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This experiment aimed to investigate the impact of macro and micronutrient
deficiencies as well as different sizes of perlite particles on radish growth and
physiology. A factorial experiment was conducted using a completely
randomized design with three replications. The factors tested included
deficiency of nutrient elements (control, nitrogen, phosphorus, potassium,
calcium, magnesium, sulfur, iron, boron, and zinc), and the growing media
consisted of small, medium, and large perlite particle sizes. The results of the
experiment revealed that the dry and fresh mass of the taproot, root, and
shoot, as well as leaf area and the number of leaves, decreased under
conditions of nutrient deficiencies. Among the macronutrients, nitrogen
deficiency had the most significant impact on reducing vegetative traits.
Additionally, the results indicated that nitrogen and boron deficiencies led to
the highest and lowest increases, respectively, in the amount of total soluble
sugars in the leaves. Furthermore, chlorophyll content and chlorophyll
fluorescence indices were most affected by nitrogen deficiency, while boron
deficiency had the least impact on these parameters. The study also found
that the amount of vitamin C in the taproot decreased when nitrogen,
potassium, phosphorus, magnesium, calcium, and iron were deficient.
Moreover, perlite particle size had a significant effect on growth indices,
mineral element concentration, and photosynthetic pigments. Specifically,
using larger perlite particles resulted in a significant decrease in these indices.
Based on the findings of this study, it can be concluded that using small-sized
perlite in the substrate is better for nutrient absorption and thus promotes
the proper growth of radish.
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The effect of perlite particle size and deficiency of some essential nutrients... -

1. Introduction

The existence of some problems in soil cultivation, such as excess of salinity and
inappropriate soil texture and limitation of water resources have led to the development of
soilless cultivation. The cultivation of plants without using soil as a rooting medium is known
as soilless farming (Gonnella and Renna, 2021). Soilless agricultural production is a highly
promising technique for increasing the cultivation of numerous cash crops and for growing
plants without the need of soil as a rooting medium (Tzortzakis et al., 2020). Perlite medium
is widely preferred as it encourages faster root development, reduces risk of damping off,
avoids water logging and provides an optimum balance of air and water. Growth and yield of
different crops depends significantly on the sizes of perlite. For example, water holding
capacity greatly depends on this characteristic. Ultrafine perlite has smaller pores spaces that
hold water strongly, in turns larger particle size perlites has less moisture retention capacity.
Therefore, selection of the suitable particle size of perlite is important for maximizing root
yield (Asaduzzaman et al., 2013). Use of suitable soilless media can increase both marketable
yield and quality of root crops by many folds (Hara, 2009). It is found that the growth, yield
and quality of carrot were influenced greatly by the size of the perlite particle. It also was
verified greater growth and yield variables of carrots grown in smaller perlite than those
grown in bigger perlite. (Asaduzzaman et al., 2013). The provision of information concerning
plant nutrition bases, such as identifying nutritional deficiencies, will assist farmers facing
decisions on planning future fertilizations (Carmona et al., 2015). Therefore, the assessment
of plants nutritional status becomes a valuable tool to try to predict plant's growth,
development, productivity and quality by identifying the limiting element (Epstein and
Bloom, 2006. The deficiency of N initially causes uniform chlorosis in the cucumber leaf
blade of intermediary leaves, and the omission of P, symptoms begin with the loss of the
characteristic green color of cucumber plants in the blade of intermediary leaves (Carmona et
al., 2015). Deficiency of Ca, Fe, and B in lettuce affected new growth and for Fe was
eventually also apparent on recently mature leaves. Sulfur deficiency led to uniform chlorosis
along leaves, first evident on new growth and eventually affecting the entire plant (Mattson
and Merrill, 2015).

Therefore, finding the suitable perlite size along with optimal concentration of culture
solution is a great advantage for maximizing radish yield in hydroponics. Thus, the objectives
of this study were to select the most suitable perlite particle size and to grow radish in nutrient
solutions deficient of individual macro and micronutrients by evaluating their effects on
growth and physiological characteristics of radish grown hydroponically.

2. Materials and Methods

This experiment was conducted in 2020 at the experimental greenhouse of Vali-e-Asr
University of Rafsanjan. This experiment aims to compare the effect of deficiency of macro
and micro nutrients and perlite particles size on radish, therefore, a factorial experiment was
conducted in a completely randomized design with three replications. Factors include
deficiency of nutrient elements (control, nitrogen, phosphorus, potassium, calcium,
magnesium, sulfur, iron, boron, and zinc) and perlite particles size (small, medium and large).
Seeds of radish (Raphanus sativus L. var. sativus) were purchased from Pakan Bazr Isfahan
Company (Isfahan, Iran) and were sown in a plug tray containing cocopeat and perlite.
Irrigation of plants was done twice a day. Each time irrigation 150 ml of the nutrient solution
was given to the plants. The plants were irrigated with Hoagland nutrient solution (Hoagland
and Arnon, 1950). At the end, the plants were treated twice a day for one month with 150 ml
of modified Hoagland nutrient solution based on the lack of essential nutrients (Table 1).
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Table 1 Nutrient formulations and rates used to induce mineral nutrient deficiencies in radish

Nutrient s(fltl?t?;n Treatment (ml/L nutrient solution)

formulation (mg/l) Control -N -P -K -Ca -Mg -S -Fe -Zn -B
Ca (NO3),.4H,0 236.2 5 - 5 5 - 4 4 5 5 5
KNO; 101.1 5 - 5 - 5 6 4 5 5 5
KH,PO, 136.1 1 - - - 1 1 1 1 1 1
MgS0,.7H,0 246.5 2 2 2 - - - - 2 2 2
Micronutrient 1 1 1 1 1 1 1 1 1* 1*
Fe-DTPA 10 1 1 1 1 1 1 1 - 1 1
K,SO, 87.15 - 6 1 - - - - - - -
CaS0,.2H,0 1.722 - 100 - - - 200 - - - -
Ca(H,P0,).2H,0 12.605 - 20 - 20 - - - - - -
Mg (NO,),.6 H,O 256.4 - - - 2 2 - 2 - - -
(NH,),S0, 132.1 - - - - 2 - - - - -

Minus sign (-) indicated that reagent not applied.
*Omitted Zn and B in micronutrient solution.

2.1. Vegetative growth

In this study, different morphological traits (root length, number of leaves, Leaf area),
growth parameters (dry and fresh mass of the taproot, dry and fresh mass of the root, dry
and fresh mass of shoot) were measured. To measure dry mass, the samples were placed in
an oven at 72 °C for 48 h, and then the dry mass of the samples was recorded. To measure
leaf area, three plants were randomly collected from each treatment, and leaf area was
measured using a leaf area meter (C1-202, Avenue Camas, USA).

2.2. Pigments Measurements

Pora method was used to measure chlorophyll a, chlorophyll b, total chlorophyll
content (Porra et al., 1989), and the Lichtenthaler and Wellburn (1983) method were used
to measure the leaf carotenoids concentration.

2.3. Chlorophyll fluorescence

The second leaves from the top were used for the measurement of chlorophyll
fluorescence using a Plant Efficiency Analyzer (PEA), Handy PEA (Hansatech
Instruments Ltd., Norfolk, UK). Leaves were maintained in darkness for 15 min before
taking the data on chlorophyll fluorescence. Maximal quantum yield of PS II
photochemistry (F./F) and performance index (P1) were calculated using the software
supplied by the manufacturer.

2.4. SPAD values

The chlorophyll index in young leaves was recorded with a SPAD-502 Chlorophyll
Meter (Minolta Camera Co. Ltd., Tokyo, Japan). Three leaves were selected from each pot
and measurements were made.
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2.5. Soluble carbohydrates

Soluble carbohydrates content was measured by the method of Irigoyen et al., 1992. A
total of 0.1 g fresh samples from the mature leaves of radish were ground and extracted
with ethanol and subsequently filtered. 0.1 ml of alcoholic extract is prepared with 3 ml of
intron (150 mg of intron plus 100 ml 72% sulfuric acid). This solution is placed in a hot
water bath for 10 minutes until the reaction is done and colored. Then, the absorbance rate
was calculated at a wavelength of 625 nm, and the amount of soluble sugar and its
absorption was calculated based on the standard curve obtained from pure glucose in
different concentrations.

2.6. Vitamin C

Vitamin C content of radish taproots were carried out by iodine titration. To determine
vitamin C, 3 mL of radish taproot juice were diluted and titrated with 20 mL distilled
water and 2 mL iodine reagent (2% iodine) in potassium iodide. The titration was
continued until the solution changed to gray. One mL iodine regent in potassium iodide
equals to 0.88 mg vitamin C (Jacobs, 1959).

3. Data Analysis

Data analysis of variance (ANOVA) was performed using IBM SAS 9.1 software, and
the differences between means were assessed using LSD tests at p< 0.05. The graphs were
drawn using Microsoft Excel.

4. Results
4.1. Shoot fresh and dry mass

The results of mean comparison showed that the nutrients shortage decreased shoot
fresh mass compared to the control. The highest (% 80) and lowest (%10) fresh mass
reduction was observed under nitrogen and boron deficiency, respectively. The results also
indicated that the plants that were grown in the small perlite bed had more shoot fresh
mass than the plants that were grown in the medium and large perlite bed, and the effect of
nutrient deficiency on the shoot fresh mass, was more in the plants that grew in medium
and large bed. The results showed that iron deficiency had the greatest effect on the shoot
fresh mass compared to the zinc and boron deficiency (Figure 1). The lack of nutrients
decreased shoot dry mass. The shoot dry mass was also about 25% and 49% higher in
plants grew in small perlite compared to the plants grew in medium and large perlite
(Figure 2).

4.2. Root fresh and dry mass

The results of the mean comparison showed that the lack of nutrients decreased root
fresh mass compared to the control treatment, and the type of growing medium influenced
the effect of nutrient deficiency on root mass. Under the lack of nutrients conditions, the
plants that grew in the small substrate had more root fresh mass than the plants that grew
in the large and medium perlite substrate. The highest root fresh mass was observed in the
control treatment and small substrate, and the lowest root fresh mass was observed in the
sulfur deficiency treatment and large substrate (Figure 3). According to the results, the
root dry mass decreased under nutrient deficiency conditions. Under the lack of nutrients
conditions, the plants grew in the large perlite substrate had lower root dry mass than the
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plants grew in the small substrate (figure 4). The highest and lowest root dry mass were
observed in the control plants that were grown in the small perlite substrate, and plants
that were grown under nitrogen deficiency and large perlite conditions respectively. The
results also showed that the lack of micronutrient elements significantly decreased the root
dry mass. Among the micronutrients boron had a greater effect on the reduction of root
dry mass (Figure 4).
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Figure 1 The effect of perlite particle size and deficiency of some essential nutrients on shoot fresh mass of
radish.
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Figure 2 The effect of perlite particle size and deficiency of some essential nutrients on shoot dry mass
of radish.
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Figure 3 The effect of perlite particle size and deficiency of some essential nutrients on root fresh mass
of radish.
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Figure 4 The effect of Perlite particle size and deficiency of some essential nutrients on root dry mass
of radish.

4.3. Number of leaves

Results showed that the lack of nutrients decreased number of leaves compared to the
control. The highest (33%) and lowest (9%) reduction of leaves number was observed
under nitrogen and boron deficiency, respectively. The effect of nutrient deficiency on the
number of leaves was greater in plants that grew in medium and large substrate (Figure 5).

4.4. Leaf area

Figure 6 showed, nutrients shortage decreased leaf area. The leaf area in plants grew in
small perlite substrate was 13% and 18% higher than plants grew in medium- and large
perlite, respectively.
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Figure 5 The effect of perlite particle size and deficiency of some essential nutrients on number of leaves of
radish.
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Figure 6 The effect of perlite particle size and deficiency of some essential nutrients on leaf area of
radish.

4.5. Root length

The results showed that the root length decreased significantly under nutrient
deficiency compared to the control. Root length was more reduced under nitrogen
deficiency (Figure 7).

4.6. Taproot fresh and dry mass

Nutrients shortage decreased dry and fresh mass of the taproot. The taproot fresh mass
in plants grew in small perlite substrate was 12% and 28% higher than plants grew in
medium and large perlite, respectively (Figure 8). According to the results, the taproot dry
mass decreased under nutrient deficiency conditions, and the plants grew in the large
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perlite substrate had lower taproot dry mass than the plants grew in the small substrate.
The highest and lowest taproot dry mass were observed in the control plants that were
grown in the large perlite substrate, and plants that were grown under nitrogen deficiency
and large perlite conditions, respectively (figure 9).
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Figure 7 The effect of deficiency of some essential nutrients on root length of radish.
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Figure 8 The effect of perlite particle size and deficiency of some essential nutrients on Taproot fresh mass
of radish.
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Figure 9 The effect of perlite particle size and deficiency of some essential nutrients on Taproot dry
mass of radish.
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4.7. Photosynthetic pigments

The results of the mean comparison showed that the lack of nutrients decreased
photosynthetic pigments compared to the control treatment. Chlorophyll content had the
highest and lowest decrease under nitrogen and boron deficiency conditions, respectively.
The results also showed that perlite particles size had a significant effect on the value of
chlorophyll and carotenoids content. The total chlorophyll content was also higher in
plants grown in small perlite compared to the plants grown in medium and large perlite
(Figure 10 to 14).
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Figure 14 The effect of deficiency of some essential nutrients on carotenoid content of radish.
4.8. Chlorophyll fluorescence

Results showed that the lack of nutrients decreased F./Fn, and PI1 indices compared to
the control. The highest (12.5%) and lowest (2.2%) reduction of F,/F,, was observed under
nitrogen and boron deficiency, respectively. The effect of nutrient deficiency on the F,/Fn,
and PI indices was greater in plants that grew in medium and large substrate (Figure 15,
16).
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Figure 15 The effect of perlite particle size and deficiency of some essential nutrients on maximum
guantum yield of PS Il photochemistry (F,/F,) of radish.
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Figure 16 The effect of perlite particle size and deficiency of some essential nutrients on Pl indices of
radish.

4.9. SPAD values

Results showed that the deficiency of nitrogen, sulfur, iron and boron caused a decrease
of 32, 14, 18 and 9% in SPAD values compared to the control, respectively (Figure 17).
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Figure 17 The effect of perlite particle size and deficiency of some essential nutrients on SPAD values
of radish leaves.

4.10. Vitamin C

The amount of vitamin C in the radish taproot also decreased under conditions of
nitrogen, potassium, phosphorus, magnesium, calcium and iron deficiency. However, in
the conditions of boron and zinc deficiency in plants, there was no significant difference in
the amounts of vitamin C in the taproot (figure 18).
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4.11. Total soluble sugars

Results showed that the lack of nutrients increase the total content of soluble sugars of
leaves compared to the control. The total content of soluble sugars of leaves in nitrogen
and boron deficiency respectively had the highest and lowest increase (figure 19). The
content of total soluble sugars of taproot in calcium and boron deficiency respectively had
the highest and lowest decrease (figure 20).
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Figure 18 The effect of deficiency of some essential nutrients on vitamin C of radish taproot.
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Figure 19 The effect of perlite particle size and deficiency of some essential nutrients on leaf soluble sugars
content of radish.
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Figure 20 The effect of perlite particle size and deficiency of some essential nutrients on taproot soluble
sugars content of radish.

5. Discussion

5.1. Plant growth

The results of the present research showed that nutrient deficiencies significantly
decreased growth traits of radish. Since nitrogen is among the most important nutrients
required by plants, its deficiency is one of the key factors limiting their growth. It has been
reported that nitrogen deficiency leads to chlorosis of the lower leaves and decreases dry
matter production in radish (Roosta, 2017). It has been reported that nitrogen deficiency
has negative effects on growth traits of lettuce (Broadley et al., 2000), tomato (Frias-
Moreno et al., 2014), cabbage (Kano et al., 2007), and sweet potato (Wei et al., 2015).
Nitrogen plays a role in many physiological and biochemical processes in plants. Hence,
its deficiency reduces plant growth. Research has shown that nitrogen deficiency results in
degradation of chloroplast membranes thereby reducing photosynthetic rate and dry matter
production (Cetner et al., 2017). In agreement with the results of the present research,
other studies have reported that phosphorus deficiency reduces growth of tomato (Li et al.,
2010) and radish plants (Sanchez et al., 1991). Phosphorus deficiency leads to
accumulation of sugar and starch in plant tissues. In general, phosphorus deficiency
reduces rubisco activity, which leads to accumulation of ribulose-1, 5-bisphosphate and
completely stops photosynthetic activity (Hermans et al., 2006). Potassium is involved in
protein synthesis, anion-cation balance, the opening and closing of plant stomata,
osmoregulation, and photosynthesis (Marschner, 2011). Potassium deficiency decreases
photosynthesis and translocation of photoassimilates in the phloem, which cause oxidative
stress in plant tissues and, eventually, reduce its growth (Hafsi et al., 2014). Petrazzini et
al (2014) showed that decreased potassium content negatively influenced lettuce growth
traits by disrupting the anion-cation balance. Magnesium ion is present in chlorophyll, and
its deficiency changes the content and structure of photosynthetic pigments in leaves
thereby decreasing photosynthetic rate (Marschner, 2011). In agreement with the results of
the present research, it has been reported by other researchers that magnesium deficiency
reduces growth rates of sunflower (Farhat et al., 2016) and pepper (Riga and Anza, 2003)
plants. Calcium acts as a messenger and its deficiency changes expression levels of many
genes that encode enzymes (Cheval et al., 2013). Sulfur is also present in the amino acids
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cysteine and methionine and plays a fundamental role in plants (Cheval et al., 2013).
Therefore, considering the roles played by these two elements in plants, their deficiencies
also decrease plant growth. In agreement with the results of this study, other researchers
have shown that sulfur deficiency negatively affects growth traits of chinese cabbage
(Reich et al., 2016). Micronutrients play complicated roles in plant nutrition and crop
production (Ronen, 2016). Iron is involved in photosynthesis and formation of chlorophyll
molecules. The typical symptom caused by iron deficiency is yellowing leaves with green
veins (Benton Jones, 2005). The results of the present research showed that iron, boron,
and zinc deficiencies had significant negative effects on growth traits of radish.
Accordingly, considering the results of the present research, the decline in the growth
traits can be attributed to the decrease in chlorophyll content and photosynthetic indices,
which eventually reduce growth. The results of the present study also indicated that perlite
particle size also influenced plant growth traits: plant growth traits declined significantly
with increases in perlite particle size. In this regard, a study on Vallisneria natans showed
that biomass production and plant growth traits declined with increases in perlite particle
size (Li et al., 2012). The differences in plant growth traits in perlite substrates with
different perlite particle sizes can be attributed to the amounts of retained moisture and
nutrients.

5.2. Photosynthetic pigments

Nutrition plays a major role in synthesis and accumulation of photosynthetic pigments
(Zarco-Tejada et al., 2000). The results of the present study suggested that nutrient
deficiency decreased the content of photosynthetic pigments. It was reported in previous
studies that the amounts of chlorophyll a, chlorophyll b, and total chlorophyll of olive
leaves decreased under conditions of nitrogen deficiency due to the reduction in
chlorophyll synthesis and because of its decomposition (Boussadia et al., 2010). The
findings of this research demonstrated that the content of chlorophyll in radish leaves
decreased under conditions of potassium, nitrogen, and phosphorus deficiencies.
Magnesium deficiency lowers leaf chlorophyll content by degrading thylakoid membranes
and also via reducing chlorophyll synthesis and degrading chlorophyll molecules (Zhang
et al., 2017). Roosta et al (2017) reported that the content of photosynthetic pigments in
two lettuce cultivars declined under conditions of iron, zinc, and manganese deficiencies.
In agreement with the results of the present research, it has also been reported in other
studies that sulfur deficiency reduces chlorophyll a and chlorophyll b contents in vetch
leaves. The findings of the present study suggested that chlorophyll b and total chlorophyll
contents declined significantly in coarse grain perlite substrates. Due to its low water and
nutrient holding capacity, perlite decreases availability of nutrients to plants.
Consequently, chlorophyll content also decreases. However, chlorophyll content increased
when plants grew in perlite substrates together with other substrates capable of retaining
more water and nutrients. Accordingly, the reduction in chlorophyll in large perlite
substrates can be attributed to the decreased amounts of the nutrients that plants require.

5.3. Chlorophyll-fluorescence indices

Chlorophyll fluorescence is a non-destructive technique for measuring the
photosynthetic status of plants and for monitoring their health (Roosta et al., 2017). The
results of the present research indicated that nutrient deficiencies significantly decreased
chlorophyll-fluorescence indices and the efficiency of the photosynthetic. Researchers
have shown that nitrogen deficiency reduces the efficiency of the photosynthetic apparatus
and the chlorophyll-fluorescence indices by changing the photochemical efficiency of
photosystem Il and decreasing the activity of the photosystem Il reaction center apparatus
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(Zhao et al., 2017). Studies on corn (Zea mays L.) reported that nitrogen deficiency
reduced the rate of photosynthesis and chlorophyll fluorescence, but the rate of
photosynthesis and the efficiency of the photosynthetic apparatus improved with increases
in the quantity of nitrogen in the root environment (Jin et al., 2015). It has also been
reported that chlorophyll fluorescence indices in corn (Zea mays L.) decrease under
conditions of potassium deficiency. Potassium deficiency increases leaf temperature and
damages cell membrane by changing the anion-cation balance and closing the stomata
and, eventually, significantly decreases chlorophyll-fluorescence indices (Zhao et al.,
2016). Phosphorus deficiency usually influences the activity of photosystem Il reaction
centers and decreases the PSII quantum yield and the level of NADP thereby decreasing
the amount of energy produced by photosynthesis (Xu et al., 2007). The results of the
present research show that potassium deficiency decreases the chlorophyll-fluorescence
indices in sweet potato (Ipomoea batatas L.) (Liu et al., 2017). In addition, it has been
reported that the chlorophyll-fluorescence indices, the efficiency of the photosynthetic
apparatus, the quantum yield of the photosynthetic apparatus, and also the number of
electrons transferred along the electron transport chain in two lettuce cultivars decrease
under conditions of iron, zinc, and manganese deficiencies (Roosta et al., 2017).

5.4. Total soluble sugars

Soluble sugars are among the compounds with roles in osmotic adjustments in plants.
Their production increases when plants are under stress conditions. This increase in their
production enhances osmotic potential of cells, regulates intracellular osmolarity, and
protects biomolecules and membranes (Hossain et al., 2010). The results of the present
research demonstrated that leaf soluble sugars increased under conditions of nutrient
deficiencies. In agreement with the results of the present research, Boussadia et al., (2010)
reported that nitrogen deficiency increased mannitol, glucose, fructose, sucrose, and starch
contents in olive leaves. Researchers have reported that nitrogen deficiency prevents
carbohydrate loading in the phloem leading to accumulation of soluble sugars in leaves
(Boussadia et al., 2010). It has been reported that potassium deficiency increased the
contents of soluble sugars in cotton (Zhao et al., 2001). Accumulation of soluble sugars
under conditions of potassium deficiency can be attributed to the reduction in the activity
of sucrose phosphate synthase. This enzyme plays an important role in distribution of
sucrose in plants and in its loading in the phloem. In addition, potassium deficiency
increases the activity of invertase and decomposition of sucrose into hexose sugars (6-
carbon sugars) (Huber, 1984). A study on soybean showed that the contents of starch and
soluble sugars decreased significantly under stress conditions and phosphorus deficiency
(Qiu and Israel, 1992). The increase in soluble sugars under conditions of phosphorus
deficiency is also attributed to the decrease in sucrose phosphate synthase that enhances
sucrose transport to other plant organs and also prevents sucrose decomposition (Qiu and
Israel, 1992). In addition, Roosta et al (2017) reported that the content of total soluble
sugars in two lettuce cultivars significantly increased under conditions of iron, zinc, and
manganese deficiencies.

6. Conclusion

Plants need nutrition for growth and survival. Although the minerals form a small
amount of a plant’s weight, each of these mineral elements is necessary for carrying out
vital activities and the deficiency of these elements leads to plant disturbances which
affect the plant’s growth, and ultimately affects the quantity and quality of the product. In
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the current experiment, it was found that the growth and physiological characteristics of
radish were influenced greatly by the size of the perlite particle and nutrient deficiencies.
Nutrient deficiencies significantly decreased growth traits of radish. From the above
studies we concluded that the small size of perlite is suitable particle for growing radish
hydroponically. According to the results of this study, the deficiency of nutrients by
reducing the absorption and amount of mineral elements in the plant causes disturbance in
the processes of chlorophyll production and photosynthesis, and ultimately affect plant
growth and plant function, and it seems that the small size of perlite in substrate was better
to absorb the nutrients and therefore suitable for proper growth of radish.
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