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ABSTRACT 
Mango yield is highly affected due to sudden cold snap during flowering phase during 
2010-11. The response of flowering and pollen viability to low temperature regimes was 
studies to determine the suitable condition for the pollen fertility and fruit setting in Kesar, 
Alphonso and Rajapuri varieties of mango under South Gujarat condition. The study was 
carried out at Regional Horticultural Research Station, ASPEE College of Horticulture and 
Forestry, N.A.U., Navsari during 2011-12. The First phase (D1 : flower emergence before 
31st Jan-2012 and anthesis during 5 to 11 Feb-2012) was most sensitive to the degrees 
(minimum temperature<10 °C), as well as mean difference of day and night temperature 
(>20 °C) during 7 to 10th Feb-12 resulted in pollen grains had a low fertility (<50%). 
Temperature between 15 and 33 °C during the 2nd phase (D2: flower emergence after 31st 
Jan-2012 and anthesis during 19 to 25 th Feb-2012) was optimum for pollen fertility (85-90% 
pollen viability). Analysis of field records showed a positive correlation between percentage 
of pollen fertility, fruit setting and mean night temperature (<12 °C) during the period of 
anthesis. In case of panicle size and number of flowers (male, hermaphrodite and total) was 
observed significantly maximum in cv. Alphonso during the First phase. In all three 
cultivars, the maximum fruit setting at grain, pea and marble stage were noted in flowers 
anthesis during the second phase. Thus, all three cultivar under study performed best during 
second phase of anthesis (exposure to temperature above 12 °C).  
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INTRODUCTION 
Mango, king of fruit, covers a major area 
among the commercial cultivated fruit crops.  
Kesar, Alphanso, Rajapuri, Totapuri, Dashe-
hari and Langara contributed more than 90% 
area in South Gujarat, India. Temperature, 
humidity, rainfall, irrigation and soil fertility 
considerably influence the plant growth1,2. 
Climate change has been perceived as threat 
and has impact on mango production. 
However, the mango flowering is highly 
sensitive to temperature. Under tropical and 
subtropical climatic condition, floral 
induction is primarily driven by the intensity 
and duration of cool temperature.  
Continuous low temperature (diurnal 
maximum temperature <200C) induced flow-

ering with large number flowers followed by 
low pollen viability3, low fruit set4, 
stenospermocarpic mango fruit5,6 and high 
fruit drop during early stage of fruit 
development4. In South Gujarat region, there 
was a cold snap at the time of flowering in 
year 2010-11 resulted low fruit setting and 
lower production.  

AIMS AND OBJECTIVES 
To study the effect of climatic variation on 
flowering behavior, pollen viability and fruit 
setting of mango.  

MATERIAL AND METHODS 
The experiment was carried out at three 
locations i.e. Regional Horticulture Research  
Station Farm and two farmers field of 
Navatalav   Village   of South Gujarat Heavy  *Author for correspondence 
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Rainfall Zone AES-III during 2011-12. The 
experiment material consisted of three 
mango cultivars i.e. V1- Kesar, V2- Alphonso 
and V3-Rajapuri. Flowering of mango was 
occurring in two phase i.e. phase-I (D1: 20-
31 January-2012) and phase-II (D2: 1-10th 
February-2012). Thus, these 6 treatment 
combinations were evaluated in FRBD with 
five replications. During this two flowering 
phase Panicle size, width, no. of branches 
above 10 cm, no .of Male, hermaphrodite 
and total no. of flower, fruit set at grain, pea, 
marble and harvesting stage were observed. 
The number of seedless fruits was recorded 
out of 100 fruits when it attained marble 
size. 
Among these two phases, the test was 
performed on the same trees during mid 
flowering season. The natural low 
temperature (<200C) in field condition of 
mango, flowers used for pollen fertility test. 
Flower were collected on T1:9th Feb-2012 
(Max Temp. 23.00C Min. Temp. 6.20C) , T2: 
17th Feb-2012 (Max. Temp. 30.30C Min. 
Temp. 12.00C)  and T3: 25th Feb-2012(Max. 
Temp. 32.00C Min. Temp. 14.30C). For the 
comparison of normal temperature and cold 
snap, 10 mango inflorescences are taken at 
10.00 AM as a sample. Ten buds at opened 
and ready to open flower were randomly 
selected and kept in Carnoy’s fixative (3:1 
i.e. 70% ethenol  and acitic acid) solution. 
Among these buds, five were randomly 
chosen and their anthers smashed on a 
microscopic slide. Empty anther shells were 
removed and one drop of acetocarmine 
solution stained the pollen grains on the 
respective slide. After uniformly dispersing 
the pollen and stains they were covered with 
a cover slip. The slide was observed in an 
Olympus BH-2 microscope with a 20X 
objective and 10X ocular lens. In this 
technique, the smeared pollen grains were 
categorized into three staining groups, fully 
stained (Fertile), semi (Partial) and non-
stained (Sterile) pollen grains.  

RESULTS AND DISCUSSION 
Temperature is the most significant 
environmental factor that influences 
commercial mango production by affecting the 
frequency, intensity, duration at the time of 
flowering7. The results indicate that low 
temperatures adversely affected inflorescence 
development of all three mango cultivars. The 
low temperature in phase-II imposed after 
inflorescence emergence inhibited its growth 
compared with phase-I of all cultivars. Due to 
the appropriate temperature for profuse 
flowering in phase-I produce largest 
inflorescence size (i.e.  length, width and 
branches per panicle) which was clearly shown 
in Fig. 1. Among all three cultivars, cv. 
Alphanso obtained maximum size of 
inflorescence due to its genetic makeup. In 
Fig. 2, flower initiate in phase-I generate 
maximum number of male, hermaphrodite and 
total number of flowers in cv. Alphanso. 
Similar kinds of trend were noted by 
Sukhvibul et al. 4   
Fig. 3 gave clear indication regarding the 
pollen fertility. According to this figure pollen 
fertility and temperature is positively 
correlated with each other during the phase-I 
of anthesis. The minimum temperature goes 
6.2 ºC (T1), at that time pollen fertility was 
lower and partially fertile pollen per cent was 
higher in all three cultivars. This result was 
depicted in   Fig. 4. There were significant 
differences in pollen fertility between flower 
expose at 6.2ºC (T1), 12.0 ºC (T2) and 14 ºC 
(T3). Pollen fertility of “Alphonso” had 
significantly higher than the other two 
cultivars at 14 ºC (T3) while Rajapuri had 
significantly lower pollen fertility than the 
other two cultivars expose at 6.2ºC (T1). The 
much reduced viability of `Rajapuri' pollen at 
6.2ºC (T1) indicates that pollen development 
for this cultivar is highly sensitive to low 
temperatures. Issarakraisila and Considine8 
also reported similar kind of trend in 
`Kensington' cultivar of mango when the 
temperature fell below 10°C for 12 h during 
meiosis.  
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Fig. 2 : No of flowers / panicle 
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Date Max. Temp. (0C) Min. Temp. (0C) 

T1:9th  Feb-2012 23.0 6.2 
T2:17th  Feb-2012 30.3 12.0 
T3:25th   Feb-2012 32.0 14.3 

Fig. 3 : Effect of temperature on pollen fertility 

Variety Unopen flower Flower open on 
D1:9th  Feb-2012 D2:17th  Feb-2012 D3:25th  Feb-2012 

Kesar 

  
  

Alphonso 

 

  

 

Rajapuri 

 
 

 
 

Fig. 4 : Effect of temperature on pollen fertility 
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According to Fig. 5, cv. Alphonso induced the 
flower in phase-II had maximum fruit setting 
at grain stage, pea stage, marble stage (Fig. 6)  
and harvesting stage because flower 
development, flower anthesis and fertilization 
of gamete possessed after cold snap. In case of 
flower induced in Phase-I, had shy fruit setting 
due to the unfavorable environmental 
condition i.e. low temperature and high 
fluctuation (Max. and Min. temperature) 
during development, which was clearly 
indicated in Fig. 7. Because of low 
temperature reduce the pollen viability3 even 
though fruit setting were observed but without 

seed (numbins) known as stenospermocarpy9. 
It was caused by embryo abortion after 
fertilization10 when trees were exposed to low 
temperature8 3 to 4 days after pollination11. In 
our study there were found non significant 
result with regards to the number of seedless 
fruit or fruits with undeveloped embryo, 
however the highest seedless fruits recorded in 
Rajapuri variety, that anthesis and start fruit 
development during cold snap (Phase-I). 
Dissection of seedless (numbins) fruits (Fig. 8)  
revealed that most embryos were shriveled and 
their growth was arrested at an early stage of 
fruit development.12-17 

 
Fig. 5 : Fruit setting 

 
Fig. 6 : Number of seedless fruit at marble stage 
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Fig.7 : Weather parameters during the research study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8 : Dissections of seedless fruits 

CONCLUSION 
From the above, foregoing discussion the 
lower temperature during anthesis (<10 ºC) 
and day and night temperature fluctuation 
(> 20 º C) resulted low fertility of pollen 
grain which produced seedless fruit and shy 
fruit setting. All three cultivars performed 
better during second phase of anthesis 
exposure to minimum temperature above   
12 º C.  

REFERENCES 
1. Shinde D.G., Patel K.G., Soliya B.M., Patil 

R.G., Lambade B.M. and Kaswala A.R.. 
Clogging behaviour of drippers of different 
discharge rates as influenced by different 
fertigation and irrigation water salinity 
levels, J. Enviorn. Res. Develop., 7(2A), 
917-922, (2012). 

2. Kaswala A.R., Patil R.G., Patel K.G., Patel 
A. M. Sabalpara A.N. and Patel R.V., 

0
10
20
30
40
50
60
70
80
90

100

1/
2/

20
12

2/
2/

20
12

3/
2/

20
12

4/
2/

20
12

5/
2/

20
12

6/
2/

20
12

7/
2/

20
12

8/
2/

20
12

9/
2'

/2
01

2
10

/2
/2

01
2

11
/2

/2
01

2
12

/2
/2

01
2

13
/2

/2
01

2
14

/2
/2

01
2

15
/2

/2
01

2
16

/2
/2

01
2

17
/2

/2
01

2
18

/2
/2

01
2

19
/2

/2
01

2
20

/2
/2

01
2

21
/0

2/
20

12
22

/0
2/

20
12

23
/0

2/
20

12
24

/0
2/

20
12

25
/0

2/
20

12
26

/2
/2

01
2

27
/2

/2
01

2
28

/2
/2

01
2

29
/2

/2
01

2
1/

3/
20

12

Max Temp ( C ) Mini Temp ( C ) Max Dry Bulb Temp ( C )

Mini Dry Bulb Temp ( C ) Max Wet Bulb Temp ( C ) Mini Wet Bulb Temp ( C )

Humidity (%) in Morning Hr Humidity (%) in Evening Hr

G
ro

w
th

Stigm a Pollen tu be germ in ation  
on stigm a

C lose u p  v iew  of 
pollen on  40  x

C lose u p v ie w  of  A nth er

Fe rtile 
p o llen

Sterile pollen

M an go frui t wi th  un develop ed em b ry o M ango  fru it w ith em bryo

Pa rtial fe rti le 
p oll en



  J. Environ. Res. Develop. 
Journal of Environmental Research And Development         Vol.10 No. 01, July-September 2015 

53 
 

Effect of salinity, phasic salinity stress and 
mulching on yield of brinjal as well as soil 
properties, J. Enviorn. Res. Develop., 6(4), 
988-993, (2012). 

3. A. Dag, D. Eisenstein and S., Effect of 
temperature regive on pollen and the 
effective pollination of ‘Kent’ mango in 
Israel, Sci. Hort., 86(1), 1-11, (2000). 

4. N. Sukhvibul, A.W. Whiley, M. K. 
Smith, Suzan E. Hetherington and V. 
Vithanage effect of temperature on 
inflorescence and floral development in 
four mango (Mangifera indica L.) 
cultivars. Sci. Hort., 82(1-2), 67-82, 
(1999). 

5. Ram S., L.D. Bist, S.C. Lakhanpal and I.S. 
Jamwal, Search of suitable pollinizers for 
mango cultivars. Act. Hort., 57(1), 253-
263, (1976). 

6. Huang. Jing-Hao, Ma. Wei-Hong, Liang. 
Guo-Lu, Zhang. Ling-Yuan, Wang. Wei-
Xing, Cai. Zi-Jian and Wen. Shou-Xing, 
Effects of low temperatures on sexual 
reproduction of ‘Tainong 1’ mango            
( Mangifera indica ). Sci. Hort., 126(2), 
109-119, (2010). 

7. Davenport T.L. and Núñez-Elisea R., 
Reproductive Physiology, In : Litz, R.E., 
(Ed.), The Mango- Botany, Production and 
Uses. CAB International, Oxon, UK, 69–
146, (1997). 

8. Issarakraisila M. and Considine J.A., 
Effects of temperature on pollen viability 
in mango cv Kensington. Ann. Bot., 72(1) 
231–240, (1994). 

9. N. Sukhvibul, A.W. Whiley and M.K. 
Smith, Effect of temperature on seed and 
fruit development in three mango 
(Mangifera indica L.) cultivars. Sci. Hort., 
105(1), 467–474, (2005). 

10. J. Soule, Glossary for Horticultural crops, 
Wiley, New York, 49-89, (1985). 

11. Whiley A.W., J.B. Saranah  T.S. Ramussen 
E.C. Winston and B.N. Wolstenholme, 
Effect of temperature on ten mango 
cultivars with relevance to production in 
Australia, Proc. Aust. Conf. on Tree and 
Nut. Crops, ACOTANC Lismore,  176-
185, (1988). 

12. Shaban A.E.A. and Ibrahim A.S.A., 
Comparative study on normal and nubbin 
fruits of some mango cultivars, Aust. J. 
Bas. Appl. Sci., 3(3), 2166-2175, (2009). 

13. Patel G. D., Dhaduk B.K. and Kapadiya 
D., Landscape gardening : A tool for 
environmental moderation, J. Environ. Res. 
Develop., 8(3A), 689-695, (2014). 

14. Singh Amardip, Poonam and Priti, Aero       
allergens investigation with special       
reference to identification of diversity of        
allergenic plant species dispersing pollen       
grain, J. Environ. Res. Develop., 9(2), 454-
464, (2014). 

15. Mahesh Pawar, Manoj Kadam and B.K.       
Nirichan, In vitro control of bacterial blight       
causing organism ( Xanthomonas       xano-
podis pv. Punicae) of pomegranate, J. 
Environ. Res. Develop., 8(3A), 568-573, 
(2014). 

16. Hemalatha S. and Chellamuthu S., Impacts 
of long term fertilization on soil nutritional 
quality under finger millet : Maize 
cropping sequence, J. Environ. Res. 
Develop., 7 (4A), 1571-1576, (2013). 

17. Juniarti  et al., Evaluation of land        
sustainability and potential production of        
Jatropa ( J. curcus L.) : A biodiesel 
recourse in solok regency, West Sumatra,         
Indonesia, J. Environ. Res. Develop.,        
7(3),1165-1173, (2013).  

 


