g King Seud Univ.. Vol, 12, Agric. Sci(1y, pp. 11-21, Riyadh {1420/20006)

PLANT PRODUCTION

Effect of Self and Cross Pollination on Fruit Set, Seed Number,
Fruit Quality and Yield of Three Pomegranate Cultivars

M.A. Aly, MLA. Bacha, R.S. Al Obeed and F.I). Farahat

Flant Broduction Department, College of Agriculture,
King Sand University, Rivadh, Saudi Arcthin

(Received 22/8/1418; acceptad for puhlication 30/6/1419)

Abstract. The effect of open. setf and cross pollination within and between three cultivars of pomegranate,
ninely: Khols Bd-Janol, Taiele and Al-madima on frun set, seed number, fruit quality and yield were studicd
for twp consceutive years. Percent of male and perfect flowers varied considernbly aceording 1o the cultivar,
The proputtions of amale 1o perfect llowers were .12, (.35 and 0.37 for Khob El-Jamil. Taiefe and Al-madina
cvs., respectively. Lowest pollen viability percentage was in Al-mading and (he highest pollen viability was m
Khob El-Jamil cultivar. Hand self pellination (HSP} in Khob El-Jamil cultivar increased fruit set percentage,
followed by hand eross prilination with pollen graing fram Tmete or Al-mading cultivars (HCPT and HCPM).
Results of fruit sct percentages and sced numbcr per froit revealed that a partial self incompatibiliry was
existing in Al-wadina cultivar. A certamn degree ol crosy incompatibility was found when Al-madina as seed
parent was pollinated with Taicfe cultivar. Hand sedf pollination in Khob El-Jamit und Taiete cvs. yave mgher
yield compared to other pollinizers. Application of pollen from Kheb Bl-Jamil to emasculated flowers of Al-
madina cultivar significantly nffected the weight, volume and size of fmuts when compared with pollen ol
Taiefe cultivar. Alse, open pollination (OF} treatment in Khob El-Jamil cultivar significantly decreased peel
thickness and juice voluine compired 1o hand  sell pollination. Cross pollination i Taefe cv. with pollen from
Khob El-Jamil increased TSS, acidity and anthocyanin content of peel and pulp.

Introduction

The pomegranate {(Punica grurafem L) is o native of ran and extensively cultivated in
Saudi Arabia and other countries [1]. Total acreage has increased rapidly during the past
20 years. Bacha er gl [2] stated that due to the expansion n the poinegranate crop
indusery, much attention should bhe drawn fo improve yield, quality and induce new
hyhrids .

Little information is available about the common featurs of pollination in local

pomegranate varicties. Karale er al. 13] reported that fruit set characteristics of the
pomegranaic cultivars were significantly aftected by the method of pollination and
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concluded that the pomegranate, which 1s normally thought of as a cross- pollination
crop, is capable of both open and self- pollination and the hermaphrodite flowers have a
higher fruit set than the intermediate type flowers. On the other hand, Grossa [4]
examined the factors affecting the efficiency of pollination in [tuit trees, the choice of
pollinizer cultivar in the casc of self- incompatible cultivars, the ability of the honey
hees 10 carry the pollen from one tree to the next, the growth of the pollen on the stigma
and the provision of honey bees.

Vidal and Paolog [5] reported that the high percentages of staminaie flowers as a
result ol pistil abortion was a main factor in keeping yields very low in most
pomegranule  culievars, ‘Thus, cross- pollination using pollen from other compatible
cultivars s the way (0 give lurger and more uniform crops. They found that, fruit set and
fruit drop, particularly at the pre-harvest stage, is a scrious problem as a result of which
production is adversely affected and pollination is itnporlant in the production of fruit
crops because of its direct relation to fruit set. Many investigators studied the effect of
cross pollination in different fruit species [4; 6-9). They all concluded that cross
polhmation increascd iruit set, decreased fruit drop and increased the yield.

However, observalions in Suudi Arabia showed that the yield and fruit quality of
some pomegranate cultivars were much less when planied alonc than when grown with
other pomegranate cultivars. So, determining the pollination requirements and
compatibility phenomena among these cultivars were the uim of the present study. Also,
it 1s an attempt 1o induce superior individual through production segregation in the
population of Fl scedlings for improving yield and quality of pomegranate cultivars
{unpublished data).

Materials and Methods

This study was carried out in 1995 and 1996 seasons on malure trees grown at the
Experimental Station, College of Agricullure, King Suaud University in Dierab.
Seventeen-your old umiform trees of Kheb El-Jamil, Taiefe and Al-madina cultivars
growing in a mixed planling were used as sced (female) and pollen (male) parents. Five
vigorous trees of each of the three cultivars were sclected for the study. The trees were
subjected to the normal cultural practices performed in this orchard.

A survey of perfect and staminate flowers in the three pomegranate cultivars was
carried out in mid April lor twu scasons to determine the percent of the perfect owers.
Samples of flowers (75 to 100 flowers) were laken at random from each trec and brought
to the laboratory where the counts were made. The percentage of pertect and staminate
flowers of each trec was recorded. The flowers were classified, as perfect, which uctually
set and slaminate Nowers which is non-functional. The two types of flowers cccur mixed
in_ the same tree. The proportions of perfect to male flowers were calcutated according to
the description by Karale ef al. [3)].
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Viahility of fresh pollen prains was determined by the acetocarmine technigue
described by Roberts” [10]. The length and diameter of pollen grains were measured
using an ocular micrometer. Shape index of viable pollen was calculated as length o
diameter ratio.

Pollinativn  treatments for each sced parent included five replications. The
treatments were: Open pollination (OP), hand self-pollination (HSP), and hand cross
pollination with pollen of the other cultivars (HCP). All pollination treatments were
applicd at random to four different branches of each tree on 15 April in two seasons
(about 400 flowers). Only two or three pomegranate blossoms per shoot were
emasculated in the balloon stage before the petals unfold and the remaining flowers were
removed. Pollen grains were collected from the flowers of the three cultivars, enc day
before pollination and kept in CaCl, desiccator. Pistils of crasculsted lowers were
pollinated as soon as stigmas were receptive with camels hairbrush [11]. All flowers
included in this study were bagged in muslin bags except open pollination treatment.

Seed number per fruit, weight of 100 seeds (fresh and dry) in all pollination
treatments were mcasurcd for the three cultivars, When fruits from controlled
hybridization were ready for harvest, cach combination was harvested separately,
physical and chemical properties ol [ruils were determined according to A.O.A.C. [12].
Fruit length and diameter were determined by a vemier caliper. Total soluble
50lids(TSS) was determined by Ahbe refractometer. Acidity was detertnined by titration
with standard NaOIl using phenolphthalene as an indicator. Anthocyanin content was
determined using 70'% ethyl alcohol. Data coilected for each cultivar in the two seasons
were analyzed as complete randomized blocks as advised by Steel and Tortie [13].

Results and Discussion
Sex ratio and pollen grain characteristics

The data of Table | showed that the percent of male and perfect flowers varied
considerably according to the cultivar. Khob El-Jamif cultivar contained a higher pereent
of male flowers as an average of two seasons, while Al-madina cultrvar gave the lowest
percentage of male flowers. The number of perfect flowers, which aclually set, is very
low in Khob El-Jamil cultivar. The proportions of male to perfect flowers were .12,
0.35 and 0.37 for Khob Cl-Tamil, Taiefe and Al-madina cultivars, respectively. Ashan
and Gholami |9] reported that the sex ratio of olive trees is influenced by the time of
{lowering, age, season and cultivar. Also, Vidal and Paolog [5] showed that the high
percentages of staminate flowers as a result of pistil abortion in olives was a main factor
in keeping yiekls very low. On the other hand, Karale ef al. [3] rcported that
hermaphrodite pomegranate flowers have a  higher fruit set than the intermediate type
flowers.
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Table 1. Fluwers and pidlen grain characteristies in Kheb El-Jamil, Taiefe and Al-madina pomegranate
cultivars {(average two seasons)

Male Perfect Sex Polien Lcngth  Diameter Lm
Cultivars flowers  flowers ratio  viability {L) {D) raliv
(%) (%) (%) (u} W)
Khob Fldumil{K) 8.1a 10T 0.17b 20 Sa 2204 2.17a 1.04n
Taiefe(T) Ta0ab  26.1a 0.35a 93.1ab  2.15b 2.09b 1.03ab
Al-madina(M) Ti.ib 2742 0374 89.5b 2.20al 2. 1Gab 1.01b

*Means not shaning the same letter within colunms are significantly different (P<0.05) according o Duncan’s
multiple range test

Pollen viability percentages presented in Table 1 revealed that Al-madina cultivar
had the lowest viable pollen percentage and Khob El-Jamil cultivar had the highest
percentage. Very high variability in pollen viability was found by Mamedov and Shamma
and Gaur [14,15] in pomegranate, while the length, diameter and length to diameter ratio
for viuble pollen of the three cultivars varied slightly.

Fruit set, fruit drop and yield percentages

Fruit set, fruit drop and yield percentages of the three pomegranate cultivars Khob
El-Jamil, Taiefe and Al-madina as indications for the degree of compatibility were
studied and illustrated in {Table 2).

In Khob El-Jamil cultivar, data showed that, HSP treatment increascd 1n both
seasons fruit set, fullowed by HCP with Taiefe pollen, HCP with Al-madina pollen and
OP treatment. The same trend was found in Taiefe cultivar when used as a seed parent.
The data indicate that Khoh El-Jamit and Taiefe cultivars are self compatible, but each
of them was partiaily cross incompatible with the 1wo other cultivars when used as
pollen parent.

Fruit set was lowest with HSF in Al-madina cultivar, The mean percenlages of
fruit set in this cultivar were 58 88, 28.69, 68.82 and 32.62 in OP, HSP, HCP with Khob
El-Jamil pollen and HCP with Taiefe pollen. These results indicate the existence of a
partially sclt incompatibility in Al-madina cultivar and a cross incompatibility between
Al-madina and pollen of Taiete. Cross incompatibility was not found between Al-
madina a4 seed parent and Khob El-Jarnil as polien parent. Karale er al. |3] reported that
Iruit sel percentages of six pomegranate cultivars vaned from 26.4 to 79.0 with differem
pollination  reatments. Also, Burgos er al. [16] found that controlled cross pollinalion of
apricot gave fruit set thal was sufficient {0 provide u pood harvest in all crosses.
Morezaver, the present data revealed that Al-madina oerchards should include additional
compatible cultivars as pollinators to increase their production. These data are in line
with thosc obtained in olive trees by Cuevas and Rallo [17].
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Table 2. Effect of pollen source on fruit set, (ruil drop and yicld in Khoh El-Jumil, Taiclc and
Al-madina Pomegranate enltivars in 199% and 1996 seasons

Pollinalivn treatments Fruit set (%) Fruit drop (%)" yield {%)*
1995 1996 1995 1996 1995 1996
KOB EL-JAMIL

Open Pollination (O 333b 29.20 10.0b 15.2ab 20.7ab 25 0ab
Hand Self Pallination {HSP) 80.0a 70.3a 13.3ab 8.2b 36.7a 41.3a
Hand Cross Pallination with

Taigfe Pollen(HCPT) 63.3ab 70.3ah 2ia 12.1a 33 3ab 13 2ab
Hand Cross Pollination with

Al madina Pallen(HCPM) 53 3nb 42 1ab 250a 28.2ab 23.3b 18.2k

TAIFFE

Open Pollination (OF) 272k 25.3h 12.5ab 18.Tub 2004 1¥.2h
1[and Self Pollination (HSF) 77.2a 08.3a G.00 4.20 30.74 42.la

Hand Cross Pollination with
Khob-E] Jamil pollen (HCPK) 50.5ab 41 lab {13 22.2ah 333a 28 6ab
Hand Cross Pollination with

Al-madina Pollen(1TCPM) &0.1ab 72.8a 50.0a 48.1a 2332 2i.7ab
AL-MADINA

Open Polhination {OP) 66.7a 51.1ah 2006k 19.2b 6 7a 28 6a
Hand Self Pollination {HSP) 327a 24.7h 19 40h 2 3ah 1670 11 1h
Hand Cross Pollination with

Khob El-Jamil Pollen ([ICFK) 67.3a 71.3a 20.0b 19.3b 16.7b 20.7ab
Hand Crnss Pollination with

Laiele Pullend HCPT) 33.3a 31 0n A0 Oa 38 2a 16 7h 15 2ab

*Mcans not sharing the same letter within columng in each cultivar are siginficantly dilleent
(P<.05) avcordmg o Duncan™s multtiple range test.

X 1 Fruit set(%) = Nomber of fruit set X 100/ Number of poliinated flowers

Y : Fruit drop(%) = (Number of fruit set — Number of mature fruits} X 100/ Number of fruit set

Z : Fruit yield(%} = Number of mature fruls X 100/ Nurnber of pollinated Nowers

The results revealed that HSI' in Khob El-Jamil and Tatefe cultivars gave the
lowest fruit drop percentage as compared with other pollination treatments. When
pollens from ‘Taiefe cultivar were used to pollinate cmasculated flowers of Al-madina
cultivar fruit drop percentage was increased. (Generally, fruit drop percentages varied
accurding to type of pollen used in the three pomegranate cultivars. Ashari and Gholami
[9] found no significant difference in the percentage of fruit abscission of three alive
cultivars when differeni pollen was used. On the other hand, many investigators reported
that cross pollination decreased fruit drep percentage such as Chaudhary and Desai and
Burgos et gl [6,16].

‘Ihe data ot Table 2 also showed that the percent yield varied considerahly according
to the type of policn used. HSP weatments gave higher yield in Khoh Fl-Jamil and Taiefe
cultivars when used as seed parents compared with other pollinators, while the reverse
was irue  with Al-madma when used as seed parent. It was also found that OP treatment
decreased yield in Klwob El-Jumil and Taiefe cultivars and increased yicld of Al-madina
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cultivar. ‘This shows the importance of the presence of Al-madina cv. in a mixed planting
with olher compatible pomegranate cultivars. Good pollination is essential for increasing,
vield of many fruil species, and new orchards should contain an adequate number of
pollinizer trees [16,18].

Lffect of pollinizers on seed number and weight

The highest seed number per fruit (555.4) in Khob El-Yamil was obtained from HSP
and the lowest seed number (442.6) was obtained from HCP with Taiefe. Open
pollination and HCP with Al-madina gave 498.0 and 468.6 seeds per fruit, respectively.
The data concerning oumber of seeds per fruit in Khob El-Jamil indicate no significant
differences between OP, HSP and HCP wilh Al-madina pollen {Table 3).

Table 3, Effect of polien source on average seed number per lruit and seeds weight in Khab El-Jamik,
Tuiefe and Al dina pomegranate cultivarg (average two seasons)
Average sced

Pollination treatments number/ Weight of 100 seeds(g)
fruit
[resh dry
KHOB CL- JAMIL

Open Pollination (OP) 498.0ab 25.5ab 2.8ab
Hanid Relf Pollination (HSP) 5554 34.9a 2.5b
Hand Cross Pollination with

Taiefe Pollen (HCPT) 442 .6b 34 8 2.6ub
Hanil Criss Pollination with

Al-nadina Pollen (HCPM) 468 .fmh 223 3ia

TAIEFE

Open Pollination (OP) 371.9b 304ah  2.5h
Hang Self Pollination (HSP) 462.0a 26.8ab  2.8ab
Hauad Cross Pullinatton with

Khob El-Jamil Pollen (HCPK) 3Y2.2ab 24.7h 2.6h
Hund Cross Pollination with

Al-mading Pullen (HCPM) 166.6b il.7a iia

AL -MADINA

Open Pollination (OP) 4{¥3.6b 323ah 32h
Hand Sclf Pollination (HSF) 321.2ab O 4.0a
Hand Cross Pollination with

Khob EHamilPollen (HCFK) 357 8a 36.3a 423
Hand Cross Pollination with

Thiefe Potlen (HCPT) 526.0ab 30.00 3.6ab

*Means not sharing the snme letter within columns in cach cultivar are significantly different (P«0.05)
according to Duncan’s multiple range test,

In the cultivar Taiefe, HSP gave the highest seed number per fruit (462.0)
following by HCP Khob El-Fumil which gave 392.2 sceds per fruit, The open pollination
and HCPM treatments were not significantly dilferent from each other in respect to seed
number per [ruit.
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In Al-Madina cultivar, the data in Table 3 indicate that Khob El-Jamil was the best
pollinizer and can be recommended for planting with Al-Madina cultivar in the same
orchards. Pollen type had in most cases no significant effect on seed number per fruit or
weight Lo 100 seeds. Eti and Stosser and Keulemans [19,20] found that cross-pollination
increased seed number as well as seed weight, and the low number of seeds per fruit
with open pollination may be due to presence of insufficient pollen on the stigma or
pollination with unsuitable cultivars.

Eflect of pullinizers on physical [ruit properties

Data in Table 4 showed that when Khob E!Jamil cultivars were used as seed
pareni, weight, volume, length, diameter peel weight, peel thickness and juice volume of
fruits were highest with HSP when compared with other pollinizers. HCP with Al-
madina pollen gave the lowesl values of weight, volume, length and diameter of Khob
El-JTamil fruits. Also, pollens of Al-madina and Taiefe cvs. decreased peel weight, peel
thickness and juice volume when compared 1o HSP reatment.

When Taiefe cultivar was used as seed parent, HCP with Al-madina pollen gave
the lowest values of weight, volume, shape of fruits and peet thickness, while the reverse
was true with HSP treatrment. Open pollination treatment decreased peel thickness and
juice volume significantly when compared 1o HSP reatment.

When Al-mading cultivar was used as seed parent, data showed that, pollination
with Khob El-Jamil pollen grains significantly increased the weight, volume, length,
diameter and shape of fruits when compared with pellination with Taiefe cultivar. The
pollination of Al-madina cv. with Taiefe pollens decreased fruit length, diameter and
juice volume compared to pollination with Khob El-Jamil pollens. These results clearly
indicate that for good fivit production, new established orchards should containan
adequate number of a good pollinizer trees. Similar results were obtained hy other
investigators [6- 8] who found that fiuit characters were strongly affected and varied by
type of pollen.

Effect of pollinizers on chemical fruit properties

When Khob El-Jamil cultivar was pollinated with Taiefe pollen TSS, acidity and
anthocyanin content in the pulp were increased, but TSS/acid ratio and anthocyanin
content in the peel were decreased. Open pollination and HSP treatments improved the
color in Khob El-Jamil fruits. Generally, data revealed that pollination Khoh El-Jamil
with pollens Taiefe or Al-madina cvs. significantly decreased the TSS/acid ratio.
Meanwhile, fruit quality of Khoh El-Tamit was better when the plants were self-
poliinated (Table 5).
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Table 4. Effect of pollen source on fruit physical properties of Khoh Fl- Jamil, Taielc and Al-madina
jromegranzte cultivars (average (wo seasons)

Fruit Fruit Fruit Fruit Fruit Peel Peet Juice
Pollination treatinents weight  volume  length(T) Diameter shape  weight ‘Vhickness volume
gl (em’) (emy M iemy LD} (@ fem) wm'y

KHOB EL. JAMIL

Upen I'ollination (UFy 159.4ub 237.0ab T.60ub 8.96ab 0.85h  85.0ah 0330 87.0ab
Tland Self Pollination{ HSF) 364.M 333.0a 200 10.54a 0.85b  120.8a f1.3Ra 133.02
Hand Cross Pullingtion with

Taicfe Pollen (FICPTY pIUVA) 197.0p 7.68ab 8.76ab 0.88a 714k 0.32b 75.0b
Hand Cruss Pollination with

Almaditg Pollen (2 PM) 19980 176.0b 94dh 8.30h 0.84b 8RR 4ah N2k 99 tlab

TAIRFE

Upen Follination (OP) 87.4ab 10Y¥.0zb  G.AUab 7.44h 0.86a 73.8ah 0.25b 56.0n

Hand Self Bollinarian{HSPY 1978 179.0a 0.84a 8.00ab 0.86a 732k 0.31a 99.0a

Hand Cross Pollination with
Kheb ElJamil Pallen (HCPKY 188.8abh 171 0ah 6 33b T.46b 0.85a 70.2a 0.29ab  76.0ab
Hand Cruss Pollination with

Al-madina ['ollen (HUFM) 733 I59.0L . 74ub 5.2 U82u 75 ¥a O.24h a9 b
AL-MADINA
Crpen Follination {OF} 251.8ab 236.0ab  7.38ab 4840 1O8s  69.4b 035 68.0h

Hand Self Pollination{HSP) 266.4ah 43 .0ab Beh 828b 08b 668 028ab 1150a
Hand Croza Pallen with
Khub-El-Jamil Pollen §HOPK) 372,60 346 0a R34 3 Na 08&8Bab 840a 0.25b 110.0ab
Hand Cross Pollmation with
Taicfe Pollen ([ICPT) 203.8b  1B4.0b 6.68h 795ab _ 0.Bdb  70.2ab 0.30ub 72.0ub
*Means not shanng the same lcller within enlumns in cach cuitivar are significantly different (P<0.05)
according to Duncan’s multiple range test

Data in ‘lable 5, also showed that when Taiefe ev. was used as seed parent, TSS,
acidity and anthocyanin content in peel and pulp were high when the flowers were
poilmated with Khob ELl-Jamil pollen. Open pollination treatment reduced TSS,
TS85/acid ratio and anthocyanin  content in  peel and pulp when compared with other
pellination treatments.

In Al-madina cultivar, data showed that HSP treatment significantly increased
TSS and TSS/acid ratio, bul decreased acidity and anthocyanin conient in the puip. Open
pollinativn and HCF with laicte pollen increased sigmficantly the anthocyanin in peel
and pulp, respectively. Such changes in fruit quality resulting from varieus pollinizers
could be attributed to metaxenic effect. This is in agreement with those ebtained by
Chaudhary and Desai, Mahanoglu et af. and Arafat es ol [6- 8].
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Table 5. Effect of pollen source on fruil chemival propertivs of Khob El-lamil, Taicfc and Al-madina

pomegranate cullivars (average two seasons)

s Acidity T8S/neid Anthneyanin
Pollinatiun treatments (%) (%) ratio {content)
peel  pulp
KHOR EL-JAMIL

Open Pellingtion (OP) 17.28a 1.900a 9.0% 03200 (.205ab
Hand Scif Fellination([1ST) 17.10ab 0.030b 27.144 6.3 240k B.Ush
1Tand Crass Mellination with

laiefe Pollen (HCPT) 17.16a t N86a 8.4dh 0.068b 0.296a
Hand Cross Pellination with

Al-madina Pallen {HCTM) 16.28b 2.219a 1.34b 0.280a U317

TAICFC

Open Pollination (OP) 14.94¢ 0.813ab 18.33b ¢.129% 0.029h
1land Self Pollination(HHSP) 16,300 1.590h 27.6% 0.136h N.046ah
Hand Cruss Pallmatuon with

Khoh-El-Jamil Pollen (HCPK) 17.66a 0.830a 21.28ab §.180a  0.05%
Hand Craoss pollination with

Al-madina Pollen (HCPM} 16.36ub (.647ah  2520ah (1346 .04%ab

Al- MADINA

Open Pollination (OP) 17.50b 1.611b 28 6dah 0.491a 0217h
Hund 8elf Pollination( HSP) 19 702 0.602b 32.72a G.410ab  0.205b
Hund Cross Pallination with

Khob-El-Jamil Polten (HC'PK) 18.00ab G.400u 22,33 0.430u 0.218h
Hand Cross Pollinulion with

Taelle Pollen (HCPT) 17.00b 0.643b 26.44ab 0.220b 0.370a

*Means not sharing the same letter within colurmms in each cultivar are significanty difterent (P<0.0%)
according tn Buncan’s mulliple range test.

Conelusion

In view of the above discussed resulls, controlled pollination can be recommended
as a mcans of increasing the productivity of pomegranate trees especially in Almadina
cultivar, and this would emphasize the importance of mixed plantings with other
compatible pomegranate cultivars such as Kheb El-Jumil. Alse, we suggest that Khob
El-famil and Taicle cvs. which scem to be selt compatible can he grown in non-mixed
plantings and without pallinizer cultivars
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