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Introduction

Citrus industry in Iran with 288 thousand hectares cultivated area, 5.5 million tons annual production and 20
tons per hectare Iran ranks sixth, seventh and fifth in the world, respectively. About 70% of orange production in
Mazandaran province, the most important region for citrus production in Iran, is dedicated to the ‘Thomson
navel’ variety and sour orange rootstock. So, it is very important to evaluate new varieties and suitable
rootstocks to replace them, if necessary. In the present study, the effects of three trifoliate citrus rootstocks on
vegetative growth, quantitative and qualitative yield of early maturing ‘Navelina’ orange was studied over a
seven-year period in Mazandaran province in the North of Iran.

Materials and Methods

Research was performed in a complete randomized block design with ‘Navelina’ orange and three rootstocks
(“Carrizo citrange’; ‘Swingle citrumelo’ and ‘C-35 citrange’) with six replications and with 5 X 3 m planting
distances during 2011 -2020. After planting in the main land, the young trees were trained for four years and
then pruned annually in winter. Plant responses was included tree canopy volume, rootstock and scion
morphological compatibility (affinity), fruit yield, yield efficiency, fruit characteristics in different time and on
different rootstocks, appropriate time to start harvesting, and the theoretical space requirements of the trees for
better land utilization.

Results and Discussion

Three trees on ‘C-35 citrange’ rootstock showed severe leaf chlorosis and leaf abscission in 2018 and 2019,
but with nutrition and irrigation management, two of them returned to normal condition and one of them was
completely declined. In the final year (2020), ‘Carrizo citrange’ rootstock showed the highest (0.765) and
‘Swingle citrumelo’ the lowest (0.655) morphological compatibility with ‘Navelina’ orange. The average tree
canopy volume in 2020 ranged from a minimum of 4.48 m® on ‘Swingle citrumelo’ to a maximum of 5.24 m®on
‘C-35 citrange’ rootstock. So, the volume of Navolina orange trees on all three rootstocks were small. In early
November of 2017-2020 some characteristics of fruits were evaluated. Results showed that ‘Navelina’ orange
had elongated fruits (the ratio of fruit length to fruit width was higher than one), with a large size and weight
(more than 280 grams), thick peel (about 4.4 mm), peel weight to the fruit weight was more than 46%, the juice
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content to fruit weight was more than 41%, and fruits in this time had a pale orange peel color. Average of
harvest index in early November ranged from a minimum of 8.84 in ‘Swingle citrumelo’ to a maximum of 10.74
in ‘Carrizo citrange’ rootstock. ‘Carrizo citrange’ rootstock had the highest average four-year yield (16.61
ton.hal) and the highest average and final-year yield efficiency (6.07 and 7.77 kg.m=, respectively). In the
present study, of the seven-year field trials after planting on the main land, based on tree height and crown
diameter and considering 2.5 m of space between rows of trees, the theoretical space required for each tree was
about 7.5 m?. Therefore, the number of trees can be increased to 1000 trees per hectare to make better use of the
land in this region

Conclusion

Harvest time of ‘Navelina’ orange on ‘Carrizo’ and ‘C-35 citrange’ rootstocks begin in the third decade of
October and on ‘Swingle citrumelo’ rootstock, starts at the first decade of November, at the same time as
harvesting ‘Thomson navel’ orange (the common variety in the region). Due to the early discoloration of the
fruit peel and the contamination of the region with the Mediterranean citrus fly, delay in harvesting causes high
crop losses and pre-harvest fruit drop due to the bites of this insect pest. As well as, delay in harvest reasons the
fruit to become larger and heavier, which reduces fruits marketability. Of the three rootstocks studied in this
research, ‘Carrizo citrange’ was the best rootstock for ‘Navelina’ orange variety. In addition to showing no signs
of decline, it had the highest average yield of four years and the highest average yield efficiency and final year.
Also, the fruit harvest index reached the standard harvest level in late October, which is two weeks earlier than
the common variety in the region.
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Table 2- Some vegetative characteristics of ‘Navelina’ orange on different rootstock, 2015-2020

&8 5l

_ ab baow JJ)#M . £l U yhi CE 4D oo
e & Rootstock Scion T PLITY Heiaht Canopy Tree
S.0vV perimeter perimeter Morphological (cnﬂ) diameter volume
(cm) (cm) compatibility (cm) (m?3)
Ay 17.02 d* 13.07e 0.770 a 135.6d - ;
2015 (A1)
1T 20.00 cd 15.04 de 0.755 a 176.1¢ 175.6 2.91d
2016 (A2)
_ g 23.00 ¢ 16.44 cd 0.715a 1833bc  1872cd  3.43cd
3 8 2017 (A3)
> yay
27.14b 19.11 be 0.714 a 187.8 a-c 195.0 be 3.80 bc
2018 (A4)
J¥aA
29.42b 21.17 ab 0.714 a 193.6 ab 202.8 ab 4.24b
2019 (A5)
AGU
33.50a 23.39a 0.702 a 202.2a 2139a 4,94 a
2020 (A6)
5 x Carizo (B1) 23.40b 18.17 ab 0.782 a 181.9a 199.0 a 412a
2 £ < Swingle (B2) 25.46 ab 16.59 b 0.651b 170.3b 188.5a 341b
< C-35 (B3) 26.17 a 19.34a 0.752 a 187.1a 197.2 a 4.06 a
Al B1 16.81 h 13.56 g-i 0.807 ab 136.7d - -
Al B2 16.99 h 11.25i 0.660 c-e 128.3d - -
Al B3 17.25h 14.40 f-i 0.843 a 141.7d - -
A2 B1 19.18 gh 15.73 e-i 0.820 ab 176.7 bc 188.3 b-e 3.37b-d
A2 B2 20.02 gh 12.82 hi 0.642 c-e 168.3 ¢ 163.3¢e 2.41d
A2 B3 20.79 gh 16.57 d-h 0.803 ab 183.3 a-c 175.0 de 2.95 cd
é A3 B1 21.75f-h 16.75d-h 0.770 a-d 188.3 a-c 195.0 a-d 3.85a-Cc
318 A3 B2 22.92 e-h 14.33 f-i 0.623 ¢ 173.3¢c 178.3 c-e 2.94 cd
:3 3 A3 B3 24.33 d-g 18.25 b-g 0.752 a-e 188.3 a-c 188.3 b-e 3.51b-d
o < A4 B1 25.08 c-g 19.42 a-f 0.773 a-c 190.0 a-c 196.7 a-d 3.96 a-Cc
T s A4 B2 27.33 c-f 17.42 c-h 0.633 de 178.3 bc 188.3 b-e 3.33bd
s A4 B3 29.00 b-e 20.50 a-e 0.707 b-e 195.0 a-c 200.0 a-d 4,11 a-c
A5 B1 27.25 c-f 21.08 a-e 0.775 a-c 195.0 a-c 201.7 a-d 4.33a-c
A5 B2 30.17 a-d 20.75 a-e 0.695 b-e 181.7 a-c 201.7 a-d 3.88a-c
A5 B3 30.83 a-c 21.67 a-d 0.702 b-e 204.2 ab 205.0 a-c 4.50 ab
A6 B1 30.33 a-d 22.50 a-c 0.745 a-e 205.0 ab 213.3ab 5.11a
A6 B2 35.33a 23.00 ab 0.655 c-e 191.7 a-c 210.8 ab 4.48 ab
A6 B3 34.83 ab 24.67 a 0.707 b-e 2100 a 2175a 5.24 a

)5 gl dme ciglds Sy (lasalasin el doyd gy Sl adaw 3 Wyl S piie g a5 ola i Sile *
* Means with the same letters are not significantly different according to Duncan’s multiple range test at 5% of probability level.
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Figure 1- ‘Navelina’ trees on three different rootstocks, mid-november 2019
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Decline of ‘Navelina’ orange tree on ‘C-35 citrange’, Healthy ‘Navelina’ orange tree on ‘C-35 citrange’,
November 2018 May 2017
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Figure 2- Decline of ‘Navelina’ orange with ‘C-35 citrange’ rootstock in 2018
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Figure 3- Decline of two of ‘Navelina’ orange trees on ‘C-35 citrange’ rootstock and returning it to its natural state with
irrigation and nutrition management
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Figure 4- ‘Navelina’ orange on ‘C-35 citrange’ rootstock
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Table 2- Some quantitative and qualitative traits of ‘Navelina’ fruit at harvest time in 2017-2020

Colbs gm0 J _. .
o920 (139 wJ ; Ky b dlge  RB l LS
o g, Cowgy dgm0 1O E haad ] °)L“"° oe
% 2o Fruit g . Cwg  Joe el
. Peel Fruit Peel Juice ’ Cowld g
S0V weight . o Peel TSS TA
© thickness length: (%) (7o) lor (%) by TSS:TA
(mm) width colo o)
\Yas
263.2 a* 4.28 ab 1.029 a 49.0a 40.8a 458a 11.63 a 1.10b 10.55a
2017 (A1)
yyay
284.1a 478 a 0.983 a 49.6a 40.8a 3.00b 11.08 a 146 a 7.84b
. 2018 (A2)
3 8
RS yYaA
287.0a 5.11a 1.023a 44.4b 41.7a 4.00ab 11.37a 1.04b 11.28 a
2019 (A3)
AGU
293.2a 341b 1.010a 42.4b 41.5a -- -- -- --
2020 (A4)
x Carizo (B1) 295.8 a 4.75a 1.028 a 46.3a 38.0b 3.75ab 11.19a 1.07b 10.74 a
= % Swingle (B2) 271.0a 4.32ab 1.004 a 448a 419ab 4.17a 11.38 a 1.36a 8.84b
o
& C-35(B3) 278.8 a 4.12b 1.001a 48.0a 437a 3.67ab 1151a 1.17b 10.09 a
Al B1 286.5 ab 5.26 ab 1.070a 46.3a-¢c 423ab 4.25ab 11.38a 0.96 ¢ 11.52 ab
Al B2 2405b 3.46 de 1.033a 48.2a-c 444a 4.75a 12.13a 1.17bc  10.38 bc
Al B3 262.5 ab 4.14 b-e 0.985 a 525ab 44.7a 4.75a 11.38 a 1.17 be 9.74 cd
A2 B1 272.8 ab 4.60 a-d 0.965 a 52.7a 36.3b 3.25ab 11.13a 1.29b 8.78d
§ A2 B2 281.5ab 5.67a 0.993a 48.6a-c  40.0ab 3.25ab 11.00a 1.74a 6.49¢e
% % A2 B3 298.0 ab 4.06 b-e 0.990 a 47.4a-c 43.2a 2.50b 11.13a 1.35b 8.26d
o
_—):;A ; A3 B1 2775ab 5.56 a 1.043a 43.7 bc 375b 3.75ab 11.07a 0.96 ¢ 11.93a
§ A3 B2 280.0 ab 5.00 ab 0.980 a 424c 414ab 450a 11.00a 1.16 bc 9.66 cd
A3 B3 303.5ab 4,77 a-c 1.045a 471ac  433a 3.75ab 12.02a 1.00c 12.25a
A4 B1 345.3a 3.58 ¢c-e 1.035a 424c¢c 36.0b -- -- -- --
A4 B2 283.0 ab 3.17e 1.013 a 399c¢c 419ab -- -- -- --
A4 B3 251.3ab 3.50 c-e 0.983a 449a-c 43.7a -- -- -- --

5 gl me iglds Sl glataldsin g0l Moy gy Jlein] aaw  wbyls S e gy a5 laSile *

* Means with the same letters are not significantly different according to Duncan’s multiple range test at 5% of probability level.
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Swingle citromelo

2910 K 53 Cuwgy g 0l 2,8 (V) ‘7 pamw 932587 9 “glog yomw JKipgu” ‘C-35 g5 pianw” s duw (59 Lol JUS 53 2900 —0 JSWS
WAV Gl (e comb) Job JW 2 51 o8y ol )3 (L) 5550 409l gm0 5 0910 (555 9 (Job (2 3 (ol coomly) oo LT 3
Figure 5- ‘Navelina’ orange on ‘Carrizo citrange’, ‘Swingle citrumelo’, and ‘C-35 citrange’ rootstock (top), the

elongated shape and two-tone peel of the fruit in November (bottom, right) and a longitudinal and transverse section of
the fruit and the large secondary fruit (navel) in this cultivar of navel orange (bottom, left), November 2018
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ol a3 o dw b o BT 5 59 208 sy alo yo
5 plate A8l N5 b el B atisel 2 osine
023l g dey DI YO 3 VY @ e Ve 0 WVE I o)l dme
a e Ve 2 BLF Gl o dme g plate iuljEl Wy b il
ol a5l e U5 cusls g aibinl )y ,3T YO 55 VY/A
Vo 6 pdiges dlyo jd pols 0395 )0 &S Cuwl Cudd dae il
Do 0gme S5y D9 odewy VIAY & (adls oyl bawgie (bl
Ok 3 by (adla) dpsl &y 8 G g sl A5 c0)las
loail, cpl st (o) dl>po g 0900 Eoby el (b padls
oo 3 1y 355 Jpame b 455 o K8 LS50 NS5 &
SWogee (je 5 9 WS Cully I3k 53 051 By sl uslic
Jolis ay jslatens ool pgdle ins (ialS 1) ol kS L
ol ool calio loj ) wlaﬁ g Oluls e,
ko (S Jolos 51 (S oylas 4l5e (Manzoor et al., 2023)
—odbai s (6)53036 3l 0 Il clbogee g Cusl LS 10 ol
A3l 568 2o yd YO 5l gl ojlas e 45T slbogee g Miiwn 5
ole; (Ziogas et al., 2023) k)l 1) cusly p cuwlio 5l
@ cuby jadls o cwl By bW, cusly gepd culio
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Table 4- Changes in some quantitative and qualitative characteristics of ‘Navelina’ orange fruit in four stages of fruit

harvesting in 2018
Colus L .. dge .
. OB L Coigy o jlas =l =, o JE
s N H 4 £ i . . . . ‘ e .
e & Fruit Peel Peel Juice ¥ s Joloxe OREIIT ey
SOV weight o iy Peel Peel TA
thickness (%) (%) TSS TSSITA
9 texture  color (%)
(mm) (%)
WAV/V/Y -
253 b% 4,37 1 25b 2. . 7 1.74 04
0101 53b* 437a 59.1a 325b 233a 558a 9.75b a  6.04c
~ E WAV/A/N - 39.8
5§ 284ab 4.7 49, 1.92 . 11. 14 7.84
2*5 2018.11.1(A2) 84ab 8a 9.6b ab 92a 3.00b 08a 6 ab 84b
32 ‘TAviAYe 317a 439a 470b 432a 183a 158c 11.07a 132bc  8.96b
° £ 2018.11.15(A3) ' ' ' ' ' ' ' '
Wav/a/yo
s0i8 1015ae) 3162 4233 439b 4562 167a 100c 1139a 103c 1194
x Caizo(Bl) 317a 419a 490a 404a 206a 288a 1078a 118b  9.85a
o
Ed £ Swingle (B2) 270ab  4.79a 488a 399a 188a 294a 1094a 1l71a 7.12b
o
o C-35(B3) 291ab 4.34a 51.9a 40.6a 188a 256a 10.74a 1.27b 9.05a
AL BL 201ab 3.90ab  56.7 a<c 35'04"’" 250a 550a 950c 144b-d  6.92ef
Al B2 215b  416ab 58.4ab 3&9 200a 575a 10'20"’" 221a  476f
Al B3 254ab  5.04ab 62.3a 30.3c 250a 550a 9.75bc 1.56bc 6.44 ef
A2 B1 273ab  460ab 527bd 3 2502 3250 113 120bd s78ce
o i
[&]
§  A2B2  282ab 567a 486ce V0% 2002 325b -00  174ab  6.49ef
38
X% A2B3  208ab 406ab 474de ‘37 125a 250b 113 13500 826ce
B R)
‘3’ £ asml %92  360b 446de 451a 175a L175c o0 111bd  9.89be
3 [72]
©  A3B2  26ab 463ab 470de  *2%  200a 175¢ ¥ 1esa 7350
ks ab a-c
A3B3  318ab 496ab 492ce T 1752 125¢ 120 122bd  962bed
A4 Bl 338a 4,66 ab 42.1e 446a 150a 1.00c 11.70a 0.87d 13.81a
A4 B2 289ab 472eb  410e 449a 150a L100c =" 126bd  9.89bc
A4B3  203ab 332b 487ce 47.2a 200a 100c -0 095cd 1186ab

)5 gl ime iglds Sl glaalasin g0l Moy gy Jlein] w43 (yls S pde g a5 lapSile *
* Means with the same letters are not significantly different according to Duncan’s multiple range test at 5% of probability level.
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Table 4- Yield and yield efficiency of ‘Navelina’ orange on three different rootstocks in 2017-2020
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) (kg.m3) (m?.tree?) (ha) (ton.ha?)
g 1017¢*  3.43c 452¢ 6.17¢ 1658 a 246D
2017 (A1)
yyay
= 12.58 bc 3.80 bc 4.97 be 6.53 bc 1556 ab 28.56 ab
3 8 2018 (A2)
> WA
16.02 ab 4.24b 5.95ab 6.91ab 1474 be 35.10a
2019 (A3)
1¥aq
18.95a 494 a 6.02a 7.48a 1366 ¢ 38.13a
2020 (A4)
% Carizo (B1) 16.61a 43la 6.07 a 6.88 a 1505 a 36.00 a
o
=l % Swingle (B2) 12.07b 3.66b 4.94b 6.53a 1568 a 27.19b
[e)
@ C-35(B3) 14.61 ab 4.34a 5.09 ab 6.90a 1468 a 31.61ab
Al1B1 10.72 cd 3.85a-cC 434c 6.54 a-c 1565 ab 2462 ¢
Al B2 8.10d 2.94c 4.24c 5.76 ¢ 1784 a 2097 ¢
Al B3 11.70 cd 3.51hbc 4.98 bc 6.21 bc 1626 ab 28.23¢
§ A2 B1 12.82 b-d 3.96 a-Cc 4.87 bc 6.62 a-c 1548 ab 28.43¢
3 B A2 B2 10.06 cd 3.33hc 4.63c 6.21 bc 1628 ab 24.45¢
:J g A2 B3 14.86 bc 41lac 5.41 a-c 6.77 a-c 1493 ab 32.78 bc
S ox A3 Bl 18.99 ab 4.33a-C 7.31ab 6.89 a-c 1513 ab 42.12 ab
< g A3 B2 13.73 b-d 3.88a-cC 5.38 a-Cc 6.85a-c 1474 ab 30.22 be
> A3 B3 15.35 bc 4.50 ab 5.15bc 7.01a-c 1434 b 32.97 bc
A4 Bl 23.89a 5.11a 7.77a 7.48 ab 1394 b 48.83 a
A4 B2 16.41 bc 4.48 ab 5.49 a-c 7.31ab 1384 b 33.12bc
A4 B3 16.55 bc 5.24 a 4.80 bc 7.64a 1320 b 32.45 bc
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* Means with the same letters are not significantly different according to Duncan’s multiple test at 5% of probability level.
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