[l
UNIVERSITI PUTRA MALAYSIA
EFFECTS OF FOLIAR APPLICATION OF Moringa LEAF EXTRACT ON

DEFICIT IRRIGATION AND TOMATO (Solanum lycopersicum L.)
PRODUCTIVITY

ODU ODO AGADA

FP 2018 70




UP[M

UNIVERSITI PUTRA MALAYSIA

NG 2L

EFFECTS OF FOLIAR APPLICATION OF Moringa LEAF EXTRACT ON
DEFICIT IRRIGATION AND TOMATO (Solanum lycopersicum L.)
PRODUCTIVITY

By

ODU ODO AGADA

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia,
in Fulfillment of the Requirements for the Degree of Doctor of Philosophy

March 2018



COPYRIGHT

All material contained within the thesis, including without limitation text, logos, icons,
photographs, and all other artwork, is copyright material of Universiti Putra Malaysia
unless otherwise stated. Use may be made of any material contained within the thesis
for non-commercial purposes from the copyright holder. Commercial use of material
may only be made with the express, prior, written permission of Universiti Putra
Malaysia.

Copyright © Universiti Putra Malaysia



DEDICATION

This work is dedicated to my LORD and savoir, Jesus Christ who gave me the
privilege of life, the opportunity to study, and the space to express myself.



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
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EFFECTS OF FOLIAR APPLICATION OF Moringa LEAF EXTRACT ON
DEFICIT IRRIGATION AND TOMATO (Solanum lycopersicum L.)
PRODUCTIVITY

By

ODU ODO AGADA

March 2018

Chairman : Siti Aishah bt Hassan, PhD
Faculty : Agriculture

Moringa oleifera leaf extract (MLE), known to contain various phytochemicals, has
been documented to enhance drought tolerance in crops, presenting a competitive
technology in reducing the effect of water stress, enhancing water use efficiency and
reducing use of chemical enhancers in crop production. The present study was
undertaken to examine the effects of MLE on deficit irrigation and productivity of
tomato, Solanum lycopersicum, with the objective of enhancing productivity while
augmenting water use efficiency. Conducted under a rain-sheltered facility on heat
tolerant tomato variety MARDI MT1, treatments consisted of four levels of sustained
deficit irrigation (SDI) computed as percentages of field capacity (FC) viz. 39, 53, 68
and 100 % FC, applied on plants growing in media maintained at soil water potential
levels of 1351.08, 968.56, 618.76 and 33 KPa respectively, at 2 weeks after
transplanting (WAT). Results showed that at 39 % FC, reductions over control
included plant height (33.75 %), total leaf area (59.98 %), fruit weight (71 %), net
photosynthesis (44 %) and leaf water potential (56 %). Yield water use efficiency
(YWUE) showed a linear relationship between full (100 %) irrigation and lowest at
39 % FC. There was no significant difference between the control and the 68 % FC
level on growth, fruit weight and water use efficiency, suggesting it as the appropriate
SDI level. The study observed the effects of different concentrations of MLE on
growth, yield and water use efficiency under 53 % SDI. Four concentrations of MLE
(0, 2.2, 3.3 and 6.7 %) were applied weekly at the rate of 25 ml plant™. The 6.7 %
MLE treatment recorded maximum values for relative water content (RWC) (14.91
%), net photosynthesis (17.25 %), fruit weight (18.85 %) and YWUE (28.41 %) over
control. MLE at 6.7 % was observed to be the optimum concentration for reducing
negative effects of 53% SDI. The effects of seven timing schedules of MLE
applications on productivity under SDI were evaluated and was observed that
combination timing performed better than single application timing schedules. The



control timing schedule gave significantly higher values for the following parameters:
plant height, fruit yield, net photosynthesis and catalase enzyme activity. The control
timing schedule produced 35.58, 17.46, 21.27, 17.4 and 14.58 % higher fruit weight
than the vegetative, flowering, fruiting, vegetative and flowering, and flowering and
fruiting timing schedules respectively. The triple combination timing schedule was
therefore the optimum timing for MLE applications. In a comparative study, MLE and
benzyl amino purine (BAP) were compared under similar conditions. The MLE
recorded significant capacity in enhancing water stress tolerance compared to BAP,
yielding higher values in fruit yield (21.52 %), Fv/Fm (16.44 %), total chlorophyll
content (22.79 %), photosynthesis (11.97 %) and nutrient element accumulation. This
suggests that MLE could be used as an alternative to BAP in enhancing growth and
productivity. The study concluded that 6.7 % MLE, applied at the vegetative,
flowering and fruiting combination timing schedules was the optimum condition for
foliar application of MLE in reducing negative effects of SDI on tomato fruit yield
and water use efficiency.
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Ekstrak daripada daun Moringa oleifera (MLE), yang diketahui mengandungi
pelbagai fitokimia, telah didokumentasikan sebagai mempunyai daya dalam
mempertingkatkan toleransi kemarau dalam tanaman, Sekali gus MLE menawarkan
satu teknologi yang kompetitif dalam usaha mempertingkatkan kecekapan
penggunaan air serta mengurangkan kesan tekanan komoditi (air) dan penggunaan
kimia penggalak tumbesaran dalam tanaman. Penyelidikan ini telah dilakukan bagi
mengkaji kesan MLE ke atas pengairan defisit dan daya produktiviti tomato, Solanum
lycopersicum, dengan objektif utama iaitu mempertingkat pertumbuhan dan
menambahbaik kecekapan penggunaan air bagi tanaman tersebut. Kajian telah
dijalankan di bawah satu fasiliti bebas hujan dan menggunakan satu varieti tomato
tahan kemarau MARDI MT-1. Kajian mengandungi empat paras pengairan defisit
yang mampan (SDI) yang dikira daripada peratusan keupayaan lapangan (FC) iaitu
pada 39, 53, 68 and 100 % kelembapan. Rawatan telah dilakukan 2 minggu selepas
pengalihan (WAT) anak pokok. Rawatan telah dikenakan ke atas tanaman yang
ditanam dalam media yang dikekalkan paras potensi air tanah, masing-masing pada
1351.08, 968.56, 618.76 and 33 KPa. Pada 39% FC, keputusan menunjukkan
berlakunya pengurangan daripada sampel kawalan termasuklah dalam parameter
ketinggian pokok (34.7 %), jumlah keluasan daun (58.82 %), berat buah (70.65 %),
fotosintesis net (43.6 %) dan potensi air daun (55.95 %). Kecekapan penggunaan air
terhadap hasil (Y WUE) menunjukkan hubungan linear antara pengairan penuh (100
%) dengan 39 % FC. Tiada berbezaan yang ketara telah direkodkan antara kawalan
dan paras 68% FC ke atas tumbesaran, berat buah dan kecekapan penggunaan air. Ini
mencadangkan bahawa 68 % FC adalah paras SDI yang paling sesuai untuk kajian
selanjutnya. Penyelidikan mengkaji kesan pelbagai kepekatan MLE ke atas
tumbesaran, hasil dan kecekapan penggunaan air di bawah 53 % SDI. Empat
kepekatan MLE (0, 2.2, 3.3 dan 6.7 %) telah digunakan pada kadar 25 ml pokok™ per
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minggu. MLE pada kepekatan 6.7 % telah merekodkan nilai tertinggi pada parameter
kandungan air relatif (RWC) (14.91 %), fotosintesis net (17.25 %), berat buah (18.85
%) dan YWUE (28.41 %) melebihi kawalan. MLE pada kepekatan 6.7% didapati
optimom dalam mengurangkan kesan negatif 53% SDI. Kesan ke atas tujuh jadual
penggunaan MLE di bawah SDI telah dinilai dan didapati jadual penggunaan
kombinasi adalah yang lebih baik daripada jadual bersendirian.Jadual penggunaan
kawalan didapati member nilai yang ketara bagi parameter termasuklah ketinggian
pokok, hasi buah, fotosintesis net dan aktiviti enzim catalase. Jadual penggunaan
kawalan mencatatkan 35.58, 17.46, 21.27, 17.4 dan 14.58 % lebih tinggi bagi berat
buah berbanding masing-masing parameter tampang, pembungaan, pembuahan,
tampang serta pembungaan,pembungaan serta pembuahan dan pembuahan. Jadual
masa kombinasi tiga kali ganda adalah masa optimom bagi aplikasi MLE. Dalam satu
kajian perbandingan, MLE danbenzyl amino purine (BAP) dijalankan di bawah
rawatan yang sama. MLE merekodkan keupayaan yang ketara dalam
mempertingkatkan toleransi tekanan air berbanding BAP dengan mencatatkan
ketinggian hasil buah (21.52 %), Fv/Fm (16.44 %), kandungan klorofil total (22.79
%), fotosintesis (11.97 %) dan pengumpulan unsure nutrien. Hal ini mencadangkan
bahawa MLE boleh digunakan sebagai alternative kepada BAP dalam
memerangsangkan pertumbuhan dan produktiviti. Kajian ini merumuskan bahawa
6.7% MLE, di aplikasi pada jadual penggunaan kombinasi tampang, pembungaan dan
pembuahan adalah optimom bagi aplikasi MLE melalui dedaun dalam usaha
mengurangkan kesan negatif SDI ke atas hasil buah tomato dan kecekapan
penggunaan air.
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CHAPTER 1

INTRODUCTION

Water scarcity is a major challenge to crop production and the attainment of food
security goals, especially in Sub-Saharan Africa (Mancosu et al., 2015; Rockstrom et
al., 2010). This 1s usually ascribed to climate change and increased sectoral
competition as a result of growing urbanization (Boutraa, 2010). However, Silva et al.
(2015) opined that factors such as poor water management which intensify the effect
of climate change and urbanization are more critical for crop production. In agreement,
Zhang et al. (2017) had submitted that to reduce the effect of water scarcity on
productivity there was a need to develop water saving agriculture and improve water
use efficiency, which is currently low (Taft, 2015; Calzadilla et al., 2010).

One of the strategies that is been used to improve water use efficiency in agriculture
is the application of deficit irrigation (Tejero et al., 2011). There are several
advantages on the use of this strategy including better water use efficiency (WUE)
through reduced evapotranspiration, improved produce quality, lower weed and pest
problems (Chapagain et al., 2011). However, there is a major limitation to its use as it
has being reported to reducecrop growth and yield. According to Fereres and Soriano
(2007), reducing crop water use without a loss in crop productivity is a difficult task
since evaporation from crop canopy is tightly associated to CO; fixation. Shahein et
al. (2012) and Igbadun et al. (2012) had recorded 17.16 and 23.0 % reduction in tomato
and onion yield respectively with deficit irrigation (DI). It is therefore, pertinent that
strategies be developed to mitigate this inadvertent effect of DI (Akhtar et al., 2014).
Attempts in this direction included the use of organic amendments such as manure,
biosolids, mulch and compost. According to Hirich et al. (2014) the use of organic
amendments in corn production improved yield performance by 10% under deficit
irrigation conditions. Biological agents such as mycorrhiza, plant growth rhizobia, and
plant growth enhancers have also been used to reduce the effect of DI induced stress.

Plant growth enhancers refer to substances which are capable of stimulating
productivity and crop vigor. There use was inspired by the ability of plants to produce,
accumulate or alter the relative abundance of certain metabolites in response to stress
conditions. Such metabolites include hormones, antioxidants and compatible solutes.
One important strategy of manipulating metabolites to imrove stress tolerance is the
development of improved or transgenic varieties (Verbruggen and Herman, 2008).
However, Ashraf and Foolad (2007) opined that transgenic plants suffer from an
inability to accumulate enough of the target metabolites under stress. A second and
alternative approach 1is the exogenous application of stress mitigating
metaboliteswhich act as growth regulators, scavengers, and osmoprotectants. Whereas
a wide range of synthetic chemicals have been evaluated and found useful in terms of
their efficacy and predictability, their use is limited by their ralative high cost as well
as concerns relating to environmental and consumer safety (Ashraf et al., 2008). As



an alternative, a number of natural sources, including extracts of algae, humic acid,
and plants such as Moringa oleiferaare being evaluated for use.

Moringa leaf extracts is an important source of botanical biostimulants in agriculture
(Yakhin et al., 2017). It has been used as a plant growth enhancer in the cultivation of
different crops and in alleviating the effect of stress on crop productivity due to its rich
content of bioactive compounds such as vitamin A, a-tochopherol, K, Ca, Mg, Zn,
Zeatin and antioxidants (Biswas et al. 2016; Rady and Mohamed, 2015). Mvumi et al.
(2012) had reported that the application of moringa leaf extract increased the yield of
tomato by 150 % over untreated plants. In addition, farmers in arid regions can easily
grow moringa as the plant is drought tolerant and requires low maintenance. Also the
leaves can be processed into extracts for foliar spray using simple technologies
(Yasmeen 2011; Moringanews/Moringa association of Ghana, 2010). Moringa leaf
extracts can therefore be used as part of a low cost water management strategy in water
scarce regions to reduce the effect of deficit irrigation on crop productivity.

Although much work has been done on the use of different concentrations of moringa
leaf extracts to alleviate the effect of abiotic stress on crops, no attention has been paid
to the optimization of concentration with timing of application under sustained deficit
irrigation conditions. This study is therefore designed to optimize the concentration
and timing of application of moringa leaf extracts for tomato production under
sustained deficit irrigation.

1.1 General objective

The general objective is to evaluate effect of moringa leaf extracts (MLE) on stress-
induced reduction in growth, physiology and yield of tomato cultivated under deficit
irrigation technology.

1.2 Specific objectives

1. To developan effective sustained deficit irrigation level for tomato production
under hot and humid low land condition

2. To determine the optimum concentration of moringa leaf extract (MLE)
required for optimum growth, physiology and fruit yield of tomato under
sustained deficit irrigation condition.

3. To study effects of applying the optimum MLE concentration at different
growth stages of tomato on growth, physiology and yield of tomato under
sustained deficit irrigation (SDI)

4. To compare and assess the effect of applying moringa leaf extracts (MLE) and
benzyl amino purine (BAP) on growth, physiology, and yield of tomato under
sustained deficit irrigation (SDI)



REFERENCES

Abedini, M. (2016). Physiological responses of wheat plant to salinity under different
concentrations of Zn. Acta Biologica Szegediensis, 60(1): 9-16.

Abrahém, E., Hourton-Cabassa, C., Erdei, L. and Szabados, L. (2010).Methods for
determination of proline in plants. In: Sunkar, R. (Ed.), Plant Stress Tolerance:
Methods in molecular biology (pp317-331). New York: Humana press.

Afzal, 1., Hussain, B., Basra, S. M. A., Ullah, S. H., Shakeel, Q. and Kamran, M.
(2015). Foliar application of potassium improves fruit quality and yield of
tomato plants. Acta Scientiarum Polonorum Hortorum Cultus, 14(1): 3-13.

Ahmed, A. F., Yu, H, Yang, X. and Jiang, W. (2014). Deficit irrigation affects growth,
yield, vitamin C content, and irrigation water use efficiency of hot pepper
grown in soilless culture. HortScience, 49(6): 722-728.

Ainsworth, E. A. and Gillespie, K. M. (2007). Estimation of total phenolic content and
other oxidation substances in plant tissues using Folin-ciocalteu reagent.
Nature Protocol,2(4): 875-877.

Akhtar, S. S., Li, G., Andersen, M. N. and Liu, F. (2014). Biochar enhances yield and
quality of tomato wunder reduced irrigation. Agricultural Water
Management, 138: 37-44.

Akinci, S. and Losel, D. M. (2012). Plant water-stress response mechanisms.
In Rahman, M. L. (Ed.), Water stress (pp. 1-42), Rijek, Croatia: InTech.

Alexandratos, N. and Bruinsma, J. (2012). World agriculture towards 2030/2050: the
2012 revision. ESA Working paperNo. 12-03. Rome, FAO.

Alhadad, G.M., Seal, C.E., Al-Azzawi, M.J. and Flowers, T. J. (2013). The effect of
combined salinity and waterlogging on the halophyte Suaeda maririma:the role
of antioxidants. Environmental and Experimental Botany,87: 12—125.

Ali, S., Xu, Y., Ma, X., Ahmad, 1., Kamran, M., Dong, Z. and Jia, Z. (2017). Planting
Patterns and Deficit Irrigation Strategies to Improve Wheat Production and
Water Use Efficiency under Simulated Rainfall Conditions. Frontiers in Plant
Science, 8: 1408.

Ali, H. M., Siddiqui, M. H., Al-Whaibi, M. H., Basalah, M. O., Sakran, M. and EI-
Zaidy, M. (2013). Effect of proline and abscisic acid on the growth and
physiological performance of Faba bean under water stress. Pakistan Journal
of Botany,45(3): 933-940.

Ali, Z., Basra, S. M. A., Munir, H., Mahmood, A. and Yousaf, S. (2011). Mitigation
of drought stress in maize by natural and synthetic growth promoters. Journal
of Agricultureand Social Sciencs, 7(2): 56-62.

128



Alian, A., Altman, A. and Heuer, B. (2000). Genotypic differences in salinity and
water stress tolerance of fresh market tomato cultivars. Plant Science,152(1):
59-65.

Alizadeh, O., Haghighi, B. J. and Ordookhani, K. (2010). The effects of exogenous
cytokinin application on sink size in bread wheat (Triticum aestivum). African
Journal of Agricultural Research, 5(21): 2893-2898.

Amjad, M., Akhtar, J., HAQ, M. A. U., Imran, S. and Jacobsen, S. E. (2014). Soil and
foliar application of potassium enhances fruit yield and quality of tomato under
salinity. Turkish Journal of Biology, 38(2): 208-218.

Andresen, M. and Cedergreen, N. (2010). Plant growth is stimulated by tea-seed
extract: a new natural growth regulator?. HortScience, 45(12): 1848-1853.

Anjum, S., Xie, X. and Wang, L. (2011). Morphological, physiological and
biochemical responses of plants to drought stress. African Journal of
Agricultural Research,6(9): 2026-2032.

Anthon, G.E. and Barrett, D.M (2005). Lycopene method standardization,
unpublished report, California Leaque of food processors.

Apel, K. and Hirt, H. (2004). Reactve oxygen species: metabolism, oxidative stress,
and signal transduction. Annual Review of Plant Biology, 55: 373-399.

Ashraf, M. and Foolad, M. R. (2007). Roles of glycine betaine and proline in
improving plant abiotic resistance. Environmental and Experimental Botany,
59: 206-216

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

Ashraf, M., Athar, H. R., Harris, P. J. C. and Kwon, T. R. (2008). Some prospective
strategies for improving crop salt tolerancce. Advances in Agronomy,97(2008):
45-110.

Aslam, M., Sultana, B., Anwar, F. and Munir, H. (2016). Foliar spray of selected plant
growth regulators affected the biochemical and antioxidant attributes of

spinach in a field experiment. Turkish Journal of Agriculture and
Forestry, 40(2): 136-145.

Assaha, D. V., Ueda, A., Saneoka, H., Al-Yahyai, R. and Yaish, M. W. (2017). The
role of Na" and K" transporters in salt stress adaptation in
glycophytes. Frontiers in Physiology, 8: 509.

Ayinde, O., Muchie, M. and Olantugi, G.B. (2011). Effect of climate change on
agricultural productivity in Nigeria: A co-integration model approach. Journal
of Human Ecology,35(3): 189-194.

129



Azzedine, F. and Baka, M. (2011). Improvement of salt tolerance in durum wheat by
ascorbic acid application. Journal of Stress Physiology, 7(1): 27-37.

Ballester, C., Castel, J., Intrigliolo, D. S. and Castel, J. R. (2013). Response of navel
lane late citrus trees to regulated deficit irrigation: yield components and fruit
composition. Irrigation Science, 31(3): 333-341.

Bakry, A. B., Ibrahim, F. M., Abdallah, M. M. S. and El-Bassiouny, H. M. S. (2016).
Effect of Banana Peel Extract or Tryptophan on Growth, Yield and Some
Biochemical Aspects of Quinoa Plants under Water Deficit. International
Journal of PHARMTECH Research,9(8): 276-287.

Banu, A. N., Hoque, A., watanabe-Sugimoto M, Matsuoka, K., Nakamura, Y.,
Shimoishi, Y. and Murata, Y. (2009). Proline and glycinebetain induce
antioxidant defense gene expression and supress cell death in cultured tobacco
cell under salt stress. Journal of Plant Physiology, 166(2): 146-156.

Bashir, K. A., Bawa, J. A. and Mohammed, 1. (2014). Efficacy of leaf extract of
drumstick tree (Moringa oleifera Lam.) on the growth of local tomato
(Lycopersicon esculentum). IOSR Journal of Pharmacy and Biological
Sciences, 9(4): 74-79.

Benlloch, M. and Benlloch-Gonzélez, M. (2016). Co-regulation of water and K"
transport in sunflower plants during water stress recovery. Journal of Plant
Physiology, 196: 14-19.

Berman, M. E. and DeJong, T. M. (1996). Water stress and crop load effects on fruit
fresh and dry weights in peach (Prunus persica). Tree Physiology, 16(10): 859-
864.

Besada, H. and Werner, K. (2015). An assessment of the effect of Africa's water crisis
on food security and management. International Journal of Water Resources
and Development, 31(1): 120-133.

Bhattacharjee, S. and Saha, A. K. (2014). Plant water-stress response mechanisms.
In Approaches to Plant Stress and their Management(pp. 149-172). Springer,
New Delhi.

Bhaskara, G. B., Yang, T. and Verslues, P. E. (2015). Dynamic proline metabolism
importance and regulation in water limited environments. Frontiers in Plant
Science, 6:484.

Biswas, A. K., Hoque, T. S. and Abedin, M. A. (2016). Effects of moringa leaf extract
on growth and yield of maize. Progressive Agriculture, 27(2): 136-143.

Bloom, A. J., Frensch, J. and Taylor, A. R. (2005). Influence of inorganic nitrogen and
pH on the elongation of maize seminal roots. Annals of Botany, 97(5): 867-
873.

130



Blum, A. (2011). Plant water relations, plant stress and plant production. In Plant
breeding for water-limited environments (pp. 11-52).New York, NY: Springer.

Blum, A. (2009). The pot experiment - is it your cup of tea Retrieved 23 October 2017
from http://www.plantstress.com/methods/potExp.htm

Boamah, P.O., Sam-Amoah, L.K. and Owusu-Sekyere, J. D. (2010). Effect of
irrigation interval on growth and development of tomato under sprinkler. Asian
Journal of Agricultural Research,4(4): 196-203.

Boutraa, T. (2010). Improvement of water use efficiency in irrigated agriculture: a
review. Journal of Agronomy,9(1): 1-8.

Breusgem, F. V. and Dat, F. J. (2006). Reactive oxygen species in plant cell death.
Plant Physiology, 141(2): 384-390

Cai, X., Zhang, C., Ye, J., Hu, T., Ye, Z., Li, H. and Zhang, Y. (2014). Ectopic
expression of FaGalUR leads to ascorbate accumulation with enhanced

oxidative stress, cold and salt tolerance in tomato. Plant Growth Regulator,
76(2): 187-197

Cakmak, I., Hengeler, C. and Marschner, H. (1994). Changes in phloem export of
sucrose in leaves in response to phosphorus, potassium and magnesium
deficiency in bean plants. Journal of Experimental Botany, 45(9): 1251-1257.

Calvo, P., Nelson, L. and Kloepper, J. W. (2014). Agricultural uses of plant
biostimulants. Plant and Soil, 383(1-2): 3-41.

Calzadilla, A., Rehdanz, K. and Tol, R. S. (2010). The economic impact of more
sustainable water use in agriculture: A computable general equilibrium
analysis. Journal of Hydrology,384(3): 292-305.

Cao, C., Sun, S., Wang, X., Liu, W. and Liang, Y. (2011). Effects of manganese on
the growth, photosystem II and SOD activity of the dinoflagellate
Amphidinium sp. Journal of Applied Phycology, 23(6): 1039-1043.

Caverzan, A., Passaia, G., Rosa, S. B., Ribeiro, C. W., Lazzarotto, F. and Margis-
Pinheiro, M. (2012). Plant responses to stresses: role of ascorbate peroxidase
in the antioxidant protection. Genetics and Molecular Biology, 35(4): 1011-
1019.

Cechin, I. and De Fatima Fumis, T. (2004). Effect of nitrogen supply on growth and
photosynthesis of sunflower plants grown in the greenhouse. Plant
Science, 166(5): 1379-1385.

Celebi, M. (2014). The effect of water stress on tomato under different emitter

discharges and semi-arid climate condition. Bulgarian Journal of Agricultural
Science, 20(5): 1151-1157.

131



Cervilla, L., Blasco, B., Rios, J., Romero, L. and Ruis, J. (2007). Oxidative stress and
antioxidants in tomato (Solanum lycopersicum) plants subjected to boron
toxicity. Annals of Botany, 100(4): 747-756.

Chance, B. and Maehly, A. C. (1955). Assay of catalases and peroxidases. Methods in
Enzymology,2: 764-T75.

Chapagain, T., Riseman, A. and Yamaji, E. (2011). Achieving more with less water:
Alternate wet and dry irrigation (AWDI) as an alternative to the conventional
water management practices in rice farming. Journal of Agricultural
Science, 3(3): 3-13

Chaves, M. M., Flexas, J. and Pinheiro, C. (2009). Photosynthesis under drought and
salt stress: regulation mechanisms from whole plant to cell. Annals of
Botany, 103(4): 551-560.

Chaves, M. M., Pereira, J. S., Maroco, J., Rodrigues, M. L., Ricardo, C. P. P., Osorio,
M. L. and Pinheiro, C. (2002). How plants cope with water stress in the field.
Photosynthesis and growth. Annals of Botany, 89(SPEC. ISS.): 907-916.

Chen, W., Xiaoqin, Y., Kunzheng, C. and Chen, J. (2011). Sillicon alleviates drought
stress of rice plants by improving plant water status, photosynthesis and

mineral nutrient absorption. Biological Trace Element Research, 142(1): 67-
76.

Chen, J., Kang, S., Du, T., Qiu, R., Guo, P. and Chen, R. (2013). Quantitative response
of greenhouse tomato yield and quality to water deficit at different growth
stages. Agricultural Water Management, 129: 152-162.

Chen, J., Kang, S., Du, T., Guo, P., Qiu, R., Chen, R. and Gu, F. (2014). Modeling
relations of tomato yield and fruit quality with water deficit at different growth

stages under greenhouse condition. Agricultural Water Management, 146:
131-148.

Chutia, J. and Borah, S. P. (2012). Water stress effects on leaf growth and chlorophyll
content but not the grain yield in traditional rice (Oryza sativa Linn.) genotypes
of Assam, India II. Protein and proline status in seedlings under PEG induced
water stress. American Journal of Plant Sciences, 3(07): 971.

Clarkson, D. T., Carvajal, M., Henzler, T., Waterhouse, R. N., Smyth, A. J., Cooke,
D. T. and Steudle, E. (2000). Root hydraulic conductance: diurnal aquaporin

expression and the effects of nutrient stress. Journal of Experimental
Botany, 51(342): 61-70.

Coello, P., Hey, S. J. and Halford, N. G. (2010). The sucrose non-fermenting-1-related

(SnRK)) family of protein kinases: potential for manipulation to improve stress
tolerance and increase yield. Journal of Experimental Botany, 62(3): 883-893.

132



Colak, Y. B., Yazar, A., Colak, 1., Ak¢a, H. and Duraktekin, G. (2015). Evaluation of
crop water stress index (CWSI) for eggplant under varying irrigation regimes
using surface and subsurface drip systems. Agriculture and Agricultural
Science Procedia, 4: 372-382.

Coombs, J., Hind, G. and Leegood, R.C. (1987). Analytical techniques In Coombs, J.,
Hall, D.O., Long, S.P. and Scurlock, J.M.O. (Eds.), Techniques in productivity
and photosynthesis (pp.20-224) United Kingdom: Robert Maxwell.

Cornic, G. (2000). Drought stress inhibits photosynthesis by decreasing stomatal
aperture—not by affecting ATP synthesis. Trends in Plant Science, 5(5): 187-
188.

Da Silva, E. C., Nogueira, R. J. M. C., da Silva, M. A. and de Albuquerque, M. B.
(2011). Drought stress and plant nutrition. Plant Stress, 5: 32-41.

Das, K. and Roychoudhury, A. (2014). Reactive oxygen species (ROS) and response
of antioxidants as ROS-scavengers during environmental stress in plants.
Frontiers in Environmental Science,2(December): 1-13.

Daszkowska-Golec, A. and Szarejko, 1. (2013). Open or close the gate - stomata action
under the control of phytohormones in drought stress conditions. Frontiers in
Plant Science,4(May): 138.

de Ollas, C. and Dodd, I. C. (2016). Physiological impacts of ABA-JA interactions
under water-limitation. Plant Molecular Biology, 91(6): 641-650.

Djurovié, N., Cosi¢, M., Stri¢evié, R., Savi¢, S. and Domazet, M. (2016). Effect of
irrigation regime and application of kaolin on yield, quality and water use
efficiency of tomato. Scientia Horticulturae,201: 271-278.

Dogra, B. S. and Mandradia, R. K. (2014). Effect of seaweed extract on growth and
yield of onion. International Journal of Farm Sciences, 2(1): 59-64.

du Jardin, P. (2015). Plant biostimulants: definition, concept, main categories and
regulation. Scientia Horticulturae, 196: 3-14.

Du Toit, D. C. (2011). Food security. Retrieved from Directorate of Economic
Services, Production Economies units, Department of Agriculture, Forestry
and Fisheries, South Africa: http://www.nda.agric.za/docs/../foodsecurity.

Easion, H. M., Clair, D. A. S. and Bloom, A. J. (2014). An introgression from wild
tomato affect tomato photosynthesis and water relations. Crop Science,54(2):
779-784.

EBIC. (2010). Sustainable agriculture: How biostimulants contributes to sustainable

agriculture  Retrieved  fromhttp://www.biostimulants.eu/about/what-are-
biostimulants-benefits.

133



El-Mageed, T. A. A., Semida, W. M. and Rady, M. M. (2017). Moringa leaf extract
as biostimulant improves water use efficiency, physio-biochemical attributes

of'squash plants under deficit irrigation. Agricultural Water Management, 193:
46-54.

Emongor, V. E. (2015). Effects of moringa (Moringa Oleifera) leaf extract on growth,
yield and yield components of snap beans (Phaseolus vulgaris). British
Journal of Applied Science and Technology, 6(2): 114—122.

Escobar, 1. C. (2009). Sustainability science and engineering: In Escobar, 1. C. and
Schafer, A. 1. (Eds), Sustainable water for the future: Water recycling versus
desalination, (pp. 1-416), Amsterdam: Elsevire B.V.

Eurostat (2016). Agri-environmental indicators: irrigation. retrieved from
WWW.ec.europa.eu/eurostat/statistics-explained

Evans, I. and Solberg, E. (1998). Minerals for plants, animals and man. Retrieved from
Alberta Agriculture Food and Rural Development.
http://www.1agriculture.alberta.ca/$department/deptdoc.nsf

Fahad, S., Ahmad, M., Akbar Anjum, M. and Hussain, S. (2014). The effect of
micronutrients (B, Zn and Fe) foliar application on the growth, flowering and
corm production of gladiolus (Gladiolus grandiflorus L.) in calcareous
soils. Journal of Agricultural Science and Technology, 16: 1671-1682.

Fahad, S., Hussain, S., Saud, S., Hassan, S., Thsan, Z., Shah, A. N. and Alghabari, F.
(2016). Exogenously applied plant growth regulators enhance the morpho-
physiological growth and yield of rice under high temperature. Frontiers in
Plant Science, 7: 1250.

Faize, M., Burgos, L., Faize, L., Piqueras, A., Nicolas, E., Barba-Espin, G. and
Hernandez, J. A. (2011). Involvement of cytosolic ascorbate peroxidase and
Cu/Zn-superoxide dismutase for improved tolerance against drought stress.
Journal of Experimental Botany,62(8): 2599-2613.

Faize, M., Nicolas, E., Faize, L., Diaz-Vivancos, P., Burgos, L. and Hernandez, J. A.
(2015). Cytosolic ascorbate peroxidase and Cu, Zn-superoxide dismutase
improve seed germination, plant growth, nutrient uptake and drought tolerance
in tobacco. Theoretical and Experimental Plant Physiology, 27(3-4): 215-226.

Falkenmark, M (2013). Growing water scarcity in agriculture: future challenges to
global water scarcity. Physiological Transactions of Royal Society, 371(2002):
1-14.

Fang, X., Turner, N. C., Yan, G., Li, F. and Siddique, K. H. (2009). Flower numbers,
pod production, pollen viability, and pistil function are reduced and flower and
pod abortion increased in chickpea (Cicer arietinum L.) under terminal
drought. Journal of Experimental Botany, 61(2): 335-345.

134



FAO (2018). Traditional crop of the month. Retrieved from www.fao.org/traditional-
crops/moringa/en

FAOSTAT. (2015). Agricultural production indices. Retrieved from
www.fao.org/economics/ess/en

FAOSTAT. (2014). Statistical Database of the Food and Agriculture Organisation of
the  United Nations. FAO, Rome, Italy. Retrieved from
http://faostat.fao.org.2015

Farhat, N., Ivanov, A. G., Krol, M., Rabhi, M., Smaoui, A., Abdelly, C. and Hiiner,
N. P. (2015). Preferential damaging effects of limited magnesium
bioavailability on photosystem I in Sulla carnosa plants. Planta, 241(5): 1189-
1206.

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D. and Basra, S. M. A. (2009). Plant
drought stress: effects, mechanisms and management. Agronomy for
Sustainable Development, 29(1): 185-212.

Faures, J. M., Hoogeveen, J. and Bruinsma, J. (2002). The FAO irrigated area forecast
for 2030. Retrieved from
http://www.fao.org/ag/agl/aglw/aquastat/main/index.htm

Fereres, E. and Soriano, A. (2007) Deficit irrigation for reducing agricultural water
use. Jornal of Experimental Botany, 58: 147-159.

Flexas, J. and Medrano, H. (2002). Drought-inhibition of photosynthesis in C3 plants:
stomatal and non-stomatal limitations revisited. Annals of Botany, 89(2): 183-
189.

Fredeen, A. L., Raab, T. K., Rao, I. M. and Terry, N. (1990). Effects of phosphorus
nutrition on photosynthesis in Glycine max (L.) Merr. Planta, 181(3): 399-405.

Fu, Q. S., Yang, R. C., Wang, H. S., Zhao, B., Zhou, C. L., Ren, S. X. and Guo, Y. D.
(2013). Leaf morphological and ultrastructural performance of eggplant

(Solanum melongena L.) in response to water stress. Photosynthetica, 51(1):
109-114.

Gall, H. L., Philippe, F., Domon, J. M., Gillet, F., Pelloux, J. and Rayon, C. (2015).
Cell wall metabolism in response to abiotic stress. Plants, 4(1): 112-166.

Geraldo, C. and Henrique, P. (2012). Plant water relations: absorption, transport and
control mechanisms: In Giuseppe, M. (Ed.), Advances in selected plant
physiology aspects, (PP. 105 - 1332) Rijeka, Croatia, InTech.

Giannakoula, A. E. and Ilias, I. F. (2013). The effect of water stress and salinity on
growth and physiology of tomato (Lycopersicon esculentum Mill.). Archives
of Biological Sciences, 65(2): 611-620.

135



Gill, S. S. and Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery
in abiotic stress tolerance in crop plants. Plant Physiology and
Biochemistry,48(12): 909-930.

Gonzalez-Dugo, V., Durand, J. L., Gastal, F. and Picon-Cochard, C. (2005). Short-
term response of the nitrogen nutrition status of tall fescue and Italian ryegrass
swards under water deficit. Australian Journal of Agricultural
Research, 56(11): 1269-1276.

Grafton, R. Q., Willians, J. and Jiang, Q. (2015). Food and water gaps to 2050:
preliminary results from the global food and water system (GFWS) platform.
Food Security, 7(2): 209-220.

Gupta, S., Agarwal, V.P. and Gupta, N. (2012). Efficacy of purtrescine and
benzyladenine on photosynthesis and productivity in relation to drought

tolerance in wheat (Triticum aestivum L.). Physiology and Molecular
Biologyof Plants,18(4): 331-336.

Gururani, M. A., Venkatesh, J. and Tran, L. S. P. (2015). Regulation of photosynthesis
during abiotic stress-induced photoinhibition. Molecular Plant, 8(9): 1304-
1320.

Hafeez, F. Y., Abaid-Ullah, M. and Hassan, M. N. (2013). Plant growth-promoting
rhizobacteria as zinc mobilizers: a promising approach for -cereals
biofortification. In Bacteria in Agrobiology: Crop Productivity (pp. 217-235).
Berlin Heidelberg: Springer.

Hakala, M., Rantaméki, S., Puputti, E. M., Tyystjéarvi, T. and Tyystjarvi, E. (2006).
Photoinhibition of manganese enzymes: insights into the mechanism of
photosystem II photoinhibition. Journal of Experimental Botany, 57(8): 1809-
1816.

Hammad, H. M., Abbas, F., Saeed, S., Fahad, S., Cerda, A., Farhad, W. and Bakhat,
H. F. (2018). Offsetting land degradation through nitrogen and water
management during maize cultivation under arid conditions. Land
Degradation and Development,2018: 1-10. doi:10.1002/idr.2933.

Hare, P. D., Cress, W. A. and Van Staden, J. (1998). Dissecting the roles of osmolyte
accumulation during stress. Plant, Cell and Environment, 21(6): 535-553.

Hasanuzzaman, M., Alam, M.M., Rahman, A., Hasanuzzaman, M., Nahar, K. and
Fujita, M. (2014). Exogenous proline and glycine betaine mediated
upregulation of antioxidant defense and glyoxalase systems provides better

protection against salt-induced oxidantive stress in two rice (Oryza sativa L.)
varieties. BioMed Research International, 2014(2014): 1-7.

136



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.

Hayat, S., Hayat, Q., Alyemeni, M. N., Wani, A. S., Pichtel, J. and Ahmad, A. (2012).
Role of proline under changing environments: a review. Plant Signaling and
Behavior,7(11): 1456—66.

He, M. and Dijkstra, F. A. (2014). Drought effect on plant nitrogen and phosphorus: a
meta-analysis. New Phytologist,204(4): 924-931.

Hening, H. U. and Sparks, D. (1991). Zinc deficiency inhibits chlorophyll synthesis
and gas exchange in stuart pecan. HortScience,26(3): 267-268.

Henkin, B. M. and Sauer, K. (1977). Magnesium ion effects on chloroplast
photosystem II fluorescence and photochemistry. Photochemistry and
Photobiology, 26(3): 277-286.

Hidangmayum, A. and Sharma, R. (2017). Effect of different concentrations of
commercial seaweed liquid extract of Ascophyllum nodosum as a plant bio
stimulant on growth, yield and biochemical constituents of onion (Al/lium cepa
L.). Journal of Pharmacognosy and Phytochemistry, 6(4): 658-663.

High-Level Panel of Experts (2015). Water for food security and nutrition. A report
of the committee on World Food Security. Retrieved from
http://www.fao.org/cfs/cfs-hlpe

Hikosaka, S. and Sugiyama, N. (2015). Effects of exogenous pant growth regulators
on yield, fruit growth, and concentration of endogenous hormones in
gynoecious parthenocarpic cucumber (Cucumis sativus L.). The Horticulture
Journal, 84(4): 342-349.

Hirich, A., Ragab, R., Choukr-Allah, R. and Rami, A. (2014). The effect of deficit
irrigation with treated wastewater on sweet corn: experimental and modelling
study using SALTMED model. Irrigation Science, 32(3): 205-219.

Holtta, T., Mencuccini, M. and Nikinmaa, E. (2009). Linking phloem function to
structure: analysis with a coupled xylem—phloem transport model. Journal of
Theoretical Biology, 259(2): 325-337.

Homann, P. H. (2005). Chloride and calcium in photosystem II: from effects to
enigma. In Discoveries in Photosynthesis (pp. 383-389). Netherlands: Springer

Homayoun, H., Daliri, M. S. and Mehrabi, P. (2011). Effect of drought stress on leaf
chlorophyll in corn cultivars (Zea mays). Middle-East J Sci Res,9: 418-420.

137



Huang, Z., Zou, Z., He, C., He, Z., Zhang, Z. and Li, J. (2011). Physiological and
photosynthetic responses of melon (Cucumis melo L.) seedlings to three
Glomus species under water deficit. Plant and Soil,339(1-2): 391-399.

Huseynova, I. M. (2012). Photosynthetic characteristics and enzymatic antioxidant
capacity of leaves from wheat cultivars exposed to drought. BBA-
Bioenergetics, 1817(8): 1516-1523.

Ibrahim, W., Ahmed, I. M., Chen, X. and Wu, F. (2017). Genotype-dependent
alleviation effects of exogenous GSH on salinity stress in cotton is related to
improvement in chlorophyll content, photosynthetic performance, and
leaf/root  ultrastructure.  Environmental — Science  and  Pollution
Research, 24(10): 9417-9427.

Igbadun, H. E., Ramalan, A. A. and Oiganji, E. (2012). Effects of regulated deficit
irrigation and mulch on yield, water use and crop water productivity of onion
in Samaru, Nigeria. Agricultural Water Management,109: 162-169.

ITheoma, C.G. (2015). Impact of climate change on agricultural production and
sustainability in Nigeria. Asian Journal of Agricultural Extension, Economics
and Sociology, 4(1): 29-41.

Jaleel, C. A. (2009). Non-enzymatic antioxidant changes in Withania somnifera with
varying drought stress levels. American-Eurasian Journal of Scientific
Research, 4(2): 64-67.

Jensen, C. R., Battilani, A., Plauborg, F., Psarras, G., Chartzoulakis, K., Janowiak, F.
and Liu, F. (2010). Deficit irrigation based on drought tolerance and root
signalling in potatoes and tomatoes. Agricultural Water Management, 98: 403-
413.

Jezek, M., Geilfus, C. M., Bayer, A. and Miihling, K. H. (2015). Photosynthetic
capacity, nutrient status, and growth of maize (Zea mays L.) upon MgSQO4 leaf-
application. Frontiers in Plant Science, 5(781): 1-10.

Kahlaoui, B., Hachicha, M., Rejeb, S., Rejeb, M. N., Hanchi, B. and Misle, E. (2014).
Response of two tomato cultivars to field -applied proline under irrigation with
saline water: growth, chlorophyll flourescence and nutritional aspects.
Photosynthetica,52(3): 421-429.

Kahlaoui, B., Hachicha, M., Misle, E., Fidalgo, F. and Teixeira, J. (2015).
Physiological and biochemical responses to the exogenous application of
proline of tomato plants irrigated with saline water. Journal of the Saudi
Society of Agricultural Sciences. doi.org/10.1016/j.jssas2015.12.002

Kalaji, H. M., Bosa, K., Ko$cielniak, J. and Zuk-Gotaszewska, K. (2011). Effects of
salt stress on photosystem II efficiency and CO 2 assimilation of two Syrian
barley landraces. Environmental and Experimental Botany, 73: 64-72.

138



Kanai, S., Ohkura, K., Adu-Gyamfi, J. J., Mohapatra, P. K., Nguyen, N. T., Sancoka,
H. and Fujita, K. (2007). Depression of sink activity precedes the inhibition of
biomass production in tomato plants subjected to potassium deficiency
stress. Journal of Experimental Botany, 58(11): 2917-2928.

Kannan, S. (1986). Physiology of foliar uptake of inorganic nutrients. Proceedings:
Plant Sciences, 96(6): 457-470.

Karuppanapandian, T., Moon, J. C., Kim, C., ManO’Haran, K. and Kim, W. (2011).
Reactive oxygen species in plants: Their generation, signal transduction, and
scavenging mechanisms. Australian Journal of Crop Science,5(6): 709-725.

Kaur, G. and Asthir, B. (2015). Proline: a key player in plant abiotic stress tolerance.
Biologia Plantarum,59(4): 609—619.

Kazemi, M. (2013). Foliar application of salicylic acid and calcium on yield, yield
component and chemical properties of strawberry. Bulletinof Environment,
Pharmacology and Life Sciences, 2(11): 19-23.

Keyvan, S. (2010). The effects of drought stress on yield, relative water content,
proline, soluble carbohydrates and chlorophyll of bread wheat cultivars. J
Anim Plant Sci, 8(3): 1051-1060.

Klaring, H. P. and Krumbein, A. (2013). The effect of constraining the intensity of
solar radiation on the photosynthesis, growth, yield and product quality of
tomato. Journal of Agronomy and Crop Science, 199(5): 351-359.

Khan, N. and Naqvi, F. N. (2011). Effect of water stress in bread wheat
hexaploids. Current Research Journal of Biological Sciences, 3(5): 487-498.

Khan, R. U., Khan, M. Z., Khan, A., Saba, S., Hussain, F and Jan,I. U. (2017)Effect
of humic acid on growth and crop nutrient status of wheat on two different
soils.Journal of Plant Nutrition,41(4):453-460.

Korkmaz, N. and Askm, M. A. (2013). Effects of calcium and boron foliar application
on pomegranate (Punica granatum L.) fruit quality, yield, and seasonal changes
of leaf mineral nutrition. Acta Horticulturae, 1089: 413-422.

Koutroubas, S. D., Vassiliou, G. and Damalas, C. A. (2014). Sunflower morphology
and yield as affected by foliar applications of plant growth regulators.
International Journal of Plant Production,8(2): 215-229.

Krobel, R., Campbell, C. A., Zentner, R. P., Lemke, R., Steppuhn, H., Desjardins, R.
L. and Jong, R. D. (2012). Nitrogen and phosphorus effects on water use
efficiency of spring wheat grown in a semi-arid region of the Canadian
prairies. Canadian Journal of Soil Science, 92(4): 573-587.

139



Ksouri, R., Megdiche, W., Debez, A., Falleh, H., Grignon, C. and Abdelly, C. (2007).
Salinity effects on polyphenol content and antioxidant activities in leaves of
the halophyte Cakile maritima. Plant Physiology and Biochemistry, 45(3):
244-249.

Kumar, R. R., Karajol, K. and Naik, G. R. (2011). Effect of polyethylene glycol
induced water stress on physiological and biochemical responses in pigeonpea

(Cajanus cajan L . Millsp .). Recent Research in Science and Technology,3(1):
148-152.

Kumari, S., Kumar, S. and Prakash, P. (2018). Exogenous application of cytokinin (6-
BAP) ameliorates the adverse effect of combined drought and high
temperature stress in wheat seedling. Journal of Pharmacognosy and
Phytochemistry, 7(1): 1176-1180.

Kumari, S. (2014). Effect of micronutrients on quality of fruit and seed in tomato,
Solanum lycopersicum L. International Journal of Farm Sciences, 2(1): 43-46.

Kuscu, H., Turhan, A. and Demir, A. O. (2013). The response of processing tomato to
deficit irrigation at various phenological stages in a sub-humid environment.
Agricultural Water Management, 133: 92-103.

Lamb, R. S. (2012). Abiotic stress responses in plants: a focus on the SRO family. In
Montanaro G. (Ed.), Advances in Selected Plant Physiology Aspects, pp. 1-22.
Rijeka, Croatia: InTech.

Leplat, F., Pedas, P. R., Rasmussen, S. K. and Husted, S. (2016). Identification of
manganese efficiency candidate genes in winter barley (Hordeum vulgare)
using genome wide association mapping. BMC Genomics, 17(1): 775.

Li, M., Wang, G. X. and Lin, J. S. (2003). Application of external calcium in
improving the PEG-induced water stress tolerance in liquorice cells. Botanical
Bulletin of Academia Sinica, 44: 275-284.

Li, G. L., Wu, H. X., Shao, K., Li, Z. Y. and Zhang, S. Y. (2010). Progress in
physiological and molecular mechanism of drought resistance in crop. Chinese
Agricultural Science Bulletin,26(23): 185—-191.

Li, J., Hu, L., Zhang, L., Pan, X. and Hu, X. (2015). Exogenous spermidine is
enhancing tomato tolerance to salinity—alkalinity stress by regulating

chloroplast antioxidant system and chlorophyll metabolism. BMC Plant
Biology, 15(1): 303.

Li, Y., Fan, Y., Ma, Y., Zhang, Z., Yue, H., Wang, L. and Jiao, Y. (2017). Effects of
exogenous y-aminobutyric acid (GABA) on photosynthesis and antioxidant
system in pepper (Capsicum annuum L.) seedlings under low light
stress. Journal of Plant Growth Regulation, 36(2): 436-449.

140



Lim, M. Y., Jeong, B. R., Jung, M. and Harn, C. H. (2016). Transgenic tomato plants
expressing strawberry d-galacturonic acid reductase gene display enhanced
tolerance to abiotic stresses. Plant Biotechnology Reports,10(2): 105-116.

Lipiec, J., Doussau, C., Nosalewkz, A. and kondracka, K. (2013). Effect of drought
and heat stresses on plant growth and yield: a review. [International
Agrophysics, 2013(17): 463-477

Lisar, S. Y., Motafakkerazad, R., Hossain, M. M. and Rahman, 1. M. (2012). Water
stress in plants: causes, effects and responses. In Rahman, .M. (Ed.), Water
Stress, pp. 1-14. Rijeka, Croatia: InTech.

Liu, L., Wei, J., Zhang, M., Zhang, L., Li, C. and Wang, Q. (2012). Ethylene
independent induction of lycopene biosynthesis in tomato fruits by
jasmonates. Journal of Experimental Botany, 63(16): 5751-5761.

Liu, W.J., Yuan, S., Zhang, H. N., Lei, T., Duan, H. G., Liang, H. G. and Lin, H. H.
(2006). Effect of water stress on photosystem 2 in two wheat cultivars.
Biologia Plantarum,50(4): 597-602.

Losch, R., Tenhunen, J. D., Lange, O. L. and Pereira, J. S. (1982). Diurnal courses of
stomatal resistance and transpiration of wild and cultivated Mediterranean

perennials at the end of the summer dry season in Portugal. Flora, 172(2): 138-
160.

Luo, X., Wu, J., Li, Y., Nan, Z., Guo, X., Wang, Y. and Tian, Y. (2013). Synergistic
effects of GhSODI1 and GhCAT1 overexpression in cotton chloroplasts on

enhancing tolerance to methyl viologen and salt stresses. PLoS One, 8(1): 1-
11.

Luvai, A. K., Gitau, A. N., Njoroge, B. N. K. and Obiero, J. P. O. (2014). Effect of
water application levels on growth characteristics and soil water balance of

tomatoes in greenhouse. International Journal of Engineering Innovations and
Research, 3(3): 271.

Ma, D., Sun, D., Wang, C., Ding, H., Qin, H., Hou, J. and Guo, T. (2017).
Physiological responses and yield of wheat plants in zinc-mediated alleviation
of drought stress. Frontiers in Plant Science, §: 860.

Malaysia Agricultural Research and Development Institute (2008). Tomato
(pamphlet). Serdang, SGR: Program Penerbitan dan Percetakan, MARDI.

Mancosu, N., Snyder, R. L., Kyriakakis, G. and Spano, D. (2015). Water scarcity and
future challenges for food production. Water, 7(3): 975-992.

Mansori, M., Chernane, H., Latique, S., Benaliat, A., Hsissou, D. and El Kaoua, M.
(2016). Effect of seaweed extract (Ulva rigida) on the water deficit tolerance
of Salvia officinalis L. Journal of Applied Phycology,28(2): 1363-1370.

141



Manzoni, S., Vico, G., Katul, G., Palmroth, S., Jackson, R. B. and Porporato, A.
(2013). Hydraulic limits on maximum plant transpiration and the emergence
of the safety—efficiency trade-off. New Phytologist, 198(1): 169-178.

Martre, P., Morillon, R., Barrieu, F., North, G. B., Nobel, P. S. and Chrispeels, M. J.
(2002). Plasma membrane aquaporins play a significant role during recovery
from water deficit. Plant Physiology, 130(4): 2101-2110.

Masuda, T. and Fujita, Y. (2008). Regulation and evolution of chlorophyll
metabolism. Photochemical and Photobiological Sciences, 7(10): 1131-1149.

Medrano, H., Escalona, J. M., Bota, J., Gulias, J. and Flexas, J. (2002). Regulation of
photosynthesis of C3 plants in response to progressive drought: stomatal
conductance as a reference parameter. Annals of Botany, 89(7): 895-905.

Mereu, V., Carboni, G., Gallo, A., Cervigni, R. and Spano, D. (2015). Impact of
climate change on staple food crop production in Nigeria. Climatic
Change, 132(2): 321-336.

Mishra, S.P., Singh, P., Singh, S., Das, R. and Prasad, R.S. (2013). Moringa leaf
extract as biostimulant for increased pea yield. Indian Forester, 139(6): 562-
563.

Mohammed, R., Olorukooba, M.M., Akinyaju, J.A. and Kambai, E.A. (2013).
Evaluation of different concentration and frequency of foliar application of

moringa leaf extract on growth and yield of onion, Allium cepa Lam. Agro
Search, 13(3): 196-205.

Mohawesh, O. and Karajeh, M. (2015). Greenhouse evaluation of deficit irrigation on
the growth of tomato and egg plant and their interactions with Meloidogyne
Jjavanica. South African Journal of Plant and Soil,32(1): 55-60.

Moringanews/Moringa Association of Ghana (2010) Growing and processing
moringa leaves. Retrieved from
http://www.moringanews.org/documents/moringawebEN.pd

Moyo, B., Masika, P. J., Hugo, A. and Muchenje, V. (2011). Nutritional
characterization of Moringa (Moringa oleifera Lam.) leaves. African Journal
of Biotechnology, 10(60): 12925-12933.

Muhamman, M. A., Auwalu, B. M., Manga, A. A. and Jibrin, J. M. (2013). Effects of
aqueous extract of moringa (Moringa oleifera Lam.) and nitrogen rates on
some physiological attributes and yield of tomato. International Jornalof
Chemical, Environmentaland Biological Sciences, 1: 2320-4087.

Mukherjee, A., Kundu, S. and Sarka, S. (2010). The role of irrigation and mulch on
yield, evapotranspiration rate and water use pattern of tomato (Lycopersicon
esculentum L.) . Agricultural Water Management, 98: 182-189.

142



Muller, B., Pantin, F., Génard, M., Turc, O., Freixes, S., Piques, M. and Gibon, Y.
(2011). Water deficits uncouple growth from photosynthesis, increase C
content, and modify the relationships between C and growth in sink organs.
Journal of Experimental Botany,62(6): 1715-1729.

Mvumi, C., Tagwira, F. and Chiteka, Z. A. (2012). Effect of moringa extracts on
growth and yield of tomato. Greener Journal of Agricultural Science, 2(5):
207-211.

Mvumi,C., Taqwira, F. and Chiteka, Z. A. (2013). Effect of moringa extracts on the
growth and yield of maize and common beans. Greener Journal of
Agricultural Science, 3(1): 056-062.

Nadia, K. and Naqvi, F. N. (2010). Effect of water stress on lipid peroxidation and
antioxidant enzymes in local bread wheat hexaploids. Journal of Food,
Agriculture and Environment, 8(2): 521-526.

Nabhar, K. and Gretzmacher, R. (2011). Response of shoot and root development of
seven tomato cultivars in hydroponic system under water stress. Academic
Jornal of Plant Sci, 4(2): 57-63.

Nabhar, K. and Gretzmacher, R. (2002). Effect of water stress on nutrient uptake, yield
and quality of tomato (Lycopersicon esculentum Mill.) under subtropical
conditions. Bodenkultur, 53(1): 45-51.

Nangare, D. D., Singh, Y., Kumar, P. S. and Minhas, P. S. (2016). Growth, fruit yield
and quality of tomato (Lycopersicon esculentum Mill.) as affected by deficit
irrigation  regulated on  phenological basis. Agricultural ~ Water
Management, 171: 73-79.

Nair, j.S. and Ramaswamy, N. K. (2006). Differential response of antioxidant enzymes
in wheat (Triticum aestivum L.) under PEG-induced water stress. Physiology
and Molecular Biology of Plants,12(1): 95-99.

Nasircilar, A. G. and Ulukapi, K. Effects of some Exogenous Applications on some
Agricultural Crops under Salt Stress, paper presented at the international
conference on advances in Agriculture, Biological and Environmental
Sciences, London. July, 2015.

Nawaz, H., Yasmeen, A., Anjum, M. A. and Hussain, N. (2016). Exogenous
application of growth enhancers mitigate water stress in wheat by antioxidant
elevation. Frontiers in Plant Science,7(May): 597.

Nickell, L. G. (1982). Plant growth regulators. Agricultural uses. Berlin: Springer-
Verlag.

Niu, J., Feng, Z., Zhang, W., Zhao, P. and Wang, X. (2014). Non-stomatal limitation
to photosynthesis in Cinnamomum camphora seedings exposed to elevated
O>. PloS one, 9(6): 1-7.

143



Nixon, P. J., Michoux, F., Yu, J., Boehm, M. and Komenda, J. (2010). Recent
advances in understanding the assembly and repair of photosystem Il. Annals
of Botany, 106(1): 1-16.

Nohong, B. and Nompo, S. (2015). Effect of water stress on growth , yield , proline
and soluble sugars contents of Signal grass and Napier grass species.
American-Eurasian Journal of Sustainable Agriculture,9(5): 14-21.

Nonami, H. (1998). Plant water relations and control of cell elongation at low water
potentials. Journal of Plant Research,111(3): 373-382.

Nozulaidi, M., Nurlnani, M. and Khairi Mand Jahan, S. M. D. (2016). Production of
Corn: effects of manganese application on plant parameters. Journal of
Agricultural Research, 1(2): 1-7.

O’Hara, L. E., Paul, M. J. and Wingler, A. (2013). How do sugars regulate plant
growth and development? New insight into the role of trehalose-6-
phosphate. Molecular Plant, 6(2): 261-274.

Oraki, H., Khajani, F. P. and Aghaalikhana, M. (2012). Effect of water deficit stress
on proline contents, soluble sugars, chlorophyll and grain yield of sunflower
(Helianthus annuus L.) hybrids. African Journal of Biotechnology,11(1): 164—
168.

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

Osorio, S., Ruan, Y. L. and Fernie, A. R. (2014). An update on source-to-sink carbon
partitioning in tomato. Frontiers in Plant Science, 5: 516.

Oury, V., Caldeira, C. F., Prodhomme, D., Pichon, J., Gibon, Y,. Tardieu, F. and Turc,
0. (2016). Is change in ovary carbon status a cause or a consequence of maize

ovary abortion in water deficit during flowering. Plant Physiology,171(2):
997-1008.

Owusu-Sekyere, J.D. and Dadzie, M. (2009). Effect of deficit irrigation on growth and
development of tomato plant (Lycopersicon esculentum Mill.). Journal of
Ghana Science Association, 11(2): 90-97.

Parmar, M., Nandre, B. M. and Pawar, Y. (2016). Influence of foliar supplementation
of zinc and manganese on yield and quality of potato, Solanum tuberosum
L. International Journal of Farm Sciences, 6(1): 69-73.

Patane, C. and Cosentino, S. L. (2010). Effects of soil water deficit on yield and quality

of processing tomato under a mediterranean climate. Agricultural Water
Management, 97: 131-138.

144



Patane, C., Tringali, S. and Sortino, O. (2011). Effects of deficit irrigation on biomass,
yield, water productivity and fruit quality of processing tomato under semi-
arid Mediterranean climate conditions. Scientia Horticulturae,129(4): 590-
596.

Payen, S., Basset-Mens, C. and Perret, S. (2015). LCA of local and imported tomato:
an energy and water trade-off. Journal of Cleaner Production, 87: 139-148.

Payne, W. A. and Sattelmacher, B. (2000). Effects of phosphorus and water supply on
yield, transpirational water-use efficiency, and carbon isotope discrimination
of pearl millet. Crop Science, 40(1): 120-125.

Peleg Z., Reguera M., Tumimbang E. and Blumwald E. (2011). Cytokinin mediated
source /sink modifications improve drougth tolerance and increased grain yield
in rice under water- stress. Plant Biotechnology, J9(7): 747-758.

Pérez-Pérez, J. G., Robles, J. M. and Botia, P. (2014). Effects of deficit irrigation in
different fruit growth stages on ‘Star Ruby’grapefruit trees in semi-arid
conditions. Agricultural Water Management, 133: 44-54.

Pospisilova, J. (2003). Interaction of cytokinins and abscisic acid during regulation of
stomatal opening in bean leaves. Photosynthetica,41(1): 49-56.

Qadir, M., Quillérou, E., Nangia, V., Murtaza, G., Singh, M., Thomas, R. J. and Noble,
A. D. (2014). Economics of salt-induced land degradation and
restoration. Natural Resources Forum,38(4): 282-295.

Qados, A. M. A. (2011). Effect of salt stress on plant growth and metabolism of bean
plant Vicia faba (L.). Journal of the Saudi Society of Agricultural
Sciences, 10(1): 7-15.

Rady, M. M. and Mohamed, G. F. (2015). Modulation of salt stress effects on the
growth, physio-chemical attributes and yields of Phaseolus vulgaris L. plants

by the combined application of salicylic acid and Moringa oleifera leaf extract.
Scientia Horticulturae, 193(October): 105-113.

Rahbarian, R., Khavari-Nejad, R., Ganjeali, A., Bagheri, A. and Najafi, F. (2011).
Drought stress effects on photosynthesis, chlorophyll fluorescence and water
relations in tolerant and susceptible chickpea (Cicer arietinum L.)
genotypes. Acta BiolCracov Bot, 53(1): 47-56.

Rahimi, A., Jahansoz, M. R., Hoseini, S., Sajjadinia, A. R., Roosta, H. R. and Fateh,
E. (2011). Water use and water-use efficiency of Isabgol (Plantago ovata) and
French psyllium (Plantago psyllium) in different irrigation regimes. Australian
Journal of Crop Science, 5(1): 71.

Rahimi, A., Sayadi, F. and Dashti, H. (2013). Effects of water and nitrogen supply on

growth, water-use efficiency and mucilage yield of isabgol (Plantago ovata
Forsk). Journal of Soil Science and Plant Nutrition, 13(2): 341-354.

145



Rai, V. K. (2002). Role of amino acids in plant responses to stresses. Biologia
Plantarum, 45(4): 481-487.

Ramachandran, C., Peter, K. V. and Gopalakrishnan, P. K. (1980). Drumstick
(Moringa oleifera): a multipurpose Indian vegetable. Economic Botany, 34(3):
276-283.

Rathore, S. S., Chaudhary, D. R., Boricha, G. N. and Ghosh, A. (2009). Effect of
seaweed extract on the growth , yield and nutrient uptake of soybean ( Glycine
max ) under rainfed conditions. South African Journal of Botany,75(2): 351—
355.

Razaq, M., Zhang, P. and Shen, H. L. (2017). Influence of nitrogen and phosphorous
on the growth and root morphology of Acer mono. PloS one, 12(2): 1-13.

Reddy, A. R., Chaitanya, K. V. and Vivekanandan, M. (2004). Drought-induced
responses of photosynthesis and antioxidant metabolism in higher
plants. Journal of Plant Physiology, 161(11): 1189-1202.

Reguera, M., Peleg, Z., Abdel-Tawab, Y. M., Tumimbang, E., Delatorre, C. A. and
Blumwald, E. (2013). Stress-induced CK synthesis increases drought tolerance

through the coordinated regulation of carbon and nitrogen assimilation in rice.
Plant Physiology, 163(December): 1-15.

Richards, L.A. (1947). Pressure membrane apparatus- construction and use. Agr Eng,
28:451-454

Ripoll, J., Urban, L., Staudt, M., Lopez-Lauri, F., Bidel, L. P. and Bertin, N. (2014).
Water shortage and quality of fleshy fruits—making the most of the
unavoidable. Journal of Experimental Botany, 65(15): 4097-4117.

Rivero, R. M., Kojima, M., Gepstein, A., Sakakibara, H., Mittler, R., Gepstein, S. and
Blumwald, E. (2007). Delayed leaf senescence induces extreme drought
tolerance in a flowering plant. Proceedings of the National Academy of

Sciences, 104(49): 19631-19636.

Robertson, D. N. (2013). Modulating plant calcium for better nutrition and stress
tolerance. ISRN Botany, 2013: 1-22.

Rockstrom J., Karlsberg, L., Wani, P. S., Barron, J., Hatibu, N., Oweis, T.,
Bruggeman, A., Farahani, J. and Qiang, Z. (2010) Managing water in rainfed
agriculture- the need for a paradigm shift. Agricultural Water Management,
97: 540-550.

Rouphael, Y., Cardarelli, M., Schwarz, D., Franken, P. and Colla, G. (2012). Effects
of drought on nutrient uptake and assimilation in vegetable crops. In Aroca, R.
(Ed.), Plant responses to drought stress, (pp. 171-195). Berlin, Heidelberg:
Springer.

146



Roy, S., Asaduzzaman, M., Pramanik, M. H. R. and Prodhan, A. K. M. A. (2006).
Effect of banana plant extracts on germination and seedling growth of some
vegetable crops. Bangladish Journal of Crop Science,17(1): 235-242.

Sabir, F., Sangwan, R. S., Kumar, R. and Sangwan, N. S. (2012) Salt stress-induced
responses in growth and metabolism in callus cultures and differentiating in

vitro shoots of Indian ginseng (Withania somnifera Dunal). Journal of Plant
Growth Regulation, 31(4): 537-548.

Saeidnejad, A. H. and Kafi, M. (2013). Alleviative effects of Zinc on physiological
properties and antioxidants activity of maize plants under salinity
stress. International Journal of Agriculture and Crop Sciences, 5(5): 529.

Sahoo, C. R., Dash, M. and Acharya, N. (2015) Effect of water stress on nutrient
content and their uptake in indian mustard (Brassica juncea (1.) Czern and

Coss) genotypes. Global Journal of Biology, Agriculture and Health Sciences,
4(1): 110-116.

Sakhonwasee, S. and Phingkasan, W. (2017). Effects of the foliar application of
calcium on photosynthesis, reactive oxygen species production, and changes
in water relations in tomato seedlings under heat stress. Horticulture,
Environment, and Biotechnology, 58(2): 119-126.

Samreen, T., Ullah, H., Ullah, S. and Javid, M. (2013). Zinc effect on growth rate ,
chlorophyll , protein and mineral contents of hydroponically grown

mungbeans plant ( Vigna radiata ). Arabian Journal of Chemistry,2017(10):
S1802-S1807.

Sanchez-Rodriguez, E., Rubio-Wilhelmi, M., Cervilla, L. M., Blasco, B., Rios, J. J.,
Rosales, M. A. and Ruiz, J. M. (2010). Genotypic differences in some
physiological parameters symptomatic for oxidative stress under moderate
drought in tomato plants. Plant Science, 178(1): 30-40.

SAS Institute. (2012). SAS/STAT user guide, version 9.4 2" ed. SAS Institute, Inc.,
Cary, NC.

Schmidt, S. B., Jensen, P. E. and Husted, S. (2016). Manganese deficiency in plants:
the impact on photosystem Il. Trends in Plant Science, 21(7): 622-632.

Shah, S. H., Houborg, R. and McCabe, M. F. (2017). Response of Chlorophyll,
Carotenoid and SPAD-502 Measurement to Salinity and Nutrient Stress in
Wheat (Triticum aestivum L.). Agronomy, 7(3): 61.

Shahein, M. M., Abuarab, M. E. and Hassan, A. M. (2012). Effects of regulated deficit
irrigation and phosphorous fertilizers on water use efficiency, yield and total
soluble solids of tomato. American—Eurasian Jornal of Agricural and
Environmental Science, 12(10): 1295-1304.

147



Shalata, A. and Neumann. (2001). Exogenous ascorbic acid (vitamin C) increases
resistance to salt stress and reduces lipid peroxidation. Journal of Experimental
Botany, 52(364): 2207-2211.

Shukor, N. M., Chew, B. H., Noraini, S. and Noor, M. M. (1988, March). Tomato and
peper growing in Malaysia. Paper presented at the international symposium on
integrated management practices: tomato and peper production in the tropics,
Tainan, Taiwan ROC.

Sibomana, I. C., Aguyoh, J. N. and Opiyo, A. M. (2013). Water stress affects growth
and yield of container grown tomato (Lycopersicon esculentum Mill) plants.
Bangladesh Journal of Agricultural Research,2(4): 461-466.

Sicher, R. C., Timlin, D. and Bailey, B. (2012). Responses of growth and primary
metabolism of water-stressed barley roots to rehydration. Journal of Plant
Physiology, 169(7): 686-695.

Sida-Arreola, J. P., Sanchez, E., Ojeda-Barrios, D. L., Avila-uezada, G. D., Flores-
Cordova, M. A., Marquez-Quiroz, C. and Preciado-Rangel, P. (2017). Can
biofortification of zinc improve the antioxidant capacity and nutritional quality
of beans?. Emirates Journal of Food and Agriculture, 29(3): 237.

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., Coitifio, E. L., Borsani, O. and Monza, J. (2013). Molecular mechanisms
for the reaction between *OH radicals and proline: insights on the role as
reactive oxygen species scavenger in plant stress. The Journal of Physical
Chemistry B, 118(1): 37-47.

Silva, A. C. S., Galvao, C. O. and Silva, G. N. S. (2015). Droughts and governance
impacts on water scarcity: an~ analysis in the Brazilian semi-arid. Proceedings
of the International Association of Hydrological Sciences, 369: 129.

Sikuku, P. A., Onyango, J. C. and Netondo, G. W. (2012). Physiological and
biochemical responses of five nerica rice varieties (Oryza sativa L .) to water

deficit at vegetative and reproductive. Agricultural and Biological Journal of
North America,3(3): 93—104.

Simova-Stoilova, L., Demirevska, K., Petrova, T., Tsenov, N. and Feller, U. (2009).
Antioxidant protection and proteolytic activity in tolerant and sensitive wheat

(Triticum aestivum L.) varieties subjected to long term field drought. Plant
Growth Regulation,58(1): 107-117.

Stewart, C. R. (1972). Effects of proline and carbohydrates on the metabolism of

exogenous proline by excised bean leaves in the dark. Plant Physiology, 50(5):
551-555.

148



Sun, W., Liu, X., Wang, Y., Hua, Q., Song, X., Gu, Z. and Pu, D. (2014). Effect of
water stress on yield and nutrition quality of tomato plant overexpressing
StAPX. Biologia Plantarum, 58(1): 99—104.

Taft, H. L. (2015). Water challenges and solutions on a global scale. American
Chemical Society, 1206: pp. 413-433.

Tanaka, Y., Sano, T., Tamaoki, M., Nakajima, N., Kondo, N. and Hasezawa, S.
(2006). Cytokinin and auxin inhibit abscisic acid-induced stomatal closure by
enhancing ethylene production in arabidopsis. Journal of Experimental
Botany, 57(10): 2259-2266.

Tari, A. F. (2016). The effects of different deficit irrigation strategies on yield, quality,
and water-use efficiencies of wheat under semi-arid conditions. Agricultural
Water Management, 167: 1-10.

Taylor, K. and Brannen, P. (2008, January 22-25). Effects of foliar calcium application
on peach fruit quality, shelf-life and fruit rot. Paper presented at the Albion
international conference on plant nutrition. Utah, USA: Albion.

Tejero, 1. G., Zuazo, V. H. D., Bocanegra, J. A. J. and Fernandez, J. L. M. (2011).
Improved water-use efficiency by deficit-irrigation programmes: Implications
for saving water in citrus orchards. Scientia Horticulturae, 128(3): 274-282.

Télef, N., Stammitti-Bert, L., Mortain-Bertrand, A., Maucourt, M., Carde, J. P., Rolin,
D. and Gallusci, P. (2006). Sucrose deficiency delays lycopene accumulation
in tomato fruit pericarp discs. Plant Molecular Biology, 62(3): 453-469.

Thalooth, A. T., Tawfik, M. M. and Mohamed, H. M. (2006). A comparative study on
the effect of foliar application of zinc, potassium and magnesium on growth,
yield and some chemical constituents of mungbean plants grown under water
stress conditions. World Jornal of Agricultural Science, 2(1): 37-46.

Thanaa, S. H. M., Kassim, N. E., AbouRayya, M. S. and Abdalla, A. M. (2017).
Influence of foliar application with moringa (Moringa oleifera L.) leaf extract
on yield and fruit quality of hollywood plum cultivar. J Hortic Sci, 4(1): 193.

Thorsteinsson, B. and Eliasson, L. (1990). Growth retardation induced by nutritional
deficiency or abscisic acid in Lemna gibba: The relationship between growth
rate and endogenous cytokinin content. Plant Growth Regulation, 9(2): 171-
181.

Tuhy, L., Chowanska, J. and Chojnacka, K. (2013). Seaweed extracts as biostimulants
of plant growth: a review. Chemik, 67(7): 636-41.

Turner, N. C. (1988). Measurement of plant water status by the pressure chamber
technique. Irrigation Science, 9(4): 289-308.

149



Unver, O., Bhaduri, A. and Hoogeveen, J. (2017). Water-use efficiency and
productivity improvements towards a sustainable pathway for meeting future
water demand. Water Security, 1: 21-27.

Varone, L., Ribas-Carbo, M., Cardona, C., Gallé, A., Medrano, H., Gratani, L. and
Flexas, J. (2012). Stomatal and non-stomatal limitations to photosynthesis in
seedlings and saplings of Mediterranean species pre-conditioned and aged in

nurseries: Different response to water stress. Environmental and Experimental
Botany, 75: 235-247.

Verbruggen, N. and Herman, C. (2008). Proline accumulation in plants: a review.
Amino Acids, 35: 753-759.

Vurayai, R., Emongor, V. and Moseki, B. (2011). Physiological responses of bambara
groundnut (Vigna subterranea L. Verdc) to short periods of water stress during

different developmental stages. Asian Journal of Agricultural Sciences, 3(1):
37-43.

Wahb-Allah, M.A. and Al-Omran, A.M. (2012). Effect of water quality and deficit
irrigation on tomato growth, yield and water use efficiency at different

developmental stages. Jornal of Agricultural and Environmental Sciences,
11(2): 80-110.

Walz, C., Juenger, M., Schad, M. and Kehr, J. (2002). Evidence for the presence and
activity of a complete antioxidant defense system in mature sieve tubes. The
Plant Journal, 31(2): 189-197.

Wang, L., Wang, S., Chen, W., Li, H. and Deng, X. (2017). Physiological mechanisms
contributing to increased water-use efficiency in winter wheat under organic
fertilization. PloS One, 12(6): 1-21.

Wang, L., L, Y., Feng, S., Yang, J.,, Li, D. and Zhang, J. (2017). Roles of
plasmalemma aquaporin gene StPIPI in enhancing drought tolerance in
potato. Frontiers in Plant Science, 8: 616.

Wang, X., Mohamed, 1., Xia, Y. and Chen, F. (2014). Effects of water and potassium
stresses on potassium utilization efficiency of two cotton genotypes. Journal
of Soil Science and Plant Nutrition, 14(4): 833-844.

Wang, F., Kang, S., Du, T., Li, F. and Qiu, R. (2011). Determination of comprehensive
quality index for tomato and its response to different irrigation
treatments. Agricultural Water Management, 98: 1228-1238.

Wang, H. Z., Zhang, L. H., Jun, M. A., Li, X. Y., Yan, L. 1., Zhang, R. P. and Wang,
R. Q. (2010). Effects of water stress on reactive oxygen species generation and
protection system in rice during grain-filling stage. Agricultural Sciences in
China, 9(5): 633-641.

150



Wagqas, M. A., Khan, I., Akhter, M. J., Noor, M. A. and Ashraf, U. (2017). Exogenous
application of plant growth regulators (PGRs) induces chilling tolerance in

short-duration hybrid maize. Environmental Science and Pollution
Research,24(12): 11459-11471.

Wilkinson, S., Kudoyarova, G. R., Veselov, D. S., Arkhipova, T. N. and Davies, W.
J. (2012). Plant hormone interactions: innovative targets for crop breeding and
management. Journal of Experimental Botany, 63(9): 3499-3509.

Wu, C. and Tsui, C. (1959). The Effect of zinc on the activities of catalase, peroxidase
and polyphenol oxidase in the tomato plant. Acta Botanica Sinica, 8: 243-246.

Wudiri, B. B. and Henderson, D. W. (1985). Effects of water stress on flowering and
fruit set in processing-tomatoes. Scientia Horticulturae, 27(3-4): 189-198.

Xie, H., You, L., Wielgosz, B. and Ringler, C. (2013). Estimating the potential for
expanding smallholder irrigaation in Sub-Saharan Africa. AgriculturalWater
Management, 131: 183-193.

Xiong, L., Schumaker, K. S. and Zhu, J. K. (2002). Cell signaling during cold, drought,
and salt stress. The Plant Cell, 14(1): S165-S183.

Yakhin, O. 1., Lubyanov, A. A., Yakhin, I. A. and Brown, P. H. (2017). Biostimulants
in plant science: a global perspective. Frontiers in Plant Science, 7: 2049.

Yamaguchi-Shinozaki, K. and Shinozaki, K. (2006). Transcriptional regulatory
networks in cellular responses and tolerance to dehydration and cold stresses.
Annual Review of Plant Biology,57(1): 781-803.

Yang, S., Wang, F., Guo, F., Meng, J. J,, Li, X. G. and Wan, S. B. (2015). Calcium
contributes to photoprotection and repair of photosystem II in peanut leaves

during heat and high irradiance. Journal of Integrative Plant Biology, 57(5):
486-495.

Yang, L., Fountain, J. C., Wang, H., Ni, X., Ji, P., Lee, R. D. and Guo, B. (2015).
Stress sensitivity is associated with differential accumulation of reactive
oxygen and nitrogen species in maize genotypes with contrasting levels of

drought tolerance. International Journal of Molecular Sciences, 16(10):
24791-24819.

Yao, XM., Ma, J., Ji, J., Ou, C. and Gao, W. (2016). Effect of exogenous application
of salicylic acid on the drought stress responses of Gardenia jasminoides.
Sciences in Cold and Arid Regions, 8(1): 54-64.

Yasmeen, A. (2011). Exploring the potential of moringa (Moringa oleifera) leaf

extract as natural plant growth enhancer, PhD Thesis, University of
Agriculture, Faisalabad, Pakistan.

151



Yasmeen, A., Basra, S. M. A., Ahmad, R. and Wahid, A. (2012). Performance of late
sown wheat in response to foliar application of Moringa oleifera Lam. leat
extract. Chilean Journal of Agricultural Research, 72(1): 92-97.

Yasmeen, A., Shahzad, M.A., Wahid, A., Farooq, M., Nouman, W., Rehman, H. and
Hussein, N. (2013). Improving drought resistance in wheat (7riticum
aestivum) by exogenous application of growth enhancers. [International
Journal of Agriculture and Biology, 15(6): 1307-1312.

Yasmeen, A., Nouman, W., Basra, S. M. A., Wahid, A., Hussain, N. and Afzal, I.
(2014). Morphological and physiological response of tomato (Solanum
lycopersicum L.) to natural and synthetic cytokinin sources: a comparative
study. Acta Physiologiae Plantarum, 36(12): 3147-3155.

Yildirim, E., Turan, M. and Guvenc, 1. (2008). Effect of foliar salicyclic acid
application on growth, chlorophyll, and mineral content of cucumber grown
under salt stress. Journal of Plant Nutrition,31(3): 593—612.

Yiu, J. C., Tseng, M. J. and Liu, C. W. (2011). Exogenous catechin increases
antioxidant enzyme activity and promotes flooding tolerance in tomato
(Solanum lycopersicum L.). Plant and Soil,344(1): 213-225.

You, L., Ringler, C., Wood-Sichra, Robert, R., Stanley, W., Zhu, T., Nelson, G., Gou,
Z.and Sun, Y. (2011). What is the irrigation potential for Africa? A combined
biophysical and socioeconomic approach. Food Policy, 36(6): 770-782.

Yuan, X. K., Yang, Z. Q., Li, Y. X,, Liu, Q. and Han, W. (2016). Effects of different
levels of water stress on leaf photosynthetic characteristics and antioxidant
enzyme activities of greenhouse tomato. Photosynthetica,54(1): 28-39.

Zaki, S. S. and Rady, M. M. (2015). Moringa oleifera leaf extract improves growth ,
physio- chemical attributes , antioxidant defense system and yields of salt-

stressed Phaseolus vulgaris L. plants. International Journal of ChenTech
Research, 8(11): 120—134.

Zavaleta-Mancera, H. A., Lopez-Delgado, H., Loza-Tavera, H., Mora-Herrera, M.,
Trevilla-Garcia, C., Vargas-Suarez, M. and Ougham, H. (2007). Cytokinin
promotes catalase and ascorbate peroxidase activities and preserves the
chloroplast integrity during dark-senescence. Journal of Plant
Physiology, 164(12): 1572—1582.

Zhang, H., Xiong, Y., Huang, G., Xu, X. and Huang, Q. (2017). Effects of water stress
on processing tomatoes yield, quality and water use efficiency with plastic
mulched drip irrigation in sandy soil of the Hetao Irrigation
District. Agricultural Water Management, 179: 205-214.

Zhang, L. and Becker, D. F. (2015). Connecting proline metabolism and signalling
pathways in plant senescence. Frontiers in Plant Science, 6: 552.

152



Zhang, Y. J., Xie, Z. K., Wang, Y. J., Su, P. X., An, L. P. and Gao, H. (2011). Effect
of water stress on leaf photosynthesis, chlorophyll content, and growth of
oriental lily. Russian Journal of Plant Physiology, 58(5): 844-850.

Zhang, X., Zhang, L., Dong, F., Gao, J., Galbraith, D. W. and Song, C. P. (2001).
Hydrogen peroxide is involved in abscisic acid-induced stomatal closure in
Vicia faba. Plant Physiology, 126(4): 1438—48.

Zhou, R., Yu, X., Ottosen, C. O., Rosenqvist, E., Zhao, L., Wang, Y. and 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): 24.

Ziveak, M., Bresti¢, M., Oiovska, K. and Slamka, P. (2008). Performance index as a
sensitive indicator of water stress in Triticum aestivum L. Plant, Soil and
Environment, 54(4): 133-139.

153





