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Effect of pollen grain sources on the fruit and seed formation of the Clementine
mandarin and the role of genetic similarity of the pollen sources in fertilization
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ABSTRACT

In order to investigate the role of different pollen grains on the qualitative and quantitative characteristics of 'Clementine’'
mandarin (Citrus clementina), an experiment was carried out based on a randomized complete blocks design with six
treatments and four replications. The 'Clementine' mandarin was subjected to the open-, self-, and cross-pollination with the
pollen grains of sweet lemon (Citrus limetta), grapefruit (Citrus paradisi), Lisbon lemon (Citrus limon) and sour orange
(Citrus aurantium). The compatibility and incompatibility of pollinators were determined using controlled pollination
methods and the microscopic analyses of pollen tube growth. The microscopic evaluations revealed that 'Clementine'
mandarin is a self-incompatible cultivar but it is compatible with all studied species. The fruit set in the flowers that were
pollinated with sweet lemon (73.75%), Lisbon lemon (71.25%), grapefruit (70%) and sour orange (70%) were not
significantly different, while the self- and open- pollinated flowers produced a lower leve of fruit set. The highest viable
seeds (13.2) were recorded in the fruits that were pollinated with sour orange, while the self-pollinated ones had no seed. In
addition, the pollens of sour orange were the most successful for penetration to the basal portion of style and into ovary of
‘Clementine’ mandarin. Evaluation of genetic affinity among Citrus species revealed that sour orange is the most genetically
similar species with 'Clementine' mandarin. Results of this investigation showed that the source of pollen grain substantially
affect the fruit set as well as qualitative and quantitative attributes of 'Clementine' mandarin. By considering all of the fruit-
related factors, the pollens of C. paradisi and C. limon are suggested as the best choice for improving qualitative and
quantitative characteristics of 'Clementine' mandarin.
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Figure 1. Photograph of pollen growth of Clementine mandarin in a petri dish 24 hours after culture using a
microscope with a magnification of 10 times.
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Table 1. Results of variance analysis effect of pollination type on some morphological attributes of Clementine
mandarin fruit.

Mean of squares

34 @ 5 =
Sources of variation df =} 2 2 ° 5 § 2

5 z z s = 3 z

= S 3 e E 5 E

§ T R~ = = =
Pollen source 5 19.2427 49457 2275.5427 213.067" 0.235" 0.237" 131.167
Error 15 0.886 0.035 17.097 40.444 0.071 0.061 20.16
F-value 21.71 141.58 133.09 5.27 33 3.88 6.36

Coefficient of variation (%) 14.56 6.6 7 443 3.73 3.65 4.39
*% % Significantly difference at 1 and 5% of the probability level, respectively. oy 0 g) Jliol e jo o xe Dglas oS 5 4y g e

OmlelS 55 ayon S50 ooy B o S Silos 8 N ol dlin Y g
Table 2. Mean comparison effect of controlled pollination on some morphological attributes of Clementine mandarin

fruit.

8 g 5 =

g B = 3 g 5 5 2

3 =3 <3 2 A = 5§E 25 F 5

= £8 T8 53 SE 28 FES 1 4C

= s = v = = 57 5 3

2 ¢ E £ °© E
Open-pollination 6.25b 6.70 ¢ 57.50 b 1473 a 7.325 a 693 a 106.30 a
Self-pollination 225¢ 0.00 d 11.75 ¢ 1348 b 6.875 b 6.50 b 96.25 b
Sweet lemon pollen 7.25 ab 9.20 be 73.75 a 1340b 6.850 b 643 b 96.25b
Grapefruit pollen 6.75 ab 10.47b 70.00 a 149.0 a 7350 a 690 a 107.50 a
Lisbon lemon pollen 825a 12.24 ab 7125 a 150.5 a 7.370 a 7.00 a 109.30 a
Sour orange pollen 8.00a 13.20 a 70.00 a 146.0 a 7.250 ab 6.88a 105.00 a

Al (gl goe gld wo e iy Jleisl mhaw jo oS e B> S JBlas b sle oSl g 0 )0
In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Table 3. Determination the best pollinator for Clementine mandarin.

Pollen source Healthy Fruit set Fruit volume Fruit length Fruit diameter Fruit weight Total
seeds (%) (ml) (cm) (cm) (g)
Open-pollination 5 5 6 6 6 6 34
Self-pollination 6 4 5 5 5 5 30
Sweet lemon pollen 4.5 6 5 5 5 5 30.5
Grapefruit pollen 4 6 6 6 6 6 34
Lisbon lemon pollen 35 6 6 6 6 6 33.5
Sour orange pollen 3 6 6 6 6 6 33

OelelS ()l ogee ol slopaslis (S Sladles S g5 5T il s 4 @l F Jsor
Table 4. Analysis of variance for the effects of pollination type on the fruit juice attributes of Clementine mandarin.

Mean of squares

Sources of variation df

Vitamin C TA TSS TSS/TA Juice percentage
Pollen source 5 99.78%x* 0.016 ns 1317 2.10° 28.6"
Error 15 11.019 0.006 0.06 0.08 5.023
F-value 9.05 2.62 21.88 28.12 5.69
Coefficient of variation(%) 3.38 10.85 247 5.27 4.57

o0V s e jo )l pixe Dglas g o g Dgld 0 ol 4y g 1S
ns and **: Non-significantly difference and significantly difference at 1% probability level, respectively
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Table 5. Mean comparison effect of pollination type on some biochemical attributes of Clementine mandarin fruit.

Vitamin C .

. TSS TA (mg/100 g TSS/TA Juice
Pollen source (mg/]}l?i?: e% fruit (%) fruit juice) (Ratio) (%)
Open-pollination 93.75¢ 9.738 b 0.745 a 13.07b 48.49 ab
Self-pollination 91.75¢ 8.87¢ 0.663 a 13.38b 46.54 b
Sweet lemon pollen 96.25 be 10.25a 0.653 a 15.70 a 45.68 b
Grapefruit pollen 103.30 a 9.85b 0.819a 12.03 ¢ 5196 a
Lisbon lemon pollen 103.80 a 1043 a 0.700 a 14.90 ab 52.09 a
Sour orange pollen 100.00 ab 10.30 a 0.763 a 13.50b 49.31 ab

W5l gl s gl ws ps iy Jletiz | e j0 (S i By S Bl b sla Sk gt o 50

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Table 6. Correlation between Clementine mandarin fruit characteristics produced through pollination with different
pollen grains.
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Fruit weight (g) 1
Fruit diameter (cm) +0.93%* 1
Fruit length(cm) +0.92%*  +).98** 1
Fruit volume (ml) +0.96%*%  +0.94%*  +0.96%* 1
Fruit set(%) +0.39ns  +0.28ns  +0.30ns +0.36ns 1
Volume of fruit juice (ml) +0.96** +0.89** +0.86*%* +0.89** +0.37ns 1
Number of healthy seeds +0.47* +0.37ns +0.39ns +0.45% +0.95%*F  +0.43* 1
Number of wrinkled seeds +0.52%%  +0.31%  +0.43*  +0.49* +0.88** +0.46* +0.91** 1
Fruit juice weight (g) +0.96%*% +0.90** +0.87** +0.89%* +0.38ns +0.99%* +0.44* +0.48* 1
Vitamin C (mg/100g fruit juice) +0.43* +0.38ns +0.37ns +0.42* +0.58** +0.49* +0.69** +0.58** +0.50* 1
TA (mg/100 g fruit juice) +0.50*%  +0.55** +0.53** +0.53** +0.24ns +0.44* +0.28ns +0.27ns +0.43* +0.37ns 1
TSS (%) +0.41* +040ns +0.37ns +0.37ns  +0.85%*  +041* +0.87** +0.84** +0.42* +0.56** +0.l4ns 1
Juice percentage (%) +0.87%%  +0.80%* +0.77** +0.77** +0.274ns +0.96** +0.34ns +0.35ns +0.97** +0.47* +0.32ns +0.35ns 1
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** *: Significantly difference at 1 and 5% of probability level, and non- significantly difference, respectively.
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Figure 2. Pollen sprouting of different Citrus species used in this experiment.
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Figure 3. Microscopic images of pollen tube growth of various Citrus species in different parts of Clementine
mandarin's pistil.
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Table 7. Results of analysis variance effect of pollen grain sources on the germination and growth of pollen tubes in
different parts of style and ovary in Clementine mandarin.

Sources of variation df Mean of squares

Stigma surface Upper style Lower style Ovary
Pollen source 5 835.324" 701.127" 559.118™ 388.9217
Error 15 36.811 31.624 28.692 22.302
F-value 22.69 22.17 19.48 17.43
Coefficient of variation (%) 15.34 18.74 12.78 14.52

** Significantly difference at 1% of probability level. Sy ) skl w0 Sl goe gl e
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Table 8. Mean comparison effect of different pollen sources on their germination and growth on different parts of
pistil in Clementine mandarin.

Pollen germination
in stigma surface

Pollen grain tubes Pollen grain tubes

penetrated to the upper penetrated to the basal Pollen grain tubes

Pollen source penetrated to the ovary (%)

(%) portion of style (%) portion of style (%)
Open-pollination 49.5b 44.5¢ 35.4d 27.5d
Self-pollination 37.3d 35.3d 0.0e 0.0e
Sweet lemon 45.2¢ 55.2b 38.4c 30.4c
Grapefruit 38.4d 45.3c 34.4d 31.5¢
Lisbon lemon 51.6b 55.5b 42.4b 38.4ab
Sour orange 55.8a 64.2a 49.3a 41.3a

A5 (g5l pre Dglss wo o gy Jless ] e j0 oS ie B G Plas b sla Sl g 2 50

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Table 9. Genetic similarity among different Citrus species used in this investigation based on the data from molecular

markers.
Citrus species Sour orange Clementine mandarin Grapefruit Sweet lemon Lisbon lemon
Sour orange 1.00
Clementine 0.41* 1.00
Grapefruit 0.26 0.21** 1.00
Sweet lemon 0.15 0.25 0.40 1.00
Lisbon lemon 0.14 0.22 0.39 0.93 1.00

2G2S ol 5o oolatul 850 DLS 1o K00 sl 4gT b puilelS 550 (S Calid o yieS g (o yden oinilis o 5 g
*, **: Represent the highest and the lowest genetic similarities between Clementine mandarin and other Citrus species used in this study, respectively.
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