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Introduction
External and internal quality of citrus such as color, shape and taste increase economic benefit. The vigour of
each rootstock causes qualitative and quantitative change and the effective factor on commercial maturity, which is
important for gardeners and producers. Considering the characteristics of the fruit in grafted trees, the present
research was conducted with the aim of evaluating the effects of trifoliate orange, Citrange and Citrumelo rootstocks
on some morphological, phytochemical and molecular traits of ‘“Thomson Navel’ orange fruit.

Materials and Methods

This research was carried out in 2018 at Ghaemshahr Horticultural Research Station, Mazandaran. It was
conducted in the form of randomized complete block design (RCBD) of uniform and 10-year-old ‘Thomson Navel’
orange grafted on ‘trifoliate orange’, ‘Citrange’ and ‘Citrumelo’ rootstocks with four replications. The samples were
collected at the end of October and were transferred to the research laboratory of Horticulture Department, Gorgan
University of Agricultural Sciences and Natural Resources for further research. Measurements were made on the
morphological traits, quality characteristics of the fruit, the phenolic compounds of the peel and the pulp of the fruit
and relative expression of fruit pulp sucrose phosphate synthasel gene. Data variance analysis was done using SAS
software (version 9.0). Mean comparisons were done with Duncan's multiple range test.

Results and Discussion

The results of analysis of variance showed that the rootstock effect on traits of length-to-diameter ratio, weight
and density of ‘Thomson Navel’orange was significant at the five percent probability level (p<0.05) and the fruit
length and diameter traits were significant at the one percent probability level (p<0.01). The results of mean
comparison showed that the characteristics of length, diameter, length-to-diameter ratio, weight and density of
‘Thomson Navel’ orange at commercial maturity on the trifoliate orange rootstock were more than the two other
rootstocks. Due to the early harvest, the density of the fruit was recorded lower than one, so that the highest amount
(0.5 g per cm®) was observed in the rootstock of trifoliate orange however it was not significantly different from
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Citrange rootstock. Based on the results of analysis of variance, it showed that the effect of rootstock on total
soluble solids was significant at the level of five percent. Also, the rootstock had a significant effect on titratable
acidity, taste index, vitamin C, acidity, EC and total sugar at the level of one percent. However, the amount of
vitamin C was higher in the Citrumelo rootstock. The highest amount of acidity and EC belonged to trifoliate orange
rootstock and the lowest amount belonged to Citrange rootstock. The highest amount of total sugar was observed in
the dwarfing trifoliate orange rootstock, while its lowest amount was recorded in the vigorous Citrumelo rootstock.
The highest amount of total soluble solids was observed at the rootstock of the trifoliate orange. The amount of
titratable acid in the Citrange rootstock was higher than the other two rootstocks. The taste index was higher in the
trifoliate orange rootstock than the other rootstocks. According to the results of analysis of variance, the rootstock
effect on the index of total phenol of fruit peel and pulp and total flavonoid of fruit peel was significant at the five
percent probability level (p<0.05) and only on the antioxidant activity of the fruit peel at the statistical level of one
percent (p<0.01). Also, there was no significant difference in total flavonoid traits and antioxidant activity of fruit
pulp. The highest amount of total phenolic, total flavonoid and percentage of antioxidant activity was found in the
trifoliate orange rootstock. Also, between the fruit organs, phenolic compounds were recorded more in the fruit peel
compare to the fruit pulp. The peel of orange is more exposed to ultraviolet rays and changes in environmental
conditions, Therefore more secondary metabolites accumulate in that part of the plant. The highest relative
expression of fruit pulp sucrose phosphate synthasel gene was obtained in the Citrange rootstock.

Conclusion
The vigor of different citrus rootstocks caused the dwarf trees to have a higher accumulation rate of
phytochemical indices than the vigorous trees. The trifoliate orange rootstock is suitable for fresh consumption due
to the early commercial maturity of the fruit. Fruit peel rich in phenolic compounds is used for medicinal purposes.
The technical knowledge from this research will be useful for citrus producers in East Mazandaran.
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1- Trifoliate orange (Poncirus trifoliate)
2- Citrange (P. trifoliata x C. sinensis)
3- Citrumelo (P. trifoliata x C. paradise)
4- Sucrose phosphate synthase
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Genes Forward primer (5' to 3") Reverse primer (5' to 3")
CitSPS1 GTCCTACTCGTTACTTCGT TTCCTCTCCTTCAATCTGTT
CitActin CATTAGCACCAAGCAGCAT GCCAGACTCATCATACTCAGA
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Table 3- ANOVA for the effect of different rootstocks on the morphological traits of ‘Thomson Navel’ orange fruit
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**and * significant at 1% and 5% of probility levels, respectively.

Table 4- The effect of different rootstocks on the morphological traits in ‘Thomson Navel’ orange fruit

o3, JS“’ I‘L‘s )-‘“5“-’&)9-"% 4 QI)S Asj =

Cultivar Length Diameter Length/Diameter Volume Weight Density

(mm) (mm) (cm?) (%) (g.cm®)

it 81.91a 79.26 a 1.03a 469 a 248 a 050a

Trifoliate orange

‘?’“‘” 71.10b 75.99 ab 0.95b 490 a 220 ab 0.47 ab
Citrange

51”5’“‘“ 68.96 b 7250 b 0.93b 487 a 197 b 0.40b
Citrumelo

)8 o gy e 5D (6 hme Golds aliie By (gl sla Sle
Means with same letters show nonsignificant different at p<0.05.
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Table 5- ANOVA for the effect of different rootstocks on the quality characteristics of ‘Thomson Navel® orange fruit

Ol (be
5 askia i Mean squares
e &b i GO 5 iy apee! U Colan 3
S.0.v D.F i . ; .. P ol Omolizg Al o | S5
Jglowo Ogam] Flavor Vitamin C pH o Total
TSS TA index EC sugar
Sk 3 0.067™ 0.001"™ 0.110™ 1.041"™ 0.001™ 0.007™ 0.55"™
Block
“b 2 1.191" 0.351™ 28.241™ 20.921™ 0.370™ 0.56™ 143.79 ™
Rootstock
e 6 0.052 0.001 0.673 0.213 0.009 0.013 0.312
Error
Oyl o
S 2.34 6.97 8.89 1.59 3.18 3.27 1.99
(%) cv

o gy g S e j0 b xe S gy g
**and * significant at 1% and 5% of probility levels, respectively.
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Table 6- Comparison of the average effect of different rootstocks on the quality characteristics in ‘Thomson Navel’ orange

Sl ol JB Q! 5 el Colad 5
w5 ” b s © omlis g es! a8
. Jyloo Oyl yid . Vitamin C S S Total sugar
Cultivar Flavor index 1 pH 1
TSS (%) TA (%) (mg.100g™* FW) EC (mS.cm?) (mg.g™* DW)
P9
Trifoliate 10.20a 0.90b 11.35a 259b 335a 384a 32.71a
orange
@)M 9.83a 143a 6.97b 30.1a 2.74c¢ 3.10¢c 26.40 b
Citrange
’L’”‘“’ 9.13b 140a 6.55 b 309a 3.02b 3.43b 25.31c
Citrumelo

5l Mo 3 S e 53 (gl gime @l ailiie Bgy (gl (oo Sile
Means with same letters show nonsignificant different at p<0.01.
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Table 7- ANOVA for the effect of different rootstocks on the phytochemical traits in the peel and the pulp of the ‘Thomson
Navel’ orange fruit

Slayo (e
ayn Mean squares
b gle L L s el gl laeSildbd sl cllad
SOV Gl i JPE gy SIS g . e B}
DF Pulp Peel e NG Sy G
total phenol  total phenol Pulp Peel - Pup - Peel
total flavonoid total flavonoid  antioxidant activity  antioxidant activity
Sk 2 0.014" 0.004" 0.002" 0.006" 0.156" 0.199"
Block
“b 2 0.035" 0.388" 0.002" 0.031" 1.482™ 15.140™
Rootstock
s 6 0.003 0.017 0.002 0.001 1.111 0.554
Error
ot a2 265 5.39 4.43 211 173 0.98
CV (%)

o yd iy 5 Sy pdaw 53 15 e i ey g B
**and * significant at 1% and 5% of probility levels, respectively.
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Table 8- The effect of different rootstocks on the phytochemical traits in the peel and the pulp of the ‘Thomson Navel’ orange

fruit

o .  heSitlcd STl gl
Cubgf SIS Cowgy S Gl St Cowgy Sadgis S e

) Pulp Peel Pulp Peel e St
Cultivar total phenol total phenol total flavonoid total flavonoid ~ Pulp ~ Peel
(mg.g* DM)  (mg.g™ DM) (mg.g DM) (mg.g™ DM) antioxidant activity ~ antioxidant activity
(%) (%)

WO
Trifoliate 221a 2.80a 11la 189a 61.69 a 7731a

orange

Ty 2.07b 2.35b 1.09 a 1.80 ab 60.84 a 75.84 b
Citrange

shog e 2.00b 2.20b 1.06a 1.71b 60.51a 73.46 b
Citrumelo

W5 Ao gy e )d (6B pire Gold wliie gy (gl oSl
Means with same letters show nonsignificant different at p<0.05.
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Figure 1- The effect of different rootstocks on the relative expression of sucrose phosphate synthasel gene of ‘Thomson
Navel’ orange fruit
(Dancan, p<0.01)
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