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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.  

Key words: Adaptation Patterns; Cash Crops; Climate Change; Elevation Gradient; Growth Rate 
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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 (F5.23. 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 (F5.26, 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 (F5.25 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 (m asl) Temperature (
o 
C) Light intensity (lux) Humidity (%) 

6:00 - 9:00 am 

10 23.78 ± 0.67 3860.33 ± 180.58 63.67 ± 1.80 

200 20.89 ± 1.27 3500.22 ± 440.55 70.78 ± 1.48 

400 19.33 ± 0.71 2140.11 ± 314.72 74.00 ± 1.41 

600 18.44 ± 0.53 1680.44 ± 387.19 76.89 ± 1.36 

800 17.44 ± 0.53 1359.89 ± 169.34 84.00 ± 2.83 

1000 16.44 ± 0.73 1119.89 ± 95.61 96.00 ± 1.12 

10:00 am - 01:00 pm 

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 ± 422.29 70.22 ± 1.56 

600 27.89 ± 1.05 9100.33 ± 2534.36 74.00 ± 2.55 

800 26.33 ± 1.12 8599.67 ± 974.50 80.00 ± 2.12 

1000 16.44 ± 0.73 8159.89 ± 818.59 90.00 ± 3.32 

02:00 - 05:00 pm 

10 29.22 ± 1.64 7540.11 ± 1080.46 60.00 ± 2.69 

200 28.33 ± 1.58 6779.89 ± 1220.21 70.00 ± 2.29 

400 26.44 ± 1.24 5100.44 ± 518.95 71.78 ± 2.86 

600 24.33 ± 1.58 3047.78 ± 658.86 78.00 ± 1.58 

800 23.33 ± 1.41 2839.89 ± 359.50 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 2.26 ± 0.90 45.62 ± 2.50 2.52 ± 0.44 26.60 ± 1.55 2.38 ± 0.79 102.02 ± 16.8 

200 5.78 ± 0.88 62.76 ± 4.03 3.65 ± 0.71 22.56 ± 5.44 2.43 ± 0.08 99.97 ± 14.81 

400 7.03 ± 1.40 73.28 ± 4.88 3.04 ± 1.39 21.79 ± 1.17 2.19 ± 0.40 97.75 ± 27.02 

600 9.63 ± 0.00 82.25 ± 0.00 7.55 ± 1.14 43.78 ± 5.55 1.58 ± 0.13 71.45 ± 8.78 

800 12.22 ± 0.74 89.01 ± 2.36 0.00 ± 0.00 9.30 ± 1.70 0.00 ± 0.00 18.94 ± 1.59 

1000 8.20 ± 0.47 69.24 ± 052 0.00 ± 0.00 10.86 ± 3.10 0.00 ± 0.00 20.94 ± 0.28 

 

Common beans Long bean Wing bean 

   
Elevation 10 m asl Elevation 10 m asl Elevation 10 m asl 

   
Elevation 200 m asl Elevation 200 m asl Elevation 200 m asl 
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Elevation 400 m asl Elevation 400 m asl Elevation 400 m asl 

   
Elevation 600 m asl Elevation 600 m asl Elevation 600 m asl 

  

Not yet grown 

Elevation 800 m asl Elevation 800 m asl Elevation 800 m asl 

  

Not yet grown 

Elevation 1000 m asl Elevation 1000 m asl Elevation 1000 m asl 

Figure 1. Plants growth after 7 days of planting at six different elevations  

 

Elevation was the main factor affecting plant 

growth (R
2 

= 0.91, 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-

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).  

 

  
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 

5,23. p <0,01) (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 2.04 ± 0.21 25.04 ± 1.60 1.75 ± 0.50 1.69 ± 0.24 5.25 ± 0.21 7.83 ± 2.03 

200 2.15 ± 0.14 34.00 ± 3.27 0.46 ± 0.42 2.54 ± 0.68 6.25 ± 1.34 6.25 ± 1.02 

400 3.13 ± 0.21 35.75 ± 9.84 2.17 ± 0.24 1.46 ± 0.25 6.88 ± 0.34 7.54 ± 1.08 

600 2.71 ± 0.37 41.09 ± 5.63 0.72 ± 0.47 0.58 ± 0.40 2.21 ± 0.48 4.58 ± 0.39 

800 2.75 ± 0.40 41.84 ± 5.95 0.57 ± 0.31 0.58 ± 0.40 1.77 ± 0.43 3.98 ± 0.65 

1000 2.42 ± 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
2 

= 0.77 for long 

beans at 49 dap, R
2 
= 0.64, for common beans, and R

2 

= 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).  

 

   
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 

et al., 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.  

ACKNOWLEDGEMENTS 

This research was supported Universitas Jenderal 

Soedirman in 2019 (Contract No:P/213/UN23/14/PN 

/2019) therefore, we thank the determinants of fund-

ing for this research Suwarto, Rifda Naufalin, and 

Imam Widhiono for permission to conduct this study 

REFERENCES 

Adie, M. M., Krisnawati, A., & Hapsari, R. T. (2019). 

The Effect of Seed Position in Pod on The Seed Via-

bility of Cowpea (Vigna unguiculata). Biosaintifika: 

Journal of Biology & Biology Education, 11(1), 68-

76.  

Bita, C. A., & Gerats, T. (2013). Plant tolerance to high 

temperature in a changing environment: scientific 

fundamentals and production of heat stress-tolerant 

crops. Frontiers in Plant Science. 4. 273 

Bucher, S.F., König, P., Menzel, A., Migliavacca, M., 

Ewald, J., & Römermann, C. (2017). Traits and cli-

mate are associated with first flowering day in herba-

ceous species along elevational gradients. Ecology 

and Evolution. 8: 1147–1158.  

Cambridge University Press (2013). Climate Change 

2013: Impacts, Adaptation and Vulnerability: Con-

tribution of Working Group II to the Fourth Assess-

ment Report of the Intergovernmental Panel on Cli-

mate Change. Cambridge University Press, Cam-

bridge, U.K. and New York, NY. 

Chethan, K. G. (2014). The effect of gamma rays on 

yield and yield attributes in Winged bean 

(Psophocarpus tetragonolobus (L) DC) 

Genotypes. BIOINFOLET-A Quarterly Journal of 

Life Sciences, 11(3b), 953-956.  

Crimmins, T.A., Crimmins, M.A., & Bertelsen, D., 

(2009). Flowering range changes across an elevation 

gradient in response to warming summer tempera-

tures. Global Change Biology 15, 1141–1152,  

Gray, S.B., & Brady, S.M,. (2016). Plant developmental 

responses to climate change. Development Biology 

(419), 64-77 

Handayani, T., Kusmana, Liferdi, & Hidayat, I.M. 

(2015). Karakterisasi Morfologi dan Evaluasi Daya 

Hasil Sayuran Polong Kecipir (Psophocarpus 

tetragonolobus (L.) DC). J. Hort. 25(2), 126-132. 

Hatfield, J.L., & Prueger, J.H,. (2015) Temperature ex-

tremes: Effect on plant growth and development. 

Weather and Climate Extremes, 10. 4-10 

Johansson, J., Bolmgren, K., & Jonzen, N., (2013). Cli-

mate change and the optimal flowering time of annu-

al plants in seasonal environments. Global Change 

Biology 19, 197–207. 

Johansson, R., Luebehusen, E.,  Morris, B.,  Shannon, 

H., & Meyer, S., (2015). Monitoring the impacts of 

weather and climate extremes on global agricultural 

production. Weather and Climate Extremes. 10, 65-

71 

Kakon, S.S., Khan, M.S.A., Choudhury, J.A., Ali, M.Z., 

Aziz, M.A., 2017 Influence of sowing time based 

temperature on flowering and seed yield of French 

bean  (Phaseolus vulgaris L.). AARC J. Agri., 15(1), 

77-84  

King, G.M., David C. Frank, D.C., Gugerli, F., & Fonti, 

P., (2013) Tree growth response along an elevational 

gradient: climate or genetics? Oecologia 173, 1587-

1600.  

Ko¨rner, C. (2011). The use of ‘altitude’ in ecological 

research. TRENDS in Ecology and Evolution. 22(11), 
569-574. 

Kusumiyati , W., Sutari , N., & Raniska, (2015). Re-

spons pertumbuhan, hasil, dan kualitas hasil buncis 



Eming Sudiana et al. / Biosaintifika 12 (2) (2020): 247-253 
 

253 
 

tegak terhadap pemberian berbagai dosis kompos dan 

interval panen pada Inceptisols Jatinangor. Jurnal 

Kultivasi 14(2), 1-8 

Luo, Q. (2011). Temperature thresholds and crop pro-

duction: a review. Climatic Change 109, 583-598.  

Menzel, A., Sparks, T,H,. Estrella, N,. Koch, E,. Asaa, 

A,. Ahas, R,. Alm-Kulber, K,. Bissolli, P,. 

Braslavska,O,. Briede,A., Chemelewski, F.M., Crep-

insek, Z., Curne, Y.,2006.  European phenological 

response to climate change matches the warming pat-

tern. Global Change Biology. 12(10), 1969-1976 

Parmesan, C., &  Hanley, M.E., (2015) , Plants and cli-

mate change: complexities and surprises. Annals of 

Botany 116, 849–864. 

Ray, D.K., West, P.C., Clark, M., Gerber, J.S.,  Pri-

shchepov, A.V., & Chatterjee, S., (2019) Climate 

change has likely already affected global food pro-

duction. PLoS ONE 14(5), e0217148. 

Raza, A., Xu, J., Mehmood, S.S., Zou, X., Zhang, X., 

Lu, Y., 2019. Impact of Climate Change on Crops 

Adaptation and Strategies to Tackle Its Outcome: A 

Review. Plants. 8. 34  

Rezazadeh, A. Harkess, R.L., and Telmadarrehei, T.  

(2019). The Effect of Light Intensity and Tempera-

ture on Flowering and Morphology of Potted Red 

Firespike. Horticulturae, 4, 36 

Siegmund, J.F., Wiedermann, M., Donges, J.F., and 

Donne, R.V. (2016) Impact of temperature and pre-

cipitation extremes on the flowering dates of four 

German wildlife shrub species Biogeosciences, 13, 

5541–5555. 

Sita, K., Sehgal, A, Hanumantha, R.B., Nair, R.M., Vara 

Prasad, P.V., Kumar, S., Gaur, P.M,, Farooq, M., 

Siddique, K.H.M., Varshney, R.K., & Nayyar, H., 

(2017). Food Legumes and Rising Temperatures: Ef-

fects, Adaptive Functional Mechanisms Specific to 

Reproductive Growth Stage and Strategies to Im-

prove Heat Tolerance. Front. Plant Sci. 8, 1658.  

Suzuki, N.,  Mittler, R., Rivero, R.M., Shulaev, S.,&  

Blumwald, E. (2014) Abiotic and biotic stress com-

binations. New Phytologist  203, 32–43  

Tanzi, A.S., Eagleton, E.W., Ho, W.K.,  Wong, Q.N., & 

Massawe, F,. (2019). Winged bean (Psophocarpus 
tetragonolobus (L.) DC.) for food and nutritional se-

curity: synthesis of past research and future direction. 

Planta, 1-21. 

Vadez, V., Berger, J.D.,  Warkentin, T., Asseng, S., 

Pasala Ratnakumar, P.,  K. Poorna, K.,  Rao, C., 

Gaur, P.M., Munier-Jolain, N., Larmure, A., Voisin, 

A.S., Sharma, H.C.,  Pande, S., Sharma, M., Krish-

namurthy, L., & Zaman, M.A., (2010). Adaptation of 

grain legumes to climate change: a review. Agrono-

my for Sustainable Development, 32(1), 31-44. 

Widhiono, I.,  Sudiana, E., & Darsono, (2017). Diversity 

of Wild Bees along Elevational Gradient in an Agri-

cultural Area in Central Java, Indonesia. Psyche, Ar-

ticle ID 2968414, 5 pages 

Wolkovich, E., Cook, B.I., Allen, J.M., Crimmins, T.M., 

Betancourt, J.L., & Cleland, E. E., (2012). Warming 

experiments underpredict plant phenological re-

sponses to climate change. Nature. 485(7399), 494-

497  

Wulandari, P. I. A., Purnamaningsih, S. L., & Kuswan-

to. (2017). Upaya Peningkatan Pembungaan dan 

Hasil Polong Pada Tiga Genotip Kecipir (Psopocar-

pus tetragonolobus). Jurnal Produksi Tanaman. 5(7), 

1143-1152 

 

   

 
 



 

 

 

 

 

 

 



Adaptations of Three Cash Crops
to Climate Change

by Eming Sudiana

Submission date: 23-Aug-2020 11:13PM (UTC+0700)
Submission ID: 1372912631
File name: BIOSAINTIFIKA_12_NO_2_2020__ARTIKEL.pdf (273.94K)
Word count: 4443
Character count: 22201

















24%
SIMILARITY INDEX

22%
INTERNET SOURCES

18%
PUBLICATIONS

14%
STUDENT PAPERS

1 2%

2 1%

3 1%

4 1%

5 1%

6 1%

7

Adaptations of Three Cash Crops to Climate Change
ORIGINALITY REPORT

PRIMARY SOURCES

link.springer.com
Internet Source

mafiadoc.com
Internet Source

Austra Dikšaitytė, Akvilė Viršilė, Jūratė
Žaltauskaitė, Irena Januškaitienė, Gintarė
Juozapaitienė. "Growth and photosynthetic
responses in Brassica napus differ during stress
and recovery periods when exposed to
combined heat, drought and elevated CO2",
Plant Physiology and Biochemistry, 2019
Publication

www.fao.org
Internet Source

www.frontiersin.org
Internet Source

www.mdpi.com
Internet Source

worldwidescience.org



1%

8 1%

9 1%

10 1%

11 1%

12 1%

13 1%

14 1%

15 1%

16 1%

Internet Source

Submitted to University of Malaya
Student Paper

Submitted to Universitas Brawijaya
Student Paper

hal.archives-ouvertes.fr
Internet Source

www.stockholmresilience.org
Internet Source

Solveig Franziska Bucher, Patrizia König,
Annette Menzel, Mirco Migliavacca, Jörg Ewald,
Christine Römermann. "Traits and climate are
associated with first flowering day in herbaceous
species along elevational gradients", Ecology
and Evolution, 2018
Publication

journals.ametsoc.org
Internet Source

curis.ku.dk
Internet Source

www.banglajol.info
Internet Source

deepblue.lib.umich.edu
Internet Source



17 1%

18 1%

19 1%

20 1%

21 1%

22 <1%

23 <1%

24 <1%

25 <1%

26 <1%

Submitted to Nanyang Technological University
Student Paper

wg2ar5gate.wordpress.com
Internet Source

onlinelibrary.wiley.com
Internet Source

journal.unpad.ac.id
Internet Source

repository.unika.ac.id
Internet Source

bio.unsoed.ac.id
Internet Source

Ping Ren, Sergio Rossi, Jozica Gricar, Eryuan
Liang, Katarina Cufar. "Is precipitation a trigger
for the onset of xylogenesis in Juniperus
przewalskii on the north-eastern Tibetan
Plateau?", Annals of Botany, 2015
Publication

Submitted to University of Bath
Student Paper

Submitted to La Trobe Melbourne (NAVITAS)
Student Paper

Submitted to Imperial College of Science,
Technology and Medicine



27 <1%

28 <1%

29 <1%

30 <1%

31 <1%

32 <1%

33 <1%

34 <1%

35

Student Paper

Alexandra J. Townsend, Maxwell A. Ware,
Alexander V. Ruban. "Dynamic interplay
between photodamage and photoprotection in
photosystem II", Plant, Cell & Environment,
2018
Publication

pphouse.org
Internet Source

thesesups.ups-tlse.fr
Internet Source

Elizabeth A. Roznik, Ross A. Alford. "Using
pairs of physiological models to estimate
temporal variation in amphibian body
temperature", Journal of Thermal Biology, 2014
Publication

protan.studentjournal.ub.ac.id
Internet Source

documents1.worldbank.org
Internet Source

www.moosejaw.ca
Internet Source

complete.bioone.org
Internet Source

Teodiceldo Camargo-Guerra, Luis H. Escalera-



<1%

36 <1%

37 <1%

38 <1%

39 <1%

40 <1%

41 <1%

42 <1%

43 <1%

Vázquez, Luis Zambrano. "Fish community
structure dynamics in cenotes of the Biosphere
Reserve of Sian Ka'an, Yucatán Peninsula,
Mexico", Revista Mexicana de Biodiversidad,
2013
Publication

escholarship.org
Internet Source

www.scielo.br
Internet Source

www.econstor.eu
Internet Source

publikationen.bibliothek.kit.edu
Internet Source

ir.kagoshima-u.ac.jp
Internet Source

www.cakex.org
Internet Source

"Genomic Designing of Climate-Smart Pulse
Crops", Springer Science and Business Media
LLC, 2019
Publication

Jimin Sun. "Late Cenozoic magnetochronology
and paleoenvironmental changes in the northern
foreland basin of the Tian Shan Mountains",



44 <1%

45 <1%

Exclude quotes Off

Exclude bibliography Off

Exclude matches Off

Journal of Geophysical Research, 04/27/2007
Publication

"Phenology: An Integrative Environmental
Science", Springer Science and Business Media
LLC, 2013
Publication

Crop Production and Global Environmental
Issues, 2015.
Publication


	PEER REVIEW.pdf (p.1)
	peer9.pdf (p.2-4)
	ARTIKEL.pdf (p.5)
	doc9.pdf (p.6-14)
	TURNITIN.pdf (p.15)
	turnitin9.pdf (p.16-29)

