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Abstract

The purpose of this study was twofold: to explore the physiological path of Mg
in plants and to evaluate the management of Mg fertilization for citrus trees.
The results could lead to a better understanding of plant Mg requirements,
appropriate amounts and timing of Mg fertilization, and Mg absorption and
transfer to leaves and fruits, all of which are crucial for drafting
recommendations for optimized Mg application. Research results have shown
that the fertilization method, chemical form, and timing of MG fertilizer
application play crucial roles in fruit trees and have significant impacts on
production efficiency, quality, and sustainability. Early (i.e., before the onset
of the growing season, bud swelling, and flowering as well as the early stage |
of fruit growth) application of magnesium sulfate and magnesium nitrate
fertilizers in the form of cutan or strips is strictly recommended to be avoided
in fruit trees. Meanwhile, Mg fertilizer application levels in citrus orchards are
determined based on yield, soil analysis results, leaf analysis results, and their
proper interpretation such that for soil Mg levels below the optimum,
magnesium (MgO) fertilizer should not exceed 20% of the nitrogen fertilizer
used. However, for soil Mg levels in the optimum range or higher and with
sufficiently low leaf Mg concentrations, soil application of Mg should be
stopped or minimized and replaced with foliar spray of magnesium nitrate,
especially during the second stage of fruit growth. In the absence of soil and
leaf analytical results, about 20 to 30 kg/ha of magnesium (MgO) per year may
be recommended based on growth phenology in orchards with yields of about
20 tons per hectare; in those with higher yields, however, about 1 kg of
magnesium (MgO) should be added for each additional yield of one ton. Based
on research results in different parts of the world, the second stage of fruit
growth is the most appropriate time for Mg fertilization in citrus trees. Thus,
magnesium fertilizer application (either by solution spraying or irrigation)
should be carried out from the end of the first stage (I) to reach its maximum
amount during the second stage of fruit growth (1) while early application (i.e.,
before the growing season, bud swelling, flowering, and the beginning of the
first stage of fruit growth) should be strictly avoided.
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Figurel- Magnasium absorption, transport and distribution in cirus trees from Mg-deficiency and Mg-sufficient
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Figure 2- Location and severity of magnesium deficiency symptoms in upper, middle and lower leaves of citrus trees
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Figure 3- Symptoms of magnesium deficiency in citrus trees
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Figure 4- Major effects of magnesium deficiency in fruit trees
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Table4- Some of soils properties

SB
Soil Properties S5
7 6 5 4 3 2 1
23 37 13 41 19 29 23 Clay (%) (1o)d) )
37 29 29 18 35 26 30 Silt (%) (ao)) el
40 34 58 41 46 45 47 sand (%) (xe)d) oo
o9 ) Py S eyl ™) 9 o 09 ey Soil texture classsk L, oM
loam clay loam sandy loam clay loam sandy clay loam loam
45 25 40 30 14 9 2 Lime (%) (io ) Sal
1.10 1.52 0.65 1.60 1.80 0.95 1.17 O.C. (%) (doy) JI cp)S
7.76 7.78 777 7.60 7.86 7.45 6.81 pH gLl J5 sl
(Asadi Kangarshahi and Akhlaghi Amiri, 2018)al -0 Jeas
Table5- Rootstocks
wols b Bat, 3,
scientific name Rootstocks order
C. aurantium L Sour Orange ¢, 1
C. paradise Macf. Cv. Duncan & P. trifoliate L. Swingle Citrumelo sleg i (Ko s 2
C. sinensis. & P. trifoliate L. Carrizo Citrange g yiuwy s, S 3
C. sinensis & P. trifoliate L. Trroyer Citrange gy gy 4
Ruby Blood orange & P. trifoliate L. C-35Y0— w 5
C. aurantium var. Smooth Flat Seville Smooth Flat Seville s gw b ¢ gou! 6
C. aurantium var. gou tou Gou Tou ¢ &5 7
Cglite SSTS ;5 cilieo (Saagly b 5l (S0 S 3 (309) a0 S - Jgan
(Asadi Kangarshahi and Akhlaghi Amiri, 2017, 2018, 2020, 2022)
Table 6- Leaf Mg concentration (%) in Satsuma mandarin on different rootstocks
(S (59 bl 2 a0 33) Sy 4 o e CBLE sk
Leaf Mg concentration (%) soil
F¥ g b gl 0 (oo & gy &y nyy shog i JSiagu &b
Gou Tou Smooth Flat C-35 Carrizo Trroyer Swingle Sour
Seville Citrange Citrange Citrumelo Orange
0.62b 0.61a 0.41d 0.64 b 0.66 b 0.51c 0.56 b 1
0.72a 0.65a 0.549 be 0.51 cd 0.55¢ 0.53 ¢ 0.51c 2
0.59b 0.53 b 0.49 c 0.65b 0.55¢ 0.58 b 0.65a 3
0.50 ¢ 0.52b 0.61a 0.41d 0.60 bc 0.55 bc 0.63 a 4
0.61b 0.43¢c 0.54 bc 0.59¢ 0.57 bc 0.55 be 0.59 ab 5
0.62b 0.54b 0.58b 0.80a 0.78 a 0.65a 0.24e 6
0.67 bc 0.47 be 0.56 b 0.3le 0.59 bc 0.66 a 0.30d 7
0.62 0.54 0.54 0.56 0.61 0.58 0.50 Sbe
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(Asadi Kangarshahi and Akhlaghi Amiri, 2017, 2018, 2020, 2022)
Table 7- Root Mg concentration (%) in Satsuma mandarin on different rootstocks

*(&&&&}5ww‘ﬁ&p)a)m))bﬁ}ﬁhm SK
Root Mg concentration (%) soil
$55 Jrg <l ol VO (oo &y )S Ty slog i S5 )
Gou Tou Smooth Flat C-35 Carrizo Trroyer Swingle Sour
Seville Citrange Citrange Citrumelo Orange
0.25a 0.14d 0.18b 0.24b 0.40a 0.19¢ 0.16 bc 1
0.25a 0.35a 0.15¢c 0.18d 021c 0.25a 0.18 b 2
0.21b 0.20b 0.22a 0.20c 0.25¢ 0.20 be 0.15¢ 3
0.25a 0.18¢c 0.18b 0.16d 0.23¢ 0.21 bc 0.18 b 4
0.24 ab 0.18¢c 0.20 ab 0.40a 0.24c 0.23b 0.23a 5
0.26a 0.20b 0.16 bc 0.25b 0.30b 0.26 a 0.24a 6
0.22b 0.18¢c 0.21a 0.23b 0.27a 0.26 a 0.22a 7
0.24 0.21 0.18 0.24 0.28 0.23 0.20 Sl
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Figure 5- Magnesium translocation factor in Satsuma mandarin on different rootstocks
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Figure 6- Changes trend in magnesium concentration in the leaves of citrus trees
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Figure 7- Changes trend in magnesium concentration in the leaves of citrus trees
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Table 8- Guidelines for interpretation of leaf Mg for orange trees

(32 )3) 2 ete Clale )
Mg concentration (%) s
b s o5 cawlio oS g5 Element
Excess High Optimum Low Deficient
>0.6 0.5-0.6 0.3-0.5 0.2-.29 <0.2 Magnesium q; jxie

&1 (6 9ol 5l Juad (rad L s 5l adle Cid JI jloar U SBS 11) Sy o2 5k0 4525 i e (glodial, -4 Jgo>

(Obreza and Morgan, 2011) 55,0 LS
Table 9- Guidelines for interpretation of leaf Mg for mandarin trees

(300 )3) 2 e il s
Mg concentration (%) element
dbj ks oL —— »S dgs08
Excess High Optimum Low Deficient
>1.12 0.7-1.1 0.3-0.6 0.16 - .29 <0.15 Magnesium s s

P B2 (20 9ol sl Juad sads L pow 5 ble i J1 o JU (S5 2) Sy 53 (40 3) 2 jabe gllas dlals =Y+ Jgor

(Srivastava and Singh, 2009; Obreza and Morgan, 2011)sUS ye ks
Table 10- Optimum range of potassium (%0) in the leaves of some different citrus cultivars

w5
cultivar 2l pais
g g8 )S Jsb la & bedlly sl J5 s By OslelS gl SO, Nutrient
Lemons Grapefruit ~ Navel oranges  Valencia oranges Blood orange Clementine tangerines
0.28-0.51 0.3-0.55 0.3-0.55 0.23-0.6 0.25-0. 35 0.3-0.4 (3053) o oo

Magnesium (%)

Sy 380 bl 2 OLS g0 o e (6355 by oaldld —1) Joo>

Table 11- Adjusting a citrus Mg fertilization program based on leaf analysis (Obreza and Morgan, 2011)
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Figure 8- Changes trend in magnesium concentration citrus fruit

(Asadi Kangarshahi and Akhlaghi Amiri, 2014) LS w 090 8,kas CudS 1 o1 jwio By il =Y Joua
Table 12- The effect of magnesium application on the quality of citrus fruit extract

extract quality s ,las CodS

(3))') o las K, ()a)s) o las K, Cubldy adls PraRww W] g)w O'}ﬁ“
extract color (yellow) extract color (red) (TSS/acid) (acid) (TSS) amount of extract
S § + # + #

(5,15 3939 S pils o j3 ¢ aseital) § 5 (8l pic) s ¢ L2alS) = (Lil8]) + 1eiMe
Signs: + (increase), - (decrease), * (lack of effect) and? (Uncertain and currently there is no information)

LS 0 0950 (2,15 CusS 1w i Bpao 3G -IY Jouo
Table 13- The effect of magnesium application on the external quality of citrus fruits
(Asadi Kangarshahi and Akhlaghi Amiri, 2014)

peel spots _Juvgs oWwasd external quality of fruit sgs & 15 CodS
SuFor e a il slogd slaasl oL (Sanle

Cwgy ColBus e dho%p 6940 (139 0gu0 o)'l.).}‘

Crease Reddish brown spots wind peel thickness  green fruits  fruit weight fruit size
abrasion
S N S - # + +

(5,15 3929 Sl sl o )3 g Gasitiab) § g (15 pac) s < L5alS) — (Ltl8]) + ide
Signs: + (increase), - (decrease), * (lack of effect) and? (Uncertain and currently there is no information)
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Figure 9- Magnesium concentration in different organs of citrus trees
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Figure 10- The effect of Mg deficiency on shoot growth, root growth and volume, Redistribution and its deficiency
symptoms in citrus lower leaves
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Table 14- Sources of magnesium fertilizers for soil application (cultan or strip) of citrus trees
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Sulfur Magnesium Magnesium oxide Potassium Potassium Chemical formula Fertilizer
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Table 15-Sources of magesium fertilizers for fertigation of citrus trees (Asadi Kangarshahi, 2018)
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Table 16- Sources of magnesium fertilizers for fertigation of citrus trees (Asadi Kangarshahi, 2018)
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Nitrogen Sulfur Magnesium Magnesium (a0 JOORR ;93.:5) st o Fertilizer
™) (s) (Mg) oxide Solubiliy in water Chemical
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% wo s
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Table 17- Magnasium foliar application for citrus fruits trees
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chemical compounds for fertigation and foliar spraying
(Asadi Kangarshahi and Akhlaghi Amiri, 2014)
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Figure 11- Availability of Mg, Ca and K in dependence of the soil pH
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Figure 12- The effect of long-term waterlogying stress on changes in Mg concentration in leaves and roots of citrus
trees with different rootstocks
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