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Abstract

Nitrogen is known to be a critical macro-nutrient influencing plant physiology, growth, and mineral
composition. In tropical conditions, which are challenging for leafy vegetable farming, the nitrogen
delivery effect is unclear. In this study, we aimed to investigate the effect of nitrogen application on
key physiological traits and the mineral composition of the plants, the plant ionome. Experiments
were conducted under tropical conditions greenhouse with varying levels of nitrogen supply to
examine the effect on plant transpiration, yield, use efficiency of water and nitrogen, and nutrient
uptake dynamics followed by cross-correlation analysis, trying to understand the physiological
behavior-uptake dynamics relationships. The results demonstrated that transpiration, yield and WUE
theoretic optimum curve, which peaking in nitrogen concentration of 120 mg/L for Chinese spinach
and 200 mg/L for Chinese broccoli. Conversely, NUE reduce significantly with increasing nitrogen
delivery which reflected on antagonistic increase of excess nitrogen.

In terms of mineral composition, nitrogen application resulted in an increase I nitrogen content in the
plant leaf tissue, while concentration of certain macronutrients and micronutrients were affected,
including potassium, phosphorus, calcium, magnesium, iron, zinc, and molybdenum. Part of the
minerals exhibited decreasing pattern due to potential competitive uptake mechanism, iron revealed
increasing pattern that correlated with nitrogen delivery, and some minerals correlated with the
measured physiological parameters. These results underscore the importance of optimizing nitrogen
fertilization to balance plant growth, physiological processes, and plant nutrient homeostasis. The
study offers valuable insights for sustainable nitrogen management in agricultural systems aimed at
maximizing crop yield while maintaining nutritional quality.

Keywords: Nitrogen application, plant ionome, nutrient uptake dynamics, plant physiology,
sustainable agriculture.
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71  Introduction

72 Over the past decade, plant ionome have become a significant research scope in plant science. Plant
73 ionome is determined as the composition of seventeen known essential mineral nutrients and trace
74  elements used for plant growth and development. As nutrient availability is highly dependent on the
75  soil physiochemical properties of the soil (Singh et al., 2022; Hartemink and Barrow, 2023).Plants
76  evolved to maintain mineral homeostasis (Williams and Salt, 2009) and allow physiological resilience
77  under nutrient-changing conditions in order to sustain optimal physiological development under
78  deficiency or excess conditions. Recent studies suggest that the plant ionome has a dynamics role in the
79  crosstalk between different mineral uptake pathways (Fan et al., 2021; Kumar et al., 2021). lonome
80  crosstalk refers to the change of the mineral composition following a change in mineral
81  supplementation, considering how a change in a mineral concentration can affect and interact with
82  different mineral uptake mechanisms. Most of the studies have been done on a scope of two specific
83  minerals on major crop plants or genetic studies that aim to understand the genetic machinery behind
84  two minerals crosstalk (Lin et al., 2013). For example, a wide mineral dynamics study that On Rapeseed
85  (Brassica napus L.), revealed eighteen change situations of minerals uptake following specific mineral
86  deficiency were detected (Maillard et al., 2016) reflecting the biochemical homeostasis dynamics within
87  the plant. Although of those studies, the effect on the crop production, quality, and his connection to the
88  ionome crosstalk is unclear.

89  In changing environments, mineral uptake is known to limit plant growth (Sinclair, 1992). After carbon
90  (C), nitrogen (N) is the most essential element for plants physiological and morphological development
91  (Hawkesford et al., 2012) as it takes a significant role in the synthesis of proteins, nucleic acids,
92 chlorophyll, cell walls, membranes, and many more primary and secondary metabolites (Marschner,
93  2011; Mu and Chen, 2021a). Hence, N fertilization can significantly affect the plant physiological
94  properties. Recent studies showed that deficiency and excess in nitrogen delivery reduce plant growth
95  and WUE, which followed by reduced in crop yield (Uhart and Andrade, 1995; Niu et al., 2007; Wang
96  etal.,2011; Mu and Chen, 2021b). Despite the physiological effect, the NUE is increasing in deficiency
97  conditions (Ngosong et al., 2019) and reduce as the concentration increases resulting a negative
98  relationship emphasizing the plant adaptation to the changing conditions.

99 N availability serves as a fundamental macro element that significantly affect the ionome dynamics in
100  the plant tissues. Previous studies showed that NOs™ signaling can regulate the Phosphate (P) starvation
101 response in Arabidopsis thaliana and demonstrate conserved phenomena response in rice (Oryza sativa)
102 and Wheat (7riticum aestivum) (Medici et al., 2015; Medici et al., 2019a). Furthermore, on bean
103 (Phaseolus vulgaris L.) P starvation led to a decrease in inorganic P concentration in the roots, and NOs’
104  simultaneously (Gniazdowska and Rychter, 2000). Ammonium (NH4") was also shown to enhance P
105  transport in Corn (Zea mays L.) roots (Smith and Jackson, 1987). Additionally, NH4" and Potassium
106  (K") were reported to have a competitive relationship in Barley (Hordeum vulgare L.) and Arabidopsis
107  thaliana roots (ten Hoopen et al., 2010), considered to be due to NH4" permeability through voltage-
108  dependent K" channels at the root’s plasma membrane (White, 1996). Zinc (Zn) and nitrogen are
109  suggested to share a unique interaction. Cakmak and Marschner, 1990 suggest that Zn deficiency
110  conditions depressed the net uptake of NO3™ on Cotton (Gossypium L.), Sunflower (Helianthus annuus),
111 and Buckwheat (Fagopyrum esculentum). Furthermore, On Rice (Oryza sativa), Zn and N have positive
112 synergetic effects on the root-to-shoot translocation (Ji et al., 2022). However, a more comprehensive
113 perspective study is needed to clarify the effect of N application on crop yield and ionome so that more
114 species-specific nitrogen application decisions can be made to maximize production and quality.

115  The impotence of N fertilizer resulted in the overuse of N and a highlighted environmental impact on
116 the soil and the groundwater N contamination (Zhao et al., 2012; Yu et al., 2019). Moreover,
117  manufacturing N fertilizer is a heavy energy consumer that uses fossil fuels and contributes to
118  greenhouse gas emissions (Zhang et al., 2019). Thus, reducing fertilizer use to the actual minimal-
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119  optimal level aligns with sustainable agriculture objectives, particularly in regions with a pronounceable
120  environmental footprint from agricultural practice.

121  In tropical climates, the impact of N supply is unclear. Most of the experiments have been done under
122 chambers with controlled ambient conditions, which can alter the results from common farm conditions
123 and not include a deep analysis of the ionome of the plant, considering mainly the growth and yield,
124 which lack understanding of the crop’s nutritional value (Lee et al., 2024). A study should include
125  physiological yield properties and nutritional outcomes to understand the broad effect of N
126  supplementation on the crop level. Additionally, ionome dynamics can help us understand physiological
127  phenomena that can be difficult to define by standard practice.

128  Hence, the main objective of this study is to reveal the effect of N supply on the physiological, ionome
129  dynamics, and mineral cross-relationship of leafy vegetables in tropical conditions. To do so, we
130  established an experimental platform that delivers eight fertilizer solution treatments that differ in N
131  concentration and monitor the physiological behavior of the plants as well as their ambient
132 environmental conditions throughout the season. In addition, an ionome analysis was done to
133 understand the crosstalk between N supplementation and ionome dynamics. Our hypotheses were: 1.
134 based on the previous work, is that application of N will have a positive relationship with P and a
135  negative relationship with K; 2. Macro-nutrients will be correlated with the plant's transpiration and
136 growth traits. 3. An optimum curve will be revealed on the physiological parameters. This study will
137  benefit farmers in tropical conditions by maximizing the yield and quality of production and providing
138  crucial insights into the balanced nutrient management necessary for optimal growth and mineral-dense
139 crops.

140

141  Materials and methods

142 The study was conducted between September 2023 and November 2023 in a commercial farm
143 greenhouse at Oasis Living Lab, Singapore (1°41'36.0"N, 103°71'95.1"E). We used two commercial
144 leafy vegetable cultivars: Brassica oleracea (Alboglabra Group; Chinese broccoli) and Amaranthus
145  tricolor L. (Chinese spinach; Supplied by Netatech Ltd., Singapore) in two independent experiments
146  (Fig. 1, A-B). The plants were sewed in seedling trays for 3-4 weeks before being transplanted to 4L
147  pots (“187, Tefen Ltd, Nahsholim, Israel) filled with coarse sand (“F2”, Rock and Sand industries Ltd,
148  Singapore) for the Chinese spinach and coco-peat (“250”, Riococo Ltd, Sri Lanka) for the Chinese
149  broccoli. The plants grew for 4-5 weeks in a semi-controlled ambient condition greenhouse (Netafim
150  Ltd, Israel), including fans, roof vents, and mesh walls for ventilation.

151  This study is a spatial and temporal multilevel, multifactorial experiment. Therefore, we used one main
152  meteorological station (“Watchdog 2745”, Spectrum technologies Ltd, Bridgend, Wales) joined with
153 eight smaller meteorological stations (“VP4”, Meter, Washington, USA) to measure the temperature,
154  relative humidity, and vapor pressure deficit (Fig. S1). In addition, we used the main photosynthetic
155  active radiation (PAR) sensor (“#3668”, Spectrum Technologies Ltd, Bridgend, Wales) joined with eight
156  PAR sensors (“SQ-512”, Meter, Washington, United States). Those sensors were connected to the
157  PlantArray system (Plant-Ditech, Yavne, Israel) to maintain a dimensional and continuous
158  measurement. In addition, plants were positioned in a block-randomized design in each experiment to
159  reduce the effect.

160  Treatments were applied to the plants using pumps (“Shurflo 5050-1311-HO011”, Pentair, Minnesota,
161  United States) and controlled by the PlantArray system (Plant-Ditech, Yavne, Israel). Eight different
162  nitrogen concentrations especially suited to the experimental demands were calculated and measured
163 for the study (Table. S1). Continuous EC (“ES-2”, Meter, Washington, United States) and PH
164  (“PHEHT”, Ponsel-Aqualabo, Champigny-sur-Marne, France) were measured during the experiment
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165  to monitor the treatment application. The study was conducted on a functional phenotyping platform,
166  PlantArray (Plant-Ditech, Yavne, Israel), to measure continuous physiological parameters. Daily
167  transpiration and cumulative transpiration were measured as described by Halperin et al. 2017 using the
168  experimental protocol described in Dalal et al., 2020. Irrigation was conducted on the plants
169  proportionally according to the measured plant's transpiration, following four short irrigation events
170  each night to reach soil field capacity and reduce the effect of diverse soil water content on the results.

171  Plant shoots were harvested and separated manually into leaves and stems. The shoots were dried in a
172 60°C oven (“DHG-9920A”, Bluepard instrument, Shanghai, China) for one week and measured for dry
173 shoot weight. For mineral analysis, dried leaf tissues of 0.2 g were digested in 4 ml of 70% nitric acid
174  using UltraWAVE single reaction chamber microwave digestion system (Milestone, Sorisole, Italy).
175  The digested solution was diluted with deionized water to a final volume of 25 ml. The Inductively
176 coupled plasma optical emission spectrometer (ICP-OES; “Avio 2007, PerkinElmer Ltd, Massachusetts,
177  United States) and Syngistix software (PerkinElmer Ltd, Massachusetts, United States) were used to
178 measure and calculate the concentrations of minerals (P, K, Ca, Mg, Na, Mn, Cu, Zn, Mo, Fe, B). For
179  the measurement of nitrate concentration, dried leaf samples (0.01 g) were grounded with 10 ml of
180  deionized water and incubated at 37°C for two hours. Sample turbidity was then removed by vacuum
181 filtering the mixture through a 0.45 pm-pore-diameter membrane. The final volume was made to 50 ml.
182  The nitrate concentration of the leaf tissues was determined using the Flow Injection Analyser (Model
183  Quikchem 8000, Lachat Instruments Inc., Milwaukee, USA). Total reduced nitrogen (TRN) content was
184  determined by Kjeldahl digestion of 0.05 g of dried leaf tissues and a Kjeldahl tablet in 5 ml of
185  concentrated sulphuric acid for 60 min at 350°C. After digestion, TRN concentration was quantified by
186  aKjeltec 8400 analyzer (Foss Tecator AB, Hoganids, Sweden) through titration.

187  Agronomic transpiration use efficiency (water user efficiency; Agronomic WUE), the ratio between
188  crop yield and transpiration was calculated according to:

Shoot dry weight (g)

189  Agronomic WUE = - —
Cumulative transpiration (g)

190  Nitrogen efficiency and balance parameters were calculated according to Congreves et al., 2021:

191  Nitrogen use efficiency (NUEp) is the ratio of the dry biomass to the supplied N throughout the
192  experiment. It is calculated by:

Shoot dry weight (g)
Supplied N (g)

193  NUEcrop =

194 Partial nitrogen balance (PNB) is the ratio of the calculated shoot N to the supplied N throughout the
195  experiment. It is calculated by:

lant shoot N
196 PNB = P09 )
Supplied N (g)

197  Excess N is the amount of N supplied to the plant and not detected in the plant shoot. It was calculated
198  by:

199  Excees N = supplied N (g) — Plant shoot N (g)
200  Plant shoot nitrogen was calculated by multiplying the shoot dry weight with the nitrogen concentration.
201

202  Data analysis was performed using Microsoft Office 365 Excel (Microsoft Ltd, Washington, United
203  States) and OriginPro 2023 (OriginLab Ltd, Massachusetts, United States) for graph plotting and JMP
204 17 (SAS Institute Inc., North Carolina, United States) for the statistical analysis. In all multiple
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205  comparison tests, data was checked for normal distribution using Shapiro-Wilk’s test and homogeneity
206  of variance using Levene’s test. A Tukey honest significant difference ANOVA test was applied if both
207  tests were satisfied. If the normality or homogeneity of wvariance criteria were violated,
208  Wilcoxon/Kruskal-Wallis’s nonparametric ANOVA test was used. All tests were done at a p-value<0.05
209  significance. Data mean values for all the results presented with + standard error (SE). The squared
210  value of the Pearson correlation coefficient was calculated in a regression fit analysis, and p-values
211  were calculated according to the multivariate coefficient probability test.

212
213  Results

214 N alters the physiological behavior of Amaranthus tricolor L. and Brassica
215  oleracea

216  Experiments were designed to examine the physiological traits and ionome dynamics of Amaranthus
217  tricolor L. (Chinese Spinach) and Brassica oleracea (Chinese Broccoli) on different concertation of N.
218  We recognized a significant appearance difference in the other treatments on Chinese Spinach (Fig. 1,
219  C) and Chinese Broccoli (Fig. 1, D). Correspondingly, plants' daily transpiration throughout the
220  experiments were affected by the N treatments. Treatments 120, 160, and 200ppm showed a
221  significantly higher daily transpiration already 7 days after the treatment start (Fig. 2 A) and maintained
222 this pattern throughout the experiment as revealed in the end of the experiment (Fig. 2B) and the
223 cumulative transpiration (Fig. 2C). Shoot dry weight of these higher transpiring treatments was also
224 significantly higher compared to 20, 40, 80, 400, and 800 treatments (Fig. 2D). An optimum curve was
225  revealed for both cultivars whereas on Chinese spinach 120, 160, and 200 transpired significantly more
226  than other treatments on both cultivars. The plant transpiration-use-efficiency (agronomic WUE, see
227  materials and methods) of treatment range 120-400 exhibited significant higher WUE throughout the
228  experiment duration (Fig. 2E). We further investigate the nitrogen use efficiency (NUEco,) and
229  discovered a significant exponential decline pattern of NUEc.p, where the lower N concentration
230  treatments reveled the highest efficiency (Fig. 2 F). The partial nitrogen balance (PNB) and the excess
231  Nrevealed NUE,, antagonistic pattern from the PNB (Fig.2, G). Similar results repeated in the Chinese
232 broccoli with the differences on the optimum treatment concentrations of 200ppm exhibited the highest
233 cumulative transpiration and shoot dry weight (Fig. 3, C-D).

234 N-lonome dynamics of Amaranthus tricolor L. and Brassica oleracea

235  Mineral analysis was preformed to the harvested plant leaf tissue to clarifying the effect of the N
236  treatment on the plant ionome. The NOs; and TRN concentrations in the plant tissue exhibited direct
237  correlation with the supplied treatment (Fig. 4, A-B) on both cultivars. This relationship is expected due
238  to the supplied N gradient. Nevertheless, the relationship between the supplied N treatments and other
239  minerals, revealed several different relationship patterns. K showed a negative correlation to N, in
240  particular at the physiological zone (80 — 200 ppm) (Fig. 4 C and D) which reflected on the relationship
241  with leaf N concentration on both cultivars (R*=0.787, P-value<0.0001 and R?=0.8138, P-
242 value=0.0022; Fig. 6). P concentration revealed non-significant pattern under physiological
243 concentrations of N (80- 200ppm; Fig. 4, E and F). Both Ca and Mg displayed similar concentration
244  patterns across N treatments in Chinese spinach and Chinese broccoli. Lower concentrations of both
245  were noted at N concentrations of 20, 40, and 80, with increases observed from 120 to 200. The highest
246 N treatments (400 and 800) significantly reduced concentrations, suggesting a potential toxicity effect.
247  (Fig. 4, G-J). The resembling results between the Ca and the Mg revealed high positive correlation
248  between them on both cultivars (Fig. 6).

249  Fe concentrations in both cultivars increased with N (Fig. 5 A and B), demonstrating strong positive
250  correlations with N (R?>=0.943 and R?=0.84; Fig. 6). The other microelements, Zn, Mn, Cu, and B
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251  exhibited non-significant patterns with N at physiological concentrations of 80-200 in both Chinese
252 spinach and Chinese broccoli (Fig. 5, C-J).

253

254  Discussion

255  Mineral nutrition balance is essential for growth, development, and disease protection in plants
256  (Hawkesford et al., 2012; Tripathi et al., 2022). As a suggested definition by Arnon, 1950, an essential
257  mineral is not replaceable by other element and has direct or indirect action in plant metabolism. Hence,
258  the ability of the plant to keep mineral homeostasis under changing conditions is crucial to successful
259  crop production. Nitrate and Ammonium uptake is affected by soil PH and soil water content, which
260  results in significant yield reduction (Ruan et al., 2007; Dijkstra and Cheng, 2008). Yet, the effect of
261  lack of or excessive nitrogen on the uptake of other mineral elements is still being determined, especially
262  interms of practical crop production and quality. In the current study, we clarify the practical impact on
263  physiological and ionome crosstalk dynamics under a wide range of nitrogen supply for leafy greens.
264 Our results reveal the actual optimum response of key physiological parameters as well as on the effect
265  on the PNB and excess nitrogen runoff.

266  Plant physiological traits has been affected significantly by the nitrogen treatment. Daily transpiration
267  revealed gradual increase in significance between the N treatments throughout the experiments (Fig. 2,
268  A-C and Fig. 3, A-C respectively). This cumulative transpiration response has been reported before, for
269  example, the response of the transpiration of S. bicolor (Sorghum) to salinity stress over time (Dewi et
270  al., 2023). Transpiration is known to correlate with crop yield in Chinese Spinach (Liu and Stiitzel,
271 2004), and indeed, the agronomic WUE reveals that the 120, 160, and 200 are also more efficient in
272 using the transpired water to increase dry biomass (Fig. 2, D-E and Fig. 3, D-E). Moreover, N supply is
273 related to positive feedback of plant growth, N supply showed to increase chlorophyll a and b (Mu et
274 al., 2016; Mu and Chen, 2021b). Our results support recent studies that suggest that optimal N supply
275  can enhance plant productivity by three leading causes: 1. Regulation of stomatal conductance without
276  impacting the assimilation rate reduces water loss; 2. Increased N investment in the photosynthetic
277  apparatus increases the assimilation rate; 3. There is a moderate increase in the assimilation rate with a
278  slight decrease in stomatal conductance (Plett et al., 2020). Thus, we suggest that under low N supply
279  transpiration is reduced even if water is not limited factor as N limitation prevent the use of
280  photosynthetic produced sugars. Furthermore, plants may invest more N to bioenergetic processes to
281  support a high electron transport rate during the photosynthesis process during N starvation stress (Mu
282  and Chen, 2021b), which might create additional starvation stress on the pre-stress plants. The
283  improvement of NUEc,, under low N concentrations (Fig 2, F and Fig. 3, F) suggest the ability of the
284  plant to cope with nitrogen stress by maximizing its physiological traits per N molecules. A similar
285  observation of NUE., reduction concerning the N supply was found in Rice (Oryza Sativa; Nguyen et
286  al., 2014). In opposition to the starvation response, we suggest that the plant minimize the N toxicity
287 by reducing NUEc,, to overcome the N abundance toxicity symptoms when transpiration and
288  photosynthesis decreasing, and plant N requirements reduce. Similar NUE response to N delivery had
289  been shown in previous study on Cannabis Sativa L. (Saloner and Bernstein, 2020)

290  Excess N is one of the most negatively impacting elements on soil health in modern agriculture practice
291  (McLauchlan, 2007). Our results indicate that low N concentrations are associated with elevated PNB
292  and reduced excess nitrogen, whereas high nitrogen concentrations correlate with decreased PNB and
293  increased excess nitrogen (Fig. 2, G and Fig. 3, G). Thus using lower nitrogen concentrations in the
294 fertilizers will facilitate a more environmentally sustainable approach, without significantly impacting
295  key physiological traits and yield, and enhancing ionomic crosstalk balance. Furthermore, discovering
296  the different relationships between minerals under stress conditions could reveal a dedicated
297  compensation mechanism within the plant to extend our knowledge of the ionome-physiological
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298  processes within the plant. One of the interesting results is the decrease in K absorbance to the plant
299  along the nitrogen treatment (Fig. 4, C-D). We suggest that this N-K trade-off might occur due to the
300  competition between increasing NH4" along with the N concentration treatment increase and K
301  transport to the cells, which might explain our results (White, 1996; Hoopen et al., 2010). P response
302  crosstalk with N was much less substantial than K, where only in the Chinese broccoli some optimum
303  curve reveled around N concentration of 80 ppm (Fig. 4, E-F). Recent studies reported mutual N-P
304  interaction, as N showed to regulate P starvation response suggested by mediating degradation of
305  plasma membrane P transporters (Lin et al., 2013; Medici et al., 2019b), and can suggest N can affect
306  the P concentration by regulating the P transporters. Yet, the exact interaction is still unclear and need
307  further investigation on different crops to understand the relationship. Ca and Mg optimum curve
308  patterns were similar, with moderate positively correlation with N (Fig. 4, I-J, and Fig. 6). Mg has been
309  proven beneficial to growth and yield (Yousaf et al., 2021) and have crucial part in the chlorophyl a
310  molecule (Lincoln Taiz, Eduardo Zeiger, lan M. Mgller, 2015). Fe (Lee et al., 2024) was highly
311  correlated to the N treatment (Fig. 5, A-B; Fig 6; Fig S2). We suggest two mechanisms that might
312 explain that. First, is the fact that Fe is an immobile nutrient in the plant, thus, as fater the plant grow
313 due to ample N conditions the higher the need for new Fe to be absorbed and transformed to the new
314  tissues. Secondly, we suggest that as Fe is a fundamental factor in several Nitrate and ammonium
315  assimilation pathway enzymes (e.g. nitrate reductase, Nitrite reductase, and Glutamate synthase;(Berges
316  and Mulholland, 2008; Heldt and Piechulla, 2011), higher N concentration will result an increase in the
317  nitrogen assimilation pathway, following enzymatic activity increase, and higher demand for Fe within
318  the cell. A cultivar-specific effect was shown on the Zn concentration, whereas the Chinese Broccoli
319  concentration was induced on higher N treatments, while on Chinese Spinach, no significant pattern
320  was revealed. Mn concentration reduces the physiological toxic concentration, which might serve as an
321  indicator for N toxicity in plants.
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Fig. 1 The experimental platform and harvested plants. (A) Panoramic picture of fertilizer solution tanks and
automated pump-controller system. (B) Block randomization experiment design of Chinese spinach
experiment. Each experimental block includes one repetition from every treatment (C) Picture in the 17 day
of the Chinese Spinach experiment. (D) picture on the 27 day of the Chinese Broccoli experiment. Harvest
photos of representative plants from the Chinese Spinach (day 45) and Chinese Broccoli (day 30)
experiments (E and F respectively).
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Fig. 2 Physiological response of Chinese Spinach to eight nitrogen treatment. (A) Daily transpiration throughout the experiment,
(B) Daily transpiration on the 13.10.24, (C) Cumulative transpiration all over the experiment, (D) Shoot dry weight, (E)
Agronomic WUE, (F) Nitrogen use efficiency (NUE,,;). and (G) partial nitrogen balance (PNB) and Excess nitrogen during the
experiment. Different letters represents significant differences using Tukey honest significant difference test (P-value<0.05,
9=N=11).


https://doi.org/10.1101/2024.10.17.618770

bioRxiv preprint doi: https://doi.org/10.1101/2024.10.17.618770; this version posted October 21, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

*  kk
_20ppn-| C C
A ——40ppm ¢ ¢
~——80ppm B B
2 120ppm = A o
= 4504 —160ppm = 28
2 ——200ppm 2+ =
£ 300 { —400ppm s s
& —800ppm ¢ <«
£ 150
=
8 of
25.10 30.10 04.11 09.11 14.11 19.11 24.11
Time
B Ca D
—_ A up A " B A . 30
=600 5 £ 9000 4B 3 & B Re 4 B
. il 4 s | 5
= C A $ 2 ¢ ll' o 20 C
= ! g \ =
2 c 2 60007 ¢ (H D
2 300{cC \ ] = ) c %‘- | I c
g v r AVA |
=1 6 % I 5 10 \ é
=y = 3000 2 é
a N g
0 & 0
E whoim | 1 F B
B 0003 ¢ B = 3 o000l ~ 04l . -
5% D B e g% \ = R " 5
2 ] 5 = A e
£< 0002 ¥ = 0.00005 c Bl I TN L T
= 3 €D e 702 - C 6
'3.“’ H = 1:1‘-: EF ‘ g L-. E
0.001 “ 0 +— L.
r F ~ -
e s s 0 1
PRELPES S PRSI ELH S P RPPEL S F
Supplied N Supplied N Supplied N

concentration (ppm)

concentration (ppm) concentration (ppm)

Fig. 3 Physiological response of Chinese Broceoli to eight nitrogen treatment. (A) Daily transpiration throughout the experiment.
(B) Daily transpiration on the 27.11.24. (C) Cumulative transpiration all over the experiment, (D) Shoot dry weight. (E)
Agronomic WUE, (F) Nitrogen use efficiency (NUE_), and (G) Partial nitrogen balance (PNB) and Excess nitrogen during the
experiment. Different letters represents significant differences using Tukey honest significant difference test (P-value<0.05.

9=N<11).
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Fig. 6 Correlation matrix of leaves mineral concentration. Pearson linear correlation matrix on harvested leaves mineral
concentration on (A) Chinese Spinach and (B) Chinese Broccoli. Colors and circle size represents the Pearson
correlation R2 value according to the color bar. Asterisk represent significance difference using Pearson correlation

coefficient (P-value <0.05, 9<N<11).
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