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Abstract—The present study tries to investigate the determinants of mango yields at the district level in the Indian
horticulture sector over the period 2000-2015 using a fixed effects panel model. The study tries to unravel the impact of
climate variables such as precipitation, temperature, wind speed etc. on the yields of mango in the Indian context. It
contributes to the existing literature by calculating the impact of climate change at a granular level using sophisticated
econometric technique. It also amalgamates the phenological growth phases of the fruit crop in the analysis and
computation in order to get precise estimates of the climate change impacts. In fruiting orchards there are three phases
during the annual growing cycle where distinct irrigation management options need to be exercised. The methodology
used in the study divides the annual growing cycle into these three phases and develops a novel model for the whole-plant
scale especially for tropical fruit trees like mango. Results suggest that average maximum temperature positively impacts
yields in phase 2 and average minimum temperature affects negatively in phase 3 of the growing cycle. More precisely, a
1°C increase in average maximum temperature enhances yields by 76 % in phase 2 while it has insignificant impact in
phase 1. Moreover, an increase in the average minimum temperature in phase 3 reduces yields by 11%. Cumulative
precipitation contributes negatively in phase 1, positively in phase 3 and has a statistically insignificant impact in phase 2
of the growing cycle. Analysis also highlights the importance of evapotranspiration as a key climate variable in phase 3
while wind speed does not seem to have a statistically significant impact on mango productivity. Like previous studies, we
find that climate change has significant adverse impacts on mango yields in some phases of the crop growth which calls for
customized adaptation and mitigation strategies by farmers.
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l. Introduction

Climate and weather play a pivotal role in determining crop yields and productivity. Climate change refers to changes in long
term trends of environmental factors such as temperature and precipitation. These changes can be due to natural variability or as a
result of human intervention. In this regard, agriculture is immensely affected by the vagaries of climate change. In the Indian
agriculture, horticulture is an extremely important and profitable sector. It contributes 30.4% to agricultural GDP. Due to different
agro-ecological zones, India becomes a home for different types of horticultural crops such as fruits, vegetables, flowers, aromatic
and plantation crops. Globally, India is the second largest producer of fruits and vegetables crops after China in the world. In this
sector, fruit crops have also played a major role in employment generation, economy, expanding export and ensuring nutritional
security [1]. The horticulture sector is the main driver of economic growth in many states. Therefore, weather and climate play a
key role in the success of fruit production. The phenological stages of fruit crops along with changes in air temperature and
rainfall are the most important factors to predict the yields and production of any crop. Different fruit species are influenced
differently due to varying levels of adaptability with varying climate change. Rainfall is the weather variable that is more
associated with plant growth and production. It affects the intensity and quality of other weather variables. Extreme precipitation
leads to soil borne diseases and favors plant pests and disease attack. However, the shortage of rainfall impacts the vegetative
growth of the plant and stops the transpiration process and affects the soil fertility and productivity [2]. High temperature and
polluted air also impact fruit yield and increases the intensity of physiological disorders.

Mango (Mangifera indica L.)- the most important commercially grown fruit crop of the country belongs to family
Anacardiaceae. It is called the “king of fruits”. India has the richest collection of mango cultivars. The fruit is extremely popular
due to its wide range of adaptability, high nutritive value, plethora of variety, delicious taste and amazing flavour. Mango also
has a well established export market and poses great opportunities for export in the international market whether in fresh or
processed forms. Similarly, the mango industry has provided livelihood opportunities to its growers and those involved in its
marketing channels. Therefore, it becomes an imperative to determine the impact of weather fluctuations and climate change on
mango Yields in India. This horticultural crop has a great potential to contribute to international trade as well as food processing
industry.

I1. Literature Review

To decipher the effect of climate change on mango production and productivity requires a mango crop model. The literature
documents several partial models mainly pertaining to agronomy, simulating specific processes of the mango tree such as a
biochemical model of photosynthesis [3], a model of stomatal conductance [4], a model of fruit growth and quality build-up [5]-
[6] and thermal time models [7]-[9]. But there is no complete mango crop model simulating crop production. Crop models are
usually developed for annual crops. There are a few models at the whole-plant scale that exist for temperate fruit trees such as
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apple [10] or peach [11]-[12] but they are not always focusing on fruit production per se. Such models are usually non-existent for
tropical fruit trees [13].

Temperature, light and CO, concentration are pivotal factors that affect the process of photosynthesis, and an increase in the level
of these factors would have a positive effect on photosynthesis. Extreme temperatures (> 45°C) or high levels of light intensity
provoke damages to the mechanism of photosynthesis. Although mango tree is adapted to dry environments experiencing water
stress and high evaporative demand, the expected increase of drought and vapour pressure deficit (VPD) would have a negative
effect on photosynthesis because of the rapid stomatal closure of the mango tree on account of increase in climatic demand [13].

Without being much adversely affected, mango can withstand a wide range of temperatures ranging from 0°C to 48°C. But
exposure to low temperature for more than 6 hours is detrimental for the plant. In general, most varieties can withstand 1-2°C,
provided such temperature does not persist for long. Young trees are seriously injured at 0°C. Cool temperatures below 17°C
produce nonviable pollen grains. The prevaculate stage of meiosis during microsporogenesis appears to be most sensitive to
temperatures below 10°C. Cool temperatures also adversely affect pollen tube growth and germination, which is completely
inhibited at temperatures below 15°C [14].

Quantity and distribution of rainfall are important factors in mango production. Mangoes grow best in climates which have low
rainfall and low relative humidity during the stages of flowering, fruit setting and harvesting, and areas that are warm to hot
during the fruiting phase. Locations with seasonal rainfall of 100 mm or above are favoured for growing mango because
vegetative growth is inhibited during the dry season. Although mango grows naturally in areas having low as well as heavy
rainfall (250-3000 mm), rainfall during fruit development and maturity is critical to the crop. In high rainfall areas, fruits at the
time of maturity are exposed to diseases like anthracnose and this leads to blackening of the peel. With little amount of irrigation,
the fruit can be grown in areas having annual rainfall above 250 mm. Mango is grown mostly in areas with a wide range of annual
rainfall with no water logging. Rainfall during the flowering phase adversely affects fruit set, fruit development and yields. In
certain areas of southern Thailand and India, excessive vegetative growth and dropping of flowers occur on account of heavy and
prolonged rainfall.

Phases of blossoming and fruiting are significant in crops that are controlled by environmental conditions. Changes in the
environment factors hinder the stage of blossoming. The floral induction of mango tree is mainly driven by cool temperatures.
However, increasing temperatures would have a detrimental effect on floral induction. But in regions with particularly cool
temperature during flowering, increasing temperatures would have a positive effect on pollen viability and fruit setting.
Temperature also has a negative effect on inflorescence size [9] and on the number of flowers per inflorescence [15]. Floral
induction additionally requires the exposure of mature leaves to light while higher levels of light intensity could have a positive
effect during the phase of flowering. Drought and higher VPD would have a negative effect on fruit set and retention. Drought
could also have an indirect positive effect on floral induction by promoting early growth cessation and vegetative rest required for
floral induction. Parmar, et al. [16] documented that the yield of mangoes drastically reduced because of the warm nights that
were recorded during the flower induction period in the month of December. This seemed to have a detrimental effect leading to
poor flowering and finally affecting the crop yield in mangoes.

The present study tries to unravel the impact of climatic variables such as precipitation, temperature, wind speed etc. on the yields
of mango in the Indian context for the period 2000-2025. The analysis is done at the district level for 20 states and 328 districts of
the country growing different variety of the fruit. It contributes to the existing literature by calculating the impact of climate
change at a granular level using sophisticated econometric technique. It also amalgamates the phenological growth stages of the
fruit crop in the analysis and computation in order to get precise estimates of the impacts. The paper shall proceed with
Methodology and Data in section I11, Result and Analysis in section IV followed by Conclusion in section V.

11I. METHODOLOGY AND DATA

Mango is well adapted to tropical and sub-tropical climates. It thrives well in almost all the regions of the country but cannot be
grown commercially in areas above 600 m. It cannot stand severe frost, especially when the tree is young. High temperature by
itself is not so injurious to mango, but in combination with low humidity and high winds, it adversely affects the tree. Mango
varieties usually thrive well in places with rainfall in the range of 75-375 cm /annum and dry season. The distribution of rainfall is
more important than its amount. Dry weather before blossoming is conducive to floral induction. Rain during flowering is
detrimental to the crop as it interferes with pollination. However, rain during fruit development is good but heavy rains cause
damage to ripening fruits. Strong winds and cyclones during fruiting season cause excessive fruit drop. It requires good rainfall
during its growing season i.e. June to October and rainless, dry weather conditions from November onwards since rainy or cloudy
weather during flowering favours the incidence of powdery mildew disease and leafhoppers.

In fruiting orchards there are three phases during the annual growing cycle where distinct irrigation management options need to
be exercised.

*Phase One-Pre-flowering, from the end of the wet season to the commencement of flowering (April to June/July).
*Phase Two-Flowering and fruiting, from visible panicle bud differentiation to harvest (July to November).

*Phase Three-Post harvest to the end of the wet season (November to April).
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The methodology used in the study divides the annual growing cycle in the above three phases and correspondingly the
temperature, precipitation and other climatic variables are calculated. The average maximum temperature shall be considered for
phase 1 and phase 2 while average minimum temperature for phase 3*. For precipitation variable, cumulative precipitation shall
be considered separately for phase 1, 2, and 3. Other climatic variables are wind speed considered for all the three phases
separately and evapotranspiration which again will be average actual evapotranspiration for the three phases separately.
Evapotranspiration is an important biophysical climate variable used to measure the water stress in plants.

In order to accommodate non-linearity in climate change impacts, quadratic terms for temperature and precipitation variable are
also included. The dependant variable is log of mango yields. To compute yields, total mango production in a given district is
divided by the area of cultivation. The data for mango production, area of cultivation and all climate variables has been taken
from ICRISAT database. Equation 1 depicts the econometric strategy used in the study. A fixed effects panel model is employed
in order to capture the district specific fixed effects.

The econometric strategy used is as follows:

Iny; = a; + BiTMAX;PH4E1 4 B, TMAX 2 PHASEL + B TMAX,PHAE2 + B,TMAX,2 PHASEZ 4 B TMIN,HASE 3
+ BeTMIN 2 PHASE3 + B, CUMRF {#4F 1 + BoCUMRF ;£ PHASE L + BoCUMRF ;M 45F 2
+ B1oCUMRF 2PHASEZ 4 B CUMRF PHASE3 + B.,CUMRF2PHASE3 4 B -EVAPOTRANSHHASEL
+ B14EVAPOTRANSFHASEZ + B . .EVAPOTRANSFHASES 4 g \WINDSPEEDFHASEL
+ B1,WINDSPEED/HASEZ ¢+ g .WINDSPEEDFHASES ¢ ¢,
1)

IV. RESULT AND ANALYSIS

Results in Table 1 suggest that an enhancement in average maximum temperature in phase 2 positively impacts yields while
increase in average minimum temperature in phase 3 negatively impacts yields of mango. Average maximum temperature turns
out to have statistically insignificant impact in phase 1 of the growing cycle. More precisely, a 1°C increase in average maximum
temperature in phase 2 enhances yields by 76 % while it has a statistically insignificant impact in phase 1. To the contrary, a 1°C
increase in the average minimum temperature in phase 3 reduces yields by 11%. The non-linear effect of temperature is
statistically significant in phase 2 which implies that an increase in average maximum temperature increase yields but at a
diminishing rate in phase 2 of the growing cycle.

Concerning cumulative precipitation, increased cumulative precipitation in phase 1 contributes negatively to yields, while it
contributes positively in phase 3 and has statistically insignificant impact in phase 2 of the growing cycle. Quantitatively, in phase
1, other things remaining same; a 10cm increase in cumulative precipitation leads to 0.3% reduction in mango yields. The
quadratic term of cumulative precipitation being statistically significant in this phase implies that the reduction happens at an
increasing rate. In phase 3, a 10 cm increase in cumulative precipitation can enhance mango yields by 1% ceteris paribus.

Analysis also highlights the importance of evapotranspiration as a key climate variable in phase 3 as it negatively impacts the
mango productivity. Wind speed does not seem to have a statistically significant impact on mango productivity as per the results.

The results suggest the importance of different climate variables and their roles in various phases of the growing cycle of the
mango crop.

Table 1: Result of the fixed effects panel model

Dependent Variable Clustered Standard
Ln_Yields Coefficients Error

average_tmax_phasel 0.0495105 (0.1249224)
average_tmax phasel_sq -0.0007192 (0.0018161)
average_tmax_phase2 0.7685499*** (0.2859922)
average_tmax phase2_sq -0.0116676** (0.0047062)
avg_tmin_phase3 -0.1113996** (0.0542708)
average_tmin_phase3_sq 0.0030016 (0.0018563)
cumrf _phasel -0.0003536** (0.0001073)
cumrf phasel_sq 1.04E-Q7*** (2.93E-08)
cumrf phase2 -0.0000171 (0.0001282)
cumrf phase2 sq 1.93E-08 (5.28E-08)

! Phase 1 and 2 pertain to relatively warmer seasons and hence average maximum temperature is used while phase 3 corresponds to the
relatively cooler season in case of India and hence average minimum temperature is used.
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cumrf phase3 0.0010105* (0.0005854)
cumrf phase3_sq -1.33E-06 (1.30E-06)
evapo_phasel 0.00031 (0.0002632)
evapo_phase2 0.0003702 (0.0003127)
evapo_phase3 -0.0010213** (0.000394)
windspeed_phase1 -0.0451547 (0.0655836)
windspeed_phase2 -0.0242098 (0.0794087)
windspeed_phase3 -0.0900923 (0.1064005)
Districts 328
Observations 2651
District Fixed Effects Yes

Notes: Standard errors are clustered standard error at district level, *** p<0.01, ** p<0.05, * p<0.1

V. CONCLUSION

The present study sheds light on the importance on the mango plant as an important horticultural crop and how it has been
impacted by various climatic and weather variables. Like many previous studies in agriculture, we find that climate change has
significant adverse impacts on mango yields in some phases of the crop growth which calls for customized adaptation and
mitigation strategies by farmers. We have also seen that in other phases it could also have beneficial impact. Adaptation
techniques such as mango ecotypes, which are distinct geographic varieties, adapted to specific environmental conditions could
provide an opportunity for “Natural hybridization” for this crop. Adoption of improved agro-techniques like mulching and cover
crops in orchards, precision farming methods like high density planting and drip irrigation are other adaptation techniques to
combat the vagaries of climate change for this crop. This could also provide an avenue for further research in the area of climate
change and horticulture.
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