginning stage; Hippeastrum utilize food reserves in the mother bulb for flower growth and
development. In Easter lily (Lilium longiforum Thunb), food reserves were mobilized from
mother bulbs for root and shoot development in the initial period of growth [12]. Thus,
in this research, at the flowering stage (45 DAP) and the early vegetative stage (60 DAP),
there were no significant differences in flower quality, plant height, and the number of
leaves per plant among fertilizer rate treatments (Table 2, Figure 1). However, the different
fertilization rates affected plant growth at the late vegetative stage (90 DAP), the results
of which clearly showed that the no fertilizer supply treatment reduced plant growth in
terms of plant height and the number of leaves per plant than treatment with 2.5 and
5 g (Table 1). This is due to leaves being a major source of plant nutrients and new bulb
underground is a strong sink during this period. The translocation of nutrients to stimulate
the growth of new bulbs continuously occurred; therefore, fertilizer is the limiting factor
to promote growth and development. In Cucuma alismatifolia, the fertilizer application
period influences the utilization rate and translocation of N to the sink organs [13]. As
Hippeastrum is a bulbous plant, bulb size is a key factor in its growth, flowering, and bulb
quality, as a larger size is related to a more abundant food reserve in bulbs. Food reserves
from the initial bulb were mostly used at the early stage of plant growth; then, an outside
source of fertilizer might be an additional supply to enhance their growth by increasing
photosynthetic activity. Similar explanations were given that the growth of bulbous plants
typically uses food reserved from mother bulbs first in the initial period of growth, with
simultaneous loss of bulb size, weight, and firmness; after that, the bulb weight begins to
increase through photosynthesis [12].

Bulb quality at 180 DAP in terms of bulb circumference was higher when the plant
was supplied with fertilizer at a rate of 2.5 or 5 g per pot than no fertilizer supply (Table 2).
There have been many studies on fertilizer management in bulbous plants. Normally, they
suggest that multiple applications of smaller amounts of fertilizer are the most efficient
technique for fertilizer regimes in bulb plants. Usually, it is recommended that one-third
of the nitrogen (N) fertilizer be applied early in the growing season and the remaining
two-thirds in the late part of the growing season. This method ensures N availability during
the vegetative and reproductive phases of most bulbous plants [14–16].
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Hence, the fertilizer regime for Hippeastrum could be manipulated by considering the
plant growth stage. From our results, fertilizer supply to Hippeastrum should start after the
early vegetative stage (60 DAP) with a supply rate of 2.5 g per pot once a month since there
were no significant differences in plant growth during 0–60 DAP, and bulbs were of high
quality when supplied with 2.5 g of fertilizers at the bulb harvest stage (180 DAP). High
nutrient levels should be avoided mainly at the time of Amaryllis planting because they
have a low nutrient requirement at the initial stages [17].

Generally, reference crop evapotranspiration (ETo) expresses the evaporating power
of the atmosphere at a specific location and time of the year and does not consider the
crop characteristics and soil factors, and this parameter was used for ETc calculation
(ETc = Kc × ETo). The WUE parameter is important to quantify water requirements and
suggest more appropriate periods for watering. A common problem among growers is
determining the optimum irrigation rate at different growth stages. The results of this
research revealed that water requirements of Hippeastrum (at 100% ETc) during 0–45 DAP
and 45–60 DAP were, on average, 121 and 59 mL per pot per day, respectively (calculated
from crop evapotranspiration; ETc). Water usage at the flowering stage (0–45 DAP) was
51% and 22% higher than at the early vegetative stage (45–60 DAP) and late vegetative
stage (60–90), respectively. Indicating that the grower should supply sufficient water to the
plant to stimulate root emergence and flower blooming. The daily ET of potted marigolds
increased slightly in the first two growing stages (pinching and axillary bud growth),
increased again in the flowering stage, and reached its highest daily value in the final
flowering stage [18]. An important factor affecting WUE of plants is to ensure that a
suitable amount of plant nutrients was supplied. When a plant receives sufficient nutrients,
this may promote on roots growth and lead to increasing water uptakes. This process
increases transpiration and water availability in plants [19]. From this study, we found that
the plant supply with 5 g of fertilizer rate had higher crop evapotranspiration (98.2 mm)
than those with no fertilizer supply (87.7 mm), and an increasing trend of WUE at 90 DAP
is also shown in Table 3. A higher fertilizer supply could increase plant growth and yields,
leading to a higher water requirement than a low fertilizer rate supply. In tomato, the lowest
WUE was recorded while the plant was grown without fertilizer treatment [20] Fertilizer
application is commonly reported to improve the efficiency of water use by increasing
yield relative to evapotranspiration. The efficiency of water use by evapotranspiration
and transpiration can be increased by increasing nutrient levels in the soil. Adequately
fertilized soils promote rapid leaf area expansion, increasing transpiration, and more rapid
ground cover, thus reducing evaporation and increasing ET [19]. In our studies, the higher
plant growth in terms of plant height and number of leaves per plant (at 90 DAP) were
found in plants supplied with 5 g of fertilizer rate than no fertilizer treatment and the
same response was observed in ETc values (Tables 1 and 3). In millet and soybean, the
greatest crop yield and WUE were obtained from plants that received a combination of N
and P fertilizer followed by a sole of P and N fertilizer application. This indicates that crop
yield is likely correlated with WUE [21]. Moreover, an increase in the N fertilizer supply
in oriental tobacco caused an increase in WUE [22]. Additionally, the various treatments
of the nitrogen source in potato resulted in a significant increase in water use efficiency
(WUE) compared to the unfertilized treatment [23].

The photosynthetic rates and stomatal conductance of all fertilizer treatments reached
their maximum at 11.00 a.m. A similar response was found that the photosynthetic rates
of Hippeastrum increased in the morning from 9.00 a.m. to 11.00 a.m. and reached their
maximum at 11.00 a.m., decreasing thereafter [24]. Thus, it might be indicated that the
peak photosynthetic rate in the Hippeastrum plant was at 11.00 a.m. Furthermore, a higher
fertilizer supply of 2.5 and 5 g could stimulate the photosynthetic rate (Figure 3). High nu-
tritional supplementation led to an increase in the leaf N level and the leaf N is later utilized
in the manufacture of thylakoids and the proteins involved in the photosynthetic Calvin
cycle [25]. With more N sources added to the plant, there is an increased N availability for
biological functions, thus promoting higher photosynthetic efficiency.
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4.2. Experiment 2: Effect of Irrigation Level and Fertilization Rate on Growth and Yield
of Hippeastrum

Water and fertilizer are the important factors that can be modified by the grower to
obtain great quality and yields. When the soil is wet, the water has high potential energy
and is easily taken up by roots. In this research, the combination of different irrigation
levels (estimated by % ETc) and fertilizer rates had no significant effect on flower quality
(Table 4), and the explanation of this issue was given in the discussion of experiment 1.
However, there were significant effects of different irrigation levels and fertilization rates
on plant growth and bulb quality (Table 4). Plants supplied with 100% ETc combined
with 2.5 or 5 g fertilizer and plants supplied with 75% ETc combined with 5 g fertilizer
gave greater results for both plant growth (in terms of plant height and the number of
shoots per plant) and bulb quality (in terms of bulb circumference) when compared with
plants supplied with 50% and 25% ETc combined with all fertilization rates (0, 2.5, and
5 g per pot) (Table 4, Figures 4 and 5). A possible explanation for these results is that a
water deficit diminished plant growth, leading to decreased yields. Water deficits lead to
the overproduction of reactive oxygen species (ROS), such as hydrogen peroxide (H2O2)
and superoxide anion radicals (O2

−·) [26], which results in growth inhibition, decreases in
photosynthetic functions [27], lipid peroxidation, and a higher frequency of programmed
cell death processes [28].

The individual factor analysis in this experiment showed that the number of leaves
per plant parameter was more sensitive to the irrigation factor than the fertilizer rate factor,
whereas leaf color intensity (chlorophyll content in SPAD units) was more sensitive to the
fertilizer rate than the irrigation factor (Table 4). This may be because essential elements in
fertilizer (especially N, Mg, and Fe) had a high influence on chlorophyll synthesis. Nitrogen
is a major component of the photosynthetic apparatus and is widely used as a fertilizer in
crops. The specific leaf N was partly related to N partitioning in photosynthetic enzymes,
pigment content, and the size, number, and composition of chloroplasts [29].

In our studies, the highest photosynthetic rates were found when plants were supplied
with the combination of 100% ETc combined with 2.5 or 5 g fertilizer and 75% ETc combined
with 5 g fertilizer. This combination could be the optimum level of irrigation and fertilizer
for Hippeastrum since they also gave the greatest results for plant growth and bulb quality.
For individual factor analysis, it was shown that the photosynthetic rate and stomatal
conductance decreased under the water deficit condition at 25% ETc (Table 5), which was
related to decreased plant growth (Table 4). Water stress is problematic for plant growth
and development [30], as it limits access to the resources required for photosynthesis due
to stomatal closure and the reduction in internal water transport [31]. Furthermore, a water
deficit reduces plant growth, primarily due to a reduction in stomatal conductance, which
inhibits C assimilation [32,33].

5. Conclusions

In experiment 1, Hippeastrum supplied with 2.5 g 15-15-15 (N-P2O5-K2O) fertilizer per
pot per month under 100% ETc exhibited a suitable enhancement for both plant growth
and bulb quality. Plants needed water in the range of 96.8–98.2 mL per day per pot for their
proper growth. The highest photosynthetic rate of Hippeastrum was detected at 11.00 a.m.

In experiment 2, Hippeastrum supplied with 100% ETc combined with a supplied
fertilizer rate of 2.5 g per pot was the optimum level, and increased photosynthetic rate led
to an increase in plant growth and bulb quality. However, fertilizer supplied at 5 g per pot
could be carried out when a reduction in water supply with 70% ETc was used.
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