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Effect of Kaolin Application on Some Physiological Characteristics and
Sunburn in ‘Washington Navel’ Orange
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Fig. 1. The main effect of kaolin on the orange tree canopy temperature. Means with same letters are
not significantly different at the 5% probability level using LSD test.
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Fig. 2. Interaction of measuring date (Time 1: June, Time 2: July, Time 3: August, Time 4: November)

and tree direction on the orange tree canopy temperature. Means with same letters are not
significantly different at the 5% probability level using LSD test.

g (sle GLT ¥ Glode slo wloye ¥ Loy ¢ sle a3 ¥ glo)y sl wluja 1V ley) (s ,uSe )l fob puian 5 Y K&
B LSD uJ.A:)T u,uLa.u‘J.:i ‘.LBJL\ LS‘;A...'Z‘.A GL&JP «< u‘.fLA ufi}‘.f.o d‘:ﬂ:‘g &&JJ ‘)La.u‘LiLa.u (5‘.0.\ > CAJJ
LI gl e las Y0 sl mlace

\A


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.7.0
http://journal-irshs.ir/article-1-227-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.7.0 ]

OLKas 58 g dbs

15 S00 Jad ool Hlaie Gl GIS Hlas w5alS wls Glas (F JS8) Son IS Jdsu lute lagSibie wlis
i sualize LSD ¢ 605170 JWia) mlais 5u gola e o li G SISV 5 Y slaslas G g ol rals

0.62 - a
= 06 -
= b b
% 0.58 -
on
Y E 056 -
o =
>
3 2 o054
v £
S 052 -
=
o
= 05 -
°
B 048 | |
0 3 6
BRI
Kaolin

Fig. 3. The main effect of kaolin on orange total leaf chlorophyll content. Means with same letters are
not significantly different at the 5% probability level using LSD test.
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Fig. 4. Interaction effects of sampling date (Time 1: June, Time 2: July, Time 3: August, Time 4:

November) and kaolin spry treatment on orange total leaf chlorophyll content. Means with
same letters are not significantly different at the 5% probability level using LSD test.
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Table 1. The interaction of kaolin foliar application, fruit position and sampling date (Time 1:
9.6. 2013, Time 2: 17.7.2013, Time 3: 10.8.2013, Time 4: 23.10.2013) on chlorophyll
fluorescence (fv/fm) in orange tree.

L
Direction
o S slagha R Jls
Kaolin levels South North
(Vo)
V ok Y ol v obes Yok v obes Y ol v obes Yok

Time 1 Time 2 Time 3 Time 4 Time 1 Time 2 Time 3 Time 4
0 0.711 fj1 0.697 ij 0.772 a-d 0.735 d-i 0.707 h-j 0.688 j 0.745 b-h 0.796 a
3 0.737 c-i 0.718 e 0.764 a-d 0.751 b-f 0.709 g-j 0.708 h-j 0.754 a-e 0.781 ab
6 0.763 a-d 0.695 ij 0.751 b-g 0.735d-i 0713 e 070§  0.714e-j 0.778 ac

tMeans with same letters are not significantly different at the 5% probability level using LSD test.
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Fig. 5. The main effect of kaolin on the amount of photosynthesis in orange tree. Means with same
letters are not significantly different at the 5% probability level using LSD test.
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Fig. 6. The main effect of kaolin on the leaf transpiration in orange tree. Means with same letters are
not significantly different at the 5% probability level using LSD test.
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Fig. 7. The main effect of kaolin on the stomatal conductance in orange tree. Means with same letters
are not significantly different at the 5% probability level using LSD test.
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Fig. 8. The main effect of kaolin on the sub stomatal CO, in orange tree. Means with same letters are
not significantly different at the 5% probability level using LSD test.
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Table 2. The interaction of kaolin spry and fruit position on percentage of sunburn area of
orange fruit.

520 Cual 5o
oSS slapa Fruit position
Kaolin levels (%) csse Jla
South North
0 21.55a% 10.79 be
3 12.32b 3.13d
6 11.31b 3.44 cd

tMeans with same letters are not significantly different at the 5% probability level using LSD test.
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Table3. The interaction of kaolin spry and fruit position on the intensity of sunburn of
orange fruit.

8530 ualdge
oA SIS clagh : Fruit position .
: cs Jla
Kaolin levels (%) :

South North
0 2.53 at 1.62b

3 1.26 be 0.5¢
6 1.7b 0.65 be

tMeans with same letters are not significantly different at the 5% probability level using LSD test.

Yo


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.7.0
http://journal-irshs.ir/article-1-227-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.7.0 ]

OLKas 58 g dbs

ssxe aland [ 5aS €S (osbs mbly (soline 31 5 (e s0 ) G s ] sge slaa (il SIS
Jsan) o saabline (VEZ/AA) aala 5o G2 g BT o gue alaad cpyidas o (FFZ/AY) /Y clale o G puclis]
(¥
Wy B3 puliST 6 gae dem 50 53 s e cualge 5l SIS b shae (13San 50 - gas
Table 4. The interaction of kaolin spry and fruit position on percent of sunburn orange fruit.

d520 Cual go
O S8 slapha Fruit position
Kaolin levels (%) s Jla
South North
0 80 af 73.75 a
3 59.5 ab 30.13 ¢
6 70 a 42.5 be

tMeans with same letters are not significantly different at the 5% probability level using LSD test.

ssre olaal 5 (SA g Sad ol spe e s Gl S lils glaghe o (K by
Sad A pwolB] mlac s ssse cualse (¥ 5 ¥ (Ygladsun) ads saaline ool S oslds A sl
o W0 g Jlad cand Hu 4S olas gae 5 olo L s luSne 5| GA suolEET 6 gae olaad 5 (S5A guolEs]
(F 5T Y slad sun) wiiils (55348 A sG] 8 gae slaad 5 Sad iplais (A 5o s 4l @

ssxe dlan (S e Sad 3 5ol a5 sgie caalse 5 SIS il slae Hlas (S
slass 5 (+/0) (SEA ges @ad (YZ/NY) (SEA s o (3 53eS €S win 58 bl (g lo e 5] GA sl
Ches Gpoide o s @as0 Jled 4al 5o € us U G P8 HlaS @ bgse (AV/VY) A s 80
Cracd Lo aals slas e o A o] s gae slaad 5 (V/OF) (S82 suolES] cud (7YV/00) GA guolis]
(F oY gladsun) ok saalive i ju st

Lo S L i 5 (S3edndnd slaailsins allaa Ly S s oo ol 5o (Paae 0l Hs2a
JWHal Laasys, aallad 5o Lol ol o 9las (VY A) adily e o et 5LS Jols 5 il Jubss
sles ol g (F7) Gl SLS SYL e ale Jals Gaaads s e Yo 15 S slosa 5 wusl e s st
SHLo S g sl ol (o smwan (V) OIS 953 Koo gladmtl L S aas ual <5 el
So—iee Yo S L slag i s osme wl B ate guas oo RalS ) (ple S (a5 Gl LS
a8 OISt 55y sl i g GBS L 500 GlS5L Jdaas S5 losa (2alS (VPO
Ol 38 Jdads 0l e ol Jlaialans 3 (i g5 ol Lo sl gloa (aalS (Y2 AA AY) cowl
sael o slaain L jlaala slos 555 Gl LS slaih sl oF Gis gralS 5 59 il
(Y8) 595 (YY) G (Y0) LLI (F7 AY) o Lo 3 (58 59 sbaa 5 8 ) (sl 10—

QJ@MLI}Q:JJE\SAZ\‘T "LSLACL‘ ue_nts‘)_..s‘:‘)h_"d_‘luéuu\_a‘))ds)_’J,Sdes\gjﬁ‘)hla
ol ulo o Las S L1 LA 5 (555 (0) ae I8 slad sl L Lo sladam oo il aa L (g ls o ae
M‘M‘ﬁﬁ&‘_})u@”dm‘&dﬁugaﬁﬁ%dpjﬁuQu&JdJJSﬁJﬁé"‘).‘s

\74


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.7.0
http://journal-irshs.ir/article-1-227-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.7.0 ]

b sl w3, S (SR g ST 5 S5l 08 s Lo S35 (A o Ll 508 31

S50 Lol conalas (VA) @b S 5 (V) o) o8 Jb ool Sladie 5 (golaotme 581l SLS ol
s Gl 38015 8 5 Hlae (7) alobs 5 (YY) Lusd ((YA) lacenls (YY) o e
SIS plalS o (5T HlaBe Guad Hage Il S plstedn wl S e Il At s 38 il ;51
S (1o ptee Jole S 5 s e oLt 15 TT g 538 (a3l 55 0 5Shae iy Fu/Fin i a5
o2alS el caols I alunin 538 (LIHLS 5o 48 lans (Lagins ool (5T 588 8y na
23159 Jad o (S dliaa 5l Gaaal (5150 GlsS e il ol Jad oK 51 (Ve ) W g oo Fy/Fin s
GEOIS (7Y) GoLSen 51 s b oS sbi g (V) 0 0S suliiwal (g5 Lo 5 (Yo sloow ((Sudle ) (2353
ol ol i aals 5 al LS L sa b 5lasi sl Ho Il a8 Guilaa 518 HlaBe « Suss S
S ol ol Gaa g3 ol ) Jaala slatami o al o Lo sladai®i L piwen e Sontli o a L

Slae g ity 4 Sll il Bl aaly (g ls e sl wal s 5 Gl LS slaslas (LAlS 5o SEw g3
sias b oals golsre ol E TP Jlas Ly 4SS o b saaldie Gl SLSTY Hlas 5o 55w g8
Eel 7Y slas jo e Sl conl e 53) S 558 lade 5o g 4 Gl LS (a5 ol slae s
colo e HLwdsln sloau (28l < o /Y Gl LS 5 81 b, 0T GleS e S a3 g8 il 3
o (SR BT 50 4S5 OLEA 0 (50 OBl ) 5 Gl SLS ) slasls abd sl
0% M0 aulaa ol aals L dnnlie Ho S 538 5o (g s J—B il 33l 4o e s s oo
Joole gl 5o 48 a e SBI andl aala L (ool e ol Gl LS L sud Hlas slas
B! 505 (PAR) (o3 538 Jlas (als L sl pan YU (gloos (5 538 cuallad ()5 003 5 5ane

:)‘U :'-.: L g o . :":.\ (:)fjjj‘j [Ba) (5‘-&4_3‘4 C.\_A.u‘ sl C.\_.!ti ;&“)_ai‘;&_.\%‘)d c.\_A.u‘ ‘)‘A._.i J‘_‘ilé

Eeb goline Hoban (G ALS glapled Lacabiasaa s b (V) ol S350 (350538 cllas
S5 ol ol al BLS (A Bt clamhw Gao 4 STad aald o o § a3 Gl
ol S, Sy slos Gl BLS 85090 Gal SLSTY e lale 4y by yo 523 Hla 8o (p S Sl
Go=3 olas s BB A (ralS oo s aly (o GhalS 15 5 slualos glos BIEAT(VYF) was e
oS O Jaally G5l 5 Ladsy g puddin Ly Gl LS (V0) aly (o (2alS 50 (sl g5 calaa
Sl @y gy 525 COp 4183 51.(V0) S oo S S LaShS G o Byeme uySlae (ol 3l 5 Of Lda o
ook (Ll SLSTF o ble jlas o Lol bl sy aals by Gl SLS glaghw s ol e
Bl e S i lata® Ly Gollas 4S s Gl SLSTY bl 51 53 4555 55 CO2 sols e
pldl o w8 S Sle) g Lajled 4@y 5) 554 S Gl SLSTF Hlad 5o S g8 Hlale 4 S
A) 95 o 5 4555 Gadidien seely (Oa COp paas (il 38l 5 o aal ja CO2 peas Eels gl
5 adle At T 5o S i Sl Be S a sl e GLAI il Gl G Se YT Las su (T
338l 5 5K aldie (slac S35 5 Gl SLS wy e I wssaaln S 50 CO) s
OohalS Eely ool (slos (EALS 5 dhiy oo 5o s 4 1S (g e LA Ty (RS IS5l
e Sl SLS L LS s (blad s dae (YV A2 AY V) i o Lo s 3l (ol oo (S53 s Lus]
somdiee Jliw a S slaske 5o 83054 od 50 s sl (ol LAt 5 s se (SR sl (ralK
say GEA 95 Gl 5 4S g sbds aan o il 38 el jule Hlade 5o gse gui Sl aaaiy juy
JLE g 050 (S ol T ol GhalS o s llas 551 Gl LS L JLE LSS 0 (il slase ad
s lass s ;35\9_..“9\_};1619_..“64_@)40\‘30\‘ sy Al oa e g o dls oo i Bl g a8,

\'A%


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.7.0
http://journal-irshs.ir/article-1-227-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.7.0 ]

OLKas 58 g dbs

e OISma g5 5us L (i g3 ol slaean® b sal b 4 sl Gl ALSTP oY e lile o s s
Reference &b

G S35 Ao o2 CalBE (B s S s YA g adIse i op on s ealae g ed e
NNV (b eyl oY puane 55108 5wl dae o) a3 slen S5 sl gl

o V5P ool sl )| 5 S8 ol SR 5 Ola el (LS o 40333 Jgenl ATV L ¢ 553 Y

com FYV anty Ols Sl sl&usils wlLLamil (dan 5) ol ps 3 Gus 53508 YAV o ganl, ¥

5 Slossbe S 1Sz, laslass &I AYAY L gpmald o 5 sl Hg Gun posede g oep Swela ¥
X NAYY (o 5o0ldS piige Sliadald dlae .5 & senels W5y (oLl e o GLSIL (sl s

(ALE slaggslan 5 BT 4y 501 slas gee (S8 a8 5 sud (555158 Gl SIS J31AYAY L wie ) 3.0
CAs AVYAY

9 S3slseis slageals 5 W PS abidslae 5 (Sda (IS GESan s AT g (olul s saans £
com MY 5 a8l iyl anlit)IS €l Bl el 6 e Kbl ci S

7. Alvarez, H.L., CM. Di Bella, G.M. Colavita, P. Oricchio and J. Strachnoy. 2015.

Comparative effects of kaolin and calcium carbonate on apple fruit surface temperature and
leaf net CO, assimilation. J. Appl. Hort.17: 176-180.

8. Cantore, V., B. Pace and R. Albrizio. 2009. Kaolin-based particle film technology affects

tomato physiology, yield and quality. Environ. Exp. Bot. 66:279-288.

9. Colavita, G., V. Blackhall and S. Valdez. 2011. Effect of kaolin particle films on the

temperature and solar injury of pear fruits. Acta Hort. 89:609-615.

10. Denaxa, N.K., P.A. Roussos, T. Damvakaris and V. Stournaras. 2012. Comparative effects
of exogenous glycine betaine, kaolin clay particles and ambiol on photosynthesis, leaf
sclerophylly indexes and heat load of olive cv. Chondrolia Chalkidikis under drought. Sci.
Hort. 137:87-94.

11. Glenn, D.M., G.J. Puterka, S.R. Drake, T.R. Unruh, A.L. Knight, P. Baherle, E. Prado and
T.A. Baugher. 2001. Particle film application influences apple leaf physiology, fruit yield,
and fruit quality. J. Amer. Soc. Hort. Sci. 126:175-181.

12. Glenn, D.M., E. Prado, A. Erez, J. Mc Ferson and G.J. Puterka. 2002. A reflective,
processed-kaolin particle film affects fruit temperature, radiation reflection, and solar injury
in apple. J. Amer. Soc. Hort. Sci . 127:188-193.

13. Glenn, D.M., A. Erez, G.J. Puterka and P. Gundrum. 2003. Particle films affect carbon
assimilation and yield in Empire' apple. J. Amer. Soc. Hort. Sci. 128:356-362.

14. Glenn, D.M. and G.J. Puterka. 2005. Particle films: a new technology for agriculture. Hort.
Rev. 31:1-44.

15. Glenn, D.M., N. Cooley, R. Walker, P. Clingeleffer, and K. Shellie. 2010. Impact of kaolin
particle film and water deficit on wine grape water use efficiency and plant water relations.
HortScience, 45:1178-1187.

VA


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.7.0
http://journal-irshs.ir/article-1-227-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.7.0 ]

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

b sl w3, S (SR g ST 5 S5l 08 s Lo S35 (A o Ll 508 31

Gindaba, J. and S.J. Wand. 2007. Do fruit sunburn control measures affect leaf
photosynthetic rate and stomatal conductance in ‘Royal Gala’ apple? Environ. Exp. Bot.
59:160-165.

Jifon, J. and J. Syvertsen. 2001. Effects of moderate shade on citrus leaf gas exchange, fruit
yield, and quality. Proc. Florida State Hort. Soc. 114:177-181.

Jifon, J.L. and J.P. Syvertsen. 2003. Kaolin particle film applications can increase
photosynthesis and water use efficiency of ruby red' grapefruit leaves. J. Amer. Soc. Hort.
Sci. 128:107-112.

Khaleghi, E., K. Arzani, N. Moallemi and M. Barzegar. 2015. The efficacy of
kaolin particle film on oil quality indices of olive trees (Olea europaea L.) cv.
‘Zard’ grown under warm and semi-arid region of Iran. Food Chem. 166:35-41.

Krause, G. and E. Weis. 1991. Chlorophyll fluorescence and photosynthesis: the basics.
Annu. Rev. Plant Biol. 42:313-349.

Lobos, G.A., C. Acevedo-opazo, A. Guajardo-moreno, H. Valdés-gomez, J.A. Taylor and
V. F. Laurie. 2015. Effects of kaolin-based particle film and fruit zone netting on cabernet-
sauvignon grapevine physiology and fruit quality. J. Int. Sci. Vigne Vin. 4: 137-144.
Lombardini, L., M.K. Harris and D.M. Glenn. 2005. Effects of particle film application on
leaf gas exchange, water relations, nut yield, and insect populations in mature pecan trees.
HortScience, 40:1376-1380.

Miranda, C., E. Arzoz, L. Santesteban, M. Laquidain, J. Gonzales and J. Royo. 2007.
Efecto de la aplicacion de caolin sobre la temperatura de las hojas en naranjo (Citrus
sinensis) y peral (Pyrus communis). Acta Hort. 48:434-437.

Moftah, A. and A. Al-Humaid. 2005. Effects of anti transpirants on water relations and
photosynthetic rate of cultivated tropical plant (Polianthes tuberosa L.). Polish J. Eco.
53:165-175.

Melgarejo, P., J. Martinez, F. Hernandez, R. Martinez-Font, P. Barrows, and A. Erez. 2004.
Kaolin treatment to reduce pomegranate sunburn. Sci. Hort. 100:349-353.

Parchomchuk, P. and M. Meheriuk. 1996. Orchard cooling with pulsed over tree irrigation
to prevent solar injury and improve fruit quality of Jonagold' apples. HortScience, 31:802-
804.

Piskolczi, M., C. Varga and J. Racskd. 2004. A review of the meteorological causes of
sunburn injury on the surface of apple fruit (Malus domestica Borkh). J. Fruit Ornament.
Plant Res. 12:245-252.

Prakash, M. and K. Ramachandran. 2000. Effects of chemical ameliorants on stomatal
frequency and water relations in brinjal (Solanum melongena L.) under moisture stress
conditions. J. Agron. Crop Sci. 185:237-239.

VA


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.7.0
http://journal-irshs.ir/article-1-227-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.7.0 ]

29.

30.

31.

32.

33.

34.

35.

36.

OLKas 58 g dbs

Rosati, A., S. Metcalf, R. Buchner, A. Fulton and B. Lampinen. 2006. Physiological effects
of kaolin applications in well-irrigated and water-stressed walnut and almond trees. Annu.
Bot. 98:267-275.

Sotelo-Cuitiva, Y.M., H. Restrepo-Diaz, A. Garcia-Castro, A. Ramirez-Godoy and V.J.
Florez-Roncancio. 2011. Effect of kaolin film particle applications (surround wp®) and
water deficit on physiological characteristics in rose cut plants (Rose spp.). Amer. J. Plant
Sci. 2:354-361.

Tworkoski, T.J., D. Michael Glenn and G.J. Puterka. 2002. Response of bean to
applications of hydrophobic mineral particles. Can. J. Plant Sci. 82:217-219.

Vatandoost, S., G.H. Davarynejad and A. Tehranifar. 2014. Would kaolin particle film
avoid sunburn in Ardestani pomegranate. Adv. Environ. Biol. 8: 607-610.

Wand, S.J., K.I. Theron, J. Ackerman and S.J. Marais. 2006. Harvest and post-harvest
apple fruit quality following applications of kaolin particle film in South African orchards.
Sci. Hort. 107:271-276.

Weerakkody, P., J. Jobling, M.M.V. Infante and G. Rogers. 2010. The effect of maturity,
sunburn and the application of sunscreens on the internal and external qualities of
pomegranate fruit grown in Australia. Sci. Hort. 124:57-61.

Wiinsche, J., L. Lombardini and D. Greer. 2004. 'Surround' particle film applications-
effects on whole canopy physiology of apple. Acta Hort. 636:565-571.

Wiinsche, J., D. Greer, J. Palmer, A. Lang and T. Mc Ghie. 2001. Sunburn-the cost of a
high light environment. Acta Hort. 557:349-356.


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.7.0
http://journal-irshs.ir/article-1-227-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.7.0 ]

Iranian Journal of Horticultural Science and Technology 18 (1): 67-80 (2017)

Effect of Kaolin Application on Some Physiological Characteristics and
Sunburn in ‘Washington Navel’ Orange

M. Mozaffarifard, M. Rahemi’ and E. Aslmoshtaghi'

One of the most important problem of citrus fruit production in south of the Iran
is sunburn of fruit during the summer. To prevent leaf and fruit burns an experiment
was conducted as factorial in a randomized block design in a commercial orchard in
Junan Darab region, Fars province, Iran, with four replications for two years (2012-
13). Factor one was kaolin at 0, 3, and 6%, factor two was tree direction (north and
south) and factor three was time of application. The results showed that kaolin at 3%
significantly reduced tree transpiration, but had no significant effect on total leaf
chlorophyll, Fv/Fm, photosynthetic rate and stomatal conductance. Kaolin at 3 and
6% significantly reduced the area, intensity and percentage of sunburn up to 54%.
We recommended kaolin at 3% without influence on photosynthesis for sunburn
protection of citrus fruit specially Navel orange in commercial orchards during
growth and development.

Key Word: Canopy temperature, Kaolin, Transpiration, Sunburn.
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