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ABSTRACT 

Water is a major issue in agriculture because of limited water sources. Over 

or excessive irrigation of water to plants will affect plant respiration as the roots 

cannot take in gases. On the contrary, shortage of water due to under irrigation will 

lead to water stress. By knowing the actual crop water requirement and time 

scheduling irrigation, plant damage can be reduced and thus, yield and cost 

efficiency can increase. Spinach is one of the leafy vegetable that is very sensitive to 

water. Small changes in water application to spinach can be detected from its growth 

performance. Thus, an irrigation potential was affected by different amount of water 

application on spinach to observe its growth. The objective of this experiment was to 

determine the actual amount of water required for spinach grown in cocopeat based 

on crop water requirement and time scheduling in order to avoid over or under 

irrigation. This study was conducted in the shade house, Field 15 at Faculty 

Agriculture, UPM. There were three treatments of irrigation tested, common 

irrigation practice, crop water requirement irrigation and time scheduling irrigation. 

The experimental design for this experiment was RCBD with 4 blocks (replications) 

for each treatment and each experimental plot had 10 spinach plants. CROPWAT 8.0 

software was used to calculate reference evapotranspiration for the determination of 

crop water requirement. Data collections include plant height, leaf length, and 

number of leaves, root length, canopy diameter and fresh weight of the spinach. The 

effect of irrigation on these spinach performances was analyzed with Statistically 

Analysis System (SAS). The result for this study showed no significant difference 

among the treatments for all the growth parameters tested except for plant height at 

14 days after transplanting. The insignificant difference was hypothesized to be 

contributed by that cocopeat medium used in this study that had provided satisfactory 
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available water for the spinach growth regardless different amounts of irrigation 

water applied.      
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                                    ABSTRAK 

Air adalah merupakan isu utama dalam pertanian kerana sumber air yang ada 

semakin terhad. Pengairan yang berlebihan kepada tumbuh-tumbuhan akan 

menjejaskan pengudaraan tumbuhan kerana akar tidak boleh mengambil gas. 

Sebaliknya, kekurangan air disebabkan oleh pengairan akan membawa kepada 

tekanan air. Dengan mengetahui keperluan air tanaman sebenar dan penjadualan 

pengairan, kerosakan tumbuhan boleh dikurangkan dan hasil serta kecekapan kos 

boleh di tingkatkan. Bayam adalah merupakan salah satu sayur - sayuran yang sangat 

sensitif terhadap air. Perubahan kecil dalam aplikasi air untuk bayam boleh dikesan 

dari prestasi pertumbuhannya. Oleh itu, potensi pengairan boleh terjejas oleh 

pelbagai penggunaan air pada bayam untuk melihat pertumbuhannya. Objektif 

percubaan ini adalah untuk menentukan jumlah air sebenar yang diperlukan oleh 

bayam yang ditanam di dalam cocopeat berdasarkan keperluan air tanaman dan 

penjadualan masa bagi  mengelakkan air lebih atau di bawah pengairan. Kajian ini 

dijalankan di rumah teduhan, Ladang 15 di Fakulti Pertanian, UPM. Terdapat tiga 

rawatan pengairan yang diuji iaitu amalan pengairan biasa, pengairan keperluan air 

tanaman dan pengairan penjadualan masa. Reka bentuk eksperimen untuk 

eksperimen ini adalah RCBD dengan 4 blok (replikasi) untuk setiap rawatan dan 

setiap plot eksperimen mempunyai 10 tumbuhan bayam. Perisian. CROPWAT 8.0 

digunakan untuk mengira evapotranspirasi rujukan untuk menentukan keperluan air 

tanaman. Koleksi data yang dikumpul termasuklah ketinggian tumbuhan, panjang 

daun, dan jumlah daun, panjang akar, diameter kanopi dan berat segar bayam. Kesan 

pengairan pada perkembangan bayam ini dianalisis dengan Sistem Analisis Statistik 

(SAS). Hasil kajian ini menunjukkan tiada perbezaan yang ketara antara rawatan 

untuk semua parameter pertumbuhan yang diuji kecuali untuk ketinggian tumbuhan 
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pada 14 hari selepas pemindahan. Perbezaan yang yang tidak sekata telah 

dihipotesiskan dengan menganggap bahawa medium cocopeat yang digunakan dalam 

kajian ini telah menyediakan air yang secukupnya untuk pertumbuhan bayam tanpa 

mengira jumlah air pengairan yang berlainan. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

In Malaysia, sources of water become the major issues in agriculture because 

limited sources of water available (Siwar et al., 2009). In agriculture, plant should be 

irrigated with the actual amount of water needed to ensure that the plant can grow 

well and save the cost for irrigation. Kumar and Sahu (2013) stated that the properly 

irrigation management can reduce irrigation water requirement and increase the 

yield.  

Over irrigation or excessive water can affect plant respiration as the roots cannot 

take in gases. Under irrigation or water deficit, the plants will lead to the water stress. 

Flexas et al. (2006) and Chaves et al. (2009) reported that water stress can 

immediately affect the photosynthesis of the plant by reducing the carbon dioxide 

intake since the stomata is close. Therefore, by knowing the actual crop water 

requirement and time to irrigate, the plant damage can be reduced, increase cost 

efficiency and yield. 

In agriculture, there are many leafy vegetables that are essential in our life for 

nutrient and vitamins. One of the leafy vegetables that is rich with vitamin, mineral 

and antioxidant is spinach. However, it is one a leafy vegetable that is very sensitive 

to water. A small change of water application to the spinach can be detected through 

the observation within one growing period.  
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Thus, managing water requirement for spinach is very important because it can affect 

its production yield. Like Bennett and Harm (2011) stated that there are relationship 

between the crop yield and water supply in the field that depend on the sensitivity of 

the crops. The optimum or deficit water supply to the crop will affect the increasing 

or decreasing of the production yield. Then, managing water requirement to the crop 

is very important to the yield and also able to save the irrigation cost. 

 

1.2  Problem Statement  

Nowadays, farmer‟s irrigation practice without knowing the actual amount of 

water from crop water requirement of spinach may lead to over or under irrigation. 

Consequently, over or under irrigation to the plant may lead to the water stress and 

give results in the burst head on the spinach wilting. Besides that, it also disrupts the 

plant growth which reduces leaf area, stem height, chlorophyll content, and root 

development. Thus, excess or deficit of water given to spinach may result in plant 

damage that will decrease yield. 

Waskiewicz et al. (2016) stated that the good quality of the irrigation will lead to 

the good yield. Therefore, applying the actual amount of water can avoid wastage of 

the water in the field by over irrigation and prevent under irrigation. The productivity 

of the yield also can be increased when the plant have enough amount of the water. 

Thus, suitable irrigation practice in the field or farm will affect the result in the yield 

that produced. 
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1.3 Objectives 

The main objective of this study was determine the actual amount of water that is 

required for spinach from its crop water requirement and time scheduling that 

precisely apply water according to the plant needs without over or  under irrigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

37 
 

REFERENCES 

Abad, M., Noguera, P., & Burés, S. (2001). National inventory of organic wastes for 

use as growing media for ornamental potted plant production: Case study in 

Spain. Bioresource Technology, 77(2), 197–200. https://doi.org/10.1016/S0960-

8524(00)00152-8 

Abad, M., Noguera, P., Puchades, R., Maquieira, A., & Noguera, V. (2002). Physico-

chemical and chemical properties of some coconut coir dusts for use as a peat 

substitute for containerised ornamental plants. Bioresource Technology, 82(3), 

241–245. https://doi.org/10.1016/S0960-8524(01)00189-4 

Ahmad, I., Ahmad, T., Gulfam, A., & Saleem, M. (2012). Growth and flowering of 

gerbera as influenced by various horticultural substrates. Pakistan Journal of 

Botany, 44(SPL.ISS.1), 291–299. 

Ahmad, M. G., Hassan, B., & Mehrdad, J. (2011). Effect of some culture substrates 

(date-palm peat, cocopeat and perlite) on some growing indices and nutrient 

elements uptake in greenhouse tomato. African Journal of Microbiology 

Research, 5(12), 1437–1442. https://doi.org/10.5897/AJMR10.786 

Allen, R.G., Pereira, L.S., Raes, D., Smith, M. (1998) Crop evapotranspiration —

guidelines for computing crop water requirements. FAO Irrigation and drainage 

paper 56. Food and Agriculture Organization, Rome. 

Arenas, M., Vavrina, C. S., Cornell, J. A., Hanlon, J. A., & Hochmuth, G. J. (2002). 

Coir as an alternative to peat in media for tomato transplant production. 

HortScience, 37(2), 309–312.  

 

© C
OPYRIG

HT U
PM



 

38 
 

Ayesha, R., Fatima, N., Ruqayya, M., Qureshi, K.M., Hafiz, I.A., Khan, K.S. & 

Kamal, A. 2011. Influence of different growth media on the fruit quality and 

reproductive growth parameters of strawberry (Fragaria ananassa). Journal of 

Medicinal Plants Research 5(26): 6224-6232. 

Awang, Y., Shaharom, A. S., Mohamad, R. B., & Selamat, A. (2009). Chemical and 

physical characteristics of cocopeat-based media mixtures and their effects on 

the growth and development of celosia cristata. American Journal of 

Agricultural and Biological Science, 4(1), 63–71.  

Bennett, D. R., & Harms, T. E. (2011). Crop Yield and Water Requirement 

Relationships for Major Irrigated Crops in Southern Alberta. Canadian Water 

Resources Journal, 36(2), 159–170. https://doi.org/10.4296/cwrj3602853 

De Pascale, Stefania & Dalla Costa, Luisa & Vallone, Simona & Barbieri, Giancarlo 

(2011).Increasing Water Use Efficiency in Vegetable Crop Production: From 

Plant to Irrigation Systems Efficiency, HortTechnology 21(3):301-308 · 

Erstad, J. L. F., & Gislerød, H. R. (1994). Water uptake of cuttings and stem pieces 

as affected by different anaerobic conditions in the rooting medium. Scientia 

Horticulturae, 58(1–2), 151–160.  

Erwan, Ismail, M. R., Saud, H. M., Othman, R., Habib, S. H., Kausar, H., & Naher, 

L. (2013). Effect of oil palm frond compost amended coconut coir dust soilless 

growing media on growth and yield of cauliflower. International Journal of 

Agriculture and Biology, 15(4), 731–736. 

Gallardo, M., Jackson, L. E., Schulbach, K., Snyder, R. L., Thompson, R. B., & 

Wyland, L. J. (1996). Production and water use in lettuces under variable water 

© C
OPYRIG

HT U
PM

https://www.researchgate.net/journal/1063-0198_HortTechnology


 

39 
 

supply. Irrigation Science, 16(3), 125–137. https://doi.org/10.1007/BF02215620 

Heng, L. K., Moutonnet, P., Smith, M., & Food and Agriculture Organization of the 

United Nations. (2002). Deficit irrigation practices. Water Reports, (22), vi, 102 

p. https://doi.org/92-5-104768-5 

Ilahi, W. F. F., & Ahmad, D. (2017). A study on the physical and hydraulic 

characteristics of cocopeat perlite mixture as a growing media in containerized 

plant production. Sains Malaysiana, 46(6), 975–980.  

Imtiyaz, M., Mgadla, N. O., Manase, S. K., Chendo, K., & Mothobi, E. O. (2000). 

Yield and economic return of vegetable crops under variable irrigation. 

Irrigation Science, 19, 87–93. https://doi.org/10.1007/s002710050005 

Imtiyaz, M., Mgadla, N. P., Chepete, B., & Manase, S. K. (2000). Response of six 

vegetable crops to irrigation schedules. Agricultural Water Management, 45(3), 

331–342. https://doi.org/10.1016/S0378-3774(99)00105-5 

Jones, H. G. (2004). Irrigation scheduling: Advantages and pitfalls of plant-based 

methods. Journal of Experimental Botany, 55(407), 2427–2436. 

https://doi.org/10.1093/jxb/erh213 

Karam, F., Mounzer, O., Sarkis, F., & Lahoud, R. (2002). Yield and nitrogen 

recovery of lettuce under different irrigation regimes. Journal of Applied 

Horticulture, 4(2), 70–76. 

Leskovar, D. I., & Piccinni, G. (2005). Yield and leaf quality of processing spinach 

under deficit irrigation. HortScience, 40(6), 1868–1870. 

Martyn, W., & Szot, P. (2001). Influence of superabsorbents on the physical 

© C
OPYRIG

HT U
PM



 

40 
 

properties of horticultural substrates. International Agrophysics, 15, 87–94. 

Medina, E., Paredes, C., Pérez-Murcia, M. D., Bustamante, M. A., & Moral, R. 

(2009). Spent mushroom substrates as component of growing media for 

germination and growth of horticultural plants. Bioresource Technology, 

100(18), 4227–4232. https://doi.org/10.1016/j.biortech.2009.03.055. 

Meerow, A. W. (1994). Growth of two subtropical ornamentals using coir (coconut 

mesocarp pith) as a peat substitute. HortScience, 29(12), 1484–1486. 

Mobini, S. H., Ismail, M. R., & Arouiee, H. (2009). Influence of ventilation and 

media on potato ( Solanum tuberosum L .) tuberization and its growth 

characteristics. African Journal of Biotechnology, 8(10), 2232–2241. 

Nishihara, E., Inoue, M., Kondo, K., Takahashi, K., & Nakata, N. (2001). Spinach 

yield and nutritional quality affected by controlled soil water matric head. 

Agricultural Water Management, 51(3), 217–229. 

https://doi.org/10.1016/S0378-3774(01)00123-8. 

Piccinni, G., Ko, J., Marek, T., & Leskovar, D. I. (2009). Crop coefficients specific 

to multiple phenological stages for evapotranspiration-based irrigation 

management of onion and spinach. HortScience, 44(2), 421–425. 

Ranawade, P. S., Tidke, S. D., & Kate, A. K. (2017). Comparative Cultivation and 

Biochemical Analysis of Spinacia oleraceae Grown in Aquaponics , 

Hydroponics and Field Conditions, 6(4), 1007–1013. 

Sammis, T., Sharma, P., Shukla, M. K., Wang, J., & Miller, D. (2012). A water-

balance drip-irrigation scheduling model. Agricultural Water Management, 113, 

30–37.  

© C
OPYRIG

HT U
PM



 

41 
 

Seidel, S. J., Schütze, N., Fahle, M., Mailhol, J. C., & Ruelle, P. (2015). Optimal 

Irrigation Scheduling, Irrigation Control and Drip Line Layout to Increase 

Water Productivity and Profit in Subsurface Drip-Irrigated Agriculture. 

Irrigation and Drainage, 64(4), 501–518. https://doi.org/10.1002/ird.1926. 

Shu, H., & Dissertations, P. (2001). Irrigation schedules for three vegetables in 

Beijing and Establish an Irrigation management system, 2–4. 

Siwar, Chamhuri and Alam, Md. Mahmudul and Murad, Md. Wahid and Al-Amin, 

Abul Quasem, A Review of the Linkages between Climate Change, Agricultural 

Sustainability and Poverty in Malaysia (2009). International Review of Business 

Research Papers (ISSN 1832-9543), Vol. 5(6), pp. 309-321, 2009 . Available at 

SSRN: https://ssrn.com/abstract=2941285. 

Tyrrel, S. F., Knox, J. W., & Weatherhead, E. K. (2006). Microbiological water 

quality requirements for salad irrigation in the United Kingdom. Journal of 

Food Protection, 69(8), 2029–2035. https://doi.org/10.4315/0362-028X-

69.8.2029. 

Woltering, L., Ibrahim, A., Pasternak, D., & Ndjeunga, J. (2011). The economics of 

low pressure drip irrigation and hand watering for vegetable production in the 

Sahel. Agricultural Water Management, 99(1), 67–73. 

https://doi.org/10.1016/j.agwat.2011.07.017. 

Yahya, Awang., Safie, H., & Kahar, S. (1997). Properties of cocopeat-based growing 

media and their effects on two annual ornamentals. Journal of Tropical …, 

25(2), 151–157. Retrieved from http://rac1.mardi.gov.my/jtafs/25-2/Cocopeat-

based.pdf. 

© C
OPYRIG

HT U
PM

https://ssrn.com/abstract=2941285



