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Abstract

This study was conducted to evaluate potassium fertilization management on citrus
orchards as an effort to gain a better understanding of the potassium requirement,
amount of fertilization, and proper timing of potassium application as well as
potassium uptake and transfer in citrus trees. The findings can be effectively
employed in formulating horticultural recommendations toward optimized
potassium application. On average, mature citrus trees contain 300 to 750 kg/ha of
K, 15 to 20 percent of which is found in the leaves and 45 to 60 percent in the fruits.
Long-term citrus fertilization experiments in Iran and elsewhere have revealed that
around 50 to 200 kg/ha of potassium as K>O is annually needed to achieve
sustainable production, improved fruit yield and quality, and proper tree growth
and health. Around 50-70% of this amount is consumed in fruits, about 5%
deposited in tree structure and organs, and the balance between the potassium
absorbed and that consumed is made up by absorption and desorption reactions at
soil exchange surfaces. Studies in the past have shown that the highest K-
requirement and K-uptake rate in citrus trees belong to the period from June drop
to fruit maturation (i.e., the second stage of fruit growth) but that the lowest uptakes
are observed during minimum activity (i.e., in the winter), at the beginning of the
growing season, and after harvesting. The potassium stored in older tissues,
therefore, plays the greatest role in the growth and development of leaves, branches,
flowers, and fruits during the early growing season (i.e., the beginning of twig
growth, flowering, and fruit setting) when potassium uptake from the soil is still at
its lowest. Like the tree potassium reserves, foliar application of potassium
fertilizers will, therefore, play an important role in regulating the supply of
potassium to the newly growing and developing organs, especially at the beginning
of the growing season. The purpose of potassium fertilizer application is, therefore,
to ensure sustainable production, enhanced tree performance, improved fruit
storage, and reduced fruit physiological disorders. Obviously, application of
potassium fertilizer to soil prior to flowering and fruit setting has been found to
have no effects on the development of spring twigs, nor on the current year
flowering or fruit setting. It may, therefore, be recommended that producers should
stop soil application of fertilizers before flowering and fruit setting, but start K
application (percentage of the annual requirement) from the middle to the end of
the first stage and gradually increase it to its maximum during the second stage of
fruit maturation.

Keywords: Fruit growth phenology, K fertilizers, K nutrition, K requirement

*- Corresponding author's email: kangarshahi@gmail.com
https://doi.org/10.22092/Imj.2024.363801.345


mailto:kangarshahi@gmail.com
mailto:kangarshahi@gmail.com

A=V 5o NEY /N oylad /Y W / 2l)) Copie oolds a0 8
https://doi.org/10.22092/Imj.2024.363801.345 oo

SUS o L 3 ol 23355

e P . * s /.
Sl SN 0 5 LSS gl e
(33U s s Gl ik sl Blaiske b mlie 5 @30l 25e] 5 Ol S e Ol 5 S Ol sy Ll
kangarshahi@gmail.com .l ! (sl
(33l i s sl (lade bl Bl b mlie 5 o30slES 25e] 5 AR S e (2L s ol ke i bkl

neginakhlaghi@yahoo.com. ol ! sl

VEOY 5B a0 5V FeY oLl sl s
oS

I e Colid 4 Slgi o 2Ll 2l 39 DS e OLS )5 Sl ey (83395 S e 2Ll (oo 02l 5 B
Solwdiagy 93 45 398 yomie OUS ) ol 53 puwly JESI 9 Qi K9y ( B3355 cawlia Oloj (83355 Hlaie ((gouwliy
G Yoo s9a> OLS 10 )l o o3,k gL O 0L 53 5SSle Hobas Sl S50 sl pawlly (5355 sladsogs
OliS 53 ol sogas 53 0T 225 5+ B FO 9 S 0 53 OT 40,5 Yo G108 5945 45 5,15 3929 puwlis p,Soks VO«
A 6k Gl p Ol Cilise Ghlie (S 5 Olpl 53 SUS o (83355 slagialesT Saesil gl yulul p .Cal
23 )68 53 (K20) awliy p,SolS Yo v B0+ 392> Um0 OLs 5 Coodw 5 canwlio by 10900 S 9 5 ,Shoe S9ag2
35 Ol dusys T 9935 )l &S Hlie Wogae Adgi 55 (B s ey o2l 5 do,5 Ve B 0. 394> aS Cuwl 5L Jlw
9 @z sisSTy b 0lis ) buwgi 0ad Cdz 9 (Brae mawlly gu JIS 9 39d 00 0,035 5 Dgm, 0SS JlSle
iz Lokl 5 35 g b 45 Cal 0313 0L Cilie slaiags gl d9in Sbul S Jol5 zobhu b izl
9 by Juad £9 00 (Obiuns)) Cudled JBlas Olej yo Lol 138300 F) 0900 L) p93 Az 50 )3 DS 5o Ol 55 Ho P.,.»L:g
07153 Canl 15 Sl 33ia ST 3l panally x4 Gloj 13 2l sl o5 sl 3z Gladily (ubils 2 3 pug
Ly Juad Jalol 53 bazogus 9 S daasli pw aS p dnwgi 9 Ay 93 GRS o2 b 5028 S )3 (sepliy
b5 53 (soten GBS o (saruliy (18355 (Bl slone bl Gl 51 515 (o920 JoSiS 9 (A5 ddS Ll s 1) £9,5)
S daa b aiaS 4wl by 5,05 Ad)y Juad g9, 53 0394 dawgi g My Jb )5 Mz slaplil 4 gl 45,0
Wogee K358l 520 slagslomial Gials 5 Slaslsl CoiaS™ iy 138l o ,Shos iul33l i ol Gaend pauliy (B35S
6l Yl 53 ogas oS5 9 (B 105l Sloas L o 1y 55 (5,855 ogae iS5 9 (A ME 51 S8 (S5 (3355 9 Sl
b el g 54y 9 disled aBgia |y gm0 JuKiS 9 A MS 5l B (S (83395 OLISEL AS 390 Aoy 115,145
My ped Al pe 3 9 Jisled g9 Uyl dl e 139l B Jruwslyl 5l 0900 Sy (5550980 b cuwliie |y (a3l 5L 51 (s 30,9)

g 0315 W5 1 O juan Hlade LiSTa> & 0gae

oty S ety (5a3 S o 0n Ay (S350 ol 445 25 ulS L0

kangarshahi@gmail.com . :J siws sdivs 5 Jos| I *

So9p Wl g



olS 6\.&'&\3 9 r.,..nl:i 223551 OA

o 5 e 1980 O San 5 ,SB) das i il 51
(Yo
S Sl ey QLA il (gl ags @L".S
Lo J3e DS o0 gm0 SakS 503l 3 (gadate ol g
o0 (#2355 Sopde (ilse ol e S S
s el (2225 Pl Sl el a8
el 5 Gy Cabies 215l e o3l 2l
OLSan 5 s 9988 5 148A (e ) 355 e oslas
e el 35aS QAT OLas 5 il Y0 A
@ Ol s Conla (1581 oS g Ole JialS
dahidea s S A5 hals wlispe 5 oy ot
O ORI s SR RS g KI5 alS
TS o o ey (SOl I 5 s (Sas
Y 5 AYAY (el 30T 5 als S i) 55
Sk 5 3 Shes A e ol 35S e
A= Sl S el SIS LA 5 e LS e o e
iy A Camse Ml (LS e Ol s skl
23 o0 (6 A 35S WINe 55 0 05) uls 5 s
s Sles b olS e Ol s s ool s Bz pte
5 0kl Zol 53 55008 Mo 55,0 s Ll e L5
uff.vbb Il oS 5 s V.:.wt.z 35S Lssd 5ol Ll
o AL s (LS a5 S ods sy 1SS
PLRS ) Al ane 5 e 5 (1 JS2) 252
s ellie ol Gta ol sl <OFAY (gl B
a Sy Ol mal bl el Soenl g
DMRe 5 elty JE] 5 ol Sl el 038
el (23355 s (23055 lie Oleg (a3 S
Sl 9 o e 53 Ll S e S ol LS e Ol s (4

A S50 sl el (5355 Slao 5 S5l

Aodde
OL55 53 el Spae o e IS b
Sty Sy Sl 1) g2 5 63k Dl el Sle g
oy kS 5 oLl g o Shas (I Ly O
XY (gl I 5l S gdl) sl (555 ,0
3y OUS oo ge 3L 5 S 3 5l e 4 el
S 5o 0Lt 53 el (V20 O 550 5 Lo D) 3,15
M Kes Jshe & Jshe Sl Slalay 5 ol S ot 5l
S 3l ey Ll S o 28 > Sos plil 4 plail S
Ol s Gy 5 45 4 Yo bkl by Slala o cle
Shdeys Yo ssds IS gba sl el ey S
Sy 3 4T 4 GR 5 S pe > S el
o3 Ol (,._WA:., mlRly s e 0als S ol s
1558 ged 0> Ol s dLﬁ(i‘Ju.\ 03 Obeney  Juad
e (11 ity B 63 1 Jeadb Il s Ol
ot Skl sy Ol slaazese ol
Sl e s (s b Sl s ls) 5
lize (DS o Ot 55 alga el a OF JUl 5 4y
Jeas Ll 53 YV peme 5 ol Olist s i s, i, S L
o S & Okl Jead bl 3 5 el Blus (A
5 AL KS and YN OB e s Lo ) A,
IS ey chle S, b (TAY (gl D
3 Sl Cnle S 0 W5 (gl doys WV BVY
iy S BIE 53 LS e s ge o311 5 3 Shoe Y sone
53 ly 35085 Al o 25 doys VA B /0 3 sus
Ol Combo (1l s Ad, Jad 2
L5 S e (e 53 35 o0 Olin s Sla s 43 LS 5

b bSOl Glojw 4 Twglie 5 aeuly 35



08/ VEoY /) 0yl / VY M / bl Gy e ek 4,53

(Y424 ¢y, 02 g 33,1) LS g0 s 55 S 9 45 pawliy dguoS ide -y JSWS
Fig 1- Symptoms of potassium deficiency in the leaves of citrus trees (Erner et al., 1999)
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Table 1. Guidelines for interpretation of soil analysis data for citrus trees in calcareous soils trees
(Asadi Kangarshahi, 2019)

2L ke 3L Cotlao o 29508 s
Excess High Optimum Low Deficient element
M/KG 2,5 kS 13 2,5 o
potassium b
>500 300-500 200-300 100-200 <100
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(Ammonium acetate)
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Fig 2- Effect of potassium applicahion on fruit size (Erner et al., 1993)

<—

Fig 3- The effect of high application of potassium on peel thickness of citrus fruit (Asadi Kangarshahi, 2019)
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Table 2- Optimum range of potassium (%) in the leaves of some different citrus cultivars (fruiting branches)

bgod  ©yydee S S_JW BN P bWy bWy LS (gl paie
lemons grapefruit Lowidly sl Blood Job Poes) Nutrient
Valencia Clementine oranges Navel Satsuma
oranges tangerines oranges mandarins
0.8-1.9 0.9-1.6 0.95-1.5 0.9-1.3 0.8-1.7 0.7-1.5 0.9-1.3 Potassium
(%)
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Table 3- Potassium concentration in dry matter from various parts of citrus trees

Cod saddy,  glaady, agb &5 Lg;L s L pao LB Oler s EEGrN Y
Fibrous roots TS Taproot ol Limbs Twigs oo In;mature Tree components
Woody roots Trunk Mature leaves caves
0.98 0.47 0.26 0.28 0.29 041 1.01 14 (awop2) clale

Concentration (%0)
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Table 4- Potassium content in the fruit of some citrus varieties
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Pulp Peel

Dry weight (%) SWis (59 (wlw! o a0 >
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Variety
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1.52 0.67 1.34
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Fig. 4- The effect of potassium application management on the size and relative distribution of the fruit diameter (Asadi
Kangarshahi and Amakhali Amiri, 2015) (on the horizontal axis, C: Control, F: Fertigation (FSP), Fertigation and foliar

spray after fruit set (FSE), Fertigation and foliar spray after June drop (FSPE), Fertigation and foliar spray after fruit
set and June drop).
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Table 5- Sources of potassium fertilizers for soil application (cultan or strip) of citrus trees (asadi Kangarshahi, 2018)

(K20) sl a0y cstbonsd Jgo 8 395
Potassium percent (K20) Chemical formula Fertilizer
50 K2S04 (Jgloals b (Siws) oty i guo

Potassium sulfate (insoluble)

2 o by Sldlgs
Potassium, magnesium sulfate

22 K2Mg(S04)2,2H20
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Table 6- Sources of potassium fertilizers for soil application (vinegar or surface spreading) of citrus trees (asadi
Kangarshahi, 2018)

(K20) pawliy 0 )3 s2lon Jgo 3 555
Potassium percent (K20) Chemical formula Fertilizer
50 K2S04 Potassium sulfate ( by glgw) paoky clé)gw
60 KCI Potassium chloride sl 3,18
44 KNO3 Potassium nitrate sl olys
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Table 7- Sources of potassium fertilizers for fertigation of citrus trees (asadi Kangarshahi, 2018)

(KzO) WL:J o )3
Potassium percent (K,O)

slowd Jga 3
Chemical formula

>

Fertilizer

50 K2S04
60 KCI
34 KH2PO4
53 K2HPO4
44 KNOs
26 KH2POs

Potassium sulfate (ks glow) mawby clé g
Potassium chloride ek 1,8
Monopotassium phosphate claws gk g
Dipotassium phosphate lawé sl (o>
Potassium nitrate yubs oy
Potassium phosphite by cubus
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Table 8- Sources of potassium fertilizers for foliar spray of citrus trees (asadi Kangarshahi, 2018)

(Kzo) Wl’b o )b
Potassium percent (K,0)

2o Jg0 58

Chemical formula

N

Fertilizer

34 KH2PO4
53 K2HPO4
44 KNOs

26 KH2POs

Monopotassium phosphate cliws ek gie
Dipotassium phosphate cliws gl (¢
Potassium nitrate uls ol
Potassium phosphite mul cubws
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Table 9- Compatibility and the possibility of mixing potassium fertilizers with some fertilizers and common chemical compounds for fertigation and foliar spraying

(Asadi Kangarshahi and Akhlaghi Amiri, 2014)
Ol g Ol g alyas Ol g L, wlyns Ol g wlys 0,9 oS
e ool o2 jaio el S’ S’ posigel posigel Urea Fertilizer
Manganese Iron sulfate magnesium Potassium Calcium Calcium Ammonium Ammonium
sufhate nitrate sulfate chloride nitrate sulfate nitrate
N N R R N R N R N olty 25
Potassium nitrate
Sl Sl Sl guw s S9y S Kk e s ldgw ol gu 38
Soygil g S piud oo o Zinc Manganese ol o “9y Fertilizer
Sulfuric Phosphoric  magnesium Copper chelates chelates Iron chelates Copper Zinc
acid acid sulfate chelates sulfhate sulfate
v v v v v v v v v oty Sl
Potassium nitrate
(b3l B 2) 5850t -X e bl el R (bl ) L850 -V
-compatible, R- reducing solubility, X- incompatible
Sldlgu Sl g Sl g lhnd Slyis a8 Slys posigel ligus Sy 039 5
iy JrLon ol posigel o2 s S ol Ammonium osigel Urea Fertilizer
Potassium Manganese Iron Ammonium magnesium Calcium  Calcium sulfate Ammonium
sulfate sufhate sulfate phosphate nitrate chloride nitrate nitrate
R N N N N R N N N N osslty 13,15
Potassium chloride
S PR CPPY PWERW Sool Sl gu slads oM e slaads lgus Ol gw 358
Sy Sulfuric S yhund e e &o» oo By e &9y Fertilizer
Nitric acid Phosphoric  magnesium Copper Zinc Manganese Iron Copper Zinc
acid acid sulfate chelates chelates chelates chelates sulfhate sulfate
N N N N N N N N N N oseilty )8
Potassium chloride
(b3l 16 ,:2) 1850 =X e b 2als —R (o] J6) L850 -V

-compatible, R- reducing solubility, X- incompatible
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Potassium 5K o posigal PUIRR S oS Ammonium posigel Urea Fertilizer
phosphate  Manganese Iron Ammonium magnesium Calcium  Calcium sulfate Ammonium
sufhate sulfate phosphate nitrate chloride nitrate nitrate
R R R N X X X R N N g
Potassium sulfate
Suol S yat) g Aanl Sl Ol g slads e e slads oldgw Sl gu oS
Sy Sulfuric Ky ol sk e $9 JrLon ol o $9 Fertilizer
Nitric acid Phosphoric  magnesium Copper Zinc Manganese Iron Copper Zinc
acid acid sulfate chelates chelates  chelates chelates sulfhate sulfate
v R v R v v v v R R g
by

Potassium sulfate

(bl 6 2) 5850t - X ceddl el R (bl ) L850 -V
-compatible, R- reducing solubility, X- incompatible
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Potassium Jicen Yy posigel o2 jaie ol ol Ammonium posigel Urea Fertilizer
phosphate  Manganese Iron Ammonium magnesium Calcium  Calcium sulfate Ammonium
sufhate sulfate phosphate nitrate chloride nitrate nitrate
R X X R X X X N N N i puslsy (65 b g
Meno or Dipotassium
phosphate
S S 598l ga s Sl Oldgw s s s e ol gw Sl gu 358
Sy Sulfuric S b o e e $9 e ool o $9
Nitric acid Phosphoric  magnesium Copper Zinc  Manganese Iron Copper Zinc
acid acid sulfate chelates chelates  chelates chelates sulfhate sulfate
N N R X R R R R X X i uslsy (63 b g
Meno or Dipotassium
phosphate

(Lot BB 2) 51850t - X eddl 2l R (bl ) 150 -V
~-compatible, R- reducing solubility, X- incompatible



ANALG FANS VWAL I POy N RCRVRIIN PP

U pole (S Gae rmen 5 (L gl
(Y' Y cd)‘jj) JJJ‘: 0 9a0 n)'\.)s.;\ BE L;M:"

0 51 0357 D 5 gty

bose S0 b SlS e g 03y SIS
sse el (550 e Cle 4 sl ) ol ol
oMeas Sl gy 5 Cui S Jels &S sl LS s
gy b a s i il &Y Sl ey
LTl g ol Y G T L s
arw s Jsl e dsb sl sl S5 T a0l
2250 Gladshe sdes (Joho oo al o) 05
SRS 5350 s o O3l 5 Hisd e S
Ly s e 3 2 S gladle Blae 5o 5 AL
S e sl HLES S e dae S 4 g, g
5 20 CBS S sbml Crss g SIS e aras
23 0 050 LBl UL sl o 03, 0 SIS g0
O el plSonal 5 530 0T 53 gy & e
(O JS2) el 28 gy Kos sla sy 4 S 3
Skl dawg o g WS e Jame Jele S
Aled St 03555 OIS @ 1) G gy 5 Kpd Sy
5 el o3 (e olis ol pe Jold ol e (]
5okl bl sk 5 8 el Lls i
Jsb 5o A5 e B 4 b s diten 0L 5 J seas
e ool 25u b odes 45 (1) o o0 anw 55 Ul ad> o
Lol Glesle (Sousg 5 858 S5 52500 Gl
Lae son Sl S ad Jolo 0 Foge 335 (o0 et
3L aled) ol Jgemes Sl g O3, OIS @
5 omliel (23355 iman 5 bl ($5LT (o
03,57 B Jowily (Sl 50l dsb 5o SBU
LS o) A o G ol smn s sbas [ e e
(V88Y (a8 ¥ (gl S

3. exocarp
4 - flavedo

8 350 0310 5 prwliy
Vsans (DS 5o Ol 53 iy A3, LIS, sba
bl Al oy slassS Gpe & Gl ol
oo ge o3l 5 Lbdsogo i, o iugy L, OO,
345 B Ak 35S ) ol il ST o Sty
5 oolhe auls 3 aaly chle bis ool (uly
o ey 20l o) Sl Laese sl CiS
it et Doy b S e sn ol g 0L
oS ke 5 oS el blie 53 550 e Cins S L
olis Yoo o 3580 S S lrogn 5 e
350 059 aeely B pze i Dlslo b (g e
Sl s 63k bl il S enly clale oS
esen I 3 by 8338 e 3 505 0 s 510
Loads bl 5wl sl Sl e OlS
VO e Sl aals 55 S V.,.»Lu Lo eely 22355
o r.,..:l:u 6Ly GBme Llis )5 54, 0 SSINVY L
38 Sy § 25 5 Dalid Il 4 e Sl (SCas
SOl 5 als S gl AN als S gul)
Sie ol (Vo000 OLKes 5 050 Y0 (gl
OLES 0T s 5 LS e 0Lt p3 53 U354 5 pemly
S 5aS sy sbaeldil s ol JMds oS ol 63l
05570 3 S gl Hldde dlne gon 5 Lal el 055 20
S olS e Ol s Sas o tin IS sba ool
ol YU YE S s ey 4 05580 S
S s ey 5 Aoy VY 51 2l 05550 L) sl e
4 O35y S co 00 6311 STa= (g Lol (Ao /A
ey e L) Ao s VY BV/F s S oy
awo 55 (o3 VA 51 i O35 20 5 oy +/4 51 i
o Lo pobie al 63 a (YYDl ) 55

1 mesocarp
2- albedo



olS 6‘“8& 33 r.:..nl:i oS VY

(VY2 (ool (SIBI g 2L ,KS guwl) JoU s JW 51 ogn0 (4095 DI -0 IS
Fig. 5- Splitting in Navel oranges fruit (asadi Kangarshahi and Akhlaghi Amiri, 2011)
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Fig 6- Severe damage caused by cold stress in citrus trees with severe potassium deficiency in the east of Mazandaran
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Fig 7- Sunburn spots in citrus fruits (asadi Kangarshahi and Akhlaghi Amiri, 2014)
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Fig 8- Drought stress and potassium deficiency in Satsuma mandarin trees
(Asadi Kangarshahi and Akhlaghi Amiri, 2012)
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