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Abstract. Climate change is likely to lead to adaptations among important crop species. Elevational gradients can be used to illustrate
the effects of climate change on crop adaptation patterns. The research aimed to determine adaptation patterns in crop species across an
elevational (and therefore temperature and humidity) gradient. A factorial design was applied with two factors within a simple Random-
ized Complete Block Design, wherein the primary factor was elevation (10 — 1,000 m). Three crop species (long bean, common bean,
and winged bean) were used as test species. Growth rate and flower number were used as adaptation parameters. The results indicated
that these three cash crop species showed different adaptation patterns. Common bean showed the greatest vegetative growth at approx-
imately 600 m in elevation, long bean at 400 m in elevation, and winged bean at 10 m in elevation. The results of this study indicate that
the three tested agricultural crops have different adaptation patterns, and these results was the first finding to be published in Indonesia.

For agriculture practices, it can be recommended that planting of these cash crops be adapted to the elevation of the planting area.
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INTRODUCTION

Temperature is a primary regulatory factor for
plant development. Climate change has caused not
only an increase in temperature but also an increase in
the probability of extreme temperature events, which
can have major impacts on plant productivity (Hat-
field & Prueger, 2015). Of all the abiotic factors af-
fecting morphological adaptation patterns in plants,
temperature is the most dominant (Suzuki et al.,
2014). Therefore, increases in temperature will be
likely to result in a series of morphological, physio-
logical, biochemical, and molecular alterations among
plant species, and these changes will probably relate
to negative effects on growth, productivity, and yield
(Bita & Gerats, 2013). The projected global daily
temperature increase of 3°C (IPCC 2013) is expected
to affect the growth rate, leaf number, and phenology
of plants (Ray et al., 2019).

Morphological and physiological adaptations
among plants exist to maintain the sustainability of a
given species (Vadez, et al., 2010; Parmesan & Han-
ley, 2015), and these adaptations can be used to assess
species responses to climate change, particularly for
crops (Johansson et al., 2015). Agricultural species
show differential patterns in morphological adapta-
tions and physiological dependencies in response to
temperature increases caused by the climate change
(Johansson et al., 2013, Sita et al., 2017; Adie et al.,
2019). Understanding the impact of global climate
change on crops is complicated, because required

time spans to observe changes in temperate. However,
King et al. (2013) suggested that an elevation gradient
was a suitable tool to assess climate change respons-
es, given that this gradient is associated with a de-
crease in temperature and, therefore, plant perfor-
mance (Korner, 2011). Research that has used an
elevation gradient as a surrogate for climate change,
while controlling for other environmental factors, has
successful represented climate change impacts on
organisms and ecosystems (Wolkovich et al., 2012;
Widhiono et al., 2017). Based on these findings, ele-
vation gradients have been utilized in research on the
effects of global climate change on crops (King et al.,
2013).

It is suspected that crop species occurring in the
tropics have adaptations that will improve their ability
to survive the climate change (Luo, 2011). These
adaptations include flowering mechanisms and phe-
nology, which are reflected in changes in flower size,
flowering time, and daily blooming time (King et al.,
2013). Ray et al. (2019) suggested that crop species
throughout the world have probably adapted their
growth and flowering in response to climate change.
Additionally, Raza et al. (2019) stated that morpho-
logical and physiological adaptations in flowering
plants have already been observed due to increases in
air temperature, including changes in growth rate, leaf
number, and flower number. Temperature increase
affects plants by introducing stress to physiological
systems such as photosynthesis, respiration, nitrogen
fixation, reproduction, and oxidative metabolism
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(Bucher, et al., 2017). It is therefore likely that cli-
mate change will relate to crop damage, including
fertilization failures (Hatfield & Prueger, 2015). The
changes in flowering time in various sub-tropical
regions and temperature stress had the most compre-
hensive and far-reaching effects on crops, leading to a
severe reduction in yield potential (Bita & Gerats,
2013). The most typical adaptation pattern to climate
change observed in agricultural species is an earlier
flowering period (Bucher, et al., 2017). Earlier flow-
ering periods have also been observed in wild plant
species (Johansson et al., 2013). Menzel et al. (2006)
reported that nearly 78% of crops in 21 European
countries have exhibited an earlier flowering time (2.5
days) over the past ten years. However, crop adapta-
tions in response to climate change have never been
assessed in Indonesia. Therefore, we investigated
climate-related adaptations in crops across an eleva-
tion gradient. The aims of the research were to know
the adaptations pattern of cash crops to climate
change. The results of the study are expected to con-
tribute to farming patterns for farmers and supporting
adaptation programm for agriculture.

METHODS

This study was conducted at six locations situated
at different elevations: Jambusari Village, Jeruklegi
District, Cilacap Regency (7° 41 '06 32", 109° 01' 12
24", 50 m in elevation (meters above sea level);
Gunung Tugel, South Purwokerto Subdistrict (7° 28
'03 92", 109° 14' 06 35", 200 m in elevation); Sikapat
Village, Sumbang Sub-district, Banyumas (7° 20 '00
43", 109° 16' 29 49", 407 m in elevation.), Melung
Village, Kedungbanteng District, Banyumas (7° 09
'46 38", 109° 09' 06 66", 640 m in elevation), and
Sangkanayu and Serang Villages, Karangreja Dis-
trict, Pubalingga (7° 14 '48 41", 109° 17' 28 91", 800
and 1,114 m in elevation, respectively). We used
three crop species in this experiment; long bean
(Vigna sinensis), winged bean (Psophocarpus
tetragonolobus), and common bean (Phaseolus vul-
garis),

A two-factor factorial design was utilized within a
basic Randomized Complete Block Design (RCBD).
The main factor was elevation (six locations), and the
supporting factors were the three crop species. All
three bean species were planted at the same time in
April, 2019 (i.e., during the rainy season), using typi-
cal cultivation methods used by farmers when pesti-
cides are not applied. Two hundred ninety individual
plants of each species were planted at each of the six
study locations.

Plant growth (stem height) and maturity (flower
number) were observed every month for three months

after planting. The experiment was done during the
dry season planting period. Additional measured envi-
ronmental variables included ambient air temperature,
humidity, and light intensity.

We used an Analysis of Variance (ANOVA) to
test for differences in crop growth (stem height) and
maturity (flower number) at various elevations. Mul-
tivariate analyses were completed by assessing corre-
lations of environmental factors (i.e., light intensity,
humidity, and ambient air temperature) with stem
height and flower number. Analyses were completed
using SPSS Version 20.0.

RESULTS AND DISCUSSION

Environmental condition

The results of measurements of environmental
conditions carried out during the study showed that
the daily air temperature and light intensity and in the
morning, afternoon and evening decreases in line with
the increase in elevation. While air humidity increases
with increasing altitude. The results of measurement
of environmental conditions are presented in Table 1.

Impact of elevation on plant growth

Overall, the three bean species showed different
growth patterns across the six study locations (Table
1, Figure 1), which indicated that the plant growth
adaptations were species-dependent. This may be
related to different optimum temperatures for each
species.

In common bean, the maximum growth and
growth rate at 7 and 35 days after planting (dap) were
both significantly different (Fs2. p < 0.001) across
the study locations. The maximum stem height was
89.01 £+ 2.36 cm and was observed at 1,000 m. In long
beans, maximum plant height, maximum growth, and
plant growth rate were significantly different (Fs,s p
< 0.001) across study locations. The maximum stem
height was 43.7 £ 5.53 cm and was observed at 400 m
in elevation. The maximum stem height observed in
winged bean was found at 10 m in elevation (102.02
+ 16.86 cm), which was significantly different rela-
tive to the other five study locations (Fs,s p < 0.001).
The differentcies is likely due to naturally occurring
plant species favoring a habitat with a certain temper-
ature, (Kusumiyati et al., 2015). Bean plants originat-
ing from Europe tend to be more suitable in the high-
lands, while winged bean plants which are tropical
plants are more suitable for high temperatures
(Handayani et al., 2015). Wulandari et al. (2017)
found that winged bean plant growth rates are influ-
enced by local environmental factors, especially the
daily air temperature at an altitude of 300 m above sea
level.
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Table 1. Environmental condition of six different elevations during sampling periods (means + stdev)

Time Elevation (masl) Temperature (°C) Light intensity (lux) Humidity (%)
10 23.78 * 0.67 3860.33 + 18058  63.67 + 1.80
200 20.89 + 1.27 3500.22 + 44055  70.78 + 1.48
500 - 9:00 arm 400 19.33+0.71 214011 + 31472  74.00+ 1.41
600 18.44 + 0.53 1680.44 +387.19  76.89 + 1.36
800 17.44 + 0.53 1359.80 + 169.34  84.00 + 2.83
1000 16.44 + 0.73 1119.89+ 9561  96.00+ 1.12
10 33.56 + 1.13 13600.00 + 1502.25 58.00 + 1.12
200 31.67 + 1.00 12100.00 + 1017.08  67.89 + 2.42
400 28.56 + 1.01 10320.00 + 42229  70.22 + 1.56
10:00am -01:00 pm 27.89 + 1.05 9100.33 + 2534.36  74.00 + 2.55
800 26.33+ 1.12 8500.67 + 97450  80.00 % 2.12
1000 16.44 + 0.73 8150.89 + 81859  90.00 + 3.32
10 20.22 + 1.64 7540.11 + 1080.46  60.00 + 2.69
200 28.33 + 1.58 6779.89 £ 122021  70.00 + 2.29
400 26.44 + 1.24 510044 +518.95  71.78 % 2.86
02:00-05:00pm 2433+ 158 3047.78 + 658.86  78.00 + 1.58
800 2333+ 1.41 2839.89 + 35050  82.00 + 2.35
1000 20.33 + 1.00 2160.33 +406.25  93.00 + 3.00

Table 1. Stem heights at six locations observed at 7 and 35 days after planting (dap) (means * stdev)

Elevation ( m asl)

Common bean (dap)

long bean (dap)

Wing bean (dap)

7 35 7 35 7 35
10 226+090 45.62+250 252+0.44 26.60+155 238+0.79 102.02+16.8
200 578+0.88 62.76+4.03 3.65+0.71 2256+544 243+0.08 99.97 +14.81
400 7.03+140 73.28+4.88 3.04+1.39 21.79+117 219+0.40 97.75%27.02
600 9.63+0.00 8225+0.00 7.55+1.14 43.78+555 158+0.13 71.45+8.78
800 1222 +£0.74 89.01+236 0.00£0.00 9.30+1.70 0.00+0.00 18.94+1.59
1000 820+047 69.24+052 0.00+0.00 10.86+3.10 0.00+0.00 20.94+0.28
Long bean

Elevation 200 m asl '
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Figure 1. Plants growth after 7 days of planting at six different elevations

Elevation was the main factor affecting plant
growth (R? = g4, Fig. 2). Morphological adaptations
to daily temperature stress differ among plant species
(Bita & Gerats, 2013). Decreases in temperature, es-
pecially average air temperature change, resulting
from increases in elevation significantly affect plant
growth and phenology, wherein an increase in the
minimum air temperature may have the greatest im-
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pact. Minimum air temperatures are likely to increase
under climate change (Hatfield & Prueger, 2015).
Although maximum temperature is affected by local
conditions such as soil water content and evaporative
heat loss (Crimmins, et.al., 2009), minimum air tem-
perature is affected by mesoscale changes in atmos-
pheric water vapor content. (Moore & Lauenroth,
2017).
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Figure 2. Correlations between elevation and the stem heights of three plants at 7 days after planting (A) and

35 days after planting (B)
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The observed differences in plant height and the
rate of growth among species (Table 1), wherein long
beans grew tallest at 800 m in elevation, common
beans at 600 m in elevation, and winged beans at 10
m in elevation, indicated that these species differ in
their daily temperature tolerances. Long bean report-
edly grows best in temperatures of approximately
28°C (Tanzi et al, 2019). Extreme fluctuations in
temperature would therefore cause reduced growth as
a result of tradeoffs between respiration and evapora-
tion (Hatfield & Prueger 2015) Common bean is
known to reach maximum growth at elevations of

600m with daily temperatures of approximately 30°C.
In contrast to these two species, winged bean appears
to prefer areas with low soil moisture and high tem-
perature (Tanzi et al., 2019); winged bean plants grow
best at temperatures above 30°C (Chethan &
Chikkadevaiah, 2014).

Impact of elevation on flower number

Flower number, observed at the beginning and the
end of the flowering period, varied significantly
among species and across the six study locations (F

523 P <001) (Table 2).

Table 2. Number of flowers of three cash crops species in different elevations at 28 and 49 day after planting

Elevation (m asl) common bean (dap) long bean (dap) Wing bean (dap)
28 49 28 49 28 49

10 204+0.21 25.04+1.60 1.75+050 1.69+0.24 525+0.21 7.83+2.03

200 2.15+0.14 34.00+3.27 0.46+042 254+0.68 6.25+1.34 6.25+1.02

400 3.13+0.21 3575+9.84 217+024 146+0.25 6.88+0.34 7.54+1.08

600 2.71+0.37 41.09+563 0.72+0.47 058+0.40 221+0.48 4.58+0.39

800 2.75+0.40 4184+595 057+031 058+0.40 1.77+0.43 3.98+0.65

1000 242+0.22 38.20+5.99 0.13+0.25 0.21+0.16 1.69+0.36 2.75+0.44

The number of flowers borne on long bean plants
at 49 dap decreased with an increase in elevation over
200 m. A similar trend was observed in common bean
over 800 m. The greatest number of flowers borne on
winged bean was found at 10 m in elevation (Table
2). These patterns are likely to be the result of tem-
perature variation, wherein flowering time and the
number of flowers borne by a plant tend to be influ-
enced by maximum, rather than minimum, tempera-
tures (Gray & Brady, 2016) The results of correlation
and regression analyses were; R®> = 0.77 for long
beans at 49 dap, R?= 0.64, for common beans, and R
= 0.86 for wing beans, respectively (Figure 3).

The difference are likely due to naturally occurring
plant species favoring a habitat with a certain temper-
ature. Handayani et al., (2015) found that total num-
ber of flower of wing bean, was affected by variety of
the plant than environmental factors. Wulandari et al.
(2017) found that total number of flower was influ-
enced by local environmental factors, especially the
daily air temperature at an altitude of 300 m above sea
level.

Plant growth and reproduction are tightly regulat-
ed by seasonality for most species. Phenology, mean-
ing the timing of flowering, is a seasonal event that is
essential to successful reproduction. Although the
initiation of flowering is typically mediated by chang-
es in day length and, as such, is independent of tem-
perature, the length of time required for flowers to
develop to maturity is strongly temperature depend-
ent, as are other growth processes (Tanzi et al., 2019).
In both long bean and chickpea, daily temperature has
a significant influence on both flowering time and the

number of flowers produced by a plant. Both of these
species initiate flowering when daily temperatures are
approximately 35°C for six days, but they will fail to
flower if daily temperatures exceed 34°C (Luo, 2011).
In winged bean, the number of flowers produced is
strongly influenced by both temperature and day
length, wherein the species appears to prefer high
temperature and long sunlight exposure (approximate-
ly 13 hours).
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Figure 3. The number of flowers produced by three
plant after 49 days at different elevations.

In our study, the observed differences in the num-
ber of flowers produced by a given bean species were
the result of change in daily temperatures caused by
differences in elevation at the study locations. The
two species (long beans and wing bean) tended to
produce fewer flowers along with an increase in ele-
vation, which is a phenological adaptation to tempera-
ture decrease, while common bean tends to be more
flowers in higher elevation. This finding may because
the common bean is originally as a tropical facultative
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short-day legume that is now grown in tropical and
temperate zones that temperature, solar radiation, and
photoperiod play major roles in controlling common
bean flowering time directly (Kakon et al., 2017),
This pattern has also been observed in other plant
species. In herbaceous plants, phenology is related to
daily temperature, which further affects specific leaf
area, nitrogen, phosphorus, and potassium concentra-
tions in leaves, and water use efficiency (Bucher et
al., 2017). In wild plants, lowland and high-elevation
species have been shown to be associated with differ-
ent optimum daily temperatures, and a pattern of sep-
aration between flowering time and the number of
flowers produced has been observed (Hatfield &
Prueger, 2015). Aside from daily temperature, precip-
itation also affects flowering time and the number of
flowers produced by a given plant (Siegmund et al.,
2016), as do light intensity and day length (Rezazadeh
etal., 2018).

The results of the study showed the patterns of ad-
aptation of agricultural plants, especially in the
growth rate and the number of flowers produced in
the face of changes in daily air temperature which is
described by changes in altitude. This result is the
first discovery in Indonesia and is able to add new
information for the development of agricultural culti-
vation, especially long bean, common bean and wing
bean plants. So it can be recommended for farmers to
cultivate these plants based on the elevation of the
place.

CONCLUSION

Based on the results and discussion, it can be con-
cluded that common bean showed the greatest vegeta-
tive growth at low temperatures (high elevation), and
long bean at midle elevation and winged bean showed
the greatest vegetative growth at high temperatures
(low elevation). Therefore, we recommend cultivation
of common bean in areas > 800 m in elevation, long
bean at midle elevation (600 m) and cultivation of
wing bean in areas < 400 m in elevation.
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