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Abstract  
 
Nitrogen (N) deficiency in apple (Malus domestica Borkh.) leads to typical physiological changes (discoloration of leaves 
and fruits). Fertigation can significantly increase apple growth, quality and optimize nutrient uptake. The aim of this 
study was to evaluate how various fertigation treatments affect the N content in apple leaves. The hydroponic cultivation 
of apple, variety 'Braeburn' was carried out on low vigorous rootstock (M9) in the substrate perlite. The experiment 
included four fertigation treatments: 1) Hoagland's solution (HS) full solution-control; 2) HS nitrogen excluded; 3) HS 
iron excluded; 4) HS magnesium excluded. Plant sampling was carried out in June 2024 on three positions of the shoots, 
based on the leaves age (young, semi-young and old leaves) followed by chemical analyses. Statistically the lowest leaves 
N content was detected in the young, semi-young and old leaves (1.69, 1.81 and 1.80% N, respectively) in the treatment 
without N, while the highest N content was detected in the treatments without iron and magnesium (2.07-2.49% N). The 
N content in the apple leaves varies depending on the type of fertigation treatment. 
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INTRODUCTION  
 
The apple (Malus domestica Borkh.) is a woody 
perennial plant that has been cultivated for 
hundreds of years. Its fruit is one of the most 
widely cultivated and consumed fruits in the 
world (Cornille et al., 2012; Spengler, 2019). 
Grown primarily for its fruit, the apple is known 
for its refreshing flavor and crisp texture, 
making it a popular choice for both fresh 
consumption and processed forms such as juice, 
cider, and dried snacks (Hyson, 2011). 
Apples come in many varieties, each with their 
own balance of sweetness and tartness (Harker 
et al., 2002). Aside from their flavor, apples are 
highly nutritious and offer numerous health 
benefits (Boyer & Liu, 2004; USDA, 2023).  
The origin of the apple can be traced back to the 
wild apple Malus sieversii, which is believed to 
have originated in the Caucasus region, which 
includes present day Turkey, Georgia, Armenia 
and Iran.  

These wild ancestors are considered to be the 
ancestors of today's apple varieties (Peil et al., 
2011; Volk et al., 2021).  
In 2023, apples were grown worldwide on an 
area of 46,182,85 hectares (ha) and a yield of 
over 973,393,38 tons (t) was achieved (FAO, 
2023). 
Nutrient deficiencies in apple trees can have a 
negative impact on yield, quality and resistance 
to pests and diseases, reducing the overall 
productivity and profitability of orchards. Apple 
trees often suffer from deficiencies in key 
macronutrients such as nitrogen (N), phosphorus 
(P), potassium (K), calcium (Ca) and magne-
sium (Mg) (Licina et al., 2021). These defi-
ciencies often manifest themselves through 
visible symptoms such as leaf discoloration, 
stunted growth, reduced fruit size and increased 
susceptibility to pathogens. Identifying and 
correcting nutrient deficiencies in apple 
orchards is critical to maintaining optimal tree 
health, maximizing fruit yield and ensuring the 
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production of high-quality apples (Kowalczyk et 
al., 2022). 
Nitrogen is a crucial element in plant 
metabolism, involved in the formation of amino 
acids, nucleic acids, proteins, biochemistry of 
coenzymes, photosynthetic pigments and 
polyamines (Lešić et al., 2016; Javornik et al., 
2023). Although it makes 78.1% of the Earth's 
atmosphere in the form of a molecule (N2), most 
plants cannot utilize N directly due to the 
stability of the triple bond between two N atoms. 
The conversion of molecular N into forms of 
ammonium and nitrate ions (NH4+ and NO3-, 
respectively) which are accessible to plants in 
the soil, requires a considerable amount of 
energy (Vukadinović & Vukadinović, 2011; 
Kabange et al., 2022). 
The dry matter of plants usually contains 
between 2 and 5% N. Plants are important stores 
of N and continuously convert it from mineral to 
organic forms during vegetation and incorporate 
it into their tissues. However, due to limitations 
in mobilization from organic reserves, rapid 
mobility of NO3- and N losses, availability of N 
often becomes a key factor limiting plant growth 
and yield (Vukadinović & Vukadinović, 2011; 
Grzyb et al., 2021; Postma et al., 2021). 
It is noteworthy that about 70% of all cations and 
anions taken up by the roots are in the form of 
NH4+ or NO3- ions. This fact has a strong 
influence on the ratio of uptake of cations and 
anions of other elements in plant nutrition 
(Vukadinović & Vukadinović, 2011; Zhu et al., 
2021). 
Nitrogen deficiency leads to slower overall plant 
growth and a smaller assimilation area, resulting 
in shorter, narrower and pale green leaves. 
Chlorophyll deficiency reduces the intensity of 
photosynthesis, accelerates plant aging and 
reduces yield. Nitrogen deficiency often limits 
plant growth as it easily returns to its molecular 
state and is thus rapidly lost from the soil 
(Bergmann, 1992; Vukadinović & Vukadinović, 
2011). 
An excess of N leads to the formation of a large 
leaf mass of dark green color. The plants become 
susceptible to diseases, pests, low temperatures 
and drought. The structure of the plants becomes 
brittle, which can lead to encrustation of the 
vegetation due to the increased formation of 
parenchyma tissue. The quality and taste of the 
vegetables are low due to reduced sugar 

synthesis, and it becomes more difficult to 
maintain freshness (Lešić et al., 2016; Fathi, 
2022). On light and permeable soils, excess of N 
can lead to leaching of nitrates and pollution of 
groundwater (Vukadinović & Vukadinović, 
2011). 
According to Resh (2022), fertigation is a 
system used in hydroponics that maximizes 
nutrient uptake by applying vital nutrients such 
as N, P and K directly into the root zone of 
plants. Fertigation reduces the risk of nutrient 
deficiencies, making it an environmentally 
friendly method for growing apples. To avoid 
imbalances and ensure healthy growth of apple 
trees, fertigation schedules and nutrient 
solutions must be properly managed 
(Dominguez & Robinson, 2024).  
The aim of this work is to evaluate the effects of 
different fertigation treatments on the N content 
in apple leaves depending on their age. 
 
MATERIALS AND METHODS  
 
The plant material for this study was collected 
from the apple orchard located at the University 
of Zagreb Faculty of Agriculture, in Zagreb, 
Croatia (longitude 45°49'36" S and latitude 
16°01'47" E).  
The apple variety 'Braeburn' was grown in 
hydroponics on a low vigorous rootstock – M9 
in a substrate perlite. The cultivation of apples 
was carried out under four fertigation 
treatments: 1. Hoagland solution, full solution 
(control); 2. Hoagland solution, nitrogen 
excluded; 3. Hoagland solution, iron excluded; 
4. Hoagland solution, magnesium excluded. 
Hoagland solution is a nutrient-rich liquid used 
for the hydroponics of plants. It is prepared by 
mixing concentrated stock solutions of essential 
macro (such as KNO₃, Ca(NO₃)₂, MgSO₄, and 
KH₂PO₄) and micronutrients (including boron, 
manganese, zinc, copper and molybdenum) and 
a source of iron (Fe-EDTA). For the preparation, 
small amounts of the individual components 
(stock) are added to distilled water and the pH is 
adjusted to around 5.8-6.2. The solution provi-
des all the nutrients that plants need for healthy 
growth in soil-free systems (Trejo et al. 2012).  
The apple leaves were sampled in three 
replicates, during the 2024 growing season and 
depending on the different leaf position on the 
shoot (young, semi-young and old leaves).  
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The samples were submitted to the Analytical 
Laboratory of the Department of Plant Nutrition 
at the University of Zagreb Faculty of 
Agriculture. Homogenized samples were dried 
at 105 °C and grounded. Nitrogen (N) in the 
apple leaves was determined using the Modified 
Kjeldahl method (HRN ISO 11261:2004) and 
expressed as % N in dry weight. 
The statistical software SPSS (version 22.0; 
SPSS Inc., Chicago, IL) was used for the 
statistical analysis. One-way ANOVA was used 
to determine the effect of the different 
fertigation treatments on N content in young, 
semi-young and old leaves. When significant 
differences between means, were observed, 
additional post hoc assessment was performed 
using Tukey’s Test (p < 0.05). 
 
RESULTS AND DISCUSSIONS  
 
Figure 1 shows the N content in young leaves 
under different fertigation treatments, 
determined in a range from 1.69 to 2.23 % N. 
The statistically significant highest N contents 
were found in the treatments: iron excluded, 
control and magnesium excluded (2.07, 2.11 and 
2.23% N, respectively). Overall, the statistically 
lowest N content was found in treatment where 
N was excluded (1.69% N). 
The N content in semi-young leaves under 
various fertigation treatments is displayed in 
Figure 2 and ranges from 1.81 to 2.30% N. Iron 
excluded and magnesium excluded treatments 
had the statistically significant highest N 
contents (2.27 and 2.30% N, respectively). 
Furthermore, the treatment where N was 
excluded had the statistically lowest N content 
(1.81% N). 
The N content of old leaves under various 
fertigation treatments ranges from 1.80 to 2.49 
% N, as shown in Figure 3. The treatment with 
iron excluded had the statistically highest N 
content (2.49% N), while the treatment with N 
excluded had the statistically lowest N content 
(1.80% N). 
Figure 4 shows dynamics of N content in young, 
semi-young and old leaves under the fertigation 
treatment in which N was excluded. The N 
content was determined in a range from 1.69 to 
1.81% N. The statistically significant highest N 
contents were determined in the semi-young and 
old leaves (1.81 and 1.80% N, respectively), 

while the statistically lowest was found in the 
young leaves (1.69% N). 
 

 
Different letters represent significantly different values according to  

Tukey's test, p≤0.05. The non-letter values are not significantly different 

Figure 1. Nitrogen content (% N) in young leaves under 
different fertigation treatments  

 
Different letters represent significantly different values according to  

Tukey's test, p≤0.05. The non-letter values are not significantly different. 

Figure 2. Nitrogen content (% N) in semi-young leaves 
under different fertigation treatments  

 

 
Different letters represent significantly different values according to  

Tukey's test, p≤0.05. The non-letter values are not significantly different. 

Figure 3. Nitrogen content (% N) in old leaves under 
different fertigation treatments  
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Different letters represent significantly different values according to Tukey's test, 

p≤0.05. The non-letter values are not significantly different. 

Figure 4. Nitrogen content (% N) in young, semi-young 
and old leaves in treatment with nitrogen excluded  

 
Apple production worldwide can be limited by a 
number of causes, but water and N deficiency 
are particularly important (Haotian et al., 2023). 
The N content in plant leaves depends on the 
interaction of different macro and 
micronutrients which are crucial for the 
assimilation and utilization of N as they are 
contained in fertilizers. Nutrients influence N 
uptake (Marschner, 2012) and metabolism 
(Song et ač., 2025) depending on their 
concentration and type of application Therefore, 
balanced fertilization is crucial for optimizing N 
assimilation and establishing normal 
concentration in plants (Anas et al., 2020; 
Kowalczyk et al., 2022; Song et al., 2025). The 
distribution of N in apple leaves changes with 
age, with N gradually being transported to 
younger leaves, fruit or storage tissue. Transport 
leads to a gradual decrease in N content in older 
leaves (Marschner, 2012). Additionally, 
changes in N concentration in leaves can be 
influenced by season, vegetation stage, stress 
conditions, correct/incorrect fertilization, 
irrigation and the influence of other micro and 
macroelements (Marschner, 2012; Treder, 
2022).  
According to Kowalczyk et al. (2017) and MSU 
(2025) over-fertilization can lead to an excess of 
N in young leaves, while under-fertilization can 
lead to a deficiency in older leaves. Therefore, 
proper fertilization is very important for 
maintaining optimal levels across all leaf ages.  
Old leaves, from which samples are often taken 
for nutrient analysis, usually contain N 

concentration between 1.80 and 2.50% N, which 
is a reliable indicator of the overall N status of 
the tree (Tagliavini & Marangoni, 2002; 
Marschner, 2012).  
In this study, the N content in old leaves was 
determined in a range from 1.80 to 2.49% N 
under different fertigation treatments. The data 
obtained in the literature on the N content in old 
leaves are consistent with the data obtained in 
this study.  
Additionally, as leaves age, their N content can 
even drop below 1.50% N, especially during the 
fruit development period. In addition, older 
leaves may show visible signs of deficiency by 
yellowing (chlorosis) as N is remobilized to 
support new growth or fruit production (Zheng 
Tan et al., 2021). On the other hand, semi-young 
leaves that are in the middle of the current year's 
shoots typically contain higher N concentrations 
than old leaves, ranging from 1.80 to 3.0 % N 
(Tagliavini & Marangoni, 2002; Marschner, 
2012). In this study, the N content in semi-young 
leaves was determined in a range from 1.81 to 
2.30% N under different fertigation treatments. 
The results of this study corroborate the existing 
literature about the nitrogen concentration of 
semi-young leaves. 
Younger leaves, which are at the tip of the 
current year's shoots, typically contain higher N 
concentrations than older leaves, which are 
between 1.80 to 3.50% N as well as stated by 
MSU. This is due to the plant's physiological 
processes in which N is mobilized to support the 
growth of new leaves. Cheng and Fuchigami 
(2002) conducted a study in which they found 
that about 50% of the tree's N content was 
remobilized to support the growth of new shoots 
and leaves, highlighting the importance of N in 
the development of young leaves. 
One of the studies investigated how the timing 
of N application affects the uptake, distribution 
and remobilization of N in 'Gala' apples. Zheng 
Tan et al., (2021) found that a pre-harvest N 
application resulted in significantly higher N 
content in the leaves, especially between 7 and 
20 weeks after full bloom, than a post-harvest 
application. This suggests that young leaves 
respond more actively to early fertilization, 
making the timing of nutrient application a key 
factor in optimizing N use. 
In this study, the N content in young leaves was 
determined in a range from 1.69 to 2.23% N 
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under different fertigation treatments. The data 
obtained in this study for the N content in the 
young leaves are within the range reported in the 
literature, except for the treatment in which no 
N fertilization was applied. In this treatment, a 
lower N content (1.69% N) was determined in 
the young leaves than reported in the literature. 
Several explanations for the lower N content in 
young apple leaves compared to semi-young and 
old leaves can be found in the literature. 
Environmental factors such as drought (Xu & 
Zhou, 2006), excessive rainfall (Cameron et al., 
2013) or extreme temperatures (Lawlor & 
Cornic, 2002) can disrupt N uptake and 
translocation which can lead to a decreased 
concentration of N in young leaves. These stress 
factors impair root function, limit nutrient 
uptake and alter the plants ability to distribute N 
efficiently, highlighting the complex interplay 
between environmental conditions and N 
dynamics in plants (Tagliavini & Marangoni, 
2002; Fallahi et al., 2010). 
Furthermore, Masclaux-Daubresse et al. (2010) 
discuss how N is remobilized from leaves into 
developing tissues, including young leaves and 
reproductive organs, during N deficiency. This 
process can lead to reduced N content in leaves 
as the plant redistributes resources to support 
critical growth areas. 
In addition, imbalances in other nutrients, such 
as high levels of P or K, can interfere with N 
uptake and utilization, especially in young 
leaves, further affecting plant health and growth. 
These results emphasize the importance of 
maintaining a balanced nutrient content in plants 
to ensure optimal N supply (Tagliavini & 
Marangoni, 2002).  
 
CONCLUSIONS  
 
An analysis of apple leaves revealed that the 
lowest N content was observed in the young, 
semi-young, and old leaves (1.69, 1.81, and 
1.80% N, respectively) in the fertigation 
treatment with Hoagland solution where N was 
excluded. In contrast, the highest concentration 
of N was found in treatments where iron and 
magnesium excluded were excluded, with 
values ranging from 2.07 to 2.49% N. The N 
content in apple leaves varies according to the 
type of fertigation treatment applied. It was 
found that the treatment where N was excluded 

had the statistically lowest concentration of N in 
the young leaves. Future research should 
examine how the dynamics of N distribution 
vary on leaf age over several  
growing seasons and under different fertigation 
treatments. 
 
REFERENCES 
 
Anas, M., Liao, F., Verma, K. K., Sarwar, M. A., 

Mahmood, A., Chen, Z.-L., Li, Q., Zeng, X.-P., Liu, 
Y., Li, Y.-R. (2020). Fate of nitrogen in agriculture 
and environment: agronomic, eco-physiological and 
molecular approaches to improve nitrogen use 
efficiency. Biological Research, volume 53, Article 
number: 47. 

Bergmann, W. (1992). Nutritional disorders of plants: 
development, visual and analytical diagnosis. Gustav 
Fischer. 

Boyer, J., & Liu, R. H. (2004). Apple phytochemicals and 
their health benefits. Nutrition Journal, 3(1), 5. 

Cameron, K. C., Di, H. J., & Moir, J. L. (2013). Nitrogen 
losses from the soil/plant system: A review. Journal of 
Environmental Quality, 42(2), 407 417. 
https://doi.org/10.2134/jeq2012.0420 

Cheng, L. & Fuchigami, L.H. (2002). Growth of young 
apple trees in relation to reserve nitrogen and 
carbohydrates. Tree Physiol. 22(18):1297-303. doi: 
10.1093/treephys/22.18.1297. 

Cornille A, Gladieux P, Smulders MJ, Roldán-Ruiz I, 
Laurens F, Le Cam B, Nersesyan A, Clavel J, Olonova 
M, Feugey L, Gabrielyan I, Zhang XG, Tenaillon MI,      
& Giraud T. (2012). New insight into the history of 
domesticated apple: secondary contribution of the 
European wild apple to the genome of cultivated 
varieties. PLoS Genet, 8(5). doi: 
10.1371/journal.pgen.1002703.  

Dominguez, L. I., & Robinson, T. L. (2024). Benefits of 
Irrigation or Fertigation on Early Growth and Yield of 
a High-density Apple Planting in a Humid Climate. 
HortTechnology, 34(6), 747-760. Retrieved Mar 2, 
2025, https://doi.org/10.21273/HORTTECH05497-
24. 

Fallahi, E., Neilsen, D., & Neilsen, G. H. (2010). Fertilizer 
management in apple orchards: Implications for fruit 
quality and yield.  HortTechnology, 20(1), 148-154. 

FAO. (2023). World Food and Agriculture – Statistical 
Yearbook 2023. Rome. https://doi.org/10.4060/ 
cc8166en 

Fathi, A. (2022). Role of nitrogen (N) in plant growth, 
photosynthesis pigments, and N use efficiency: a. 
Agrisost, 28, pp.1-8. 

Grzyb, A., Wolna-Maruwka, A., & Niewiadomska, A., 
(2021). The significance of microbial transformation 
of nitrogen compounds in the light of integrated crop 
management. Agronomy, 11(7), p.1415. 

Haotian, S., Liyao, H., Xinpeng, X., Yuanjun, Z., 
Bingnian Z., & Zhanjun L. (2023). Effects of different 
rates of nitrogen fertilizer on apple yield, fruit quality, 
and dynamics of soil moisture and nitrate in soil of 
rainfed apple orchards on the Loess Plateau, China, 



177

 
European Journal of Agronomy, 150, 126950. 
https://doi.org/10.1016/j.eja.2023.126950. 

Harker, F. R., Marsh, K. B., Young, H., Murray, S. H., 
Gunson, F. A., & Walker, S. B. (2002). Sensory 
interpretation of instrumental measurements 2: Sweet 
and acid taste of apple fruit. Postharvest Biology and 
Technology, 24(3), 241-250. 

Hyson D. A. (2011). A comprehensive review of apples 
and apple components and their relationship to human 
health. Adv Nutr., 2(5), 408-20. doi: 
10.3945/an.111.000513.  

Javornik, T., Carović-Stanko, K., Gunjaca, J., Vidak, M., 
& Lazarević, B. (2023). Monitoring Drought Stress in 
Common Bean Using Chlorophyll Fluorescence and 
Multispectral Imaging. Plants. 12. 1386. 
10.3390/plants12061386.  

Kabange, N. R., Lee, S. M., Shin, D., Lee, J. Y., Kwon, 
Y., Kang, J. W., Cha, J. K., Park, H., Alibu, S. & Lee, 
J. H. (2022). Multiple Facets of Nitrogen: From 
Atmospheric Gas to Indispensable Agricultural Input. 
Life, 12(8), p.1272. 

Kowalczyk, W., Wrona, D., & Przybyłko, S. (2022). 
Effect of Nitrogen Fertilization of Apple Orchard on 
Soil Mineral Nitrogen Content, Yielding of the Apple 
Trees and Nutritional Status of Leaves and Fruits. 
Agriculture, 12(12), 2169. 
https://doi.org/10.3390/agriculture12122169. 

Kowalczyk, W., Wrona, D., Przybyłko, S. (2017). Content 
of minerals in soil, apple tree leaves and fruits 
depending on nitrogen fertilization. J. Elem., 22(1): 
67-77. DOI: 10.5601/jelem.2016.21.1.1011 

Lawlor, D. W., & Cornic, G. (2002). Photosynthetic 
carbon assimilation and associated metabolism in 
relation to water deficits in higher plants. 
Photosynthesis Research, 73(1-3), 121-136. 
https://doi.org/10.1023/A:1020356403476. 

Lešić, R., Borošić, J., Butorac, I., Herak Ćustić, M., 
Poljak, M., & Romić, D. (2016). Povrćarstvo, III. 
dopunjeno izdanje. Zrinski, Čakovec.  

Licina, V., Krogstad, T., Simić, A., Akšić, M. F. & 
Meland, M. (2021). Nutrition and fertilizer application 
to apple trees-a review. NIBIO Rapport. 

Marschner, H. (2012). Mineral Nutrition of Higher Plants 
(3rd ed.). Academic Press. 

Masclaux-Daubresse, C. Daniel-Vedele, F., Dechorgnat, 
J., Chardon, F., Gaufichon, L., Suzuki, A. (2010). 
Nitrogen uptake, assimilation and remobilization in 
plants: challenges for sustainable and productive 
agriculture. Annals of Botany, 105 (7), pp. 1141–1157, 
https://doi.org/10.1093/aob/mcq028 

MSU - Michigan State Universit; MSU Extension, 
Apples. by Hanson, e. Apple nutrition. Available 
online: 
https://www.canr.msu.edu/uploads/files/Applenutritio
n-EricHanson.pdf (Accessed on 20 May 2025). 

Peil, A., Kellerhals, M., Höfer, M., & Flachowsky, H., 
(2011). Apple breeding - from the origin to genetic 

engineering. Fruit Veg Cereal Sci Biotechnol, 5, 
pp.118-138. 

Postma, J. A., Hecht, V. L., Hikosaka, K., Nord, E. A., 
Pons, T. L., & Poorter, H., (2021). Dividing the pie: A 
quantitative review on plant density responses. Plant, 
Cell & Environment, 44(4), pp.1072-1094. 

Resh, H. M. (2022). Hydroponic Food Production: A 
Definitive Guidebook for the Advanced Home 
Gardener and the Commercial Hydroponic Grower. 
CRC Press. 

Song, X-L., Wang, Z-J., Yin, X-W., Sun, Y-L., Jang, D-
J., Hong, S-K. (2025). The impact of nitrogen 
deposition on nitrogen metabolism in ryegrass lawn 
with different soil nutrient levels. Scientific Reports , 
15, Article number: 16755 

Spengler, R. N. (2019). Origins of the apple: The role of 
megafaunal mutualism in the domestication of Malus 
and rosaceous trees. Frontiers in Plant Science, 10. 
Frontiers Media S.A. 
https://doi.org/10.3389/fpls.2019.00617. 

Tagliavini, M., & Marangoni, B. (2002). Major nutritional 
issues in deciduous fruit orchards in Northern Italy. 
HortTechnology, 12(1), 26-31. 

Treder, W., Klamkowski, K., Wójcik, K., Tryngiel-Gać, 
A., Sas-Paszt, L., Mika, A. & Kowalczyk, W. (2022). 
Apple leaf macro-and micronutrient content as 
affected by soil treatments with fertilizers and 
microorganisms. Scientia Horticulturae, 297, 
p.110975. 

Trejo, T., Libia, I. & Gómez-Merino, F. (2012). Nutrient 
Solutions for Hydroponic Systems. 10.5772/37578.  

USDA (United States Department of Agriculture) (2023). 
National Nutrient Database for Standard Reference. 

Volk, G., Cornille, A., & Durel, C. E. (2021). Botany, 
Taxonomy, and Origins of the Apple. 10.1007/978-3-
030-74682-7_2. 

Vukadinović, V., & Vukadinović, V. (2011). Ishrana bilja 
(Vol. 3). Poljoprivredni fakultet u Osijeku. 

Xu, Z., & Zhou, G. (2006). Combined effects of water 
stress and high temperature on photosynthesis, 
nitrogen metabolism, and lipid peroxidation of a 
perennial grass Leymus chinensis. Plant and Soil, 
284(1-2), 255-264.   

Zheng Tan, B., Close, D. C., Quin, P.R., Swarts, N.D. 
(2021). Nitrogen use efficiency, allocation, and 
remobilization in apple trees: uptake is optimized with 
pre-harvest N supply. Front. Plant Sci. Sec. Plant 
Nutrition. 12, 
https://doi.org/10.3389/fpls.2021.657070  

Zhu, Y., Qi, B., Hao, Y., Liu, H., Sun, G., Chen, R. & 
Song, S., (2021). Appropriate NH4+/NO3–ratio 
triggers plant growth and nutrient uptake of flowering 
Chinese cabbage by optimizing the pH value of 
nutrient solution. Frontiers in Plant Science, 12, 
p.656144. 

 


