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To detect mineral deficiency in orange trees, as in other fruit trees, leaf analysis is
usually used. According to existing protocols, sampling should be done from four- to
seven-month-old leaves, but if an element is in the deficiency range at this time,
compensating for it will not affect the yield and quality of the current year's crop. In
the time interval between the start of vegetative growth and flowering, some of the
stages of tree growth and development, such as cell division, flower and fruit set, and
fruit dropping, have taken place. Therefore, in order to investigate the correlation
between the nutritional elements in the flowers and leaves of ‘Thomson Navel’
oranges, this study was conducted by sampling 160 trees located in 20 orchards. The
results showed that there was a significant correlation between the concentrations of
nitrogen, potassium, phosphorus, and calcium in the flowers and the concentrations of
these elements in the leaves (90 days later). However, no significant correlation was
observed between the magnesium concentrations in the flowers and leaves. A negative
correlation was observed between iron and copper in the flowers and boron in the
leaves. Therefore, by analyzing these elements in the orange blossom in the spring
instead of in the leaves in the middle of the growing season, this analysis can be used
as a reliable and timely method to detect the nutritional status of orange trees. With
timely fertilization, the current year's crop will not be affected by a specific element
deficiency.
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Extended Abstract
Introduction

The availability of nutrients and their balance throughout the tree's growth period is crucial to achieving
maximum yield and maximum fruit quality in orange trees. Therefore, awareness of the nutritional status of
trees is one of the most important aspects of orange orchard management. The most common, most accurate,
and most direct method of diagnosing nutritional status is leaf analysis, but one of its most important limitations
is the necessity of sampling leaves that are three to four months old. However, a deficiency of an element may
be hidden, or sometimes two or three elements may have the same symptoms at different degrees of deficiency,
and therefore, most often, visual symptoms will not effectively indicate a deficiency. On the other hand, when
visible symptoms of deficiency are observed, this indicates that damage has already been caused and the yield
has been decreasing for a long time. In comprehensive crop production management, this time is too late to
diagnose the nutritional status, because compensating for any deficiencies does not have much effect on the
yield of the current year. To overcome this challenge and diagnose the status of nutrients in a timely manner,
flower analysis seems to be a suitable method. Several methods have been proposed to overcome the limitation
of sampling time. The Dries method (ratio of nutrients instead of absolute concentration of nutrients without
affecting the physiological age of the plant and the sampling location) is one of these methods. Mathematical
calculations have also been used to analyze the elements at the time of sampling, such that it is possible to
sample trees up to 60 days after flowering and use the results for correcting deficiencies. Another method for
diagnosing the nutritional status of fruit trees is to use the analysis of macro- and micronutrients in the flowers
of fruit trees after full bloom. Flowers are exposed to metabolic and management changes for a shorter period
of time than leaves, so fewer changes are observed in their nutrient concentrations. Therefore, in order to
evaluate this method and compare it with leaf analysis by examining the correlation between mineral elements
in flowers and leaves of orange trees, this experiment was designed and conducted.

Materials and Methods

Correlation between traits is used to examine the relationship between nutrients in the flower and nutrients
in the leaves of ‘Thomson Navel’ orange (Citrus sinensis cv. Thomson navel) grafted on citrange rootstock
(Citrus x aurantium). Sampling was carried out on 10- to 15-year-old trees from 20 commercial ‘Thomson
Navel’ orange orchards located in eastern Mazandaran province. Eight trees were randomly selected from each
orchard, and a total of 160 trees were sampled. The soil pH of the sampled orchards ranged from 7.5 t0 8. A
total of four branches from each tree were marked from four directions of the tree (north, south, east, and west).
These trees were free of obvious signs of pests, diseases, and mechanical damage (Obreza et al., 2008). Flowers
were sampled from selected branches at a height of 1.5 to 2 m above the ground and immediately transported
to the laboratory and dried in an oven at 72°C. After 90 days, leaf samples were taken from the same marked
branches. The sampled leaves were immersed in a 1% sodium hypochlorite solution for one minute to eliminate
possible sample contamination and then rinsed three times with sterile water. Then, the samples were
completely dried and ground in an oven at 72°C. Laboratory measurements in this study were performed using
the following methods: Samples were digested with sulfuric acid, salicylic acid, and hydrogen peroxide in
special digestion tubes, and nitrogen was measured by titration after distillation. Phosphorus and potassium
were measured by dry combustion and dissolved in hydrochloric acid. Potassium was measured by flame
photometry. Magnesium and calcium were measured by titration with EDTA. In order to determine the trace
elements in plant samples, the dry combustion digestion method and an HCI mixture were used. After preparing
the extract, the elements zinc, iron, manganese, and copper were measured by the flame atomic absorption
method using an atomic absorption spectrophotometer. Data analysis was performed using SPSS software. The
correlation between different elements in leaf and flower tissues was examined first.

Results

The results showed that the sampled trees were deficient in one of the elements nitrogen, phosphorus,
potassium, calcium, magnesium, iron, manganese, zinc, copper, and boron. Based on the analysis of the results,
it was determined that there is a significant correlation between the elements nitrogen, potassium, phosphorus,
calcium, copper, and boron in flowers and leaves. Therefore, measuring these six elements in flowers can be
used as a reliable and timely method to analyze the nutritional status of orange trees and timely correct nutrient
deficiencies.

Conclusion

Flower analysis is performed 90 days earlier than leaf tissue analysis, so it is possible to detect mineral
deficiencies at an appropriate time. It is recommended that flower analysis be used instead of leaf analysis in
‘Thomson Navel’ oranges.
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