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The demand for palm oil is expected to increase due to the increase in world population. 
However, climate change poses significant challenges to the production of oil palm as 
its output can be directly affected by abiotic stress, especially water and temperature 
stress. Potassium (K) is a crucial element in oil palm plantation as it is directly involved 
in the crop physiological processes. Thus, this research was designed to determine how 
the use of the evapotranspiration replacement (ER) method and potassium fertiliser could 
be used to alleviate water and heat stress in oil palm seedlings. In the first experiment, 
four irrigation regimes [100% ER (well-watered), 75% ER (moderate water stress), 50% 
ER (high water stress), and 25% ER (severe water stress)] were used to investigate the 
effect of different water stress regimes on the physiology of 4-months old oil palm 
seedlings. Results showed that severe water stress decreased vegetative plant growth, 
plant water status, leaf gas exchange, water use efficiency (WUE), and fv/fm (maximum 
efficiency of photosystem II), but the malondialdehyde (MDA) and proline levels of oil 
palm seedlings were increased. In the second experiment, three levels of potassium rates 
(K1, K2, and K3) with five times applications (170, 340, and 510 kg KCl ha−1), (480, 
960, and 1440 kg KCl ha−1), (170, 340, and 510 kg KCl ha−1), (960, 1920, and 2880 KCl 
kg ha−1), and (960, 1920, and 2880 kg KCl ha−1) under three different levels of water 
stress (100% ER, 75% and 25% ER) were exposed on oil palm seedlings to identify the 
best rate of potassium fertiliser under water stress application and to understand the 
interaction between drought impacts and potassium application on oil palm seedlings. 
The result revealed that water stress hampered the growth of oil palm seedlings. As 
potassium fertiliser rates increased, no significant differences in the physiology of the 
seedlings were observed except for height, net photosynthesis, and intercellular CO2 (Ci). 
However, the biochemical properties (proline, soluble sugars, and phenolics) of oil palm 
seedling increased by 50%, 60%, and 55% while MDA decreased by 40% compared to 
control when the application of K was doubled. Yet, there were no significant differences 
by applying double rate and triple rate of K. There was also an interaction between 
different water treatment levels and the rate of potassium fertiliser on the height, Ci and 
flavonoid level of oil palm seedlings. In the third experiment, three types of potassium 
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fertiliser (KCl; Potassium chloride, K2SO4; Potassium sulphate and KNO3: Potassium 
nitrate) with a double rate of K under three levels of water stress (100% ER, 75% ER, 
and 25% ER) were exposed to oil palm seedlings to investigate the influence of 
potassium source in minimizing water stress effects in this crop. It was found that as the 
level of water reduced, the RGR (relative growth rate), LAR (leaf area ratio), LWR (leaf 
weight ratio), and SLA (specific leaf area) of oil palm seedlings reduced, but the value 
of R:S (root: shoot ratio) improved. The result also revealed that K2SO4 increased the 
leaf gas exchange and fv/fm as well as reducing the leaf temperature compared to KCl 
and KNO3.  There was an interaction between water stress and the source of K on 
respiration rate and electrolyte leakage. K2SO4 also reduced the biochemical properties 
of oil palm seedlings. In the last experiment, the study was designed to investigate the 
effect of elevated temperature on the physiology of oil palm seedlings, to examine the 
combination of heat and water stress as well as to explore the potential of potassium 
fertiliser in alleviating these stresses. Oil palm seedlings were treated with six regimes: 
A (well-watered + control amount of KCl + 30°C), B (well-watered + control amount of 
KCl + 32°C), C (moderate water stress + double rate of K2SO4 + 30°C), D (moderate 
water stress + double rate of K2SO4 + 32°C), E (severe water stress + double rate of 
KNO3 + 30°C) and F (severe water stress + double rate of KNO3 + 32°C). The results 
showed heat stress decreased vegetative plant growth, plant water status, and increased 
leaf temperature. The effects were exacerbated by the combination of water stress. 
However, there was no significant effect of high temperature on the leaf gas exchange, 
WUE, fv/fm, SPAD chlorophyll value, and biochemical properties of the palms. The level 
of MDA, proline, soluble sugar, and lipid peroxidation only greatly increased under 
severe water stress. The present study suggests that only the growth of oil palms 
seedlings is sensitive to the 2°C rise, but not leaf gas exchange and biochemical 
attributes. Potassium fertiliser can play a protective role during moderate water stress 
under ambient temperature, thus supplying 75% water from soil field capacity, and 
doubling K2SO4 on oil palm seedlings under water scarcity is recommended. From this 
project, it can be concluded that the application of the evapotranspiration replacement 
method and potassium fertiliser were able to alleviate the abiotic stress in oil palm 
seedlings. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
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PERTUMBUHAN, ASIMILASI KARBON DAN PERUBAHAN BIOKIMIA 
ANAK KELAPA SAWIT (Elaeis guineensis Jacq.) DALAM FAKTOR 

PERUBAHAN IKLIM DENGAN PEMBAJAAN KALIUM 

Oleh 

TUAN SYARIPAH NAJIHAH BINTI TUAN MOHD RAZALI 

Mac 2021 

Pengerusi : Mohd Hafiz bin Ibrahim, PhD 
Fakulti : Sains 

Permintaan kepada minyak sawit dijangka meningkat kerana pertambahan penduduk 
dunia. Namun, perubahan iklim menimbulkan cabaran yang signifikan terhadap produksi 
kelapa sawit kerana hasilnya dipengaruhi secara langsung oleh tekanan abiotik, terutama 
tegasan air dan suhu. Kalium (K) adalah elemen penting dalam ladang kelapa sawit 
kerana ia terlibat secara langsung dalam proses fisiologi tanaman. Oleh itu, kajian ini 
dijalankan untuk menentukan bagaimana penggunaan kaedah penggantian 
evapotranspirasi (ER) dan baja kalium dapat digunakan untuk mengurangkan kesan 
ketegasan air dan suhu pada anak benih kelapa sawit. Dalam eksperimen pertama, empat 
tahap air [100% ER (air yang cukup), 75% ER (tegasan air sederhana), 50% ER (tegasan 
air tinggi) dan 25% ER (tegasan air teruk)] digunakan untuk menyiasat kesan tahap 
ketegasan air yang berbeza terhadap fisiologi anak benih kelapa sawit berumur 4 bulan. 
Hasil kajian menunjukkan bahawa tegasan air yang teruk menurunkan pertumbuhan 
tanaman vegetatif, status air tanaman, pertukaran gas daun, kecekapan penggunaan air 
(WUE) dan fv/fm (kecekapan maksimum fotosistem II), tetapi kadar malondialdehid 
(MDA) dan prolin anak sawit meningkat. Dalam eksperimen kedua, tiga tahap kadar 
kalium (K1, K2, dan K3) dengan lima kali aplikasi (170, 340, dan 510 kg KCl ha−1), 
(480, 960, dan 1440 kg KCl ha−1), (170, 340, dan 510 kg KCl ha−1), (960, 1920, dan 2880 
KCl kg ha−1), dan (960, 1920, dan 2880 kg KCl ha−1) di bawah tiga tahap air yang berbeza 
(100% ER, 75% dan 25% ER) diaplikasikan kepada anak benih kelapa sawit untuk 
mengenal pasti kadar baja kalium terbaik di bawah tegasan air dan untuk memahami 
interaksi antara kesan kemarau dan penggunaan kalium pada bibit kelapa sawit. Hasil 
kajian menunjukkan bahawa tegasan air merosotkan pertumbuhan bibit kelapa sawit. 
Apabila kadar baja kalium meningkat, tidak ada perbezaan yang signifikan dalam 
fisiologi anak benih yang diperhatikan kecuali tinggi, fotosintesis bersih, dan CO2 antara 
sel (Ci). Walau bagaimanapun, sifat biokimia (prolin, gula larut, dan fenolik) bibit kelapa 
sawit meningkat sebanyak 50%, 60%, dan 55% sementara MDA menurun sebanyak 40% 
berbanding dengan kawalan dengan kadar dua kali ganda K. Namun, tidak ada perbezaan 
yang signifikan pembajaan kadar dua kali ganda dan kadar tiga kali ganda K. Terdapat 
juga interaksi antara tahap air yang berbeza dan kadar baja kalium kepada ketinggian 
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pokok, Ci dan tahap flavonoid bibit kelapa sawit. Dalam eksperimen ketiga, tiga jenis 
baja kalium (KCl; Kalium klorida, K2SO4; Kalium sulfat dan KNO3: Kalium nitrat) 
dengan kadar dua kali ganda K di bawah tiga tahap tegasan air (100% ER, 75% ER, dan 
25% ER) didedahkan kepada anak pokok kelapa sawit untuk menyiasat pengaruh sumber 
kalium dalam meminimumkan kesan tegasan air pada tanaman ini. Didapati bahawa 
apabila kadar air berkurang, RGR, LAR, LWR, dan SLA berkurang, tetapi nilai R: S 
bertambah baik. Hasilnya juga menunjukkan bahawa K2SO4 meningkatkan pertukaran 
gas daun dan fv/fm serta mengurangkan suhu daun berbanding KCl dan KNO3. Terdapat 
interaksi antara tegasan air dan sumber K pada kadar pernafasan dan kebocoran 
elektrolit. K2SO4 juga mengurangkan sifat biokimia benih kelapa sawit. Dalam 
eksperimen terakhir, kajian ini dirancang untuk menyelidik pengaruh peningkatan suhu 
pada fisiologi anak benih kelapa sawit, untuk mengkaji kombinasi tegasan suhu dan air, 
serta untuk mengetahui potensi baja kalium dalam mengurangkan tegasan ini. Anak 
benih kelapa sawit dirawat dengan enam rejim: A (air cukup + kadar KCl yang disyorkan 
+ 30°C), B (air cukup + kadar KCl yang disyorkan + 32°C), C (tegasan air sederhana + 
dua kali ganda kadar K2SO4 + 30°C), D ( tegasan air sederhana + dua kali ganda kadar 
K2SO4 + 32°C), E (tegasan air teruk + dua kali ganda kadar KNO3 + 30°C) dan F (tegasan 
air teruk + dua kali ganda kadar KNO3 + 32°C). Hasil kajian menunjukkan tegasan suhu 
menurunkan pertumbuhan tanaman vegetatif, status air tanaman, dan meningkatkan suhu 
daun. Kesannya lebih buruk dengan gabungan tegasan air. Walau bagaimanapun, tidak 
ada pengaruh signifikan suhu tinggi pada pertukaran gas daun, WUE, fv/fm, nilai klorofil 
SPAD, dan sifat biokimia. Tahap MDA, prolin, gula larut, dan peroksidasi lipid hanya 
meningkat di bawah tegasan air yang teruk. Kajian ini menunjukkan bahawa hanya 
pertumbuhan anak pokok kelapa sawit yang sensitif terhadap kenaikan 2°C, tetapi 
pertukaran gas daun dan sifat biokimia tidak terkesan. Baja kalium dapat memainkan 
peranan pelindung dibawah tegasan air sederhana pada suhu biasa, jadi bekalan air 
sebanyak 75% dari kapasiti tanah dan pemberian dua kali ganda K2SO4 pada anak benih 
kelapa sawit ketika kekurangan air adalah disyorkan. Dari projek ini, dapat disimpulkan 
bahawa penggunaan kaedah penggantian evapotranspirasi dan baja kalium dapat 
mengurangkan tekanan abiotik pada anak benih kelapa sawit. 
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CHAPTER 1 
 
 

INTRODUCTION 
 

 
1.1 Background of the study 

 
Oil palm, Elaeis guineensis Jacq. is a tropical tree species of the family Arecaceae which 
produce the highest yield per ha among all oil crops (Corley & Tinker, 2015a; Khatun et 
al., 2017). This crop produces the most important vegetable oil in the world and Malaysia 
contributes about 28% of world palm oil production (Malaysian Palm Oil Council 
[MPOC], 2020a). The industry has grown to become one of the most important GDP 
contributors in Malaysia and it plays a significant role in the country's economic growth 
(Kushairi et al., 2017). Considered as a golden crop, oil palm has been used not only for 
cooking but also for cosmetics, personal care items and recently for biodiesel (Kurnia et 
al., 2016; Paterson et al., 2017). The growing global demand for palm oil triggered the 
industry to produce more to cope with the increasing world population.  
 
 
However, the issue of climate change and global warming provides major challenges to 
this industry as its production can be affected by biotic and abiotic stresses (Paterson & 
Lima, 2018). Water stress and high temperature are among the abiotic stresses that have 
been facing by all agricultural industries including the oil palm industry. For the last two 
decades, the amount of rainfall in Malaysia experienced irregularities (Tang, 2019) and 
globally, drought is expected to be more intense and frequent in the future (Sheffield et 
al., 2012). This trend is worrying as oil palm needs at least 2000 mm of rainfall per year 
for optimum growth with no dry season (Oettli et al., 2018; Tiemann et al., 2018). On 
the other hand, Mahmood et al. (2019) stated that the world temperature is expected to 
keep rising at a rapid rate and has already increased by about 0.74 °C ± 0.18 °C in the 
past 100 years (1906–2005). In the worst case, it is expected that the world temperature 
will rise by around 2-3 °C in the next 30-50 years (Hatfield & Prueger, 2015) and in 
Malaysia, Paterson et al. (2015) stated that the mean surface temperature in this country 
will increase about 1.5 to 2.0 °C by 2050. 
 

Extreme weather can affect the growth of the crop. The increase in temperature and 
drought raises concerns not only for oil palm production but also for all farmers who 
grow food crops. The event of El Niño usually causes lower rainfall with an increase in 
temperature which could lead to the development of water stress for palm trees (Oettli et 
al., 2018). Water deficit is reported to decrease the photosynthetic abilities and increase 
the proline level of oil palm trees (Cha-um et al., 2013). It is expected that the production 
of oil palm to be reduced by 30% if temperature rises 2 °C above optimum and rainfall 
decrease by 10% (Siwar et al., 2013; Paterson et al., 2015; Paterson & Lima, 2018). 
Water scarcity and high-temperature stress are believed to affect the physiological and 
developmental processes of the oil palm, yet it is still not known as to what extend oil 
palm seedlings will be impacted by these phenomena due to climate change (Ibrahim & 
Jaafar, 2012; Kancherla Suresh, 2013).  

 
© C

OPYRIG
HT U

PM



2 

One of the alternative ways to enhance crop's tolerance to drought stress and improve the 
crop's instantaneous water use efficiency is by applying potassium fertiliser. Few studies 
have reported that potassium fertiliser plays an important role in plant mechanisms and 
numerous studies have shown that this fertiliser has the potential to alleviate adverse 
effects of water stress on plant growth (Kumar et al., 2016; Bahrami-Rad & Hajiboland, 
2017; Tiemann et al., 2018). Potassium has a favourable influence on the water 
management of plants by its ability to control the stomatal opening, thus it involved with 
carbon dioxide uptake in photosynthesis activity (Sardans & Peñuelas, 2015; 
Hasanuzzaman et al., 2018).  

However, the study of potassium application on oil palm seedlings under water scarcity 
and high temperature has never been reported. Thus, further study on oil palm physiology 
mechanisms is required to improve its tolerance to these abiotic stresses. Basic 
information on oil palm physiology is important if growers are to adapt to climate change 
by improving efficiency in water usage to produce more crop per drop. The information 
could be useful to oil palm planters for future planning management, the design of new 
cropping systems and a basis for agronomic practices. 

Therefore, the current project consists of four experiments that were conducted with the 
following objectives: 

I. To evaluate water stress impacts on oil palm carbon assimilation, growth, and 
biochemical changes. 

II. To identify the activity of the oil palm seedlings exposed to a different rate of
potassium fertiliser under water stress condition.

III. To compare the growth analysis, leaf gas exchange and biochemical response
of Elaeis guineensis as affected by irrigation regimes and different sources of
potassium fertilisers.

IV. To determine the effect of high temperatures under water stress condition with
potassium supplementation on oil palm carbon assimilation, growth, and
biochemical changes.

It was hypothesised that water application on oil palm seedlings could be reduced by 
using the evapotranspiration method. It was also hypothesised that the addition of 
potassium fertilisers could alleviate the negative impact of water stress and high 
temperature on the growth, physiology and biochemical of this crop. 

© C
OPYRIG

HT U
PM



  81 

REFERENCES 
 

Abdul Jaleel, C., Manivannan, P., Wahid, A., Farooq, M., Jasim Al-Juburi, H., 
Somasundaram, R., and Panneerselvam, R. (2009). Drought stress in plants: A 
review on morphological characteristics and pigments composition. International 

Journal of Agriculture and Biology 11(1): 100-105. 

Aboelill, A. A., Mehanna, H. M., Kassab, O. M. and Abdallah, E. F. (2012). The response 
of peanut crop to foliar spraying with potassium under water stress conditions. 
Australian Journal of Basic and Applied Sciences 6(8): 626–634. 

Adhikari, B., Dhungana, S. K., Kim, I.D. and Shin, D.H. (2019). Effect of foliar 
application of potassium fertilizers on soybean plants under salinity stress. Journal 

of the Saudi Society of Agricultural Sciences 19(4): 261-269. 

Adnan, H. (2015). El Nino dry weather to lead to rise in the palm oil price. Retrieved 20 
March 2019 from https://www.thestar.com.my/business/business-news/2015 
/09/28/the-return-of-el-nino/. 

Ahmad, S. M., Arshad, F., Ismail, A., Ali Nordin, A. Z. and Nambiappan, B. (2019). 
Cost of production in the malaysian oil palm nursery sector. Oil Palm Industry 

Economic Journal 19(2): 26–32. 

Akpo, E., Stomph, T. J., Kossou, D. K., Omore, A. O. and Struik, P. C. (2014). Effects 
of nursery management practices on morphological quality attributes of tree 
seedlings at planting: The case of oil palm (Elaeis guineensis Jacq.). Forest 

Ecology and Management 324: 28-36. 

Akter, N. and Islam, M. (2017). Heat stress effects and management in wheat. A review. 
Agronomy for Sustainable Development 37(5): 7.  

Alam, M. R., Ali, M. A., Molla, M. S. H., Momin, M. A. and Mannan, M. A. (2009). 
Evaluation of different levels of potassium on the yield and protein content of 
wheat in the high Ganges river floodplain soil. Bangladesh Journal of Agricultural 

Research 34(1): 97–104. 

Ali, R. and Ali, A. K. (2009). Estimating the prospective impatcs of global warming on 
malaysian agriculture. Proceedings of 2nd National Conference on Agro-

Environment 24 - 26. 

Amiro, B. D., Thurtell, G. W. and Gillespie, T. J. (1983). A small infrared thermometer 
for measuring leaf temperature in leaf chambers. Journal of Experimental Botany 
34(11): 1569–1576.  

Amjikarai Radhakrishna, N. K., Chenniappan, V. and Dhashnamurthi, V. (2018). 
Combined effects of drought and moderately high temperature on the 
photosynthesis, PS II photochemistry and yield traits in rice (Oryza sativa L.). 
Indian Journal of Plant Physiology 23(3): 408–415.  

Anjum, S., Xie, X., Wang, L., Saleem, M., Man, C. and Lei, W. (2011). Morphological, 
physiological and biochemical responses of plants to drought stress. African 

Journal of Agricultural Research 6(9): 2026-2032. 
© C

OPYRIG
HT U

PM



82 

Anwaar, H. A., Perveen, R., Mansha, M. Z., Abid, M., Sarwar, Z. M., Aatif, H. M., ... 
and Rizwan, M. (2020). Assessment of grain yield indices in response to drought 
stress in wheat (Triticum aestivum L.). Saudi journal of biological sciences 27(7): 
1818-1823. 

Apichatmeta, K., Sudsiri, C. J. and Ritchie, R. J. (2017). Photosynthesis of oil palm 
(Elaeis guineensis). Scientia Horticulturae 214: 34–40. 

Argosubekti, N. (2020, April). A review of heat stress signaling in plants. In IOP 

Conference Series: Earth and Environmental Science (Vol. 484, No. 1, p. 012041). 
IOP Publishing. 

Ariyanti, M., Rosniawaty, S., Ratna, I. and Fernando, A. (2018). The growth response of 
oil palm seedling at main nursery against watering at different volume and 
frequency and against provision of compost. International Journal of Sciences: 

Basic and Applied Research 37(3): 226–233. 

Armstrong, D. L. and Griffin, K. P. (1998). Better Crops with Plant Food. Georgia: 
Potash & Phosphate Institute. 

Ashraf, M. and Harris, P. J. C. (2013). Photosynthesis under stressful environments: An 
overview. Photosynthetica 51(2): 163–190. 

Ashraf, M. Y., Rafique, N., Ashraf, M., Azhar, N. and Marchand, M. (2013). Effect of 
supplemental potassium (K+) on growth, physiological and biochemical attributes 
of wheat grown under saline conditions. Journal of Plant Nutrition 36(3): 443–
458. 

Aucique-Perez, C. E., Daza, E. S., Ávila-Diazgranados, R. A. and Romero, H. M. (2020). 
Chlorophyll a fluorescence and leaf temperature are early indicators of oil palm 
diseases. Scientia Agricola 77(2).  

Awalludin, M. F., Sulaiman, O., Hashim, R. and Nadhari, W. N. A. W. (2015). An 
overview of the oil palm industry in Malaysia and its waste utilization through 
thermochemical conversion, specifically via liquefaction. Renewable and 

Sustainable Energy Reviews 50: 1469–1484.  

Amirul, H. A., Tui, L., Yaw, S., Sudharsan, S., Rosman, R., Izwanizam, A. and 
Palaniappan, S. (2016). Impact of El Niño on palm oil production. Planter 
92(1088): 789-806.  

Azzeme, A. M., Abdullah, S. N. A., Aziz, M. A. and Wahab, P. E. M. (2016). Oil palm 
leaves and roots differ in physiological response, antioxidant enzyme activities and 
expression of stress-responsive genes upon exposure to drought stress. Acta 

Physiologiae Plantarum 38(2): 1–12.  

Bahrami-Rad, S. and Hajiboland, R. (2017). Effect of potassium application in drought-
stressed tobacco (Nicotiana rustica L.) plants: Comparison of root with foliar 
application. Annals of Agricultural Sciences 62(2): 121–130.  

Baque, M. A., Karim, M. A., Hamid, A. and Tetsushi, H. (2006). Effects of fertilizer 
potassium on growth, yield and nutrient uptake of wheat (Triticum aestivum) under 
water stress conditions. South Pacific Studies 27(1): 25–35. 

© C
OPYRIG

HT U
PM



  83 

Bargali, K. and Tewari, A. (2004). Growth and water relation parameters in drought-
stressed Coriaria nepalensis seedlings. Journal of Arid Environments 58(4): 505–
512.  

Basiron, Y. (2007). Palm oil production through sustainable plantations. European 

Journal of Lipid Science and Technology 109(4): 289–295.  

Basu, S., Ramegowda, V., Kumar, A. and Pereira, A. (2016). Plant adaptation to drought 
stress. F1000Research 5:1554. 

Bates, L. S., Waldren, R. P. and Teare, I. D. (1973). Rapid determination of free proline 
for water-stress studies. Plant and Soil 39(1): 205–207.  

Begcy, K., Sandhu, J. and Walia, H. (2018). Transient heat stress during early seed 
development primes germination and seedling establishment in rice. Frontiers in 

Plant Science 9: 1768. 

Bita, C. and 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. 

Blanch, M., Alvarez, M. D., Sanchez-Ballesta, M. T., Escribano, M. I. and Merodio, C. 
(2017). Water relations, short-chain oligosaccharides and rheological properties in 
lettuces subjected to limited water supply and low temperature stress. Scientia 

Horticulturae 225: 726–735.  

Bocianowski, J., Szulc, P., Tratwal, A., Nowosad, K. and Piesik, D. (2016). The 
influence of potassium to mineral fertilizers on the maize health. Journal of 

Integrative Agriculture 15(6): 1286–1292.  

Bolat, I., Dikilitas, M., Ercisli, S., Ikinci, A. and Tonkaz, T. (2014). The effect of water 
stress on some morphological, physiological, and biochemical characteristics and 
bud success on apple and quince rootstocks. The Scientific World Journal 4 (2014): 
2014-2018 

Borowski, E. and Michałek, S. (2009). The effect of foliar feeding of potassium salts and 
urea in spinach on gas exchange, leaf yield and quality. Acta Agrobotanica 62: 
155–162.  

Boutraa, T., Akhkha, A., Al-Shoaibi, A. A. and Alhejeli, A. M. (2010). Effect of water 
stress on growth and water use efficiency (WUE) of some wheat cultivars 
(Triticum durum) grown in Saudi Arabia. Journal of Taibah University for Science 
3: 39–48.  

Brönnimann, S., Ewen, T., Luterbacher, J., Diaz, H. F., Stolarski, R. S. and Neu, U. 
(2008). A Focus on Climate During the Past 100 Years BT - Climate Variability 
and Extremes during the Past 100 Years. In Stefan Brönnimann, J. Luterbacher, T. 
Ewen, H. F. Diaz, R. S. Stolarski, & U. Neu (Eds.) (pp. 1–25). Dordrecht: Springer 
Netherlands.  

Brunner, I., Herzog, C., Dawes, M. A., Arend, M. and Sperisen, C. (2015). How tree 
roots respond to drought. Frontiers in Plant Science 6: 547. 

Cakmak, I. (2005). The role of potassium in alleviating detrimental effects of abiotic 

© C
OPYRIG

HT U
PM



  84 

stresses in plants. Journal of Plant Nutrition and Soil Science 168(4): 521–530.  

Campos, H., Trejo, C., Peña-Valdivia, C. B., García-Nava, R., Conde-Martínez, F. V. 
and Cruz-Ortega, M. R. (2014). Stomatal and non-stomatal limitations of bell 
pepper (Capsicum annuum L.) plants under water stress and re-watering: Delayed 
restoration of photosynthesis during recovery. Environmental and Experimental 

Botany 98: 56–64.  

Carr, M. K. V. (2011). THE water relations and irrigation requirements of oil palm 
(Elaeis guineensis): A review. Experimental Agriculture 47(4): 629–652.  

Cha-Um, S., Takabe, T. and Kirdmanee, C. (2012). Physio-biochemical responses of oil 
palm (Elaeis guineensis Jacq.) seedlings to mannitol- and polyethylene glycol-
induced iso-osmotic stresses. Plant Production Science 15(2): 65-72. 

Cha-um, S., Yamada, N., Takabe, T. and Kirdmanee, C. (2013). Physiological features 
and growth characters of oil palm (Elaeis guineensis Jacq.) in response to reduced 
water-deficit and rewatering. Australian Journal of Crop Science 7(3): 432–439. 

Chartzoulakis, K., Noitsakis, B. and Therios, I. (1993). Photosynthesis, plant growth and 
dry matter distribution in kiwifruit as influenced by water deficits. Irrigation 

Science 14(1): 1–5.  

Chen, H., Wang, P., Li, J., Zhang, J. and Zhong, L. (2012). Canopy spectral reflectance 
feature and leaf water potential of sugarcane inversion. Physics Procedia 25: 595–
600.  

Christenhusz, M. J. M. and Byng, J. W. (2016). Phytotaxa. Phytotaxa 261(3): 201–217.  

Chrysargyris, A., Drouza, C. and Tzortzakis, N. (2017). Optimization of potassium 
fertilization/nutrition for growth, physiological development, essential oil 
composition and antioxidant activity of Lavandula angustifolia Mill. Journal of 

Soil Science and Plant Nutrition 17(2): 291–306.  

Clegg, S. and de Matos, J. A. (2017). Palm Oil and Development in Malaysia and 
Indonesia. In Sustainability and Organizational Change Management (pp. 78–79). 
Routledge. 

Sage, R. F. and Coleman, J. R. (2001). Effects of low atmospheric CO2 on plants: more 
than a thing of the past. Trends in plant science 6(1): 18-24. 

Corley, R. H. V. and Tinker, P. B. H. (2015a). The Classification and Morphology of the 
Oil Palm. The Oil Palm. Chichester: John Wiley & Sons. 

Corley, R. H. V. and Tinker, P. B. H. (2015b). Seed Germination and Nurseries. The Oil 

Palm. Chichester: John Wiley & Sons. 

Corley, R. and Tinker, P. B. H. (2015c). The Climate of the Oil Palm-Growing Regions. 
In The Oil Palm (pp. 53–67). Chichester: John Wiley & Sons 

Corley, R. H. V. and Tinker, P. B. H. (2015d). Growth, Flowering and Yield. The Oil 

Palm. Chichester: John Wiley & Sons. 

Correia, B., Pintó-Marijuan, M., Neves, L., Brossa, R., Dias, M. C., Costa, A., … and 
Pinto, G. (2014). Water stress and recovery in the performance of two Eucalyptus 

© C
OPYRIG

HT U
PM



  85 

globulus clones: physiological and biochemical profiles. Physiologia Plantarum 
150(4): 580–592.  

Crafts-Brandner, S. J. and Salvucci, M. E. (2002). Sensitivity of photosynthesis in a C4 
plant, maize, to heat stress. Plant Physiology 129(4): 1773–1780.  

Cramb, R. and McCarthy, J. F. (2016). Characterising Oil Palm Production in Indonesia 
and Malaysia. The Oil Palm Complex: Smallholders, Agribusiness and the State in 

Indonesia and Malaysia, 27. 

Cruz, F. J. R., de Mello Prado, R., Felisberto, G., Santos, Á. S. and Barreto, R. F. (2019). 
Potassium nutrition in fruits and vegetables and food safety through hydroponic 
system. Improvement of Quality in Fruits and Vegetables Through Hydroponic 

Nutrient Management, 23. 

Culman, M., de Farias, C. M., Bayona, C. and Cabrera Cruz, J. D. (2019). Using 
agrometeorological data to assist irrigation management in oil palm crops: A 
decision support method and results from crop model simulation. Agricultural 

Water Management 213: 1047–1062.  

da Rocha, I. T. M., Freire, F. J., de Oliveira, E. C. A., de Souza, E. R., Freire, M. B. G. 
S., Neto, D. E. S. and da Silva, A. V. (2019). Salt effect of potassium fertilizer on 
productivity and technological quality of sugarcane. Australian Journal of Crop 

Science 13(9): 1552–1560. 

Daliparthy, J., Barker, A. V. and Mondal, S. S. (1994). Potassium fractions with other 
nutrients in crops: A review focusing on the tropics. Journal of Plant Nutrition 
17(11): 1859–1886.  

de Sá, A. F. L., Valeri, S. V, da Cruz, M. C. P., Barbosa, J. C., Rezende, G. M. and 
Teixeira, M. P. (2014). Effects of potassium application and soil moisture on the 
growth of Corymbia citriodora plants. Cerne 20(4): 645–651.  

Demidchik, V., Straltsova, D., Medvedev, S. S., Pozhvanov, G. A., Sokolik, A. and 
Yurin, V. (2014). Stress-induced electrolyte leakage: the role of K+-permeable 
channels and involvement in programmed cell death and metabolic adjustment. 
Journal of Experimental Botany 65(5): 1259–1270.  

Department of Statistics Malaysia. (2019). Selected Agricultural Indicators Malaysia. 
Retrieved 20 March 2020 from https://www.dosm.gov.my/v1/index.php?r= 
column/cthemeByCat&cat=72&bul_id=SEUxMEE3VFdBcDJhdUhPZVUxa2pK
dz09&menu_id=Z0VTZGU1UHBUT1VJMFlpaXRRR0xpdz09  

Derman, E., Abdulla, R., Marbawi, H. and Sabullah, M. K. (2018). Oil palm empty  
bunches as a promising feedstock for bioethanol production in Malaysia. 
Renewable Energy 129: 285–298.  

Dinar, A., Tieu, A. and Huynh, H. (2019). Water scarcity impacts on global food 
production. Global Food Security 23: 212–226.  

dos Santos, L. K., Hatanaka, R. R., de Oliveira, J. E. and Flumignan, D. L. (2019). 
Production of biodiesel from crude palm oil by a sequential 
hydrolysis/esterification process using subcritical water. Renewable Energy 130: 
633–640. 

© C
OPYRIG

HT U
PM



  86 

Du, L., Liu, H., Guan, W., Li, J. and Li, J. (2019). Drought affects the coordination of 
belowground and aboveground resource-related traits in Solidago canadensis in 
China. Ecology and Evolution 9(17): 9948–9960.  

Du, Y., Zhao, Q., Chen, L., Yao, X., Zhang, W., Zhang, B., & Xie, F. (2020). Effect of 
drought stress on sugar metabolism in leaves and roots of soybean seedlings. Plant 

Physiology and Biochemistry 146: 1–12.  

Eckstein, D., Künzel, V., Schäfer, L. and Winges, M. (2019). Global climate risk index 
2020. Germanwatch Available at: https://germanwatch. org/sites/germanwatch. 
org/files/20-2-01e% 20Global, 20. 

El-Hendawy, S. E., Al-Suhaibani, N. A., Elsayed, S., Hassan, W. M., Dewir, Y. H., 
Refay, Y. and Abdella, K. A. (2019). Potential of the existing and novel spectral 
reflectance indices for estimating the leaf water status and grain yield of spring 
wheat exposed to different irrigation rates. Agricultural Water Management 217: 
356–373.  

El-Mogy, M. M., Salama, A. M., Mohamed, H. F. Y., Abdelgawad, K. F. and 
Abdeldaym, E. A. (2019). Responding of long green pepper plants to different 
sources of foliar potassium fertiliser. Agriculture 65(2): 59–76.  

Erice, G., Louahlia, S., Irigoyen, J. J., Sánchez-Díaz, M., Alami, I. T. and Avice, J.-C. 
(2011). Water use efficiency, transpiration and net CO2 exchange of four alfalfa 
genotypes submitted to progressive drought and subsequent recovery. 
Environmental and Experimental Botany 72(2): 123–130.  

Fahad, S., Bajwa, A. A., Nazir, U., Anjum, S. A., Farooq, A., Zohaib, A., … Huang, J. 
(2017). Crop production under drought and heat stress: Plant responses and 
management options. Frontiers in Plant Science 8:1147. 

Farooq, M., Hussain, M., Wahid, A. and Siddique, K. H. M. (2012). Drought Stress in 
Plants: An Overview BT - Plant Responses to Drought Stress: From Morphological 
to Molecular Features. In R. Aroca (Ed.) (pp. 1–33). Berlin, Heidelberg: Springer 
Berlin Heidelberg.  

Fauzi, W. R. and Putra, E. T. S. (2019). Dampak pemberian kalium dan cekaman 
kekeringan terhadap serapan hara dan produksi biomassa bibit kelapa sawit (Elaeis 

gueenensis Jacq.). Jurnal Penelitian Kelapa Sawit 27(1): 41–56. 

Fernández, R. J., Wang, M. and Reynolds, J. F. (2002). Do morphological changes 
mediate plant responses to water stress? A steady-state experiment with two C4 
grasses. New Phytologist 155(1): 79–88.  

Fitzherbert, E. B., Struebig, M. J., Morel, A., Danielsen, F., Brühl, C. A., Donald, P. F. 
and Phalan, B. (2008). How will oil palm expansion affect biodiversity?. Trends 

in ecology & evolution 23(10), 538-545. 

Flexas, J., Galmes, J., Ribas-Carbo, M. and Medrano, H. (2005). The effects of water 
stress on plant respiration. In Plant respiration (pp. 85-94). Springer, Dordrecht. 

Forner, A., Valladares, F., Bonal, D., Granier, A., Grossiord, C. and Aranda, I. (2018). 
Extreme droughts affecting Mediterranean tree species’ growth and water-use 
efficiency: the importance of timing. Tree Physiology 38(8): 1127–1137.  

© C
OPYRIG

HT U
PM



  87 

Galmés, J., Cifre, J., Medrano, H. and Flexas, J. (2005). Modulation of relative growth 
rate and its components by water stress in Mediterranean species with different 
growth forms. Oecologia 145(1): 21.  

Gautam, A., Agrawal, D., SaiPrasad, S. V. and Jajoo, A. (2014). A quick method to 
screen high and low yielding wheat cultivars exposed to high temperature. 
Physiology and Molecular Biology of Plants 20(4): 533–537.  

Gebremeskel, G., Tang, Q., Sun, S., Huang, Z., Zhang, X. and Liu, X. (2019). Droughts 
in East Africa: Causes, impacts and resilience. Earth-Science Reviews 193: 146–
161.  

Gerritsma, W. (1988). Light interception, leaf photosynthesis and sink-source relations 
in oil palm. Agricultural University Wageningen. 

Getirana, A. (2016). Extreme water deficit in Brazil detected from space. Journal of 

Hydrometeorology 17(2): 591–599. 

Glickman, T. S. and Zenk, W. (2000). Glossary of meteorology. American 
Meteorological Society. 

Goh, K. J., Chew, P. S. and Kee, K. K. (1994). K nutrition for mature oil palm in 

Malaysia. International Potash Institute. 

Goh, K. J. and Teo, C. B. (2011). Agronomic principles and practices of fertilizer 
management of oil palm. Agronomic Principles and Practices of Oil Palm 

Cultivation 241–318. 

Gómez-del-Campo, M., Ruiz, C. and Lissarrague, J. R. (2002). Effect of water stress on 
leaf area development, photosynthesis, and productivity in Chardonnay and Airén 
grapevines. American Journal of Enology and Viticulture 53(2): 138–143.  

Goraya, G. K., Kaur, B., Asthir, B., Bala, S., Kaur, G. and Farooq, M. (2017). Rapid 
injuries of high temperature in plants. Journal of Plant Biology 60(4): 298–305.  

Gray, S. B. and Brady, S. M. (2016). Plant developmental responses to climate change. 
Developmental Biology 419(1): 64–77.  

Griñán, I., Rodríguez, P., Cruz, Z. N., Nouri, H., Borsato, E., Molina, A. J., … Galindo, 
A. (2019). Leaf water relations in Diospyros kaki during a mild water deficit 
exposure. Agricultural Water Management 217: 391–398.  

Gunadi, N. (2009). Kalium sulfat dan kalium klorida sebagai sumber pupuk kalium pada 
tanaman bawang merah. Jurnal Hortikultura 19(2). 

Guo, Y. Y., Yu, H. Y., Yang, M. M., Kong, D. S. and Zhang, Y. J. (2018). Effect of 
drought stress on lipid peroxidation, osmotic adjustment and antioxidant enzyme 
activity of leaves and roots of Lycium ruthenicum Murr. seedling. Russian Journal 

of Plant Physiology 65(2): 244–250.  

Hafeez, A., Ali, S., Ma, X., Tung, S. A., Shah, A. N., Liu, A., … Yang, G. (2018). 
Potassium to nitrogen ratio favors photosynthesis in late-planted cotton at high 
planting density. Industrial Crops and Products 124: 369–381.  

Hailemichael, G., Catalina, A., González, M. and Martin, P. (2016). Relationships 

© C
OPYRIG

HT U
PM



  88 

between water status, leaf chlorophyll content and photosynthetic performance in 
Tempranillo vineyards. South African Journal of Enology and Viticulture 
37(2):149–156.  

Hamidou, F., Halilou, O. and Vadez, V. (2013). Assessment of groundnut under 
combined heat and drought stress. Journal of Agronomy and Crop Science 199(1): 
1–11.  

Hamoda, S. A. F., Attia, A. N. E., El-Hendi, M. H. and El-Sayed, S. O. S. (2016). Effect 
of nanofertilizer (lithovit) and potassium on growth, fruiting and yield of Egyptian 
cotton under different planting dates. International Journal of Advanced Research 

in Biological Science 3(12): 29–49. 

Hanaka, A., Dresler, S. and Nurzyńska-Wierdak, R. (2016). Biochemical and 
physiological responses of Eruca sativa mill. to selected nutrient conditions. Acta 

Scientiarum Polonorum, Hortorum Cultus 15(4): 147–160.  

Hao, L., Guo, L., Li, R., Cheng, Y., Huang, L., Zhou, H., … Zheng, Y. (2019). Responses 
of photosynthesis to high temperature stress associated with changes in leaf 
structure and biochemistry of blueberry (Vaccinium corymbosum L.). Scientia 

Horticulturae 246: 251–264.  

Hasanuzzaman, M, Bhuyan, M. H. M. B., Nahar, K., Hossain, M. S., Al Mahmud, J., 
Hossen, M. S., … Fujita, M. (2018). Potassium: A vital regulator of plant responses 
and tolerance to abiotic stresses. Agronomy 8(3).  

Hasanuzzaman, M, Nahar, K., Alam, M. M., Roychowdhury, R. and Fujita, M. (2013). 
Physiological, biochemical, and molecular mechanisms of heat stress tolerance in 
plants. International Journal of Molecular Sciences 14(5): 9643–9684.  

Hasanuzzaman, Mirza, Nahar, K. and Fujita, M. (2013). Extreme temperature responses, 
oxidative stress and antioxidant defense in plants. Abiotic Stress-Plant Responses 

and Applications in Agriculture 13: 169–205. 

Hassan, M U, Chattha, M. U., Khan, I., Chattha, M. B., Barbanti, L., Aamer, M., … 
Aslam, M. T. (2020). Heat stress in cultivated plants: nature, impact, mechanisms, 
and mitigation strategies—a review. Plant Biosystems 1-24. 

Hassan, Muhammad Umair, Aamer, M., Chattha, M. U., Ullah, M. A., Sulaman, S., 
Nawaz, M., … Guoqin, H. (2017). The role of potassium in plants under drought 
stress: Mini review. Journal of Basic and Applied Sciences 13: 268–271. 

Hatfield, J. L. and Prueger, J. H. (2015). Temperature extremes: Effect on plant growth 
and development. Weather and Climate Extremes 10: 4–10.  

Henson, I. E. (2012). A Brief History of the Oil Palm. In Palm Oil (pp. 1-29).AOCS 
Press.  

Heriansyah, C. and Tan, C. (2005). Nursery practices for production of superior oil palm 
planting materials. The Planter 81(948): 159–171. 

Hernandez-Santana, V., Fernández, J. E., Cuevas, M. V, Perez-Martin, A. and Diaz-
Espejo, A. (2017). Photosynthetic limitations by water deficit: Effect on fruit and 
olive oil yield, leaf area and trunk diameter and its potential use to control 

© C
OPYRIG

HT U
PM



  89 

vegetative growth of super-high density olive orchards. Agricultural Water 

Management 184: 9–18.  

Hezri, A. A. (2018). An Overview Study of Water-Energy-Food Nexus in Malaysia. The 
Department of Irrigation and Drainage: Kuala Lumpur. 

Hopkins, W. G. (1999). Introduction to Plant Physiology. John Wiley and Sons. 

Hsiao, T. C. (1973). Plant responses to water stress. Annual Review of Plant Physiology 
24(1): 519–570. 

Hu, W., Yang, J., Meng, Y., Wang, Y., Chen, B., Zhao, W., … Zhou, Z. (2015). 
Potassium application affects carbohydrate metabolism in the leaf subtending the 
cotton (Gossypium hirsutum L.) boll and its relationship with boll biomass. Field 

Crops Research 179: 120–131.  

Huda, A. I., El-Behairy, U. A., El-Desuki, M., Bakry, M. O. and Abou-Hadid, A. F. 
(2010). Response of green bean to lization with potassium and magnesium. 
Research Journal of Agriculture and Biological Sciences 6(6): 834–839. 

Hunt, R. (2017). Growth Analysis, Individual Plants. In B. Thomas, B. G. Murray, & D. 
J. B. T.-E. of A. P. S. (Second E. Murphy (Eds.) (pp. 421–429). Oxford: Academic 
Press.  

Húrsula Neves, L., Nunes Santos, R. I., dos Santos Teixeira, G. I., Gomes de Araujo, D., 
Vellasco Duarte Silvestre, W. and Alves Pinheiro, H. (2019). Leaf gas exchange, 
photochemical responses and oxidative damages in assai (Euterpe oleracea Mart.) 
seedlings subjected to high temperature stress. Scientia Horticulturae 257: 108733.  

Hussain, A., Arshad, M., Ahmad, H., Nazir, Q., Mustafa, A., Afzal, A. and Zeb, H. 
(2015). Comparative effectiveness of SOP and MOP for crop productivity in 
Pakistani soils -A review International Journal of Agronomy and Agricultural 
Research (IJAAR). International Journal of Agronomy and Agricultural Research 

(IJAAR) 6: 256–267. 

Hussain, H. A., Men, S., Hussain, S., Chen, Y., Ali, S., Zhang, S., … Wang, L. (2019). 
Interactive effects of drought and heat stresses on morpho-physiological attributes, 
yield, nutrient uptake and oxidative status in maize hybrids. Scientific Reports 9(1).  

Hussain, M., Farooq, S., Hasan, W., Ul-Allah, S., Tanveer, M., Farooq, M. and Nawaz, 
A. (2018a). Drought stress in sunflower: Physiological effects and its management 
through breeding and agronomic alternatives. Agricultural Water Management 
201: 152–166.  

Hussain, M., Farooq, S., Hasan, W., Ul-Allah, S., Tanveer, M., Farooq, M. and Nawaz, 
A. (2018b). Drought stress in sunflower: Physiological effects and its management 
through breeding and agronomic alternatives. Agricultural Water Management 
201: 152–166.  

Hussain, M., Tariq, A. F., Nawaz, A., Nawaz, M., Sattar, A., Ul-Allah, S. and Wakeel, 
A. (2020). Efficacy of lizing method for different potash sources in cotton 
(Gossypium hirsutum L.) nutrition under arid climatic conditions. PloS One 15(1): 
e0228335 

© C
OPYRIG

HT U
PM



  90 

Ibrahim, H.M., Jaafar, Z. E. H., Karimi, E. and Ghasemzadeh, A. (2012). Primary, 
secondary metabolites, photosynthetic capacity and antioxidant activity of the 
malaysian herb kacip fatimah (Labisia Pumila Benth) exposed to potassium 
lization under greenhouse conditions. International Journal of Molecular Sciences 
13(11): 15321-15342. 

Ibrahim, M.H., Jaafar, H. Z. E., Rahmat, A. and Rahman, Z. A. (2011). The relationship 
between phenolics and flavonoids production with total non structural 
carbohydrate and photosynthetic rate in Labisia pumila Benth. under high CO2 and 
nitrogen fertilization. Molecules 16(1): 162–174.  

Ibrahim, M.H. and Jaafar, H. Z. E. (2012). Impact of elevated carbon dioxide on primary, 
secondary metabolites and antioxidant responses of Eleais guineensis Jacq. (oil 
palm) seedlings. Molecules 17(5): 5195–5211.  

Ibrahim, M.H., Jaafar, H. Z. E., Rahmat, A. and Rahman, Z. A. (2012). Involvement of 
nitrogen on flavonoids, glutathione, anthocyanin, ascorbic acid and antioxidant 
activities of malaysian medicinal plant Labisia pumila Blume (Kacip Fatimah). 
International Journal of Molecular Sciences 13(1): 393-408. 

Jaafar, H. Z., Ibrahim, M. H. and Mohamad Fakri, N. F. (2012). Impact of soil field water 
capacity on secondary metabolites, phenylalanine ammonia-lyase (PAL), 
maliondialdehyde (MDA) and photosynthetic responses of Malaysian Kacip 
Fatimah (Labisia pumila Benth). Molecules 17(6): 7305-7322. 

IPCC. (2007). The Physical Science Basis. Summary for Policymakers. 
Intergovernmental Panel on Climate Change. Intergovernmental Panel on Climate 

Change (IPCC), Geneva, Switzerland. 

IPCC. (2014). Climate Change 2014: Synthesis Report. Contribution of Working Groups 
I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. 
IPCC, Geneva, Switzerland, 151 pp. 

IPCC (2018). Global Warming of 1.5°C. An IPCC Special Report on the impacts of 
global warming of 1.5°C above pre-industrial levels and related global greenhouse 
gas emission pathways, in the context of strengthening the global response to the 
threat of climate change, sustainable development, and efforts to eradicate poverty. 
In Press. 

IPCC (2012). Managing the Risks of Extreme Events and Disasters  to  Advance  Climate  
Change  Adaptation. In Special  Report  of  the Intergovernmental Panel  on  
Climate  Change; Field,  C.B., Barros,  V.,  Stocker,  T.F.,  Dahe,  Q.,  Eds.; 
Cambridge University Press: Cambridge, UK, 2012; p. 582. 

ISAAA. (2008). Pocket K No. 32: Biotechnology for the Development of Drought 
Tolerant Crops. Retrieved 20 March 2020 from http://www.isaaa.org/resources 
/publications/pocketk/32/ 

Isoda, A. (2010). Effects of water stress on leaf temperature and chlorophyll fluorescence 
parameters in cotton and peanut. Plant Production Science 13(3): 269–278. 

Jaafar, H. Z. E., Ibrahim, M. H. and Fakri, N. F. M. (2012). Impact of soil field water 
capacity on secondary metabolites, phenylalanine ammonia-lyase (PAL), 

© C
OPYRIG

HT U
PM



  91 

maliondialdehyde (MDA) and photosynthetic responses of Malaysian kacip 
fatimah (Labisia pumila Benth). Molecules 17(6): 7305–7322.  

Jakovljević, D. and Stanković, M. (2020). Adaptive Strategies of Plants Under Adverse 
Environment: Mitigating Effects of Antioxidant System. In Plant Ecophysiology 

and Adaptation under Climate Change: Mechanisms and Perspectives II (pp. 163-
186). Springer, Singapore.  

Jamaludin, D., Abd Aziz, S., Ahmad, D. and Jaafar, H. Z. E. (2015). Impedance analysis 
of Labisia pumila plant water status. Information Processing in Agriculture 2(3): 
161–168.  

James, H. and Makiko, S. (2016). Regional climate change and national responsibilities. 
Environmental Research Letters 11(3): 34009.  

Jespersen, D. (2020). Chapter 10 - Heat shock induced stress tolerance in plants: 
Physiological, biochemical, and molecular mechanisms of acquired tolerance. In 
M. A. Hossain, F. Liu, D. J. Burritt, M. Fujita, & B. B. T.-P.-M. S. and C.-S. T. in 
C. P. Huang (Eds.) (pp. 161–174). Academic Press.  

Jordan-Meille, L., Martineau, E., Bornot, Y., Lavres, J., Abreu-Junior, C. and Domec, 
J.-C. (2018). How does water-stressed corn respond to potassium nutrition? A 
shoot-root scale approach study under controlled conditions. Agriculture 8(11): 
180. 

Ju, Y., Yue, X., Zhao, X., Zhao, H. and Fang, Y. (2018). Physiological, micro-
morphological and metabolomic analysis of grapevine (Vitis vinifera L.) leaf of 
plants under water stress. Plant Physiology and Biochemistry 130: 501–510.  

Jungklang, J., Saengnil, K. and Uthaibutra, J. (2017). Effects of water-deficit stress and 
paclobutrazol on growth, relative water content, electrolyte leakage, proline 
content and some antioxidant changes in Curcuma alismatifolia Gagnep. cv. 
Chiang Mai Pink. Saudi Journal of Biological Sciences 24(7): 1505–1512.  

Kafkafi, U., Xu, G., Imas, P., Magen, H. and Tarchitzky, J. (2001). Potassium and 
Chloride in Crops and Soils: The Role of Potassium Chloride Fertilizer in Crop 

Nutrition. Basel: International Potash Institute. 

Kalaji, H. M., Carpentier, R., Allakhverdiev, S. I. and Bosa, K. (2012). Fluorescence 
parameters as early indicators of light stress in barley. Journal of Photochemistry 

and Photobiology B: Biology 112: 1–6.  

Kamil, N. N. and Omar, S. F. (2016). Climate variability and its impact on the palm oil 
industry. Oil Palm Industry Economic Journal 16(1),:18–30. 

Kamil, N. N., Omar, S. F., Niño, E. and Niño, E. (2017). The impact of El Niño and La 
Niña on Malaysian palm oil industry. Oil Palm Bulletin 74: 1–6.  

Kataria, N. and Singh, N. (2013). Amelioration of water stress by potassium fertilizer in 
chickpea (Cicer arietinum L.). Journal of Tropical Plant Physiology 5: 22–32. 

Kelly, J. W. G., Duursma, R. A., Atwell, B. J., Tissue, D. T. and Medlyn, B. E. (2016). 
Drought × CO2 interactions in trees: a test of the low-intercellular CO2 
concentration (Ci) mechanism. New Phytologist 209(4): 1600–1612.  

© C
OPYRIG

HT U
PM



  92 

Khan, A., Sovero, V. and Gemenet, D. (2016). Genome-assisted breeding for drought 
resistance. Current Genomics 17(4): 330-342. 

Khan, N. A., Khan, S., Naz, N., Shah, M., Irfanullah, A. S., Sher, H. and Khan, A. (2017). 
Effect of heat stress on growth, physiological and biochemical activities of wheat 
(Tri‑ticum aestivum L.). International Journal of Biosciences  11(4): 173–183. 

Khatun, R., Reza, M. I. H., Moniruzzaman, M. and Yaakob, Z. (2017). Sustainable oil 
palm industry: The possibilities. Renewable and Sustainable Energy Reviews 76: 
608–619.  

Klamkowski, K. and Treder, W. (2008). Response to drought stress of three strawberry 
cultivars grown under greenhouse conditions. Journal of Fruit and Ornamental 

Plant Research 16: 179–188. 

Klapwijk, D. and Lint, P. J. A. L. (1974). Fresh weight and flowering of tomato plants 
as influecend by container type and watering conditions. Acta Horticulturae 23: 
237–248. 

Klunklin, W. and Savage, G. (2017). Effect on quality characteristics of tomatoes grown 
under well-watered and drought stress conditions. Foods  6(8): 56. 

Kogan, F., Guo, W. and Yang, W. (2019). Drought and food security prediction from 
NOAA new generation of operational satellites. Geomatics, Natural Hazards and 

Risk 10(1): 651–666. 

Koh, L. P. and Wilcove, D. S. (2007). Cashing in palm oil for conservation. Nature 
448(7157): 993–994.  

Krishnan, P. (2012). Plant-Water Stress Indicators: An Assessment. Training Manual 

122. 

Kumar, A., Patel, J. S., Bahadur, I. and Meena, V. S. (2016). The Molecular Mechanisms 
of KSMs for Enhancement of Crop Production Under Organic Farming BT - 
Potassium Solubilizing Microorganisms for Sustainable Agriculture. In Vijay 
Singh Meena, B. R. Maurya, J. P. Verma, & R. S. Meena (Eds.) (pp. 61–75). New 
Delhi: Springer India.  

Kumar, A. R. and Kumar, N. (2008). Studies on the efficacy of sulphate of potash (SOP) 
on the physiological, yield and quality parameters of banana cv. Robusta 
(Cavendish-AAA). EurAsian Journal of BioSciences 2. 

Kumar, M. (2016). Impact of climate change on crop yield and role of model for 
achieving food security. Environmental Monitoring and Assessment 188(8).  

Kurnia, J. C., Jangam, S. V, Akhtar, S., Sasmito, A. P. and Mujumdar, A. S. (2016). 
Advances in biofuel production from oil palm and palm oil processing wastes: a 
review. Biofuel Research Journal 3(1): 332–346. 

Kushairi, A., Loh, S. K., Azman, I., Hishamuddin, E., Ong-Abdullah, M., Izuddin, Z. B. 
M. N., … Parveez, G. K. A. (2018). Oil palm economic performance in Malaysia 
and r&d progress in 2017. Journal of Oil Palm Research 30(2): 163–195.  

Kushairi, A., Singh, R. and Ong-Abdullah, M. (2017). The oil palm industry in Malaysia: 
Thriving with transformative technologies. Journal of Oil Palm Research 29(4): 

© C
OPYRIG

HT U
PM



  93 

431–439.  

Laksono, N. D., Setiawati, U., Nur, F., Rahmaningsih, M., Anwar, Y., Rusfiandi, H., … 
Zahara, H. (2019). Nursery Practices in Oil Palm: A Manual (Vol. 17). CABI. 

Lamaoui, M., Jemo, M., Datla, R. and Bekkaoui, F. (2018). Heat and drought stresses in 
crops and approaches for their mitigation. Frontiers in Chemistry 6: 26. 

Lambers, H., Chapin, F. S. and Pons, T. L. (2006). Plant Physiological Ecology. New 
York: Springer Science+ Business Media, LLC. 

Legros, S., Mialet-Serra, I., Caliman, J.-P., Siregar, F. A., Clement-Vidal, A., Fabre, D. 
and Dingkuhn, M. (2009). Phenology, growth and physiological adjustments of oil 
palm (Elaeis guineensis) to sink limitation induced by fruit pruning. Annals of 

Botany 104(6): 1183–1194.  

Legros, S., Mialet-Serra, I., Clement-Vidal, A., Caliman, J.-P., Siregar, F. A., Fabre, D. 
and Dingkuhn, M. (2009). Role of transitory carbon reserves during adjustment to 
climate variability and source–sink imbalances in oil palm (Elaeis guineensis). 
Tree Physiology 29(10): 1199–1211.  

Le Loh, J., Tangang, F., Juneng, L., Hein, D. and Lee, D. I. (2016). Projected rainfall and 
temperature changes over Malaysia at the end of the 21st century based on PRECIS 
modelling system. Asia-Pacific Journal of Atmospheric Sciences 52(2): 191-208. 

Li, Yibo, Song, H., Zhou, L., Xu, Z. and Zhou, G. (2019). Tracking chlorophyll 
fluorescence as an indicator of drought and rewatering across the entire leaf 
lifespan in a maize field. Agricultural Water Management 211: 190–201.  

Li, Yuping, Li, H., Li, Y. and Zhang, S. (2017). Improving water-use efficiency by 
decreasing stomatal conductance and transpiration rate to maintain higher ear 
photosynthetic rate in drought-resistant wheat. The Crop Journal 5(3): 231–239.  

Litvin, A. G., Van Iersel, M. W. and Malladi, A. (2016). Drought stress reduces stem 
elongation and alters gibberellin-related gene expression during vegetative growth 
of tomato. Journal of the American Society for Horticultural Science 141(6): 591–
597. 

Liu, B., Liang, J., Tang, G., Wang, X., Liu, F. and Zhao, D. (2019). Drought stress affects 
on growth, water use efficiency, gas exchange and chlorophyll fluorescence of 
Juglans rootstocks. Scientia Horticulturae 250: 230–235.  

Liu, F. and Stützel, H. (2004). Biomass partitioning, specific leaf area, and water use 
efficiency of vegetable amaranth (Amaranthus spp.) in response to drought stress. 
Scientia Horticulturae 102(1): 15–27.  

Liu, Fulai, Jensen, C. R., Shahanzari, A., Andersen, M. N. and Jacobsen, S.-E. (2005). 
ABA regulated stomatal control and photosynthetic water use efficiency of potato 
(Solanum tuberosum L.) during progressive soil drying. Plant Science 168(3): 
831–836. 

Liu, Y., Subhash, C., Yan, J., Song, C., Zhao, J. and Li, J. (2011). Maize leaf temperature 
responses to drought: Thermal imaging and quantitative trait loci (QTL) mapping. 
Environmental and Experimental Botany 71(2): 158–165.  

© C
OPYRIG

HT U
PM



  94 

Lopes, A., Ferreira, A. B., Pantoja, P. O., Parolin, P. and Piedade, M. T. F. (2018). 
Combined effect of elevated CO2 level and temperature on germination and initial 
growth of Montrichardia arborescens (L.) Schott (Araceae): a microcosm 
experiment. Hydrobiologia 814(1): 19–30. 

Ma, L. and Shi, Y. (2011). Effects of potassium fertilizer on physiological and 
biochemical index of Stevia rebaudiana Bertoni. Energy Procedia 5: 581–586.  

Ma, P., Bai, T. and Ma, F. (2015). Effects of progressive drought on photosynthesis and 
partitioning of absorbed light in apple trees. Journal of Integrative Agriculture 
14(4): 681–690.  

Ma, X., He, Q. and Zhou, G. (2018). Sequence of changes in maize responding to soil 
water deficit and related critical thresholds. Frontiers in Plant Science 9: 511.  

Maene, L. M. and Varro, M. T. (2001). Global potassium fertilizer situation: current use 
and perspectives. In Proceedings of International Symposium on Role of Potassium 

in Nutrient Management for Sustainable Crop Production in India (pp. 3–5). 
Citeseer. 

Mahalingam, R. (2015). Consideration of Combined Stress: A Crucial Paradigm for 
Improving Multiple Stress Tolerance in Plants BT - Combined Stresses in Plants: 
Physiological, Molecular, and Biochemical Aspects. In R. Mahalingam (Ed.) (pp. 
1–25). Cham: Springer International Publishing. 

Mahmood, R., Jia, S. and Zhu, W. (2019). Analysis of climate variability, trends, and 
prediction in the most active parts of the Lake Chad basin, Africa. Scientific 

Reports 9(1): 6317.  

Malika, L. Y., Deshabandu, K. S. H. T., De Costa, W. A. J. M., Ekanayake, S., Herath, 
S. and Weerakoon, W. M. W. (2019). Physiological traits determining tolerance to 
intermittent drought in the Capsicum annuum complex. Scientia Horticulturae 
246: 21–33. 

Malvi, U. R. (2011). Interaction of micronutrients with major nutrients with special 
reference to potassium. Karnataka Journal of Agricultural Sciences 24(1). 

Mancuso, M. A. C., Soratto, R. P., Crusciol, C. A. C. and Castro, G. S. A. (2014). Effect 
of potassium sources and rates on arabica coffee yield, nutrition, and macronutrient 
export. Revista Brasileira de Ciência Do Solo 38(5): 448-1456. 

Marques, D J, Broetto, F., da Silva, E. C., de Freitas, J. M. N., Lobato, A. K. S. and 
Alves, G. A. R. (2011). Changes in leaf proline and fruit production induced by 
potassium stress in eggplant. Journal of Food, Agriculture and Environment 9(2): 
191–194. 

Marques, D. J., Broetto, F., Ferreira, M. M., Lobato, A. K. D. S., Ávila, F. W. D. and 
Pereira, F. J. (2014). Fontes potássicas alterando a atividade de antioxidante da 
berinjela. Revista Brasileira de Ciência do Solo 38(6): 1836-1842. 

Martineau, E., Domec, J.-C., Bosc, A., Denoroy, P., Fandino, V. A., Lavres, J. and 
Jordan-Meille, L. (2017). The effects of potassium nutrition on water use in field-
grown maize (Zea mays L.). Environmental and Experimental Botany 134: 62–71.  

© C
OPYRIG

HT U
PM



  95 

Maseda, P. H. and Fernández, R. J. (2016). Growth potential limits drought 
morphological plasticity in seedlings from six Eucalyptus provenances. Tree 

Physiology 36(2): 243–251.  

Mathesius, U. (2018). Flavonoid functions in plants and their interactions with other 
organisms. Plants (Basel, Switzerland) 7(2): 30.  

Matthews, L. R. (1986). The effect of water stress on the leaf area of Cucumis melo, 
Doctoral dissertation, Texas Tech University. 

Maxwell, K. and Johnson, G. N. (2000). Chlorophyll fluorescence—a practical guide. 
Journal of Experimental Botany 51(345): 659–668.  

Meena, V. S., Maurya, B. R., Verma, J. P. and Meena, R. S. (Eds.). (2016). Potassium 

solubilizing microorganisms for sustainable agriculture. India: Springer. 

Mehar-un-Nisa, N., Puteri, E., Siti, A. H. and Che, R. C. (2016). Effects of drought stress 
on growth and physiological characteristics of roselle (Hibiscus sabdariffa L.). 
Journal of Tropical Plant Physiology 8: 44–51. 

Mello, S. C., Pierce, F. J., Tonhati, R., Almeida, G. S., Neto, D. D. and Pavuluri, K. 
(2018). Potato response to Polyhalite as a potassium source fertilizer in Brazil: 
Yield and quality. HortScience 53(3): 373–379.  

Méndez, Y. D. R., Chacón, L. M., Bayona, C. J. and Romero, H. M. (2012). 
Physiological response of oil palm interspecific hybrids (Elaeis oleifera HBK 
Cortes versus Elaeis guineensis Jacq.) to water deficit. Brazilian Journal of Plant 

Physiology 24(4): 273–280. 

Meng, L.-L., Song, J.-F., Wen, J., Zhang, J. and Wei, J.-H. (2016). Effects of drought 
stress on fluorescence characteristics of photosystem II in leaves of Plectranthus 

scutellarioides. Photosynthetica 54(3): 414–421.  

Mengel, K. (2016). Potassium. In Handbook of plant nutrition (pp. 107–136). CRC 
Press. 

Mittler, R. (2006). Abiotic stress, the field environment and stress combination. Trends 

in Plant Science 11(1): 15–19. 

Mittler, R. and Blumwald, E. (2010). Genetic engineering for modern agriculture: 
Challenges and perspectives. Annual Review of Plant Biology 61: 443-462. 

Miyashita, K., Tanakamaru, S., Maitani, T. and Kimura, K. (2005). Recovery responses 
of photosynthesis, transpiration, and stomatal conductance in kidney bean 
following drought stress. Environmental and Experimental Botany 53(2): 205–
214. 

Mohammadian, R., Rahimian, H., Moghaddam, M. and Sadeghian, S. Y. (2003). The 
effect of early season drought on chlorophyll a fluorescence in sugar beet (Beta 

vulgaris L.). Pakistan Journal of Biological Sciences (Pakistan) 6:1763–1769. 

Mohd Zain, N. A. and Ismail, M. R. (2016). Effects of potassium rates and types on 
growth, leaf gas exchange and biochemical changes in rice (Oryza sativa) planted 
under cyclic water stress. Agricultural Water Management 164: 83–90.  

© C
OPYRIG

HT U
PM



  96 

Moore Jr, H. E. (1973). The major groups of palms and their distribution. Gentes 

herbarium 11: 27-140. 

MPOB (2020a). Oil Palm Planted Area 2019. Retrieved 10 February 2020 from 
http://bepi.mpob.gov.my/index.php/en/area/area-2019/oil-palm-planted-area-as-
at-dec-2019.html.  

MPOB (2020b). Monthly Production Of Oil Palm Products Summary For The Month Of 
December 2019. Retrieved 20 March 2020 from http://bepi. 
mpob.gov.my/index.php/en/production/production-2019/production-of-oil-palm -
products-2019.html 

MPOB (2020c). Monthly export of oil palm Products—2019. Retrieved 20 March 2020 
from http://bepi.mpob.gov.my/index. php/en/export/export-2019/monthly-export-
of-oil-palm-products-2019.html 

MPOB (2020d). Production Of Crude Palm Oil For The Month Of December 2019. 
Retrieved 10 February 2020 from http://bepi.mpob.gov.my/index.php/en/ 
production/production-2019/production-of-crude-oil-palm-2019.html 

MPOB (2017) Oil palm Vegetative Measurements Manual. Kuala Lumpur. Malaysian 

Palm Oil Board 50–65.  

MPOB (2019). Monthly export of oil palm Products—2018. Retrieved 20 April 2019 
from http://bepi.mpob.gov.my/index.php/en/statistics/export/192-export-2018/8 
69 monthly- export-of-oil-palm-products-2018.html. 

MPOB (2013). Oil Palm Biology: Facts & Figures. Kuala Lumpur: Malaysia Palm Oil 

Board 40–41. 

MPOC (2020a). Malaysian Palm Oil Industry. Retrieved 10 February 2020 from 
http://mpoc.org.my/malaysian-palm-oil-industry/ 

MPOC (2020b). The Oil Palm Tree. Retrieved 10 February 2020 from http://mpoc. 
org.my/the-oil-palm-tree/ 

Munene, R., Changamu, E., Korir, N., Joseph, G.-O. and And, A. (2017). Effects of 
different nitrogen forms on growth, phenolics, flavonoids and antioxidant activity 
in amaranth species. Tropical Plant Research 4(1): 81–89. 

Naidoo, G. and Naidoo, K. K. (2018). Drought stress effects on gas exchange and water 
relations of the invasive weed Chromolaena odorata. Flora 248: 1–9.  

Nair, K. P. P. (2010). The agronomy and economy of important tree crops of the 
developing world. Elsevier 237–273. 

Najihah, T. S., Ibrahim, M. H., Razak, A. A., Nulit, R. and Wahab, P. E. M. (2019). 
Effects of water stress on the growth, physiology and biochemical properties of oil 
palm seedlings. AIMS Agriculture and Food 4(4): 854–868.  

Najihah, T. S., Ibrahim, M. H., Zain, N. A. M., Nulit, R. and Wahab, P. E. M. (2020a). 
Activity of the oil palm seedlings exposed to a different rate of potassium fertilizer 
under water stress condition. AIMS Environmental Science 7(1): 46.  

 
Najihah, T. S., Ibrahim, M. H., Nulit, R. and Wahab, P. E. M. (2020b). Growth analysis, 

© C
OPYRIG

HT U
PM



  97 

leaf gas exchange and biochemical response of Elaeis guineensis as affected by 
irrigation regimes and different sources of potassium fertilisers. Manuscript 
submitted for publication. 

 
NASA (2014). What Is Climate Change?. Retrieved 20 April 2019 from https://www 

.nasa.gov/audience/forstudents/k-4/stories/nasa-knows/what-is-climate-change-
k4.html 

 
Nambiappan, B., Ismail, A., Hashim, N., Ismail, N., Shahari, D. N., Idris, N. A. N., … 

Kushairi, A. (2018). Malaysia: 100 years of resilient palm oil economic 
performance. Journal of Oil Palm Research 30(1): 13–25.  

Navarro Rocha, J., Burillo-Alquézar, J., Aibar-Lete, J. and González-Coloma, A. (2017). 
Adaptability of two accessions of Geranium macrorrhizum L. to drought stress 
conditions. Journal of Applied Research on Medicinal and Aromatic Plants 7: 
149–152.  

Naz, N., Durrani, F., Shah, Z., Khan, N. A. and Ullah, I. (2018). Influence of heat stress 
on growth and physiological activities of potato (Solanum tuberosum L.). Phyton 
87: 225. 

Nazli, F., Bushra, Iqbal, M. M., Bibi, F., Zafar-ul-Hye, Kashif, M. R. and Ahmad, M. 
(2018). Modeling the potassium requirements of potato crop for yield and quality 
optimization. Asian Journal of Agriculture and Biology 6(2): 169–180.  

Nguyen, P. M., Kwee, E. M. and Niemeyer, E. D. (2010). Potassium rate alters the 
antioxidant capacity and phenolic concentration of basil (Ocimum basilicum L.) 
leaves. Food Chemistry 123(4): 1235–1241.  

Noor, M. R. M. and Harun, M. H. (2004). Importance of water use efficiency (WUE) in 
oil palm productivity. Oil Palm Bulletin 24–30. 

Noor, M. R. M., Harun, M. H. and Jantan, N. M. (2011). Physiological plant stress and 
responses in oil palm. Oil Palm Bulletin 62: 25–32. 

Oddo, E., Inzerillo, S., Grisafi, F., Sajeva, M., Salleo, S. and Nardini, A. (2014). Does 
short-term potassium fertilization improve recovery from drought stress in laurel? 
Tree Physiology 34(8): 906–913. 

Oettli, P., Behera, S. K. and Yamagata, T. (2018). Climate based predictability of oil 
palm tree yield in malaysia. Scientific Reports 8(1): 1–13.  

Okunlola, G. O., Olatunji, O. A., Akinwale, R. O., Tariq, A. and Adelusi, A. A. (2017). 
Physiological response of the three most cultivated pepper species (Capsicum spp.) 
in Africa to drought stress imposed at three stages of growth and development. 
Scientia Horticulturae 224: 198–205.  

Oosterhuis, D. M., Loka, D. A., Kawakami, E. M. and Pettigrew, W. T. (2014). The 
physiology of potassium in crop production. In Advances in agronomy (Vol. 126, 
pp. 203-233). Academic Press.  

Ortas, I. (2018). Influence of potassium and magnesium fertilizer application on the yield 
and nutrient accumulation of maize genotypes under field conditions. Journal of 

Plant Nutrition 41(3): 330–339.  

© C
OPYRIG

HT U
PM



  98 

Osakabe, Y., Osakabe, K., Shinozaki, K. and Tran, L.-S. P. (2014). Response of plants 
to water stress. Frontiers in Plant Science 5: 86.  

Paknejad, F., Nasri, M., Moghadam, H. R. T., Zahedi, H. and Alahmadi, M. J. (2007). 
Effects of drought stress on chlorophyll fluorescence parameters, chlorophyll 
content and grain yield of wheat cultivars. Journal of Biological Sciences 7(6): 
841–847. 

Pallas, B., Mialet-Serra, I., Rouan, L., Clément-Vidal, A., Caliman, J.P. and Dingkuhn, 
M. (2013). Effect of source/sink ratios on yield components, growth dynamics and 
structural characteristics of oil palm (Elaeis guineensis) bunches. Tree Physiology 
33(4): 409–424. 

Pandey, R., Paul, V., Das, M., Meena, M. and Meena, R. C. (2017). Plant Growth 
Analysis. Manual of ICAR Sponsored Training Programme for Technical Staff of 

ICAR Institutes on “Physiological Techniques to Analyze the Impact of Climate 

Change on Crop Plants,” 103. 

Pandey, V. and Shukla, A. (2015). Acclimation and tolerance strategies of rice under 
drought stress. Rice Science 22(4): 147–161.  

Paterson, R. R.M., Kumar, L., Shabani, F. and Lima, N. (2017). World climate suitability 
projections to 2050 and 2100 for growing oil palm. Journal of Agricultural Science 
155(5): 659–702.  

Paterson, R. Russell M., Kumar, L., Taylor, S. and Lima, N. (2015). Future climate 
effects on suitability for growth of oil palms in Malaysia and Indonesia. Scientific 

Reports 5: 1–11. 

Paterson, R. Russell M. and Lima, N. (2018). Climate change affecting oil palm 
agronomy, and oil palm cultivation increasing climate change, require 
amelioration. Ecology and Evolution 8(1): 452–461.  

Paterson, R.R.M., Kumar, L., Shabani, F. and Lima, N. (2017). World climate suitability 
projections to 2050 and 2100 for growing oil palm. The Journal of Agricultural 

Science 155(5): 689–702. 

Paterson, R Russell M, Kumar, L., Taylor, S. and Lima, N. (2015). Future climate effects 
on suitability for growth of oil palms in Malaysia and Indonesia. Scientific Reports 
5: 14457. 

Peoples, T. R. and Koch, D. W. (1979). Role of potassium in carbon dioxide assimilation 
in Medicago sativa L. Plant Physiology 63(5): 878–881.  

Perdomo, J A, Capó-Bauçà, S., Carmo-Silva, E. and Galmés, J. (2017). Rubisco and 
rubisco activase play an important role in the biochemical limitations of 
photosynthesis in rice, wheat, and maize under high temperature and water deficit. 
Frontiers in Plant Science, 8: 490.  

Perdomo, Juan Alejandro, Conesa, M. À., Medrano, H., Ribas-Carbó, M. and Galmés, J. 
(2015). Effects of long-term individual and combined water and temperature stress 
on the growth of rice, wheat and maize: relationship with morphological and 
physiological acclimation. Physiologia Plantarum 155(2): 149–165.  

© C
OPYRIG

HT U
PM



  99 

Pervez, H., Ashraf, M. and Makhdum, M. I. (2004). Influence of potassium nutrition on 
gas exchange characteristics and water relations in cotton (Gossypium hirsutum 

L.). Photosynthetica 42(2): 251–255.  

Pessarakli, M., Haghighi, M. and Sheibanirad, A. (2015). Plant responses under 
environmental stress conditions. Adv. Plants Agric. Res 2(6): 73. 

Pettigrew, W. T. (2008). Potassium influences on yield and quality production for maize, 
wheat, soybean and cotton. Physiologia Plantarum 133(4): 670–681.  

Prasad, P. V. V., Staggenborg, S. A. and Ristic, Z. (2008). Impacts of drought and/or 
heat stress on physiological, developmental, growth, and yield processes of crop 
plants. Response of crops to limited water: Understanding and modeling water 

stress effects on plant growth processes 1: 301-355. 

Price, C., & Munns, R. (1999). Growth analysis: a quantitative approach. Plants in 

Action: Adaptation in Nature, Performance in Cultivation 1–40. 

Puangbut, D., Jogloy, S. and Vorasoot, N. (2017). Association of photosynthetic traits 
with water use efficiency and SPAD chlorophyll meter reading of Jerusalem 
artichoke under drought conditions. Agricultural Water Management 188: 29–35.  

Purnama, P. R., Purnama, E. R., Manuhara, Y. S. W., Hariyanto, S. and Purnobasuki, H. 
(2018). Effect of high temperature stress on changes in morphology, anatomy and 
chlorophyll content in tropical seagrass Thalassia hemprichii. AACL Bioflux 11(6): 
1825–1833. 

Puteh, A. B., ThuZar, M., Mondal, M. M. A., Abdullah, A. P. B. and Halim, M. R. A. 
(2013). Soybean [Glycine max (L.) Merrill] seed yield response to high 
temperature stress during reproductive growth stages. Australian Journal of Crop 

Science 7(10): 1472. 

Putra, E. T. S. and Purwanto, B. H. (2015). Physiological responses of oil palm seedlings 
to the drought stress using boron and silicon applications. Journal of Agronomy 
14(2): 49-61. 

Rahman, A., Rahman, M. M., Hasan, M. M., Begum, F. and Sarker, M. A. Z. (2014). 
Effects of foliar application of potassium orthophosphate on grain yield and kernel 
quality of Wheat (Triticum aestivum) under terminal heat stress. Bangladesh 

Journal of Agricultural Research 39(1): 67–77. 

Ranjha, A. M., Sultan, T., Mehdi, S. M. and Iqbal, M. (2002). Relative efficiency of 
potassium source for wheat production. Pakistan Journal of Agricultural Sciences 
39: 91–93. 

Rao, N. K. S., Laxman, R. H. and Shivashankara, K. S. (2016). Physiological and 
Morphological Responses of Horticultural Crops to Abiotic Stresses BT - Abiotic 
Stress Physiology of Horticultural Crops. In N. K. S. Rao, K. S. Shivashankara, & 
R. H. Laxman (Eds.) (pp. 3–17). New Delhi: Springer India.  

Rawat, J., Sanwal, P. and Saxena, J. (2016). Potassium and Its Role in Sustainable 
Agriculture BT - Potassium Solubilizing Microorganisms for Sustainable 
Agriculture. In Vijay Singh Meena, B. R. Maurya, J. P. Verma, & R. S. Meena 
(Eds.) (pp. 235–253). New Delhi: Springer India. 

© C
OPYRIG

HT U
PM



  100 

Raza, A., Razzaq, A., Mehmood, S. S., Zou, X., Zhang, X., Lv, Y. and Xu, J. (2019). 
Impact of climate change on crops adaptation and strategies to tackle its outcome: 
A review. Plants 8(2).  

Reddy, P. S. (2019). Chapter 20 - Breeding for Abiotic Stress Resistance in Sorghum. In 
C. Aruna, K. B. R. S. Visarada, B. V. Bhat. and V. A. B. T.-B. S. for D. E. U. 
Tonapi (Eds.), Woodhead Publishing Series in Food Science, Technology and 

Nutrition (pp. 325–340). Woodhead Publishing.  

Riaz, A., Younis, A., Taj, A. R., Karim, A., Tariq, U., Munir, S. and Riaz, S. (2013). 
Effect of drought stress on growth and flowering of marigold (Tagetes erecta L.). 
Pak. J. Bot 45(S1): 123–131. 

Rivera-Mendes, Y. D., Cuenca, J. C. and Romero, H. M. (2016). Physiological responses 
of oil palm (Elaeis guineensis Jacq.) seedlings under different water soil 
conditions. Agronomía Colombiana 34(2): 163.  

Rodrigues, J., Inzé, D., Nelissen, H. and Saibo, N. J. M. (2019). Source–sink regulation 
in crops under water deficit. Trends in Plant Science 24(7): 652–663.  

Rojas, O., Li, Y. and Cumani, R. (2014). An assessment using FAO’s Agricultural Stress 
Index (ASI): Understanding the drought impact of El Nino on the global 
agricultural areas. FAO, Rome, Italy. 

Rosa, M., Prado, C., Podazza, G., Interdonato, R., González, J. A., Hilal, M. and Prado, 
F. E. (2009). Soluble sugars-metabolism, sensing and abiotic stress a complex 
network in the life of plants. Plant Signaling and Behavior 4(5): 388–393.  

Rosenani, A. B., Rovica, R., Cheah, P. M. and Lim, C. T. (2016). Growth performance 
and nutrient uptake of oil palm seedling in prenursery stage as influenced by oil 
palm waste compost in growing media. International Journal of Agronomy 2016.  

Salas-Pérez, L., Fornari-Reale, T., Preciado-Rangel, P., García-Hernández, L. J., 
Sánchez-Chávez, E. and Troyo-Diéguez, E. (2018). Cultivar variety and added 
potassium influence the nutraceutical and antioxidant content in hydroponically 
grown basil (Ocimum basilicum L.). Agronomy 8(2): 13. 

Samuels, G. and Díaz, H. S. (1960). Effects of potassium chloride and sulfate on 
pineapple yields and quality. The Journal of Agriculture of the University of Puerto 

Rico 44(1): 16–20. 

Sangakkara, R., Hartwig, U. A. and Nösberger, J. (1996). Growth and symbiotic nitrogen 
fixation of Vicia faba and Phaseolus vulgarisas affected by fertiliser potassium 
and temperature. Journal of the Science of Food and Agriculture 70(3): 315–320. 

Sangakkara, U. R., Frehner, M. and Nösberger, J. (2000). Effect of soil moisture and 
potassium fertilizer on shoot water potential, photosynthesis and partitioning of 
carbon in mungbean and cowpea. Journal of Agronomy and Crop Science 185(3): 
201–207.  

Santos, J. I. dos, da Silva, T. R. B., Rogério, F., Santos, R. F. and Secco, D. (2013). Yield 
response in crambe to potassium fertilizer. Industrial Crops and Products 43: 297–
300.  

© C
OPYRIG

HT U
PM



  101 

Sardans, J. and Peñuelas, J. (2015). Potassium: A neglected nutrient in global change. 
Global Ecology and Biogeography 24(3): 261–275.  

Sarkar, M. S. K., Begum, R. A. and Pereira, J. J. (2020). Impacts of climate change on 
oil palm production in Malaysia. Environmental Science and Pollution Research 
27(9): 9760–9770. 

Sattar, A., Sher, A., Ijaz, M., Ul-Allah, S., Rizwan, M. S., Hussain, M., … Cheema, M. 
A. (2020). Terminal drought and heat stress alter physiological and biochemical 
attributes in flag leaf of bread wheat. PLoS ONE 15(5).  

Scholander, P. F., Bradstreet, E. D., Hemmingsen, E. A. and Hammel, H. T. (1965). Sap 
pressure in vascular plants: negative hydrostatic pressure can be measured in 
plants. Science 148(3668): 339-346. 

Shanmuganathan, S., & Narayanan, A. (2012, October). Modelling the climate change 
effects on Malaysia's oil palm yield. In 2012 IEEE Symposium on E-Learning, E-

Management and E-Services (pp. 1-6). IEEE. 

Sharma, P. P., Yadav, V., Rajput, A. and Kulshrestha, V. (2018). Synthesis of chloride-
free potash fertilized by ionic metathesis using four-compartment electrodialysis 
salt engineering. ACS Omega 3(6): 6895–6902.  

Sheffield, J., Wood, E. F. and Roderick, M. L. (2012). Little change in global drought 
over the past 60 years. Nature 491: 435.  

Shidiq, I. P. A., Ismail, M. H., Kamarudin, N., Tan, K. C., Lim, H. S. and Jafri, M. Z. M. 
(2018). Projections on future impact and vulnerability of climate change towards 
rubber areas in Peninsular Projections on future impact and vulnerability of climate 
change towards rubber areas in Peninsular Malaysia. IOP Conference Series: 

Earth and Environmental Science, 169.  

Siddiqui, M. H., Al-Whaibi, M. H., Sakran, A. M., Basalah, M. O. and Ali, H. M. (2012). 
Effect of calcium and potassium on antioxidant system of Vicia faba L. under 
cadmium stress. International Journal of Molecular Sciences 13(6): 6604–6619.  

Signorelli, S., Casaretto, E., Monza, J. and Borsani, O. (2015). Combined Abiotic Stress 
in Legumes BT - Combined Stresses in Plants: Physiological, Molecular, and 
Biochemical Aspects. In R. Mahalingam (Ed.) (pp. 123–145). Cham: Springer 
International Publishing.  

Silva, P. A., Oliveira, I. V, Rodrigues, K. C. B., Cosme, V. S., Bastos, A. J. R., Detmann, 
K. S. C., … Pinheiro, H. A. (2016). Leaf gas exchange and multiple enzymatic and 
non-enzymatic antioxidant strategies related to drought tolerance in two oil palm 
hybrids. Trees - Structure and Function 30(1): 203–214.  

Siwar, C., Ahmed, F. and Begum, R. A. (2013). Climate change, agriculture and food 
security issues: Malaysian perspective. Journal of Food, Agriculture and 

Environment 11(2): 1118–1123.  

Sofi, P. A., Djanaguiraman, M., Siddique, K. H. M. and Prasad, P. V. V. (2018). 
Reproductive fitness in common bean (Phaseolus vulgaris L.) under drought stress 
is associated with root length and volume. Indian Journal of Plant Physiology 
23(4): 796–809.  

© C
OPYRIG

HT U
PM



  102 

Song, L., Jin, J. and He, J. (2019). Effects of severe water stress on maize growth 
processes in the field. Sustainability (Switzerland) 11(18): 5086.  

Song, Y., Chen, Q., Ci, D., Shao, X. and Zhang, D. (2014). Effects of high temperature 
on photosynthesis and related gene expression in poplar. BMC Plant Biology 14(1): 
111.  

Spitters, C. J. T. and Kramer, T. (1986). Differences between spring wheat cultivars in 
early growth. Euphytica 35(1): 273–292. 

 Springmann, M., Mason-D’Croz, D., Robinson, S., Garnett, T., Godfray, H. C. J., 
Gollin, D., … Scarborough, P. (2016). Global and regional health effects of future 
food production under climate change: A modelling study. The Lancet 387(10031): 
1937–1946.  

Srivastava, L. M. (2002). CHAPTER 16 - Abscisic Acid and Stress Tolerance in Plants. 
In L. M. B. T.-P. G. and D. Srivastava (Ed.) (pp. 381–412). San Diego: Academic 
Press.  

Su, D., Chen, N. L., Gao, T. P., Wang, C. Y., Sheng, H. M. and Yang, C. L. (2012). 
Effects of Si+, K+ and Ca2+ on Antioxidant Enzyme Activities and Osmolytes in 
Halocnemum strobilaceum under Salt Stress. In Advanced Materials Research 
(Vol. 356, pp. 2542-2550). Trans Tech Publications Ltd. 

Sudradjat, Purwanto, O. D., Faustina, E., Shintarika, F. and Supijatno. (2018). Roles and 
optimisation rate of potassium fertiliser for immature oil palm (Elaeis guineensis 
Jacq.) on an Ultisol soil in Indonesia. Journal of Agriculture and Rural 

Development in the Tropics and Subtropics 119(1): 13–22. 

Sun, C.-X., Cao, H.-X., Shao, H.-B., Lei, X.-T. and Xiao, Y. (2011). Growth and 
physiological responses to water and nutrient stress in oil palm. African Journal of 

Biotechnology 10(51): 10465–10471.  

Surendran, U. (2005). Split application of muriate of potash and sulphate of potash on 
growth, yield attributes, uptake and availability of nutrients in lowland rice cv. PY-
5. The Journal of Agricultural Science 1(2): 42–48. 

Suresh, K., Nagamani, C., Ramachandrudu, K. and Mathur, R. K. (2010). Gas-exchange 
characteristics, leaf water potential and chlorophyll a fluorescence in oil palm 
(Elaeis guineensis Jacq.) seedlings under water stress and recovery. 
Photosynthetica 48(3): 430–436. 

 Suresh, K., Nagamani, C., Kantha, D. L., and Kumar, M. K. (2012). Changes in 
photosynthetic activity in five common hybrids of oil palm (Elaeis guineensis 
Jacq.) seedlings under water deficit. Photosynthetica 50(4): 549-556. 

Suresh, Kancherla. (2013). Adaptation and Mitigation Strategies for Climate-Resilient 
Oil Palm. In H. C. P. Singh, N. K. S. Rao, & K. S. Shivashankar (Eds.) (pp. 199–
211). India: Springer India.  

Suzuki, N., Rivero, R. M., Shulaev, V., Blumwald, E. and Mittler, R. (2014). Abiotic and 
biotic stress combinations. New Phytologist 203(1): 32–43.  

Tan, C. C. (2011). Nursery practices for production of superior oil palm planting 

© C
OPYRIG

HT U
PM



  103 

materials. Agronomic Principles and Practices of Oil Palm Cultivation, Goh, KJ, 

SB Chiu and S. Paramananthan (Eds.). Agricultural Crop Trust, Malaysia, 145–
168. 

Tang, K. H. D. (2019). Climate change in Malaysia: Trends, contributors, impacts, 
mitigation and adaptations. Science of The Total Environment 650: 1858–1871.  

Tátrai, Z. A., Sanoubar, R., Pluhár, Z., Mancarella, S., Orsini, F. and Gianquinto, G. 
(2016). Morphological and physiological plant responses to drought stress in 
Thymus citriodorus. International Journal of Agronomy 2016.  

Teixeira, L. A. J., Quaggio, J. A., Cantarella, H. and Mellis, E. V. (2011). Potassium 
fertilization for pineapple: effects on plant growth and fruit yield. Revista 

Brasileira de Fruticultura 33(2): 618-626. 

Tiemann, T. T., Donough, C. R., Lim, Y. L., Härdter, R., Norton, R., Tao, H. H., … 
Oberthür, T. (2018). Chapter Four - Feeding the Palm: A Review of Oil Palm 
Nutrition. In D. L. B. T.-A. in A. Sparks (Ed.) (Vol. 152, pp. 149–243). Academic 
Press.  

Tominaga, J., Shimada, H. and Kawamitsu, Y. (2018). Direct measurement of 
intercellular CO2 concentration in a gas-exchange system resolves overestimation 
using the standard method. Journal of Experimental Botany 69(8): 1981–1991. 

Tomlinson, P. B., Horn, J. W. and Fisher, J. B. (2015). The Anatomy of Palms Arecaceae-

Palmae. Oxford University Press. 

Toscano, S., Farieri, E., Ferrante, A. and Romano, D. (2016). Physiological and 
biochemical responses in two ornamental shrubs to drought stress. Frontiers in 

plant science 7: 645. 

Trabelsi, L., Gargouri, K., Ben Hassena, A., Mbadra, C., Ghrab, M., Ncube, B., … 
Gargouri, R. (2019). Impact of drought and salinity on olive water status and 
physiological performance in an arid climate. Agricultural Water Management 
213: 749–759.  

Trolldenier, G. (1985). Effect of potassium chloride vs. potassium sulphate fertilization 
at different soil moisture on take‐all of wheat. Journal of Phytopathology 112(1): 
56–62. 

Turner, N. C. (1981). Techniques and experimental approaches for the measurement of 
plant water status. Plant and soil 58(1-3): 339-366. 

Tuteja, N., Gill, S. S. and Tuteja, R. (2011). Plant responses to abiotic stresses: shedding 
light on salt, drought, cold and heavy metal stress. Omics and Plant Abiotic Stress 

Tolerance 1: 39-64. 

Uhl, N. W., and Dransfield, J. (1988). " Genera Palmarum", a new classification of palms 
and its implications. Advances in Economic Botany 1-19. 

Umar, M. S., Jennings, P. and Urmee, T. (2014). Generating renewable energy from oil 
palm biomass in Malaysia: The Feed-in Tariff policy framework. Biomass and 

Bioenergy 62: 37–46. 

Valadabadi, S. A. and Farahani, H. A. (2010). Studying the interactive effect of 

© C
OPYRIG

HT U
PM



  104 

potassium application and individual field crops on root penetration under drought 
condition. Journal of Agricultural Biotechnology and Sustainable Development 

2(5): 82-86. 

Vijiandran, J. R., Husni, M. H. A., Teh, C. B. S., Zaharah, A. R. and Xaviar, A. (2017). 
Nutrient losses through runoff from several types of fertilisers under mature oil 
palm. Malaysian Journal of Soil Science 21: 113–121.  

Vilagrosa, A., Chirino, E., Peguero-Pina, J. J., Barigah, T. S., Cochard, H. and Gil-
Pelegrin, E. (2012). Xylem cavitation and embolism in plants living in water-
limited ecosystems. In Plant responses to drought stress (pp. 63-109). Springer, 
Berlin, Heidelberg. 

Vyas, S. P., Garg, B. K., Kathju, S. and Lahiri, A. N. (2001). Influence of potassium on 
water relations, photosynthesis, nitrogen metabolism and yield of clusterbean 
under soil moisture stress. Indian Journal of Plant Physiology 6(1): 30–37. 

Wahid, M. B. and Simeh, M. A. (2009). Issues related to production cost of palm oil in 
Malaysia. Oil Palm Industry Economic Journal 9(2): 1–12. 

Wang, J., Li, Y., Huang, J., Yan, T. and Sun, T. (2017). Growing water scarcity, food 
security and government responses in China. Global Food Security 14: 9–17.  

Wang, M., Ding, L., Gao, L., Li, Y., Shen, Q. and Guo, S. (2016). The interactions of 
aquaporins and mineral nutrients in higher plants. International Journal of 

Molecular Sciences 17(8):1229.  

Wang, M., Zheng, Q., Shen, Q. and Guo, S. (2013). The critical role of potassium in 
plant stress response. International Journal of Molecular Sciences 14(4): 7370–
7390.  

Wang, X. M., Wang, X. K., Su, Y. B. and Zhang, H. X. (2019). Land pavement depresses 
photosynthesis in urban trees especially under drought stress. Science of The Total 

Environment 653: 120–130.  

Wang, L., Lee, M., Ye, B. and Yue, G. H. (2020a). Genes, pathways and networks 
responding to drought stress in oil palm roots. Scientific reports 10(1), 1-13. 

Wang, B., Zhang, J., Pei, D., & Yu, L. (2020b). Combined effects of water stress and 
salinity on growth, physiological and biochemical traits in two walnut genotypes. 
Physiologia Plantarum 2020:1–12. 

Warren, C. R., Livingston, N. J. and Turpin, D. H. (2004). Water stress decreases the 
transfer conductance of douglas-fir (Pseudotsuga menziesii) seedlings. Tree 

Physiology 24(9): 971–979. 

Watts, N., Adger, W. N., Agnolucci, P., Blackstock, J., Byass, P., Cai, W., … Costello, 
A. (2015). Health and climate change: Policy responses to protect public health. 
The Lancet 386(10006): 1861–1914.  

Weatherly P. (1950). Studies in the water relations of the cotton plant. New Phytologist 
49(1): 81–97. 

White, A. C., Rogers, A., Rees, M. and Osborne, C. P. (2015). How can we make plants 
grow faster? A source–sink perspective on growth rate. Journal of Experimental 

© C
OPYRIG

HT U
PM



  105 

Botany 67(1): 31–45.  

Widuri, L. I., Lakitan, B., Sodikin, E., Hasmeda, M., Meihana, M., Kartika, K. and Siaga, 
E. (2018). Shoot and root growth in common bean (Phaseolus vulgaris L.) exposed 
to gradual drought stress. AGRIVITA, Journal of Agricultural Science 40(3): 442–
452. 

Xu, W., Cui, K., Xu, A., Nie, L., Huang, J. and Peng, S. (2015). Drought stress condition 
increases root to shoot ratio via alteration of carbohydrate partitioning and 
enzymatic activity in rice seedlings. Acta Physiologiae Plantarum 37(2): 9.  

Yew, V. W. C., Awang, J. B., Manaf, A. A., Ramli, Z. and Nambiappan, B. (2016). The 
sustainability of oil palm industry in Malaysia: A comprehensive review. 
International Journal of Economic Perspectives 10(4): 305–310.  

Yıldırım, K. and Kaya, Z. (2017). Gene regulation network behind drought escape, 
avoidance and tolerance strategies in black poplar (Populus nigra L.). Plant 

Physiology and Biochemistry 115: 183–199.  

Yordanov, I., Velikova, V. and Tsonev, T. (2000). Plant responses to drought, 
acclimation, and stress tolerance. Photosynthetica 38(2): 171–186.  

Yuan, Y., Liu, Y., Wu, C., Chen, S., Wang, Z., Yang, Z., … Huang, L. (2012). Water 
deficit affected flavonoid accumulation by regulating hormone metabolism in 
Scutellaria baicalensis Georgi roots. PLoS one 7(10): e42946  

Zafar, S. A., Hameed, A., Nawaz, M. A., MA, W., Noor, M. A., Hussain, M. and 
Mehboob-ur-Rahman. (2018). Mechanisms and molecular approaches for heat 
tolerance in rice (Oryza sativa L.) under climate change scenario. Journal of 

Integrative Agriculture 17(4): 726–738.  

Zagdańska, B. (1995). Respiratory energy demand for protein turnover and ion transport 
in wheat leaves upon water deficit. Physiologia Plantarum  95(3): 428-436. 

Zahoor, R., Dong, H., Abid, M., Zhao, W., Wang, Y. and Zhou, Z. (2017). Potassium 
fertilizer improves drought stress alleviation potential in cotton by enhancing 
photosynthesis and carbohydrate metabolism. Environmental and Experimental 

Botany 137: 73–83.  

Zain, N. A. M., Ismail, M. R., Mahmood, M., Puteh, A. and Ibrahim, M. H. (2014). 
Alleviation of water stress effects on mr220 rice by application of periodical water 
stress and potassium fertilization. Molecules 19(2): 1795–1819.  

Zainuren, N. F., Ibrahim, M. H., Abdullah, C. A. C. and Najihah, T. S. (2019). Growth, 
carbon assimilation and quality of kesum (Persicaria minor) as exposed to zinc 
oxide nanoparticles. Annual Research & Review in Biology, 1–15. 

Zandalinas, S I, Mittler, R., Balfagón, D., Arbona, V. and Gómez-Cadenas, A. (2018). 
Plant adaptations to the combination of drought and high temperatures. 
Physiologia Plantarum 162(1): 2–12.  

Zandalinas, Sara I., Mittler, R., Balfagón, D., Arbona, V. and Gómez-Cadenas, A. 
(2018). Plant adaptations to the combination of drought and high temperatures. 
Physiologia Plantarum 162(1): 2–12.  

© C
OPYRIG

HT U
PM



  106 

Zargar, S. M., Gupta, N., Nazir, M., Mahajan, R., Malik, F. A., Sofi, N. R., … Salgotra, 
R. K. (2017). Impact of drought on photosynthesis: Molecular perspective. Plant 

Gene 11: 154–159.  

Zhang, S., Xu, X., Sun, Y., Zhang, J. and Li, C. (2018). Influence of drought hardening 
on the resistance physiology of potato seedlings under drought stress. Journal of 

Integrative Agriculture 17(2): 336–347.  

Zhang, W., Zhang, X., Wang, Y., Zhang, N., Guo, Y., Ren, X. and Zhao, Z. (2018). 
Potassium fertilization arrests malate accumulation and alters soluble sugar 
metabolism in apple fruit. Biology Open 7(12).  

Zhao, C., Liu, B., Piao, S., Wang, X., Lobell, D. B., Huang, Y., … Asseng, S. (2017). 
Temperature increase reduces global yields of major crops in four independent 
estimates. Proceedings of the National Academy of Sciences of the United States 

of America 114(35): 9326–9331.  

Zhao, X., Yu, H., Wen, J., Wang, X., Du, Q., Wang, J. and Wang, Q. (2016). Response 
of root morphology, physiology and endogenous hormones in maize (Zea mays L.) 
to potassium deficiency. Journal of Integrative Agriculture 15(4): 785–794.  

Zhao, W., Liu, L., Shen, Q., Yang, J., Han, X., Tian, F. and Wu, J. (2020). Effects of 
water stress on photosynthesis, yield, and water use efficiency in winter wheat. 
Water 12(8): 2127. 

Zhou, H., Zhou, G., He, Q., Zhou, L., Ji, Y. and Zhou, M. (2020). Environmental 
explanation of maize specific leaf area under varying water stress regimes. 
Environmental and Experimental Botany 171: 103932.  

Zhou, R., Yu, X., Ottosen, C.-O., Rosenqvist, E., Zhao, L., Wang, Y., … Wu, Z. (2017). 
Drought stress had a predominant effect over heat stress on three tomato cultivars 
subjected to combined stress. BMC Plant Biology 17(1): 1-13. 

Živčák, M., Brestič, M., Olšovská, K. and Slamka, P. (2008). Performance index as a 
sensitive indicator of water stress in Triticum aestivum L. Plant Soil Environ 54(4): 
133–139. 

Zlatev, Z. (2009). Drought-induced changes in chlorophyll fluorescence of young wheat 
plants. Biotechnology and Biotechnological Equipment 23: 438–441.  

Zörb, C., Senbayram, M. and Peiter, E. (2014). Potassium in agriculture - Status and 
perspectives. Journal of Plant Physiology 171(9): 656–669.  

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page



