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Studies on the Relationships between Climatic
Elements and the Yield of Mango in Yuching Area'
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and Lien-Shing Liang®

Abstract : Mango tends to produce embryo-aborted fruits when grown under
unfavorable climatic conditions in Yuching area. This study was aimed to investi-
gate the influence of climatic elements during the flowering period on the fre-
quency of seedless fruits and yield performance of mango. Experiments were
conducted in 1993 and 1994 at Yuching area with 8-year old ‘Irwin’ mango trees.
The seed aborted fruit percentage was counted 60 days after flowering, and the
total sugar content of mango pulp was determined by a refractometer at harvest.
The climatic data were recorded from 10 days before to 30 days after flowering, and
their relationship with seedless fruit formation and yield was analyzed. Early
flowering in January and early February resulted in high rate of seed aborted fruits
and yield reduction. The cummulative temperature showed a significant negative
correlation with the seed aborted fruit percentage and total sugar content. The
cummulative precipitation showed a significant positive correlation whit both yield
and total sugar content. The cummulative temperature and precipitation during
the period of 30 days after flowing was more influential than those during the 10-
day period before flowering in affecting the fruit characteristics.
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INTRODUCTION

Mangoe (Mangifera indica L.) is a fruit crop of tropical origin. The cultivation area of
mango in Taiwan totaled at 20,115 ha in 1992, It is not uncommon that the yield of mango
is unstable across years and locations which results in problems of the economic production
of this important crop. The causes of yield instability are abundant fruiting in alternate
years only® and the frequent occurrence of embryo-aborted fruits’. Mango trees grown in
Yuching, located in the southern part of Taiwan and the main mango production

area, produce many nubbins which lowers fruit vield to a very great extent”’. Anatomical
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studies indicated that most of the nubbins were seedless fruits which abscised well in
advance of harvestable maturity. Unfavorable the germination of pollens on the stigma
could be impaired by low temperature®, climatic conditions have been suggested as the
main causes of nubbin occurrence.). Singh et al.”” also reported that temperature alone was
the most important single in affecting the growth of mango. Heavy rainfall was another
deteriorating factor which lowers the fertilization function of the pollens®. Therefore,
temperature and precipitaiton are the two major climatic elements affecting the percentage
of seedless fruits as well as the yield of mango.

In view of this, experiments were conducted by this laboratory to investigate the
possible influlence of climatic conditions during the 40-day period before and after flower-
ing on the occurrence frequency of nubbins, and the yield and total sugar content of the
mango fruits. Climatic elements of concern included cumulative temperature, sunshine
hours, and precipitation. By understanding the relationship between these climatic ele-
ments and the fruiting characteristics, it is hoped that improvement measures could be
recommended to reduce the yield loss caused by unfavorable climatic conditions.

MATERIALS AND METHODS

Experiments were conducted at the northern slope direction of Yuching area with an
elevation of 110m. Eight-year old ‘Irwin’ mango cultivated at a planting density of 500
plants per ha was used as material. During the flowering period (J anuary to April) in both
1993 and 1994, flowers were tagged at the day of blooming and the occurrence frequency of
seed aborted fruits was measured 60 days later. At least 6 plants were investigated for each
flowering-date sampling. Fruit yield was recorded during the harvest season in July or
August. The climatic data on temperature, sunshine duration, and precipitation were
recorded from 10 days before to 30 days after flowering. Their relationships to the percent-
age of seed aborted fruit formation, and yield and total sugar content of the fruit were
analyzed.

The seed aborted fruits were distinguished from the seeded ones by visual examination
and dimension measurements. The average fresh weight, length, and diameter of the
normal fruits in this experiment were, respectively, 200g, 12cm, and 8.5cm. The respective
values for seedaborted fruits were 40g, 5.5cm, and 4.5cm (Fig. 1). The fresh weight, length,
and diameter of the stone (seed) of normal fruits were, respectively, 9.0g, 9.5cm, and 4.7cm.
Those for the seed aborted fruits were 0.7g, 3.8cm, and 2.2cm (Fig. 2). Total sugar content
of the mango pulp was determined by a refractometer.
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Fig. 1. One seeded (left) and Two seed aborted (middle and right)
fruits of Irwin mango at 80 DAF.
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Fig. 2. Stones (seeds) taken from seeded (right) and seed aborted
(left) Irwin mango fruits.



Studies on the Relationships between Climatic Elements and the Yield of Mango in Yuching Area 189

RESULTS AND DISCUSSION

The changes in climatic elements of 1993 and 1994 were illustrated in Fig. 3. Similar
pattern of temperature change was observed between the two years. The temperature was
low in early January, or initial flowering stage of mango, and increased gradually towards
early April, or the end of flowering stage, and reached the maximum in July and August,
or the harvest period. The minimum, maximum, and mean temperatures in early January
were 14.4, 25.9, and 19.1°C respectively. The values in late April were, in order, 18.5, 28.0,
and 23.7°C. The temperatures were slightly higher than those recorded from previous years,
but were still lower than the optimum temperature (23.9—26.7°C) for the growth of
mango®. Low temperature during this period might be the main cause of the formation of
seed aborted fruits®. The minimum, maximum, and mean temperatures in July were,
respectively, 24.5, 33.0, and 28.0°C, which were lower than the high-temperature limits of 42.
2—43.3°C as suggested by Singh®. The temperatures between May and July were therefore
considered appropriate for fruit growth in general. Whether the low temperature in the
winter season, e.g., a mean of 18°C in December, was unfavorable to the differentiation and
development of flower buds remained to be clarified.

Sunshine duration and precipitation peaked in July and August in both years (Fig. 3).
The monthly mean sunshine duration was 173—243 hrs and that of precipitation was 335—
1,199 mm. Aithouth heavy rainfall has been suggested harmful to the fertilization by pollens
M the rather low precipitation recorded from January to April, or the entire flowering
period of mango, suggested that there was no over-precipitation stress on the fertilization
of flowers.

The flowering of mango trees concentrated from January to March in both years as
shown in Table 1. The entire flowering period, from January 6 te April 6, was divided into
10 stages with a 10-day interval. The resulits of Table 1 indicated that during the period of
10 days before and 30 days after flowering, cumulative temperature was the lowermost in
late January and early February, and increased continuously towards early April. The
pattern of changes in cumulative sunshine duration during the same period was rather
erratic and ranged from 210.8 to 288.2 hrs in 1993 and 200.8 to 279.3 hrs in 1994. The
cumulative precipitation was low during the entire flowering period, and the maximum
values were only 38.5 mm in 1993 and 60.3mm in 1994.

Early flowering (from early January to early February) tended to produce higher
frequencies of seedless fruits (66.2—84.6% in 1993 and 56.9—78.1% in 1994) as compared to
late flowering (31.3—40.8% in 1993 and 40.5—46.7% in 1994). There was a tendency that
fruit yield per plant was higher for those flowering between late January and mid-March,
which ranged between 20.4 to 25.8kg in 1993 and 20.5 to 26.8kg in 1994. Similar trend in total
sugar content of harvestable fruits was also observed. Late flowering (late March to early
April) also resulted in low fruit yield and total sugar content (Table 1).

Further analysis of the data in Table 1 revealed that cumulative temperature during
the period of 10 days before and 30 days after flowering was negatively correlated with the
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percentage of seed aborted fruit (r=-—0.7747, P>0.001) and total sugar content (r=
—0.6145, P>0.005). Cumulative precipitation during the same period was positively correlat-
ed with fruit yield (r=0.8025, P>0.0001) and total sugar content (r=0.6084, P>0.005). No
relationship was found between cumulative sunshine hours and the fruit characteristics. On
the other hand, yield per plant was positively correlated with total sugar contents of the
harvested fruits (data not shown).

Detailed correlation analysis indicated that the climatic elements in the 10 days before
flowering exhibited no significant impacts on the fruit characteristics, as the correlations
were all non-significant (Table 2). It is possible that the climatic conditions during this 10
-day period for all flowering stages listed in Table 1 might be adequate or not severe enough
in terms of affecting the fertilization and fruit setting of the crop. However, cumulative
temperature during the 30-day period after flowering was negatively correlated with the
percentage of seed aborted fruits and positively correlated with both fruit yield and total
sugar content. As for cumulative precipitation during the 30-day period after flowering, it
was positively correlated with only the fruit yield (Table 2). In other words, the cumulative
temperature during the 30-day period after flowering was more important than that
during the 10-day period before flowering in affecting the fruit characteristics. The results
of this experiment were not in full agreement with the report of Hsu® who stated that
cumulative temperature over 800°C during the period of 40 days after flowering was unfavor-
able to fruit setting of mango. It is suggested that since mango is a species of tropical origin,
the fruit setting and development of this crop prefer higher temperature, or at least within
the temperature scope recorded in this experiment.

Table 2. Correlation coefficient between climatic elements and the fruit
characteristics of mango in 1993 and 1994.

I Cumulative temperature (°C) Cumulative precipitation (mm)
tem
10 days before 30 days before 10 days before 30 days before
flowering flowering flowering flowering
Seed sborted fruit (%) —0.46 —0.61* —=0.21 —0.36
Fruit yield (kg/ha) 0.34 0.67* 0.39 0.93**
Total sugar (Brix) 0.26 0.65* —-0.17 0.55

*¥* significant at 0.05 and 0.01 levels, respectively.

The cumulative precipitation from flower bud stage to young fruit stage in both 1993
and 1994 was 300 mm less than the average from previous years. As precipitation was
positively correlated with fruit yield, it is worth to irrigate the crop during the dry season.
In 1995, farmers were recommended to perform irrigation with automatic sprayers. Its
effects on fruit setting and development, as well as vield, will be determined during the
coming harvest season.
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