[ Downloaded from jast.modares.ac.ir on 2025-07-28 |

[ DOR: 20.1001.1.16807073.2009.11.2.7.8 ]

J. Agric. Sci. Technol. (2009) Vol. 11: 191-198

Growth and Development of Low Seeded Kinnow Mandarin

Fruits in Dense Plantation
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ABSTRACT

The work described here is unique since the low seeded (0-6 seeds per fruit) Kinnow
(Citrus reticulata) germplasm was grown in dense plantation (PXP: 1foot and LXL: 2
feet) in the NIAB (Nuclear Institute for Agriculture and Biology, Faisalabad, Pakistan)
field. Growth and development patterns of the fruits were studied. The low seeded germ-
plasm contains 3,500 plants developed through natural and induced variability in Kinnow
mandarin. The area is surrounded by other cross compatible Citrus varieties. The germ-
plasm flower was hermaphrodite, off-white, the color of the anthers yellow, and the num-
ber of petals was five and all other flower characteristics were variable. In 2005 the fruit-
ing was in 596 plants and the maximum fruit range was 21-40 in 99 plants followed by 41
to 75 in 98 plants. In 2006, 322 plants bore fruit and 1-5 fruits per plant were found in 93
plants followed by 6-10 fruits per plant in 61 plants. In 2007, 551 plants had first time
bearing and the maximum fruit range per plant was 11-20 in 116 plants followed by 21-30
in 99 plants. It was found that the Kinnow fruit gains maximum weight during August-
October whilst the volume of the fruit increases during August-November. Initially the
height and diameter were identical in May giving the fruit a round shape and then the
gradual increase in height slowed down, resulting in an oblate to subglobose shape of the
fruit. In mid-January the average fruit weight was 192 grams and the average peel weight
was 45 grams. Peel thickness was more at stalk end as compared to stylar end. All low
seeded fruits had their navel at the stylar opening point. The maximum number of fruits
had 11 segments but the segment range was 9-14 per fruit. In mid-January the juice pH,
juice acidity and TSS had variable values in plants indicating variation in the fruit
physiological maturity time within the germplasm. The growth of fruits was similar to
that reported in low density orchards.
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INTRODUCTION

Citrus has an Indo-Chinese origin and was
first mentioned in Chinese literature in 2200
BC. The entire scenario of Pakistani fruit
production is dominated by Citrus both in
terms of area and production, where Kinnow
shares more than 60% of citriculture fol-
lowed by oranges of which Mosambi is the
leading variety, other mandarins among
which Feuterell’s early dominates and in-
clude limes, lemons and grapefruits. During
2006, the area under Citrus cultivation was
192.3 thousand hectares and production re-

mained at 2,458.4 thousand tones (Anony-
mous, 2006). During 2006 Pakistan made
the highest ever export of 200,000 tones of
Kinnow to a number of countries (Syed,
2007). Kinnow has extreme variabilities in
fruit quality and the seed number per fruit
ranges from 0-54 in the cultivar. This is be-
cause the cultivar has mostly polyembryonic
strains which have tendency to form apo-
mictic seeds. The seedless/low seeded trait is
found in the orchards of Punjab, Pakistan
(Altaf and Igbal, 2003). A low seed content
tendency (0-10 seeds/fruit) also existed in a
few trees in the surveys of Kinnow orchards
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(720.4 ha) in the Ferozepur region of Pun-
jab, India (Sharma and Thind, 2005). Low
seed content is highly desirable in fresh Cit-
rus fruit like Kinnow. Overall this study is
aimed at the selection of a low seeded/seed-
less Kinnow germplasm. The specific objec-
tive of this work was to study the growth
and development of Kinnow fruits grown in
dense plantations. The work is of a unique
kind as fruit growth in seedless/low seeded
strains of Kinnow mandarin in dense planta-
tions have not been studied so far.

MATERIALS AND METHODS

Natural and induced variability was used
to obtain the seedless/low seeded strain. The
plants were developed by (i) natural selec-
tion of the low seeded trait from orchards in
Punjab (ii) nucellar callus (iii) nucellus ex-
posure to gamma radiation (30-120 Gray)
prior to embryogenesis (iv) nucellus cultured
on adenine sulphate (2-40 mg 'y and (v)
soaking Kinnow seeds in 8-hydroxy quino-
line (10-50 mg I"' for 2-48 hours). It was a
large experimental Kinnow germplasm
(3,500 plants) and was studied in a dense
plantation (PXP: 1foot and LXL: 2 feet) at
the NIAB fields. There had been a mixed
Citrus plantation such as grapefruits, or-
anges, lemons and other mandarins etc.
around the Kinnow germplasm area that
may provide unwanted foreign pollens for
seed formation in Kinnow. Flowering and
fruiting in the years 2005-2007 were studied.
Undesirable material such as plants with
seedy fruits, with rootstock incompatibility,
plants with abscission character [fruit and
leaf drop], and those with heat sensitivity
etc. were continuously removed. The flower-
ing characteristics of the Kinnow germplasm
in the NIAB field were studied during the
period 2005 to 2007 and the range of flower
characteristics is given in Table 1. The flow-
ering started in mid-February and the period
lasted up to the first week of April. The
number of fruits produced during 2005-2007
were recorded. The monthly weight and vol-
ume of the 100 fruits from the germplasm
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were recorded and average weight and vol-
ume were calculated. The height and diame-
ter of these 100 fruits were noted and the
average height and diameter of monthly
growth was also recorded. Fruit diameter
was measured at the equator of each fruit
while height was measured between the
stem and stylar end. From these values fruit
shape can be assessed. The overall charac-
teristics of 1,000 fruits in mid-January 2006
and 2007 were recorded. Peel thickness was
measured with a vernier caliper by cutting
the fruit into two halves at the equator and
the peel thickness was calculated. The carpel
polymorphism was also noted. The extracted
juice was filtered through a muslin cloth to
remove the aborted seeds and a few drops of
the juice were put on the hand refrectometer.
The reading was noted and was considered
as Brix. For juice pH, the pH meter was
calibrated with buffers and the pH of the
juice was noted. For total acidity, five mls
was taken from the filtered juice and, after
adding two drops of phenolphthalein indica-
tor, was titrated against 0.IN NaOH solu-
tion. The amount of total acids was ex-
pressed as gram citric acid/100mL of fruit
juice.

RESULTS AND DISCUSSION

The low seeded plants were selected and
flower and fruit characteristics were studied.
Although, these plants were growing in
dense plantings, the flower characteristics of
the Kinnow germplasm were quite normal
(Table 1). Cool dry periods of winter stimu-
late floral induction in Kinnow plants. There
are slight differences in length of the sta-
mens and stigma as the later is slightly lar-
ger in Kinnow plants without affecting fer-
tility. In sterile Satsuma hybrids the stamen
length was half of the style length (Ollitrault
et al., 2007) in addition to other abnormali-
ties. Some flower characteristics are com-
mon in all Kinnow mandarin- for example,
the flower type is always hermaphrodite, the
color of the open flower is off-white, the
color of the anther is yellow and the number
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Table 1. Flower Characteristics of Kinnow mandarin.

Sr.# Character Range
1 Pedicel length 2.5-3.0 (mm)
2 Calyx diameter 2.4-2.8 (cm)
3 Length of stamen 0.8-1.0 (cm)
4 Length of style+ovary 0.7-1.0 (cm)
5 Length of style+stigma 5-7 (mm)
6 Flower type Hermaphrodite
7 Color of open flower Off white
8 Color of anther Yellow
9 No. of stamens 15-19
10 No. of petals 05
11 Petal length 1-1.5 (cm)
12 Petal width 5-6 (mm)

of petals is always five. All other flower
characteristics have some variability.

The fruits produced in the Kinnow germ
plasm are shown in Table 2 for the years
2005-2007. Since every year seedy plants
were eliminated from the field, the germ-
plasm was left with low seeded plants with
more space in between. The embryonic
plants normally have 1-10 fruits in the first
year of bearing which subsequently increase
in the following years. The seedy plants
were producing more fruits compared to low
seeded plants, perhaps the seed formation
helps in a better fruit set. The fruit develop-
ment behavior was quite normal looking, in
a dense plantation where canopy is limited.
In a well spaced orchard plantation the can-
opy is larger, and so is the yield. The maxi-
mum yield of mature Kinnow trees (aged
above 10 years) is more than 4 tons acre™ in

the Sargodha district orchards of Pakistan
(Ishfaq et al., 2004). The heavy crop often
causes the complete inhibition of vegetative
growth, depletion of nutritional sources and
induction of alternate bearing. There should
be an optimum number of fruits per plant in
a germplasm, as more than fifty fruits is not
good for plant health in dense plantation.
The fruit setting rate in Citrus is a character-
istic strongly influenced by the environment,
and may also show variations depending
upon the parents used (Filho et al., 1995).
The monthly fruit growth was taken as
weight of fruit in grams (Figure 1) and vol-
ume of fruit as milliliters (Figure 2). Both
the weight and volume rapidly increased up
to November and there was slight compara-
tive increase until February which is the
normal physiological maturity period of
Kinnow. The height and diameter of the fruit

Table 2. Fruits produced in Kinnow germplasm.

Years 2005 2006 2007

# Fruits in (plants ) #Fruits in (plants ) #Fruits in (plants )
01(22) 1-5(93) 1-5(35)
02(42) 6-10(61) 6-10(56)
3-4(37) 11-15(42) 11-20(116)
5-7(69) 16-20(43) 21-30(99)
8-12(74) 21-25(27) 31-40(82)
13-20(59) 26-30(13) 41-50(54)
21-40(99) 31-40(17) 51-60(38)
41-75(98) 41-50(12) 61-70(33)
76-100(31) 51-70(07) 71-80(18)
>101(65) >70 (07) >81 (20)
Total Fruits(596) (322) (551)
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Figure 1. Weight gain in Kinnow Fruit.
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Figure 2. Volume gain in Kinnow fruit.

were also recorded in centimeters (Figure 3).
In May, the height and diameter were equal,
giving Kinnow fruit a round shape. Then,
gradually, the increase in equatorial diame-
ter was greater than the longitudinal diame-
ter, giving Kinnow a mandarin shape. The
bio-mass gain in fruits is rapid until Octo-
ber-November and there is slow growth on-
wards up to February. The fruit of the hy-
brids is oblate to subglobose and usually
presents an open styler disrupted by a navel
formed by the floral meristem, which is con-
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served near the apex of the fruit. In the non-
prone-to-split Clementines as well as in
Owari Satsuma, the floral axis protrudes in-
side the style, and the flower meristem is
lost through abscission shortly after petal
fall. The abaxial side of the carpels fuses
with the flower axis forming at the styler
end of the fruit, a solid tissue, which exter-
nally has a small scar at the point of the style
abscission. Most fruits in these cultivars
have no navel (Garcia-Luis et al., 2001)
since navel formation is influenced by cul-
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Figure 3. Height and diameter of fruit

tural practices and the environment. Fruit
height and diameter determine the shape of
the fruit. Low seeded fruits in Kinnow man-
darin varied marginally in shape, had a
prominent central hollow core and a few
seeds (Sharma and Thind, 2005).

Kinnow fruit is the ripened ovary with a
cover of rind, inside which is juicy pulp and
sweet flesh. The fruit characteristics were
studied in mid-January and the average fig-
ures are noted in Table 3. In Kinnow manda-
rin, the peel weight is higher compared with
other mandarins as also is the peel thickness
(Singh and Singh, 2004). Kinnow mandarin
has peel thickness inherited from the paren-
tal cultivar King. The maximum peel thick-
ness is 2.9 mm at the stalk end and the
minimum (2.47 mm) is at the styler end. The
navel exhibits characteristics of fruits which
have stylar splitting due to the hybrid nature
of the plant's the navel is the stylar opening
point. In the low seeded Kinnow germplasm,
all the fruits have a navel with an average of
2.73 mm. The segment size very much de-
pends on fruit weight- the larger the fruit,
the larger the segment and the number of
segments per fruit. Segments are the most
important part of the fruit as it contains
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mesocarp or pulp which is the edible portion
of the fruit.

January Fruit
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Table 3. Fruit characteristics in mid-January.

Sr.# Fruit Characteristics Magnitude
1 Fruit Weight 191.70 gm
2 Peel Weight 44.70 gm
3 F Wt/P Weight 4.34

4 Segment Weight 14.10 gm
5 Segment Length 5.25cm

6 Segment Breadth 2.68 cm

7 Segment L/B 1.97

8 Fruit Weight/Segment Wt 13.80

9 Peel Thickness at Styler end 2.47 mm
10 Peel Thickness at Centre end 2.79 mm
11 Peel Thickness at Stalk end 2.90 mm
12 Navel Diameter 2.73 mm

Citrus fruit is a berry known as hesperid-
ium, which is divided internally into seg-
ments; a segment is a piece contained by two
walls. Segments are also referred to as locules
or fused carpels. Each Citrus species and cul-
tivar in the Aurantioideae subfamily exhibits
a distinct range of carpel (segment) numbers
within their fruits. The observed range of
segments for fruit within any species or culti-
var can be influenced by branch location on a
tree. The carpel number for all fruits pro-
duced on a single tree may have a symmetri-
cal, unimodal distribution as well as a posi-
tively or negatively skewed unimodal dis-
tributation (Tisserat et al., 1990). Fruit geo-
graphical orientation on the tree does not af-
fect the segment number. Abscission of fruit
does not select for any particular segment
number. Crossing parents with dissimilar fruit
segment numbers produces progeny with a
range of segment numbers (Tisserat et al.,
1990). Carpel polymorphism in Kinnow fruit
was studied in 1,010 fruits. The segment
range was 9-14 (Table 4). The majority of the

Table 4. Carpel polymorphism in Kinnow fruits.

Sr.# No. of fruits  No. of segments

1 01 09

2 351 10

3 572 11

4 83 12

5 02 13

6 01 14
Total 1010 Segment Range: 9-14
Fruits
Studied

fruits had 11 segments followed by 10 and 12
segments. However, 9 and 14 segments were
rare and the maximum number of segments
per fruit was 12 in Kinnow in Citrus cultivars
studied under the mid hills altitude of Megha-
laya (Singh and Govind, 2002).

Fruit maturity was studied in mid January
as juice pH, acidity by titration against NaOH
and Brix using a refrectometer. The results
are given in Table 5 which clearly

demonstrates that the germplasm has differ-
ent maturity times. Molecular and genetic
analysis of fruit development and, especially,
the ripening of fleshy fruits indicated that
ethylene bio-synthesis and its response, cell
wall metabolism and environmental factors,
all have an impact on ripening (Giovannoni,
2001). The relationship between the ratios of
the transverse diameter to the longitudinal
(D/L ratio) and titerable acidity in the axial
direction was determined at harvest in 14 Cit-
rus cultivars and species in Japan with differ-
ent fruit shapes: Nichinan No.l, Okitsu,
Nankan No.20, Kuno, Aoshima satsuma
mandarin, Miyauchi, Iyo Amakusa, Yoshida,
Ponkan Shiranui, Valencia, Delta orange,
Marsh grapefruit, lemon and Hebezu. The
D/L ratio was positively correlated with the

Table 5. Fruit maturity in mid-January.

Sr. # Juice Characteristics Range
1 Juice pH 3.5-43
2 Juice Acidity 0.7-1
3 Brix. 8.5-14.5
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mid-section/stylar end ratio of acid content
(r= 0.76). It seems that the more depressed
globular the fruit shape, the higher the acidity
at the mid-section. Acidity decreased with
foliar application of Zinc, alone and in com-
bination with Fe and Mn in comparison to the
control in Kinnow mandarin (Monga and
Josan, 2000), which indicated that proper
plant nutrition can improve Kinnow fruit
quality. Fruit production, seediness and sugar
content of ‘Ellenor’ mandarin can be im-
proved by interplanting with ‘Murcott’ (Wal-
lace and Lee, 1999). This concludes that a
cross planting plan with suitable Citrus culti-
vars can improve the yield and sugar contents
of fruit.

CONCLUSION

It is concluded that dense plantation fruits
were similar to those in normal plantations
as mentioned by Ishfaq et al. (2004). In gen-
eral, 200 plants of Kinnow mandarin are
grown per hectare. This number of plants
per hectare can be enhanced without affect-
ing the fruit quality but increasing the aver-
age yield by several times.

ACKNOWLEDGEMENTS

The scientific assistance of Mr. Anees
Ahmad, Mr. Liagat Ali and Mr. Inkisar
Ahmad is gratefully acknowledged. We ex-
press our thanks to Mrs. Nasim for Kinnow
bud radiations. The work was partially spon-
sored by PARC, ALP Project No.01-02-01-
10.

REFERENCES

1. Altaf, N. and Igbal, M. M. 2003. Towards a
Seedless Cultivar of Kinnow Mandarin III.
Variablity of Developed and Undeveloped
Seed Number in Seedless/Low Seeded
Fruits. Pak. J. Botany., 35(3): 339-342.

2. Anonymous, 2006. Fruit, Vegetables and
Condiments Statistics of Pakistan 2005-06,
Ministry of Food, Agriculture and Livestock

197

10.

11.

12.

13.

14.

15.

Government of Pakistan.
http://www.pakistan.gov.pk

Filho, W. S., da Cunha Sobrinho, A. P., and
Lee, L. M. 1995. Influence of Pollinators on
Fruit Set. Acta Hort. (ISHS), 403: 39-46.
Garcia-Luis, A., Duarte, A. M. M, Kanduser,
M. and Guardiola, J. L. 2001. The Anatomy
of the Fruit in Relation to the Propensity of
Citrus Species to Split. Scientia Horticul-
turae, 87(1-2): 33-52.

Giovannoni, J. 2001. Molecular Biology of
Fruit Maturation and Ripening. Annu. Revi.
Plant Physio. Plant Mol. Bio. 52: 725-749.
Ishfaq, M., Chaudhary, N. A. and Mohar, T.
A. 2004. Citriculture and Its Charactered
Trees in Sargodha. Proc. International Conf.
citriculture. Institute of Horticultural Sci-
ence, University of Agriculture, Faisalabad,
28" to 30" April.

Monga, P. K. and Josan, J. S. 2000. Effect of
Micronutrients on Leaf Composition, Fruit
Yield and Quality of Kinnow Mandarin. J.
App. Hort., 2(2): 132-133.

Moon, D. G. and Mizutani, F. 2002. Rela-
tionship between Fruit Shape and Acid Con-
tents in Different Parts of Citrus Fruits. J.
Japanese Soc. Hort. Sci., 71(1): 56-58.
Ollitrault, P., Froelicher,Y. Dambier D.,
Luro, F. and Yamamoto, M. 2007. In: Citrus
Genetics, Breeding and Biotechnology,
(Ed.): Khan, I. A, Wallingford, Cab Interna-
tional, P. 194-218.

Sharma, J. N. and Thind, S. K. 2005. An
Approach for the Establishment of Seedless-
ness in Kinnow Mandarin. Indian J. Hort.,
62(1): 8-11.

Singh I. P. and S. Singh. 2004. Evaluation of
Seedless Cultivars of Mandarin (Citrus Spe-
cies) for Export. Indian J. Agri.Sci., 74 (7):
376-378.

Singh, I. P. and Govind, S. 2002. Evaluation
of Certain Citrus Hybrids under Hills Alti-
tude of Meghalaya. Indian J. Citriculture,
2(1): 10-13.

Syed, R. 2007. Searching New Avenues to
Enhance Citrus Fruit Export. Daily Times,
Pakistan, May 5, 2007.

Tisserat, B., Paul G. and Daniel, J. 1990.
Carpel Polymorphism in Citrus Fruit. Bot.
Gaz., 151(1): 54-63.

Wallace, H. M. and Lee, L. S. 1999. Pollen
Source, Fruit Set and Xenia in Mandarins. J.
Hort. Sci., 74(1): 82-86.


https://dorl.net/dor/20.1001.1.16807073.2009.11.2.7.8
https://jast.modares.ac.ir/article-23-6381-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-28 |

[ DOR: 20.1001.1.16807073.2009.11.2.7.8 ]

J'ﬁo@&f}éKinnOW @)‘;S)U)J\gﬁfgslhewgﬂju\&)

oy BT

ol
of v.w% pj:xf(Citrus retieulata var: Kinnow) j..fr.a) LSJJU 90 sbodsl Sl oo o)
S5V sm 9 6509ES 059 a3l (gl as 550 s (PFP: 1 foot, L*L: 2foot) rﬂ,:»;.;:.fou.p@
215 andllan 5 g0 Lo gn sas 5 Ly oI g cpl 3 S Lol o odd 4dlS OkuSTL ST Juad
ailate .5 os oLl (gla e 5 Jgams Jlg YO+ Jﬁuksvs),;\ev:jq)u oy o528 8
Wy A 2933 e gp Bl 35 S 5 g 0 bl Cltrus S8 e o) alw oy asdllan 550
BEREYY o}u:,,JfoL_..p,.a,'-j_uKg,ypuﬁavuc;iu:frl?ﬂ.w)&,;,J‘eﬂm{
0500 FIVO 5 55349 55 05ma YV-Fr Uslne 230 sme ST oS St 55 085 3 a0 Y000 Jl
2305w V=Y g (ol5L g s HL 4 S YYY Slus Yoo 2 Jle s S 5 e S50 A
Slp S 00Y sldas YooV Jlo jo Wl &5 E5 s Y js S s e libogw PV 5 C 5 AY
o a6l S5 88 5 gogee V=Y Sy a ll s Sy VVP s g Lisls o g 5Ll
Sleale (b )3 o5 033 S 58 035 (S50 55 47 sls QLS ba gy ok islad 600 VAT
I el 5 S Sl Gleale Usb 3 osme g oS Sl 3 s Job ST 5 Sl
Szl 53 il oo B el 5 Cow S 5l sleale Jsb 53 0 g B 5 Jsb ey sl 3 Al oo
S 513 o) ok OT 51 e 503535 00 K8 an0le 3 5 OLSS Laogen Jlad 5 J b s g
A3 F ogn Sa83 5 5 Sai g 4 e & 315 0L 28l o4 ()5 45 G gee 45 3L ol
aiain 53 00 oy Sl 30 0 8 FO g0 oy 055 Lo s2a 5 0 8 VAY 0 g0 035 055 sl 5
platel JS& el ailate 53 o 057 (lae s ST g iy 0 goe el dilate 3w L diglie )3 0g
b odalie o gen o (615 ax 5 AVF s Laa s Ol oS alels 5 035 (Slaom 5 VY Lao s ST izl
S5 5 S 4 3 ey 0500 TSS i 5 00 0 81 4wl 5 PH O ol )
NN (S5 oS DL o s alia bao s L) ABL oo el 055 515 53 05 S ey Ol

198

Altaf and Khan


https://dorl.net/dor/20.1001.1.16807073.2009.11.2.7.8
https://jast.modares.ac.ir/article-23-6381-en.html
http://www.tcpdf.org

