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Investigating vegetative growth, yield and harvest time of Fukumoto
orange (Citrus sinensis cv. Fukumoto) on some citrus rootstocks
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Table 1. Analysis of the soil of the test plot before planting trees in the main land.
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Depth pH C.CE oM ocC Sand Silt Clay  Text N P K
% % ppm

0-30 7.7 11 2.19 1.28 33 44 23 L 0.106 435 181

30-60 7.8 12 0.42 0.24 57 32 11 S-L 0.020 10.6 199

35 Tb 12l s (PLS Slge s3lwesle]
Vo 55 ) 20LS e aliie Gl d g 53909592 Jsb JUp 03, b (Bolad JolS slaS sl )b & jgonr g
3 stk (o)l s b 55kl s plowl 2o ¥ 0 Bl Jolsd b 1,85 i L €35 iy ¥ g shog s S5
2 dsh Jlo a0 (alord SlaosS Bpan e wd plail (ialejl (L3 )0 asn (sl Ly jsbar Lol <5 e
w e 3)Shes 5 Sy S (03] @l (el Glale3T GLL U pylez Jlo 5l s S gail b 5 <30 e ol

(Asadi Kangarshahi & Akhlaghi Amiri, 2018) o eoliiw! LS jeb 4 iules] sl ,les dcn sl g

dod Sdw (pl 50 g Al plxl 20p 3 e (IVAY-IYAD) Lo an G 4 Lol ) jo b Jls cils lal ;)
csialy 3B Eg s jlam g Wl Bl Sl b 4 IS0 Jhug, 0y S ped gl LS (g9, 0uls LSS o S
(Akhlaghi Amiri & Asadi Kangarshahi, 2020) ol sloxl i ;o den o sialesl bbb Yl ailins) yw,»

Carrizo citrange -\

O-¥



FF)OIALD ) sloamio Foylas T als 5l SLEL 35 5 agle

Ol (shug) S g 6ol
ol Vo 4 Lo o3l e 5l oolil b oy glis,l ol gy liogas F AFAR Lo B IYAE L |
Sholiiul b jluayls jlad 5 Job (rizran ol (Sl (o)l s sl ooliiul b wigey oo (VL o gblo Ve g ks
@l ;o a5 lase 4y o3, 50 a5 Laste G Somas Sl okl Lo 5 (6 S ojlail palesT bl B AYAD Lo 5l 530 e

oz V() =2/37R%°H aolas 5l eoliwl b ¢ (Ziogas ef al., 2023) o dwlxe o] o (b)) (SS55099 590 (5,550
5L 950 (695 Clue alibioo <30 gl H 5 jluasles jhad 5 Jsb (:Sile chai R (] 50 o5 aal Cawosy (550
5 Jsb xSle) 26,8 Ll D o] 48 a5 b deasles B = (D % 0.75) x (D +2.5) aloles Lolul 1 olis 0
1 ol sloasls o5 Canl ond walas Lalul cpl  Wolen ) el G500 L5 3y50 (6985 erline B 5 Gludul
3525 (aely; Slilas plovl slp) I slisb 2o Y/ cclS bglas s 5 aibl azils Sliigyed duoyd YO cudlS bghs
(Tazima et al., 2013) ol acisls

Wogro (o loowd oSy 748 9 SS9 58198,90 GBS 19 5 5ol

5 SiliS Lijgel g Olindod 35 e olfiulesl 4 50 o 3l ogue diges Vo ATAR B AYAY slo Lo ole LT Slol 4o
9315 ) ooliinl L) Cengs g 05 (339 iJeld ogme (alierdsSond Sl iy (Fp g wb Jie phuile (ol wlie
Sl s Sl 5 osliial ) bt fzne o(JEame oS 51 o3liil 1) oy caslis 5 an Sla (Sl

(b 020 SO 05 b (yguml i dws 40) ojlae gawl is LB aul § (ot giwadd Sl oolainl L) Jolowo dol> slge
L ogue o lac duo s o lae onwl 05 BB awwl 4 Jelore delz dlge cucd l oolaiwl b clils p als 0l (5150 5lul
Ziogas et ) 33 dpwlxs ogee (359 & Cewgy (55 Somd Sl 03liinl b ogrs Cuwsgy 00)d 5 0500 ()35 4 0)las Cund ool
Cawgy S5,y calizes Ol )0 dpogas (gaiudiws gl p a5 () Jgoz 5l ooliwl b stz duslio ol 5l gy S, (al., 2023
b 025§ e i a3 | ey S35 (o (255 ) e B 05 s A ) S e iy |
S pdiged g Dluogas Ol s &g, 2bj)l sl YAV Lo yo (Stuchi et al., 2009) ol (s Cangy op Sdlo
el alez 5l oge Dlas 51 Sy 5 o alal sle LT YO (F 5 LI YO (¥ ¢ bT Ve (Y 0010 () il o jla> )0 00
Slge o 3l ooltwl b cedls pp asls ol (g mSolasl oy,055ke (55,9LiS Slidss 35 1 olfiule;l )0 0gun ()39 9 Culo p
A dawloee 0geo 39 A o lae Cand 3l oolaiwl b ogun o )lac a0 g ojlac gl g BB abowl 4 Jelore del>
(Tazima et al., 2013)

2,5 Mae b oo (sl L puslone

3 ol slawi @ az g b LS jo o Slee 5w cud S0 5o 0 Ll (pjes g Wogas den cutlop b i 0 o Slee
30 0,5 9kS) o Slas o 3l ookl Lol aslre (e YXO Joolsd L (LS jo cj0 £7+) oald aillS Jolgd L LS

G55 Sl ol dpulone (S e o S5LlS) (LS50 0 Sles LS ()0 50 S fe) C3 )0 5o o 5 (8350
G55 Slasd ulal 2 (LS50 (6,555 9,es g 0D drline 350 G (6,98 Clus p )LSe Sy Colie S 5l LS50
(Tazima et al., 2013) o awloes (L )0 o Slae ¢ LS o c5 0

ools g9y

B s yley oS po 43525) MSTAT-C 13810 5 V0 o,leds ciulesl Jow 5l ealatul b lasols (g,lel ajm o yiolosl oL ,o

AR



v yo SSls 3051 5 eolitul b asdllas 0550 Slio (1Sile duslie g o sl ((Jole SO Solas oIS slacssh b
A plxil as 0 0

gy Wi g pSojlul
jaﬂm as ols QLAM) C.al.u ] OMT Y Jsd? B JL...J U’“‘“ 6‘0 iz c\.ul.u Adw (59 5;}@5555 JLQJ)J ‘5.....45) Slaw ‘_;‘>).v

WA Jlo 5o e ile YY/AF 4 \YAF Lo o yie Sl VIV lwgie 5l g cdb il iolesl slaJle (b ab
(YA Lislosl Jlo oo, T 50 ol las o cme s da Jlo den o calites 4l dw (o a0l e yuioren .o,
bze (n feS el VIO Lanoes b g s 53201 4l 9 (n yiiin el YVIAY Lanoeo by glog s K9 il
VAP Jlo 5o e g6l VWYY Lawgio 5l g cdl iol38l Gialej] slo Jls b Sigen laswe aisls olaisl sy 1) 4l
Sl sime DoliS aliBe Slaaly (55 (F9095988) Sgm o8 Lo ((blie ;o o, WWAR Jlo 5o e Lo YYNVY &
(ouilz) Se3slsd a0 6,5k 051 Hlogine f (sylel Sl 5l g alie walizes slaarly 59, of VLo ralidl 5 ol olas
Jlo 50 IVVE 5lgols plas sals wig, iolesl sla b (b s (5,8 03lal Sdign lame 5 a0l Loses (o Cai b a5
59098590 (6, 5w (oS ghag i JKgw a0l (V729) iolosl Jlo 0,31 50 i, 1¥AQ Lo yo « /82T 4 VAT
(V Jgazr) wiols lis 3505598 08, L 1) (1IVOA) Su35l8 )50 6 1550 (i gy 93208 ks 9 (417 +)

5 9550 wgmme )5l sl 68 Lali S plsie 4 Ll o S sl 5 b 5 Swigy e (5ol
S5l as” Sl (Akhlaghi Amiri, 2019; Tazima et al., 2013) cwl o5 [laws (il saims lid SO SGop polis
Loy 45 o pll Oloo Wi wcedls wialss 13 (65,5l Wigy wly arsl axsls wa b (6 5 Shop igliags (S5
ol 5l g el Hlaub 2B oolgls o i o i Gl Wgw o] el Cuddge Yoors i SO sloaisS
Habibi ) SLS 5o pB)l 5 (g renisy iz S5l digy wiilos 398 o0 o3litl (55 (o Sladion plyieas )b &)900
(etal., 2021

Sl (sdign <350 Jg o)l (ool y BUWS| a5 90 suiglives cde 4 SWign g 4l laowe g £ 0l 5o
ogrms 5 gz S99 5 (g re) Alide iz 99 (197 3 pol Ghagh 5o wibeos Sbpdle s jbn o3k
Lo s 41 o g 5 (2L ol (330 S 3355 S 306 S0 b WA 035 Dz b b sy, el
009 S5 Jdo a4 Lo glas )| .(Akhlaghi Amiri, 2019; Hayat et al., 2022) cewl oals (5138 alies sla jingsy 5o
@iz slaal o (gl Jbo 32 4) Jleie sl (b aVle lais o, ¢ (Adesemoye ef al., 2011) gig0sS 98 o3,
) Hleasle Sl ol calizee laasly o 09 Coll yie S8l VYo =VAL S0 j0 5 ol (lis (g ls Jxe & bl gles
() JS2) 0558 I sixe )bl S5 5l (canSlo o V1T dasgio jsbo a) Jlsails o 5 (o gl 1 £+ Lasgie 5l

A8 (S a5 65k 45 0l LaS (gl ctre (a8l g (alesl (sla Jlo CidS (b jluasle w5k Llie 5o
Ll aw o ,0 WA Jl jo Jloale e o iy 9 (e c8bo VYAY) s 95,5 sy 50 VW0 Lo jo luale
(coSe VDAY 76 s 930,18 by ;0 \WAD Jlo jo Jluasle oo (el iz Al Eod e g8l VYYIY Lawgie
o 5o 53 loal 43,81 s Cod S e VIAY b shog s JSigms arly 55 1738 JLo 3 el o (i 5

(Y Jgoz) aisdlad e g yhad a5l oo cre Ooglis

b-f



(VF1IOIA LD ) sloamio Foylais T als 5l el 5558 5 psle

AVAF-IVAY Gla Jle jo alizes slaasly (59, 65909598 W5 singy Slao S0 - Joo

Table 2. Some vegetative characteristics of Fukumoto orange on different rootstock, 2015-2020.

ol Lo L &85k el Sl a8 Sl pz>
Saign 25999830
Rootstock Scion Morphologic Height Canopy Canopy
perimeter  perimeter al (cm) diameter volume
(Cm) (cm) compatibility (cm) (m3)
2015 (A1) 17.19 13.339 0.774 2 152.8° - -
2016 (A2) 20.90 ¢ 15.51°¢ 0.740 2 17722 139.4 ¢ 1.84¢
3§ 2017(A3)  2381° 16.97¢  0.715%° 176.4% 1525 2.20°¢
= 2018 (A4) 27.25° 19.08 0.705 b 173.1% 1633 % 2.49 2
2019 (A5) 29.06° 20.28 2 0.702 b 17422 1672% 2.62%
2020 (A6) 33942 22.17% 0.662 € 175.62 17222 2.80°
% Carizo(Bl) 2321° 17.90 0.774 2 174.0 @ 154.5 2 2.362
. 8 .
3 Z Swingle(B2)  27.80° 18.12% 0.659 ¢ 172.4%2 160.52 2.38%
g C-35(B3) 25.06° 17.66 2 0.716° 16822 161.8 2 2.442
Al Bl 1691 % 13.259 0.782 2 148.3 ¢ - =
Al B2 18.41 13.519 073329 160.0%° - -
Al B3 16.27 % 13.23 9 0.805 2 150.0 ¢ - -
A2 Bl 19.59 ik 15.46 %4 0.783 2 180.0 @ 128.3°¢ 1.58¢
A2 B2 22.83 &1 15514  0.677%f 180.0%  140.0° 1.88b¢
A2 B3 20.28 K 1555 0760  171.7%¢  150.0° 2.08b°
<3 .
L2 A3 Bl 2200™  16.92%¢ 0768 182.5%  150.0° 221°
5
LS A3B2 259290 170854 0657¢T 17677 150.0° 2.09 ¢
20y .
5 A3B3 2350 16924 0720%°  1700%°  157.5° 2.30°
()
>~ A4BI 24920 19332¢ (778 17832  160.0% 2512
A4 B2 29.75 ¢ 19332 06509 17002 16502 2.438b
A4 B3 27.089F 18582 0687  17082° 16502 2.548b
A5 Bl 263348 0252 0.772 2 17832 1633 % 2.64 2
A5 B2 32.08 b 2058 06409 1725%¢ 17252 2.682
A5 B3 2875 2000%®  0.695%F  171.7%¢ 16582 2.558b
A6 Bl 29.50 % 22.17°2 0.758 2 176.7%  170.82 2.872
A6 B2 37.832 22.67% 0.600 175.0%¢ 175.02 2.80°
A6 B3 34.50 % 21.67°2 0.627 ¢ 175.0%¢  170.82 2.722
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+ Means with the same letters are not significantly different according to Duncan test at 5% level of probability
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Table 3. Some quantitative and qualitative traits of Fukumoto orange at harvest time in 2018-2020.

ORES Ky ol olge Mol asls
095 ()9 Cawgy o)las i ,
Sy oy Jole Gl iy
Fruit Peel Peel Juice Peel TSS TA TSS/TA
weight  thickness (%) (%) color (%) (%)
(2) (mm)

2018 (A1) 238 be 4.01° 5002 41.0° 292% 115% 094% 1252

3, ;? 2019 (A2) 264 % 498° 49.6%  402°% 292% 11.0* 1.24? 9.1°
2020 (A3) 2852 3.16 ¢ 453% 3827 200° 11.1%* 088" 1312
« Carizo(Bl)  262°  403%  494% 417% 23% 112% 092° 129a
3 % Swingle(B2) ~ 273? 4.12° 4837 39.1°% 325% 11.0% 1047 109b
S (3583 262° 4.00° 473% 385% 200¢ 11.5% 1.10* 109D
Al Bl 2175 4047 4857 426% 275% 118% 090°9 134P
. Al B2 2522 4172 5072 405% 425% 108° 090°4 120°
S AlB3 244° 3.84% 5082 398% 275% 121% 1.02% 120°
3 % A2 Bl 2852 5012 5412 424% 225° 109% 1.142° 96«
x & A2B2 2772 502% 489% 40.6% 325% 115%C 126%® 929
3 L A2B3 262 % 491  458% 374% 200° 108° 131%* 869
S A3BI 2857 3.05° 456 4017 200° 11.1% o729 1572
A3 B2 2902 3.18° 4537  363% 200° 107¢ 096 11.5b°
A3 B3 2802 326  454% 3827 200 11.6%° 096° 122°

Dl gl e gl S5Io yge3T o p0 O Jledarl gela j0 8510 S iie g 4 oo i Silie T
+ Means with the same letters are not significantly different according to Duncan test at 5% level of probability.
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Fig. 3. Fukumoto orange on Carrizo citrange rootstock, mid-October 2018
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Fig. 4. Fukumoto orange on Carrizo citrange, Swingle citrumelo and C-35 citrange rootstock, 2018.22.11
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Table 4. Changes in some quantitative and qualitative characteristics of Fukumoto orange fruit in four stages of
fruit harvesting in 2018

_ Slgo

o colis ST & 5 sl S
S31] o9 o )las d ) ol N7 I.. u“-"|
0gu0 Cawgy < Cawgy Cawgy O gy u.wo).a

Jolxo
Fruit Peel Peel  Juice Peel Peel TSS TA TSS/TA
weight  thickness (%) (%)  texture color (%) (%)
(€3] (mm)
2018.10.5(A1) 235% 3922 665 266° 267% 525% 988° 1.512 6.67
a
%)

;«g,é 2018.11.1(A2) 238% 4012 500 4102 1.75° 292° 11042  124° 9.12°

R R a

} :m-’ a a a b c a b b

§§2018~11~15(A 267 3.98 4}?.8 433%  1.50° 125° 1137 1.15 9.99

: < 3) C

=
2018.12.15(A 2672 373 433 4452 142% 1.00° 11.67%* 090° 13.45%
4) c
Carizo (B1) 236°  3.60° 4%2 40.8% 1502 2447 11.04° 1.182 10.152
-
4 .
332 Swingle (B2)  242% 3932 529 381° 1942 275% (1.12% 1222 9.53 2
e a
[=]
% C-35(B3) 2782 4217 529 377% 2067 2632 10812 1.192 9742
a
Al Bl 232%¢  368% 626 2939 2002 5002 1013 1642 6.28F
b
Al B2 188 3592 694 236° 300% 550% 10.13% 1502 6.79
a
Al B3 2852  448% 67b.7 2699 3002 5252 938° 1402 6.95 °f
al
A2 Bl 217% 4042 485 426*° 150° 275 1092  1.14b° 9574
cd b
oY)
g A2B2 2533 4173 507 405 2002 325 11520  26bd  gppde

= jv:: ® b

3 ©

» g A2B3 244%¢ 3843 508 398° 175 275 108% 131%°¢  gs58df

2 x c b

o Q

3 E A3BI 244%¢  301° 446 446" 125° 1.00° 113% 1.14°°  995¢

X - c-€

2 2

¥ 2 AIB2 2678 4382 490-10 4284 150° 125° 1142  114% o011

= Ci
=
A3 B3 291 456% 467 428 175° 150°¢ 1142 116P¢ 991
c-€
A4 Bl 249%¢ 3663  41.0 4642 125° 1.00¢ 1192 0.81° 14.822
€
A4 B2 2612 358 4d2-7 454%  125% 100¢ 1142  096°°  11.99%
(5]
A4 B3 2012 3962 463 416*° 175 1.00° 11.7% 0929  1352%
c-€
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+ Means with the same letters are not significantly different according to Duncan test at 5% level of probability.
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Table 5. Yield and yield efficiency of Fukumoto orange on three different rootstocks in 2017-2020.

5 Sdoe ez oSlee Q5 s lad e 6y sl (5 9 o Shee
Yield Volume Yield Theoretical  Theoretical = Theoretical
(ton/ha) (m®) efficiency space number of tree yield
(kg/m?) (m?/tree) (ha) (ton/ha)
2017 (A1) 7.40 ¢ 2.20° 5.65° 4.64 % 21602 24.0°
3 5 2018 (A2) 9.94% 249 6.50° 5.10%° 1960 2 2932
s 2019 (A3) 974>  262% 6.07 % 5279 1900 " 27.8
2020 (A4) 10.74 2 2.80° 5.89 2 5.49? 1800 © 29.0°
¥ Carizo(Bl) 874 b 2.562 5.50° 4752 21002 27.6°
7 %2 Swingle(B2) 887" 2.502 5.47° 4,982 2010 % 26.8°
2 C35(B3) 10.74% 2532 7112 5.04 2 1980 ° 3208
Al Bl 5.60 9 221° 3.90°¢ 4.53°¢ 22102 18.6°
Al B2 7.14°¢ 2.09° 5.62°¢ 453°¢ 22102 23.6 %
Al B3 9.60°  231° 7422 4.85"% 2060 2 29.72
» A2 BI 8.74% 2518 5.78 ¢ 4.97°% 2010 ® 26.3°
g A2 B2 10672 2432 6.60 2° 5.16% 1940 b 31,02
3 8 A2 B3 1047% 254 7.12°2 5.17%® 1930 303
% = A3 Bl 847%  264% 5.71b¢ 512 1950 b® 248°
E; A3 B2 9.04% 2682 5.48 b¢ 5482 1830 °¢ 273°
A3 B3 10.87% 254 7.03 2 521 1920 b 3.5
A4 Bl 1221% 2872 6.62 2 5.46° 1830 ¢ 33.52
A4 B2 787% 2802 4.19°¢ 5.58 2 1790 ¢ 1.1 58
A4 B3 12.14% 2732 6.86 2 542% 1850 4 33.7%
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+ Means with the same letters are not significantly different according to Duncan test at 5% level of probability.
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Investigating vegetative growth, yield and harvest time of Fukumoto
orange (Citrus sinensis cv. Fukumoto) on some citrus rootstocks
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Effect of three citrus rootstocks (Carrizo citrange, Swingle citrumelo and C-35 citrange) on
vegetative growth, quantitative and qualitative yield, and harvest time of Fukumoto navel
orange was investigated during seven years in the north of Iran. The trees grafted onto on all
rootstocks had a small volume (average volume in the last year was 5.5 m?). The bark of
rootstock and scion of some trees on the C-35 citrange rootstock, from the fifth year gradually
showed signs of blistering and from the sixth year, leaves of two of them turned yellow and
fell, and one of them died by the end of experiment. Carrizo citrange rootstock showed the
highest morphological compatibility with the Fukumoto variety (0.77) and the trees on it
althought a small volume (4.75 m?) did not show any signs of decline. The average size of the
fruit in consecutive years was 250 g, the average peel thickness was 4 mm, the peel weight was
50% and the fruit juice was 40% compared to the fruit weight. The fruit harvest index reached
the standard level (seven) in the third week of October every year. Therefore, currently,
Fukumoto is the earliest navel orange variety in Iran, and it is harvestable about a month before
Thomson navel orange.

Keywords: Citrange, Citrumelo, Incompatibility, Intensive planting, Tree volume.
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