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Abstract: Research has been increasingly focusing on the preservation of the biodiversity of vegetable
crops under sustainable farming management. An experiment was carried out in southern Italy on
Brassica oleracea L. var. botrytis, landrace Gigante di Napoli, to assess the effects of two transplanting
times (9 September and 7 October), in factorial combination with five nitrogen—potassium ratios (0.6;
0.8;1.0; 1.2; and 1.4) on plant growth, yield, and quality of cauliflower heads. A split-plot design was
used for the treatment distribution in the field, with three replications. The earlier transplant and the
1.2 N:K ratio led to the highest yield, mean weight, and firmness of cauliflower heads which were not
significantly affected by both transplanting time and N:K ratio in terms of colour components. The
1.2 N:K ratio led to the highest head diameter with the earlier transplant, whereas the 1.0 ratio was the
most effective on this parameter in the later crop cycle. The highest nitrate, nitrogen, and potassium
concentrations in the heads were recorded with the earlier transplanting time. Antioxidant activity,
ascorbic acid, and polyphenol content increased with the rise of the N:K ratio. The element use
efficiency was constantly negative with the N:K increase for nitrogen and was augmented until the
1.2 ratio for potassium. The results of our investigation showed that the optimal combination between
transplanting time and N:K ratio is a key aspect to improve head yield and quality of the cauliflower
landrace Gigante di Napoli, under the perspective of biodiversity safeguarding and valorisation.

Keywords: local variety; Brassica oleracea var. botrytis; antioxidant activity; ascorbic acid; polyphenols

1. Introduction

The preservation of agricultural biodiversity encompasses a multitude of practices
aimed at sustaining the genetic variability of plants, especially those utilised in food
production [1]. Within the latter context, the cauliflower landrace (Brassica oleracea L. var.
botrytis) Gigante di Napoli is a traditional crop in the Campania region (Italy), with an
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important cultural heritage and cultivation practices traditionally rooted in local agriculture.
It is appreciated for its organoleptic quality, high texture, colour ranging from white to
cream of the heads, delicate taste, and versatility in cooking [2,3].

From the agronomic point of view, Gigante di Napoli requires specific choices to
express its full development potential, including the most appropriate transplanting time
and adequate fertilisation management, particularly referring to the nitrogen/potassium
ratio. The latter aspects influence both the yield and quality of the final product and the
preservation of the global characteristics of this landrace [4,5].

The cultivation and promotion of Gigante di Napoli are essential either to keep alive
a part of Italian agricultural and cultural heritage or to offer farmers an opportunity to
diversify and sustainably manage the crop system. In order to make it easier and feasible
for farmers to choose and cultivate local varieties, it is crucial to help them identify, under
the current climate change conditions, the best fitting transplanting time and fertilisa-
tion methods.

Transplanting time is a key factor that significantly influences plant growth, and
crop yield and quality [6,7]. The choice of the optimal transplanting time is affected by
several factors, including genotype, climatic and cultivation requirements [8,9]. Based on
cauliflower characteristics for germination, growth, and ripening [10], temperatures under
10 °C can slow down its development, while temperatures higher than 25 °C may induce
the premature ‘sprout’ of the heads, compromising the quality of the final product [11].
Moreover, the choice of the appropriate transplanting time allows for a more efficient use of
water and nutrient resources [12], both by reducing the need for supplementary irrigation
and identifying the phases of the most efficient plant nutrient uptake, thus optimising
the fertilisation.

The ratio between nitrogen (N) and potassium (K) in the soil plays a crucial role in
plant nutrition and directly influences crop yield and quality [13]. The two mentioned
elements are among the primary nutrients needed by plants and have complementary but
distinct functions that, when properly balanced, can lead to optimal results in terms of
yield and quality. In fact, nitrogen is essential for the synthesis of proteins, nucleic acids,
and chlorophyll, promoting leaf development and plant tissue formation through its key
function in photosynthesis. Adequate nitrogen availability in the soil supports rapid and
vigorous growth, but an excess of this mineral element may lead to excessive leaf growth
which slows and reduces flowering and/or fruiting, as well as potential negative impacts
on the environment, such as the eutrophication of surface waters [14,15].

Potassium is vital for osmotic regulation, enzyme activation and sugar transport,
contributing to plant resistance to stress, improving their ability to withstand adverse
conditions such as drought, cold, and disease [16]. This element is also crucial to fruit
quality, influencing attributes such as colour, flavour, firmness, and storability [17]. The
most appropriate N:K ratio is therefore essential for balancing vegetative growth with the
reproduction phase and stress resistance, with consequent positive effects on yield and
crop quality. Determining the optimal ratio depends on the genotype, and the specific
environmental conditions of the cultivation area [18,19].

This study aimed to investigate the effects of transplanting time and nitrogen/potassium
ratio on plant growth, yield, and quality of cauliflower landrace Gigante di Napoli in
the Campania region (southern Italy), to highlight the importance of tailored agricultural
practices in maintaining crop diversity, thus supporting sustainable agriculture and food
security in the face of climate change.

2. Materials and Methods
2.1. Plant Material, Growing Conditions, and Experimental Protocol

Research was conducted at the Department of Agricultural Sciences, University of
Naples Federico II, Naples, Italy (40°500 N, 14°150 E, 17 m a.s.1,, in a Mediterranean or Csa
climate according to the Koppen classification scheme) [20] on cauliflower (Brassica oleracea
(L.) var. botrytis, landrace Gigante di Napoli), in open fields, in 2021 and 2022. Cauliflower
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plants were grown in a sandy loam soil and the roots developed in the superficial 40 cm
profile having 77% sand, 16% silt, and 7% clay, and 2.3% organic matter content (w/w),
0.13% total nitrogen, 33.7 mg kg~! P, and 1369 mg kg~ ! exchangeable K. The average
monthly total rainfall and temperature were the following: 10 mm and 25 °C in September;
20 mm and 22 °C in October; 90 mm and 18 °C in November; 70 mm and 14 °C in December;
and 60 mm and 10 °C in January. The plants were spaced 50 cm along the rows which were
70 cm apart, with a density of 2.9 plants per m?.

The experimental protocol was based on the factorial combination of two transplanting
times (9 September, 7 October) and five nitrogen/potassium ratios (0.6; 0.8; 1.0; 1.2; and 1.4),
using a split-plot design for the treatment distribution in the field, with three repetitions,
with the experimental unit covering a 10.5 m? (3.5 x 3.0 m) surface area. The N:K ratios
were applied by keeping constant the potassium dose and changing the nitrogen one, based
on the following average cauliflower requirements: 250 kg ha~—! N, 60-100 kg ha~! P,Os,
and 250 kg ha~! K,O. The mentioned fertilisations were achieved by supplying calcium
nitrate (15.5 N, 23.0 CaO), potassium nitrate (13 N, 46 K,O), potassium sulphate (50 K,O,
45 SO3), and phosphoric acid (54% P,0Os), partly during pre-transplanting (35%) and the
remainder during the crop cycles (65%).

Drip irrigation was activated when the soil available water capacity (AWC) decreased
to 70%. The harvests were carried out when the cauliflower heads completed their growth,
cutting the whole plants of the central rows at 2 cm above soil level, excluding the border
ones, on 21 November and 27 December, for the earlier and the later transplanting times,
respectively, as an average of 2021 and 2022.

At harvest, 15-plant samples were randomly collected in each plot to assess the fresh
and dry weight (in an oven at 70 °C under vacuum, at 15 kPa pressure, and until they
reached constant weight) of the cauliflower heads.

For each sample, firmness (digital penetrometer with 8 mm tip T.R. Turoni s.r.l., Forli,
Italy) and colour (L*, a*, b*—ClIElab), using a Minolta CR-300 Chroma Meter (Minolta
Camera Co. Ltd., Osaka, Japan), were measured.

2.2. Nitrate and N, P, and K Determinations

Head samples of 0.5 g per treatment were ground using an IKA mill (IKA-Werke,
Staufen, Germany), sieved through a 2 mm screen, to measure nitrate content by a Foss
continuous flow Analyzer—FIAstar 5000 (FOSS Italia S.r.l., Padova, Italy), as reported by
Di Mola et al. [21]. An aliquot of the samples was washed with ultrapure water, dried,
and stored in the freezer (—80 °C) to perform the following analyses: ascorbic acid, total
phenols, and antioxidant activity. Frozen ‘curds’ were roughly cut with a ceramic blade
knife, brought back to —20 °C, and homogenized in a knife mill Grindomix GM300 Retsch
(Haan, Germany). The grinding program was in two steps: 1000 rpm revolution speed,
direction impact, for 20 s (pre-grinding) and 2000 rpm revolution speed, direction cut,
for 30 s (fine grinding). The homogenate obtained was divided into sub-samples and
stored at —80 °C and used for the determination of ascorbic acid, total phenols, and
antioxidant activity.

2.3. Ascorbic Acid

Ascorbic acid extraction procedure (in duplicate for each sample) was conducted
according to the AOAC’s Official Methods of Analysis. Briefly, 10 mL of extraction solution
(30 g L~ MPA—80 mL L~! acetic acid—1 mmol L~! EDTA) were added to 34 g of
homogenate and the mixture was shaken for 3 min with a disperser (Ultra-TuraxT25 IKA-
Werke GmbH & Co. KG, Staufen, Germany). The resulting extract after centrifugation
(10,000 rpm; 20 min; 4 °C) was immediately analysed by the colorimetric method using the
Folin Phenol Reagent according to Jagota and Dani [22]. To 400 uL of the sample, 200 pL
of extraction solution, 1.2 mL of ultrapure water, and 200 pL of Folin—Ciocalteu’s phenol
reagent 2N (diluted 1:5 with ultrapure water) were added. After 30 min in darkness and at
room temperature, the absorbance of the blue colour developed was measured at 760 nm.
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Dry weight of crop (kg ha71>

This procedure was repeated in triplicate. For quantification, six standard solutions of
ascorbic acid (range 25-150 ug mL~!) were prepared and estimated as above (R% > 0.996).

2.4. Total Phenols

Total phenol extraction was performed following the procedure as described by
Kaur et al. [23] with minor modifications. Approximately 5 g of sample (in triplicate)
were homogenized in 25 mL of 80:20 CH3OH/H,O mixture and sonicated in an ultrasonic
bath (Elmasonic P Elma, Singen, Germany) at 40 °C for 3 h in darkness. Afterwards, the
extracts were centrifuged for 20 min at 10,000 rpm (HF 14.94 rotor, radius 9.7 1086 RCF)
at 4 °C (Centifuge 17R Heraeus Sepatech, Waltham, MA, USA) and the upper layer was
separated and kept at —20 °C until analyses were performed. The total phenolic content
was determined according to Folin—Ciocalteu’s method [24] with small modifications. In
the test tube, the following were added in sequence: 1 mL H,O, 100 pL of cauliflower
extract, 100 pL of Folin—Ciocalteu’s phenol reagent 2 N solution, and, after 10 min, 800 uL
of Nay,CO3 75 g L~ solution, so that the final pH was >10 (test final volume 2 mL). The
mixture was allowed to stand for 120 min at room temperature and in darkness, and ab-
sorption was measured at 765 nm against a reagent blank. Measurements were performed
in duplicate, and results were expressed as mg of gallic acid equivalent per 100 mg of fresh
weight (GAE 100 g~! f.w.). For calibration, six standard solutions of gallic acid (range
0-150 pg mL~1) were prepared and estimated as above (R > 0.998).

2.5. Antioxidant Activity

The antioxidant activity was measured on the cauliflower extract prepared as for total
phenolic determination, using the DPPH assay based on the measurement of the scavenging
ability of the antioxidant toward the stable radical DPPH. A 3.9 mL aliquot of a 0.0634 mM
of DPPH solution in methanol was added to 0.1 mL of each extract and shaken vigorously.
The change in the absorbance of the mixture at 515 nm was observed and the antiradical
activity of the sample was evaluated from the percentage of DPPH remaining when the
kinetics reached a steady state. It has been found experimentally that for cauliflower fruit,
this occurs after 150 min. A stock solution of DPPH 634 uM (12.5 mg in 50 mL of degassed
methanol) was prepared at the assay moment. For the test, instead, a 10-fold fresh diluted
solution is used. Dark glass test tubes were used with Teflon-coated rubber septa and
aluminium caps (Supelco Inc., Bellefonte, PA, USA), and the DPPH solution was degassed
and flushed with helium gas for 3 min. Trolox equivalency is used as a benchmark for the
oxidant capacity of the extracts. Therefore, the calibration curve was constructed using
nine standard solutions containing this antioxidant (range 0.15-20 uM) and the results are
expressed as pmol of Trolox equivalent per 100 g of fresh weight (umol TE 100 g~ ! f.w.).

2.6. Nitrogen Use Efficiency (NUE) and Potassium Use Efficiency (KUE) on Yield Calculation

For nitrogen use efficiency (NUE) and potassium use efficiency (KUE) on yield, the
following formulas, based on average values referred to the variable examined per level of
N:K treatment, were adopted:

Dry weight of crop (kg hafl)
KUE =

NUE =

Amount of nitrogen applied (kg ha_l) Amount of potassium applied (kg ha_1>

2.7. Statistical Analysis

Data were processed by analysis of variance (two-way ANOVA) and mean separations
were performed through the Tukey’s test, with reference to 0.05 probability level, using the
SPSS software version 29.
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3. Results and Discussion
3.1. Yield and Growth Parameters

No significant differences arose between the two research years (2021 and 2022) re-
garding the variables examined and, therefore, the average values were reported.

The later transplanted crops exhibited a longer growing period, compared to the
earlier ones (81.4 vs. 73.1 days), resulting in significantly higher yields (11.2 vs. 9.0 t ha™1),
as observed in Table 1.

Table 1. Effect of transplanting time and N:K ratio on yield and plant growth parameters of cauliflower.

Colour
Experimental Crop C.y cle Yield Head'Fresh Head Dry Firmness " *
Treatment Duration (tha-1) Weight Weight (kg) (N) L a b*
(Days) (kg)
Transplanting
time
9 September 731D 111a 0.83a 0.17 6.65 a 85.9 0.05 0.65
7 October 8l4a 9.0b 0.61Db 0.16 544D 85.8 0.54 0.04
n.s. ns. ns. n.s.
N:K ratio
0.6 74.8Db 9.2d 041d 0.14c 471d 85.5 0.44 —0.10
0.8 75.1b 9.1d 047 c 0.15c¢ 581c 86.1 —1.04 0.85
1.0 76.9 ab 11.0b 0.76 b 0.17b 6.45b 87.0 0.62 0.83
12 79.7 a 113a 1.10a 0.19a 6.96 a 85.6 0.81 —0.17
1.4 798 a 98¢ 0.86 b 0.17b 6.31b 84.8 0.40 0.31
n.s. n.s. n.s.

n.s. not significant; within each column, mean values followed by different letters are significantly different at
p < 0.05 according to Tukey’s test.

No significant interactions between the two experimental factors on the variables
examined arose, with the exception of the diameter of cauliflower heads (Figure 1), which
was the highest corresponding to 1.2 N:K with the earlier transplant and to 1.0 with the later
one. The earlier transplanting time also led to a higher mean head fresh weight (0.83 kg),
compared to the later one (0.61 kg). However, no significant differences were detected in
the dry weight, indicating that the increased biomass in the earlier crops was due to the
higher water content. Furthermore, the head firmness associated with the 9 September
transplant was higher (6.65 N) as compared to the later crop cycle (5.44 N). The colour
parameters (L*, a*, b*) were not significantly affected by the transplanting time.

The 1.2 and 1.4 N:K ratios led to a longer crop cycle, compared to 0.6 and 0.8. The
highest yield was recorded at 1.2 N:K (11.3 t ha~!), due to the highest head fresh weight
(1.10 kg), and the lowest at 0.6 ratio (0.41 kg).

Both the head dry weight and firmness reached the highest value at 1.2 N:K (0.19 kg
and 6.96 N, respectively) and the lowest at 0.6 (0.14 kg and 4.71 N, respectively).

The colour components (L*, a*, b*) were not significantly affected by the N:K ratio.

In a previous investigation [25], the transplanting time significantly influenced the
growth and yield of cauliflower, with the transplant practiced at the end of November
enhancing biometrical parameters and yield, particularly plant height, leaf number, stem
diameter, and head size.

Furthermore, Kartika et al. [26] reported the detrimental effects of delayed transplant-
ing time on yield and plant growth indicators, such as leaf number, canopy area, and curd
characteristics. Moreover, Sultana et al. [27] found that the optimal transplanting time to
maximize growth and yield also depends on cultivar and latitude.
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Figure 1. Interaction between transplanting time and N:K ratio on cauliflower head diameter.

Cauliflower plants experience physiological and biochemical reactions when subjected
to cold temperatures, encompassing acclimatisation which allows them to progressively
adapt to the modified environment, thus enhancing their ability to benefit from the men-
tioned stress [28] resulting in a remarkable rise in marketable yields. In this respect,
the adaptation to low temperatures involves several phenomena, including alterations
in protein synthesis, variations in membrane composition, and activation of antioxidant
defence systems.

Rahman et al. [29] highlighted the relationship between planting time and plant
hormonal status, which affects cauliflower production. Wadan et al. [30] investigated the
effects of nitrogen/potassium ratios on yield, revealing that a combination of 120 kg N and
90 kg K per hectare significantly enhanced yield and growth parameters, including head
weight and leaf area.

3.2. Nitrate, Nitrogen, Phosphorus, and Potassium Concentrations

In a study conducted by Yildirim [31], it was shown that raising the amount of nitrogen
fertiliser in the rhizosphere led to an increase in the availability of other minerals in the
soil solution which, in turn, resulted in improved growth and higher yield and weight of
cauliflower heads. Further, the amount of nitrogen supply is reportedly crucial for plant
development as well as nitrate absorption and accumulation [32].

Marschner [33] emphasized the significance of the nitrogen—potassium relationship in
plant metabolism and the potential consequences of imbalances, i.e., a decreased rate of
photosynthesis and nitrogen absorption, as well as the influence of the ratio between the
two elements in the soil on their absorption.

Nitrogen has a crucial role in promoting plant growth as it is a vital constituent
of chlorophyll. Probably, the higher nitrogen availability resulted in higher chlorophyll
levels, which improves the plant capacity to convert light into energy for its growth and
development. This hypothesis is consistent with the reports of Katuwal et al. [34] who
found that cauliflower plants subjected to different nitrogen levels showed an increase in
head fresh weight, leaf area, and plant height, upon the augmentation of nitrogen supply.
The latter is notoriously essential for the synthesis of proteins, which have a crucial role in
the organization and functioning of plant cells, including the enzyme enhancement of all
metabolic processes.
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The influence of transplant nutrient conditioning (TNC) and the nitrogen—potassium
(N:K) ratio on the growth characteristics, and on cauliflower diameter, was also reported
in previous study [31], elucidating that TNC at different levels of N, P, and K significantly
impacted early growth traits such as stem diameter in cauliflower seedlings.

An increase in TNC levels of N enhanced growth but also induced greater transplant
shock, which was compensated by faster growth in later stages, suggesting a critical balance
between nutrient provision and the plant stress response.

Further confirming the pivotal role of nitrogen, Katuwal et al. [34] demonstrated that
the application of 130 kg ha~! N improved yield and biometrical parameters, including
stem diameter and head girth.

Similarly, Cutcliffe and Munro [35] reported that cauliflower yield was significantly
augmented by nitrogen and phosphorus applications, optimally at N applications ranging
from 112 to 224 kg ha~!.

Wadan et al. [30] further reported that fertilizer levels of 120 kg ha~! N plus 90 K kg ha~!
substantially enhanced yield performance in terms of head weight and diameter and leaf
area. The latter finding indicates that the appropriate N:K ratio is crucial to achieve optimal
growth and head size in cauliflower production.

As shown in Table 2, the earlier transplanting time led to higher concentrations of
nitrate and nitrogen content in cauliflower heads (341 and 3728 ppm, respectively), com-
pared to the later transplant (278.9 and 3050 ppm, respectively). Potassium accumulated at
a significantly higher extent in the heads for the earlier transplanting time compared to the
later one.

Table 2. Effect of transplanting time and N:K ratio on quality parameters of cauliflower heads.

Experimental Nitrate N P K
Treatment (mg kg—1) (mg kg—1) (mg kg—1) (mg kg—1)
Transplanting
time
9 September 341.00 a 3728.27 a 1081.25 4454.17 a
7 October 27890 b 3050.41 b 884.62 3644.32 b
ns.
N:K ratio
0.6 393.90 a 3706.25 a 1016.21 a 5816.14 a
0.8 342.23Db 3483.88 b 1036.50 a 4942.54 b
1.0 303.21c 3449.48 b 999.52 a 3105.98 c
1.2 273.28d 3157.52 ¢ 958.75 ab 3378.85 ¢
1.4 237.36 € 3149.57 ¢ 903.59 b 3002.73 d

n.s. not significant; within each column, mean values followed by different letters are significantly different at
p < 0.05, according to Tukey’s test.

Increasing the nitrogen—potassium ratio, a decreasing trend of nitrate and nitrogen
concentrations in cauliflower heads was recorded. The lowest nitrogen—potassium ratio
(0.6) resulted in the highest nitrate content (393.9 ppm), which gradually decreased up
to the 1.4 ratio (237.4 ppm), and a similar trend was shown by nitrogen. Phosphorus
content was the highest at the lowest nitrogen—potassium ratio, whereas potassium content
decreased with increasing N:K ratio (from 5816.1 ppm at 0.6 to 3002.73 ppm at 1.4).

Nitrate reduction is a stage in nitrate assimilation affecting the latter process [36];
nitrate reductase is the related enzyme that is activated in response to light conditions, and
a strong correlation exists between the activity of nitrate reductase and the concentration
of nitrate in plants [37]. In addition, the expression of nitrate absorption and reduction
systems is induced by both endogenous nitrogen and plant development [38]. According
to Chen et al. [39], the growth of cabbage plants is strongly influenced by the amount
of nitrogen they receive. When the nitrogen supply exceeded the optimal threshold, the
plants experienced a decrease in growth and an increase in nitrate accumulation leading to
toxicity symptoms caused by high levels of NO3;~ concentration, which in turn caused a
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biomass decrease. However, over the mentioned threshold, there was a slower rate of rise
in nitrate concentration, maybe due to a reduction in nitrate absorption as a consequence
of a decrease in plant growth, which also resulted in yield loss. The efficiency of the net
nitrate absorption rate significantly improves with the increase of plant relative growth rate,
as observed by Ter Steege et al. [40], which highlights the critical role of plant growth in
nitrate uptake. While most studies have demonstrated that nitrate reductase is an enzyme
induced by its substrate [41], a few investigations have shown that even a small amount of
nitrate is enough to trigger nitrate reductase induction [42]. Additionally, the expression
of nitrate reductase may be regulated by either the flow of nitrogen or the nitrogen status
of plants [43]. In the trials conducted by Chen et al. [39], it was shown that nitrate had
a beneficial impact on nitrate reductase activity only when the nitrate supplies were low.
However, when the nitrogen inputs were at their optimal level, the nitrate reductase activity
either achieved a plateau value or even dropped.

Recent research elucidated the intricate dynamics between nitrogen, phosphorus,
and potassium applications and their effects on cauliflower growth, yield, maturity, and
nutrient content. In fact, Sony et al. [44] highlighted the significant N-P interaction on
growth parameters and yield, suggesting that tailored N-P management can strongly
impact nitrate, N, P, and K accumulation in plants whereas, in contrast, in Everaarts’ [45]
investigation, the increased N application rates did not augment the nitrogen content.

Metwaly [46] studied the nutrient dynamics by examining the effects of P and K
on cauliflower, demonstrating that the relationship between these nutrients significantly
affected vegetative growth, leaf chemistry, and head yield and quality, thereby emphasiz-
ing the importance of optimizing P and K levels along with N management to enhance
cauliflower production and nutrient profile optimization.

3.3. Quality Parameters

The later transplant elicited a higher concentration of ascorbic acid (4.6 mg 100 g~
f.w.) and total phenols (78.4 mg equivalent GAE 100 g~ ! f.w.) compared to the earlier one
(3.7 mg 100 g~ ! f.w. for ascorbic acid and 64.2 mg equivalent GAE 100 g~ f.w. for total
phenols; Table 3). The antioxidant activity did not show a significant difference between
the two transplanting times.

Table 3. Effect of transplanting time and N:K ratio on ascorbic acid, antioxidant activity, and total
polyphenols of cauliflower curds.

Experimental Ascorbic Acid Antioxidant Activity Total Phenols
Treatment (mg 100 g1 f.w.) (umol Trolox Equivalent 100 g~1 f.w.) (mg Equivalent GAE 100 g~1 f.w.)
Transplanting
9 September 3.74b 368.06 64.17b
7 October 4.55a 362.97 7843 a
n.s.
N:K
0.6 3.37 ¢ 330.44 b 55.57 ¢
0.8 395b 368.69 ab 67.25b
1.0 3.92b 346.49 b 69.28 b
1.2 4.88a 387.42 ab 79.78 ab
14 4.63 a 394.50 a 84.66 a

n.s. not significant; within each column, mean values followed by different letters are significantly different at
p < 0.05 according to Tukey’s test.

The ascorbic acid content was the lowest at the 0.6 ratio (3.4 mg 100 g~ ! f.w.) and
increased progressively with a rising nitrogen—potassium ratio, peaking at 1.2 with 4.9 mg
100 g~! f.w. The antioxidant activity and total polyphenols also showed an increasing
trend from the lowest to the highest nitrogen—potassium ratio. Both the highest antioxidant
activity and total polyphenol content were recorded at 1.4 (394.5 umol Trolox equivalent
100 g*1 f.w. and 84.7 mg equivalent GAE 100 g*1 f.w.).
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The mentioned findings reflect the favourable conditions associated with delayed
transplanting and an increased nitrogen—potassium ratio for enhancing the phytochemical
content of plants, augmenting their nutritional value and health benefits.

Some studies highlighted the significant impact of transplanting time and the applied
nitrogen—potassium (N:K) ratio on the vitamin C content, antioxidant activity, and polyphe-
nol levels in cauliflower [47]. Contrary to the trend recorded in our study, Lisiewska
and Kmiecik [47] found that the increasing nitrogen fertilization decreased the vitamin
C content in cauliflower. Furthermore, Giri [48] reported that a lower dose of nitrogen,
when combined with organic manures, improved the post-harvest quality of cauliflower,
including higher vitamin C content, thus valorising sustainable fertilization strategies.
Slosar et al. [49] observed that nitrogen and sulphur fertilization is a key factor to enhance
the accumulation of health-promoting compounds, positively affecting the content of vita-
min C and (3-carotene in cauliflower. Moreover, a previous study carried out on coloured
potato cultivars [50], reported that nitrogen was more effective than potassium in increasing
anthocyanin content, and the modulation of the ratio between these two elements was an
effective way to increase the expression of polyphenolic compounds.

3.4. Nitrogen and Potassium Use Efficiency

In Figure 2, the trend of nitrogen and potassium use efficiency related to the average
yield of cauliflower heads is illustrated. The nitrogen use efficiency showed a negative
trend from the lowest to the highest nitrogen dose applied. Differently, the potassium
use efficiency displayed a slightly positive trend from 0.8 to 1.2 (N:K), then decreasing
from 1.2 to 1.4. The decreasing trend of nitrogen use efficiency (NUE) with increasing
N:K ratios, along with a stable potassium use efficiency (KUE), might be due to a complex
interplay of factors. Plants require a balanced nutrition which can be altered by an excess
of nitrogen supplied, especially if potassium, which is crucial for stress tolerance and
enzyme activation, is not increased proportionally. The mentioned imbalance could lead
to excessive consumption of nitrogen, causing plant absorption to be higher than needed
which does not turn out into an increased head yield, thus leading to inefficiency. The
relatively stable efficiency of potassium suggests that this element was remarkably used by
the plants, indicating its sufficiency across the ratios. Furthermore, nutrient competition at
the root uptake sites may limit the availability and absorption of some elements, which are
also influenced by the soil properties, such as pH and microbial activity.

Nitrogen use efficiency (NUE) is an essential parameter to measure the efficiency of
plant utilization of available nitrogen (N) for growth and yield, encompassing the processes
of N uptake, assimilation, and use within a plant system. Studies of different plant species
and environmental conditions reveal that NUE is a complex trait influenced by both
genetic and environmental factors, showing variability under different levels of nitrogen
supply [51]. In Helianthus annuus, a trade-off between nitrogen productivity (NP) and mean
retention time of nitrogen (MRT) suggests that plants optimize their nitrogen use strategies
based on available N levels, either by maximizing nitrogen conservation or utilization [51].
At the molecular level, as observed in Brassica napus under low nitrogen (LN) conditions,
NUE is enhanced through the regulation of root architecture and nitrogen transporter
activity, specifically through the upregulation of nitrate transporters like BnNRT1.5 and
downregulation of BnNRT1.8, facilitating efficient nitrate uptake and translocation. These
adjustments are part of a plant’s adaptive response to varying N availability, aiming to
maintain growth and yield with minimal nitrogen input, reflecting an intricate balance
between the demand for nitrogen and its availability in the environment [52].

According to previous works [46,53], the combined effects of nitrogen and potassium
enhance the growth and yield of cauliflower by increasing the uptake of nutrients, such as
nitrogen for protein synthesis, and potassium for regulating water use through stomatal
conductance, and enhancing resistance to stress. Once the optimal point is reached, any
additional increases in N and K concentrations do not result in further growth or yield
advantages, maybe because of the limitation of the plant’s capacity to uptake nutrients, in-
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The mentioned factors reflect a delicate balance between nutrient, water, and physiological
requirements for maximizing plant yield.
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Figure 2. Nitrogen use efficiency (NUE) and potassium use efficiency (KUE) in relation to N:K.

4. Conclusions

From this research it can be inferred that the choice of both the most appropriate
transplanting time and nitrogen—potassium ratio is crucial for the cauliflower landrace
Gigante di Napoli, under the perspective to sustain ‘niche” crops that are useful both for
the economy closely linked to an agricultural area and for its biodiversity. The earlier
transplanting time (9 September) proved to be the most effective for head yield, while
the later one (7 October) for the quality characteristics. A nitrogen—potassium ratio above
1.2 was not effective to enhance either yield or curd quality. Nitrogen and potassium use
efficiency showed different trends, with the first one decreasing with the augmentation of
nitrogen supplied, and the second one increasing from 0.8 to 1.2 N:K ratio. From this study,
a significant effect of the nitrogen—potassium ratio arose on the yield and quality of the
cauliflower landrace Gigante di Napoli, whose importance closely relates to biodiversity
and land preservation. The latter aim should be pursued, targeting the compromise
between efficient plant nutrition and territory safeguarding, and choosing the best fitting
transplanting time both to enhance production and face climate changes.

Author Contributions: Conceptualization, A.V.T. and G.C.; methodology, A.V.T., AS. (Antonio Salluzzo),
ASS. (Agnieszka Sekara), O.C.M. and L.d.P; software, A.V.T., E.C. and P.L.; validation, R.P. and G.C;
formal analysis, A.V.T,, E.C., A.S. (Antonio Salluzzo) and L.d.P;; investigation, A.V.T,, E.C., L.d.P, P.L.
and A.C,; data curation, A.V.T., E.C. and A.S. (Antonio Salluzzo); writing—original draft preparation,
A.V.T,; writing—review and editing, A.S. (Agnieszka Sekara), R.P., O.C.M. and G.C,; visualization,
A.V.T,; supervision, G.C.; project administration, A.V.T,, L.V. and G.C.; funding acquisition, L.V. and
G.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Horticulturae 2024, 10, 518 11 of 13

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: Author Lorenzo Vecchietti was employed by the company Hydro Fert S.r.I.
The remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Salgotra, R.K.; Chauhan, B.S. Genetic diversity, conservation, and utilization of plant genetic resources. Genes 2023, 14, 174.
[CrossRef] [PubMed]

Dudley, N.; Alexander, S. Agriculture and biodiversity: A review. Biodiversity 2017, 18, 45-49. [CrossRef]

Frison, E.; Cherfas, ].; Hodgkin, T. Agricultural biodiversity is essential for a sustainable improvement in food and nutrition
security. Sustainability 2011, 3, 238-253. [CrossRef]

Falco, S. On the value of agricultural biodiversity. Annu. Rev. Resour. Econ. 2012, 4, 207-223. [CrossRef]

Gabriel, D.; Sait, S.M.; Kunin, W.E.; Benton, T.G. Food production vs. biodiversity: Comparing organic and conventional
agriculture. J. Appl. Ecol. 2013, 50, 355-364. [CrossRef]

Everaarts, A. Nitrogen balance during the growth of cauliflower. Sci. Hortic. 2000, 83, 173-186. [CrossRef]

Kodithuwakku, D.; Kirthisinghe, J.P. The effect of different rates of nitrogen fertilizer application on the growth, yield, and
postharvest life of cauliflower. Trop. Agric. Res. 2010, 21, 110-114. [CrossRef]

Xie, Y.; Kristensen, H. Overwintering grass-clover as intercrop and moderately reduced nitrogen fertilization maintain yield and
reduce the risk of nitrate leaching in an organic cauliflower (Brassica oleracea L. var. botrytis) agroecosystem. Sci. Hortic. 2016, 200,
71-79. [CrossRef]

Boogaard, R.; Thorup-Kristensen, K. Effects of nitrogen fertilization on growth and soil nitrogen depletion in cauliflower. Acta
Agric. Scand. Sect. B—Soil Plant Sci. 1997, 47, 149-155.

Meng, H.; Xinsheng, H.; Jing, W.; Jiang, D.-F. Study of the effect of nitrogen, phosphorus, and potassium fertilizer combined
application on the yield of peanut intercrop cauliflower. J. Qingdao Agric. Univ. 2010, 27, 285-288.

Kalisz, A; Gil, J.; Kunicki, E.; Sekara, A.; Salata, A.; Caruso, G. Different temperature regimes influenced the quality of broccoli
seedlings, which caused a change in the chemical composition of mature heads. Agronomy 2021, 11, 1806. [CrossRef]

Castoldi, R.; Charlo, H.C.O.; Vargas, PF.; Braz, L.T. Growth, nutrients accumulation and crop productivity of cauliflower. Hortic.
Bras. 2009, 27, 438-446. [CrossRef]

Figas, A.; Jagosz, B.; Rolbiecki, S.; Rolbiecki, R.; Ptach, W. Effect of the predicted climate changes on the water needs of cauliflower
cultivated in Central Poland. In Proceedings of the 18th International Scientific Conference “Eng. Rural Dev.”, Jelgava, Latvia,
22-24 May 2019.

Wang, R.; Wang, Y.; Zhang, Z.; Pan, H.; Lan, L.; Huang, R.; Peng, Y. Effects of Exponential N Application on Soil Exchangeable
Base Cations and the Growth and Nutrient Contents of Clonal Chinese Fir Seedlings. Plants 2023, 12, 851. [CrossRef]

Xu, X.; Du, X.; Wang, F; Sha, J.; Chen, Q.; Tian, G.; Zhu, Z. Effects of potassium levels on plant growth, accumulation and
distribution of carbon, and nitrate metabolism in apple dwarf rootstock seedlings. Front. Plant Sci. 2020, 11, 904. [CrossRef]
[PubMed]

Li, Z; Xia, S.; Zhang, R.; Zhang, R.; Chen, E; Liu, Y. N20 emissions and product ratios of nitrification and denitrification are
altered by K fertilizer in acidic agricultural soils. Environ. Pollut. 2020, 265 Pt B, 115065. [CrossRef]

Wang, M.; Zheng, Q.; Shen, Q.; Guo, S. The critical role of potassium in plant stress response. Int. . Mol. Sci. 2013, 14, 7370-7390.
[CrossRef] [PubMed]

Ali, S.; Hafeez, A.; Ma, X,; Tung, S.A.; Chattha, M.S.; Shah, A.N.; Luo, D.; Ahmad, S.; Liu, J. Equal potassium-nitrogen ratio
regulated the nitrogen metabolism and yield of high-density late-planted cotton (Gossypium hirsutum L.) in Yangtze River valley
of China. Ind. Crops Prod. 2019, 129, 231-241. [CrossRef]

Lester, G.; Jifon, J.; Makus, D. Impact of potassium nutrition on postharvest fruit quality: Melon (Cucumis melo L) case study.
Plant Soil 2010, 335, 117-131. [CrossRef]

Peel, M.C.; Finlayson, B.L.; McMahon, T.A. Updated world map of the Képpen-Geiger climate classification. Hydrol. Earth Syst.
Sci. 2007, 11, 1633-1644. [CrossRef]

Di Mola, I.; Ottaiano, L.; Cozzolino, E.; El-Nakhel, C.; Rippa, M.; Mormile, P.; Mori, M. Assessment of yield and nitrate content of
wall rocket grown under diffuse-light-or clear-plastic films and subjected to different nitrogen fertilization levels and biostimulant
application. Horticulturae 2022, 8, 138. [CrossRef]

Jagota, S.K.; Dani, H.M. A new colorimetric technique for the estimation of vitamin C using Folin phenol reagent. Anal. Biochem.
1982, 127, 178-182. [CrossRef]

Kaur, C.; Kapoor, H.C. Antioxidant activity and total phenolic content of some Asian vegetables. Int. ]. Food Sci. Technol. 2002,
37,153-161. [CrossRef]

Singleton, V.L.; Orthofer, R.; Lamuela-Raventé6s, R.M. Analysis of total phenols and other oxidation substrates and antioxidants
by means of folin-ciocalteu reagent. In Methods in Enzymology; Academic Press: Cambridge, MA, USA, 1999; Volume 299,
pp. 152-178.



Horticulturae 2024, 10, 518 12 of 13

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

Devi, P; Sharma, A.; Saini, A.; Sharma, S. Effect of different spacing and transplanting dates on the growth and yield of cauliflower
(Brassica oleracea var. botrytis L.). Int. . Adv. Res. 2022. [CrossRef]

Kartika, L.N.F; Lakitan, B. Growth responses and yield of cauliflower (Brassica oleracea var. botrytis L.) to the delayed transplanting
and drought stress. E3S Web Conf. 2021, 306, 01007. [CrossRef]

Sultana, J.; Mannan, M.A.; Ahmed, S.; Khan, K.U. Planting date affects growth and yield performance of cauliflower (Brassica
oleracea var. botrytis). South Asian J. Agric. 2019. [CrossRef]

Kalisz, A.; Sekara, A.; Cebula, S.; Grabowska, A.; Kunicki, E. Impact of low-temperature transplant treatment on yield and quality
of cauliflower curds in late spring production. Sci. Hortic. 2014, 176, 134-142. [CrossRef]

Rahman, M.; Imran, M.; Ikrum, M.; Rahman, M.; Rabbani, M. Effects of Planting Date and Growth Hormone on Growth and
Yield of Cauliflower. J. Environ. Sci. Nat. Resour. 2017, 9, 143-150. [CrossRef]

Wadan, D.; Khan, M.; Hassan, L; Jan, M. Effect of different levels of nitrogen and potassium on yield and yield components of
cauliflower. Int. J. Life Sci. 2008, 2, 579-583.

Yildirim, E. Effects of plant growth-promoting rhizobacteria (PGPR) and different fertilizer combinations on yield and quality
properties in cauliflower (Brassica oleracea L. var. botrytis). Akad. Ziraat Derg. 2022, 11, 35-46. [CrossRef]

Devienne-Barret, F; Richard-Molard, C.; Chelle, M.; Maury, O.; Ney, B. Ara-rhizotron: An effective culture system to study
simultaneously root and shoot development of Arabidopsis. Plant Soil 2006, 280, 253-266. [CrossRef]

Marschner, P. Marschner’s Mineral Nutrition of Higher Plants; Academic Press: Cambridge, MA, USA, 2012. [CrossRef]

Katuwal, D.R.; Bhandari, N.; Pokhrel, A. Response of different levels of nitrogen on growth and yield of cauliflower (Brassica
oleracea var. botrytis) varieties. Asian J. Agric. Hortic. Res. 2023, 10, 105-114. [CrossRef]

Cutcliffe, J.A.; Munro, D.C. Effects of nitrogen, phosphorus and potassium on yield and maturity of cauliflower. Can. J. Plant Sci.
1976, 56, 127-131. [CrossRef]

Ali, A. Nitrate assimilation pathway in higher plants: Critical role in nitrogen signalling and utilization. Plant Sci. Today 2020, 7,
182-192. [CrossRef]

Signore, A.; Bell, L.; Santamaria, P.; Wagstaff, C.; Van Labeke, M.C. Red light is effective in reducing nitrate concentration in
rocket by increasing nitrate reductase activity, and contributes to increased total glucosinolates content. Front. Plant Sci. 2020,
11, 532456. [CrossRef]

Zhang, S.; Zhang, Y.; Wang, Y.; Hao, Y.; Su, W.; Sun, G.; Song, S. Nitrogen absorption pattern detection and expression analysis of
nitrate transporters in flowering Chinese cabbage. Horticulturae 2022, 8, 188. [CrossRef]

Chen, BM.; Wang, ZH.; Li, S.X.; Wang, G.X; Song, H.X.; Wang, X.N. Effects of nitrate supply on plant growth, nitrate
accumulation, metabolic nitrate concentration and nitrate reductase activity in three leafy vegetables. Plant Sci. 2004, 167, 635-643.
[CrossRef]

Ter Steege, M.W.; Stulen, I.; Wiersema, PX.; Posthumus, E; Vaalburg, W. Efficiency of nitrate uptake in spinach: Impact of external
nitrate concentration and relative growth rate on nitrate influx and efflux. Plant Soil 1999, 208, 125-134. [CrossRef]

Kaya, C. Nitrate reductase is required for salicylic acid-induced water stress tolerance of pepper by upraising the AsA-GSH
pathway and glyoxalase system. Physiol. Plant 2021, 172, 351-370. [CrossRef]

Matt, P.; Geiger, M.; Walch-Liu, P; Engels, C.; Krapp, A.; Stitt, M. The immediate cause of the diurnal changes of nitrogen
metabolism in leaves of nitrate-replete tobacco: A major imbalance between the rate of nitrate reduction and the rates of nitrate
uptake and ammonium metabolism during the first part of the light period. Plant Cell Environ. 2001, 24, 177-190.

Fu, Y.E; Zhang, Z.W.; Yuan, S. Putative connections between nitrate reductase S-nitrosylation and NO synthesis under pathogen
attacks and abiotic stresses. Front. Plant Sci. 2018, 9, 474. [CrossRef]

Sony, S.; Islam, F.; Akter, M.; Rahman, M.; Rahman, M. Interaction effect of nitrogen and phosphorus on curd yield and seed
production of cauliflower. |. Exp. Agric. Int. 2020, 42, 216-225. [CrossRef]

Everaarts, A.P.; Booi, R. The effect of nitrogen application on nitrogen utilization by white cabbage (Brassica oleracea var. capitata)
and on nitrogen in the soil at harvest. J. Hortic. Sci. Biotechnol. 2000, 75, 705-712. [CrossRef]

Metwaly, E. Influence of phosphorus and potassium on growth and yield of cauliflower. |. Plant Prod. 2017, 8, 329-334. [CrossRef]
Lisiewska, Z.; Kmiecik, W. Effects of level of nitrogen fertilizer, processing conditions and period of storage of frozen broccoli and
cauliflower on vitamin C retention. Food Chem. 1996, 57, 267-270. [CrossRef]

Giri, H. Effect of different doses and sources of nitrogen on postharvest quality of cauliflower. Asian J. Agric. Hortic. Res. 2021, 8,
19-26. [CrossRef]

Slosar, M.; Uher, A.; Cekey, N. The effect of nitrogen and sulphur nutrition on the yield and content of antioxidants in broccoli.
Acta Hortic. Regiotectuare 2013, 16, 14-17. [CrossRef]

Michalska, A.; Wojdylo, A.; Bogucka, B. The influence of nitrogen and potassium fertilisation on the content of polyphenolic
compounds and antioxidant capacity of coloured potato. J. Food Compos. Anal. 2016, 47, 69-75. [CrossRef]

Yuan, Z; Li, L.; Huang, J.; Han, X.; Wan, S. Effect of nitrogen supply on the nitrogen use efficiency of an annual herb, Helianthus
annuus L. ]. Integr. Plant Biol. 2005, 47, 539-548. [CrossRef]



Horticulturae 2024, 10, 518 13 of 13

52. Wu, Z; Luo, J.; Han, Y;; Hua, Y,; Guan, C.; Zhang, Z. Low nitrogen enhances nitrogen use efficiency by triggering NO3 ™~ uptake
and its long-distance translocation. J. Agric. Food Chem. 2019, 67, 6736—6747. [CrossRef]

53. Singh, ].P; Singh, S.; Singh, V. Soil potassium fractions and response of cauliflower and onion to potassium. J. Indian Soc. Soil Sci.
2010, 58, 384-387.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



