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Moench] 
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September 2019 
 
 

Chair  : Rosimah Nulit, PhD  
Faculty  : Science 
 
 
Cultivation in barren soils such as arid soil which covers around 12% of the 
earth’s surface offers a potential remedy for the alarming global food-
shortage. Improving infertile arid soil quality mainly its water holding capacity 
(WHC) can be done for crop production purposes and agricultural water 
conservation in arid regions with limited irrigation water resources. One of 
the common for WHC enhancement is using soil amendments including 
organic wastes such as biochar and date peat. Therefore, this study uses 
waste trunk of two major date palm (Phoenix dactylifera L.) cultivars, 
Khunaizi (KZ) and Khalas (KS) from the eastern region of Saudi Arabia to 
develop semi-powder form trunk used as organic amendment and mixed 
with arid soil from the Fodah district to develop and charasteised trunk 
mixtures used as a medium for the early growth of Abelmoschus esculentus 
(okra). The experiment was laid out in a randomized complete block design 
with three replicates. KZ and KS trunks were ground by multistage mill to 
particle size around 880 µm. Then, chemical (toxicity test, extractable 
nutrients and pH measurement, high cation exchange capacity, and 
thermogravimetric analysis), physical (sieve analysis, bulk density, porosity, 
and water retention), and biological (microbial enumeration) properties of all 
these samples were determined. Samples of KZ and KS were mixed with 
sandy soil at four application rates (25, 50, 75, 100 % w/w) and 10 % w/w of 
organic fertilizer (sheep manure) was added to each mixture. These was 
followed by cultivating okra seed in these processed mixtures along with 
individual controls of sandy soil, multi-soil, a commercial growth media, and 
KS and KZ amendments. During the cultivation stage, the following growth 
parameters were measured (seed germination duration, root length, plant 
height, leaf surface area, leaf  numbers, assessment of chlorophyll, total 
soluble sugar, total protein contents, and WHC to assess the efficiency of 
the early growth of okra in the developed trunk mixtures. KZ and KS at 100% 
rate resulted in the lowest okra growth rate and higher preparation cost 
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therefore, they are not recommended. Whereas 25% is the optimal 
amendment rate resulting in optimal fertility characteristics including lower 
bulk densities of 40% for KZ and 36.6% for KS and higher porosity rates of 
45.7% for KZ and 41.2% for KS compared to sandy soil control, higher early 
growth rate of okra, and the lowest preparation cost. Multi-soil samples 
showed higher growth rate than KZ and KS for roots density, sugar content, 
okra height, and leaf surface area that were possibly attributable to higher 
NPK content. Therefore, higher than 10% w/w of organic fertiliser is 
recommended to be added to KZ and KS mixtures. Field capacity, 
permanent wilting point, available water for plant were significantly higher 
for KZ amendments at 114%, 52%, 62% and for KS 118%, 52%, 65% 
compared to 7%, 3%, 5% for sandy soil control. Some of study analyses 
such as available water for plant and most of okra growth parameters such 
as germination percentage show insignificant results for both KZ and KS. 
Whereas some other study analyses such pH, and porosity show significant 
difference between KZ and KS. Although they were cultivars for date palm, 
they have some non-similar characteristics which may affect their suitability 
as growth media for okra. This study shows that the four mixtures of KZ and 
KS showed significant growth rate of okra for root length, sugar content, 
seed germination, and high WHC (4.7-17.7 %) with 3.6-10% increase on 
WHC compared to control sandy soil samples and comparable (16 %) to the 
commercial multi soil media. This can be explained by the natural fibre 
properties of trunk, elemental composition, morphological structure such as 
its high hydroxyl groups (OH) content and its hollow tubular structure. 
Therefore, KZ and KS are recommended as soil amendments and as 
alternatives to imported expensive commercial growth media due to their 
low cost, availability and abundance of date-palm cultivation in some Middle 
East countries such as Saudi Arabia. They can also be used as a 
sustainable and environment-based solution for combating desertification, 
water scarcity, and wastes accumulation particularly in arid regions by 
improving arid soil low productivity and fertility mainly WHC. Finally, it is 
recommended to extend this study for the cultivation of a wide range of the 
same plant family. 

Keywords: Khunaizi, Khalas, date-palm trunk, sandy soil, multi soil, okra 
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Abstrak tesis yang disampaikan kepada Senat Universiti Putra Malaysia 
untuk memenuhi keperluan untuk ijazah Doktor Falsafah 

PENGGUNAAN BATANG POKOK KURMA UNTUK 
PENAMBAHBAIKAN TANAH BERPASIR UNTUK PERTUMBUHAN 

AWAL OKRA [Abelmoschus esculentus (L.) Moench]. 

Oleh 

MARYAM HAROON AL-SOUFI 

September 2019 

Pengerusi : Rosimah Nulit, PhD 
Fakulti : Sains 

Penanaman di tanah yang tandus seperti tanah kering yang merangkumi 
sekitar 12% permukaan bumi mempunyai potensi untuk menyelesaikan 
masalah kekurangan makanan dunia yang membimbangkan. Peningkatan 
kualiti tanah gersang yang tidak produktif terutamanya kapasiti menampung 
air (“WHC”) boleh dilakukan untuk tujuan pengeluaran tanaman dan 
pemuliharaan air pertanian di kawasan-kawasan yang gersang dengan 
sumber pengairan terhad. Salah satu sumber untuk peningkatan “WHC” 
menggunakan pindaan tanah termasuk sisa organik seperti biochar dan sisa 
kurma. Oleh itu, kajian ini menggunakan sisa batang dua pokok kurma 
utama (Phoenix dactylifera L.) dari wilayah timur Arab Saudi sebagai 
pindaan organik untuk tanah kering dari daerah Fodah untuk meningkatkan 
“WHC” dan menjadikannya sesuai untuk pertumbuhan awal Abelmoschus 
esculentus (okra). Eksperimen ini dibentangkan dalam reka bentuk blok 
lengkap rawak dengan tiga replika. Batang Khunaizi (KZ) dan Khalas (KS) 
dikisar oleh pengisar berperingkat kepada saiz zarah sekitar 880 μm. 
Kemudian, sifat-sifat kimia (ujian ketoksikan, nutrien yang boleh ekstrak dan 
pengukuran pH, kapasiti pertukaran kation yang tinggi, dan analisis 
termogravimetrik), fizikal (analisis ayak, ketumpatan pukal, keliangan dan 
pengekalan air) dan biologi (penghitungan mikrob) untuk semua sampel ini 
ditentukan. Sampel KZ dan KS dicampurkan dengan tanah berpasir pada 
empat kadar campuran (25, 50, 75, 100% w / w) dan 10% w / w baja organik 
(baja biri-biri) telah ditambah kepada setiap campuran. Kajian ini diikuti 
dengan menanam biji okra dalam campuran yang diproses bersama-sama 
dengan kawalan individu tanah berpasir, tanah-bercampur, media 
pertumbuhan komersil, dan pindaan KS dan KZ. Semasa peringkat 
penanaman, parameter pertumbuhan berikut diukur (tempoh percambahan 
benih, panjang akar, ketinggian tumbuhan, kawasan permukaan daun, 
bilangan daun, penilaian klorofil, jumlah gula larut, jumlah kandungan 
protein dan “WHC”) untuk menilai kecekapan pertumbuhan awal okra dalam 
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campuran pertanian yang diproses. KZ dan KS pada kadar 100% 
menghasilkan kadar pertumbuhan okra terendah dan kos penyediaan yang 
lebih tinggi oleh itu, kadar campuran ini tidak digalakkan. Manakala, kadar 
pindaan sebanyak 25% adalah kadar pindaan optimum yang menghasilkan 
ciri-ciri kesuburan yang optimum, kadar pertumbuhan awal okra yang lebih 
tinggi, dan kos penyediaan terendah. Pada 25% daripada pindaan Khunaizi 
dan Khalas, kepadatan pukal adalah 40% dan 36.6% lebih rendah masing-
masing, manakala kadar keliangan masing-masing 45.7% dan 41.2% lebih 
tinggi. Sampel tanah-bercampur menunjukkan kadar pertumbuhan yang 
lebih tinggi daripada KZ dan KS untuk ketumpatan akar, kandungan gula, 
ketinggian okra, dan kawasan permukaan daun yang mungkin dikaitkan 
dengan kandungan NPK yang lebih tinggi. Oleh itu, baja organik yang lebih 
tinggi daripada 10% w / w disyorkan untuk ditambah kepada campuran KZ 
dan KS.  Kapasiti lapangan, titik larutan kekal, air yang ada untuk tumbuhan 
adalah lebih tinggi untuk pembaikan KZ pada 114%, 52%, 62% dan untuk 
KS pada 118%, 52%, 65% berbanding 7%, 3%, 5% untuk tanah berpasir 
kawalan. Analisis kajian seperti kandungan air untuk tumbuhan, dan 
kebanyakan parameter pertumbuhan seperti peratus percambahan 
menunjukkan perbezaan yang tidak ketara antara KZ dan KS. Manakala, 
analisis yang lain seperti pH dan keliangan menunjukkan perbezaan yang 
ketara antara KZ dan KS. Walaupun mereka adalah kultivar untuk kurma, 
mereka mempunyai ciri-ciri yang tidak serupa yang mungkin mempengaruhi 
kesesuaian mereka sebagai media pertumbuhan okra. Kajian ini 
menunjukkan bahawa pindaan tanah berpasir pada empat kadar campuran 
bagi KZ dan KS menunjukkan kadar pertumbuhan yang ketara bagi panjang 
akar, kandungan gula, percambahan benih dan “WHC” yang tinggi, (4.7-
17.7 %) dengan peningkatan ke atas “WHC” sebanyak 3.6-10 % berbanding 
sampel tanah berpasir kawalan dan perbandingan (16 %) terhadap media 
tanah campuran komersial. Hal ini boleh dijelaskan oleh sifat serat semula 
jadi batang, komposisi unsur, struktur morfologi seperti kandungan hidroksil 
(OH) yang tinggi dan struktur tiub berongga. Oleh itu, KZ dan KS disyorkan 
sebagai tanah pindaan dan sebagai alternatif kepada media pertumbuhan 
komersil mahal yang diimport kerana kos yang rendah, ketersediaan dan 
jumlah tinggi penanaman kurma di beberapa negara seperti Arab Saudi. Ia 
juga boleh digunakan sebagai penyelesaian yang mampan dan berasaskan 
alam sekitar untuk memerangi penggurunan, kekurangan air dan 
pengumpulan sampah terutama di kawasan-kawasan yang gersang dengan 
menambahbaikkan tanah yang rendah produktiviti dan kesuburan 
terutamanya “WHC”. Kesimpulannya, adalah disyorkan untuk melanjutkan 
kajian ini untuk penanaman pelbagai spesies tumbuhan lain. 

Kata kunci: Khunaizi, Khalas, batang pokok kurma, tanah pasir, tanah 
campuran, okra 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

1.1  Background of the Study  
 
 
There are numerous global challenges, and two of these that have essential 
economic, social, and environmental impact on the world are desertification 
and water scarcity (Longjun, 2011).  Desertification is defined as “degraded 
land in arid, semi-arid and dry sub-humid areas,” that are non-arable land 
because their soil is infertile soil with low productivity. Their low productivity 
is due to the soil’s physiochemical characteristics such as low organic matter 
content (1-2%), and low water-holding capacity (WHC) leading to low soil 
quality and yield. An optimal soil structure for agricultural purposes is the soil 
known for its well-developed soil aggregates and pore system (Tahir & 
Marschner, 2016; Usowicz & Lipiec, 2017).   
 
 
Water scarcity, the second challenge, is defined as “the lack of sufficient 
available water resources to meet the demand for water within a region.” 
Water is essential for all living things and its scarcity results from the need 
of more water resources since not all available water resources are 
accessible for use, as most are low quality water. Moreover, water resources 
scarcity will increase because of growing energy demand, economic 
development, population as well as climate change (Brown, 2010; DeNicola, 
et al., 2015). Arid regions suffer from limited available water resources for 
consumption and agricultural applications. Combatting desertification, 
improving soil quality and productivity, and alleviating water scarcity have 
become a major global challenges to meet the increase in global food 
production mainly because of   the world’s increasing    population (Usman 
et al., 2016; Medeiros, 2018).  In addition to desertification and water 
scarcity, a million tons of biomass wastes such as date biomass wastes are 
produced annually and need to be treated because of their negative effect 
on the environment.  Date biomass wastes generated in huge amounts in 
countries known for high date fruit production such as the Kingdom of Saudi 
Arabia (KSA), and are buried in landfills   seriously threatening the health of 
humans and the environment (Brunetti, 2015; Sharifi, 2015). The high date 
palm biomass wastes disposal expenses, limited landfill used for waste 
disposal, their negative effects on the environment and humans, and the 
steady increase of global waste generation indicate the urgent need for 
waste utilisation (Al-Wabel et al., 2011; Johnson, 2012; AlHumid et. al., 

2019). 
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To the best knowledge of this researcher, there has not been any study done 
to investigate the effect of using biomass wastes derived from date palm 
(Phoenix dactylifera) trunks as arid soil amendment or its characteristics, 
mainly WHC. Date palm biomass wastes can be used to treat and combat 
desertification and water scarcity. 
 
 
1.2  Problem Statement and Justification of Study  
 
 
An arid region poses several challenges such as infertile soil and water 
scarcity, which are the major obstacles to the need to raise the level of food 
production to feed the world’s rapidly growing population. Hence, major 
solutions must be found and implemented such as improving the soil quality, 
enhancing efficiency in the economic utilisation of water, to enable increased 
crop productivity (Odofin et al., 2011). The conversion of infertile soil into 
productive fertile soil is necessary to combat desertification. This can be 
achieved by the implementation of several practices such as improving soil 
WHC. This can be further enhanced by the addition of soil amendments 
including biochar, and compost (Basso et al., 2013; Khalifa & Yousef, 2015). 
The enhancement of soil WHC will lead to less amount of water use by 
plants and is a viable approach to combat desertification and water scarcity. 
In addition to the two challenges, the high production of biomass wastes 
yearly such as a million tons of date palm wastes is in itself an environmental 
pollution dilemma (Brunetti, 2015; Sharifi, 2015). Waste generation will 
continue to occur worldwide (Ouda et al, 2016). Therefore, the treatment of 
these biomass wastes due to their negative impacts becomes essential. 
Utilisation of biomass wastes such as date palm trunk (DPT) to improve soil 
fertility is a promising way to treat these wastes. Furthermore, they can be 
used as a sustainable and environmentally friendly resource for improving 
soil quality and productivity to combat desertification and water scarcity 
(Hussain et al., 2014; Eom, 2015; Al-Kutti et al., 2017).   
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1.3  Objectives of Study 
 
 
To date, not adequate attention has been given to the utilisation of biomass 
wastes including DPT for agricultural purposes. To the best knowledge of 
this researcher, no studies appear to have been done to explore the impact 
of using these wastes in improving soil quality and productivity mainly 
through its water holding capacity.  
 
 
In light of the above scenario, the study objectives are:  
 
 
1. To develop DPT in a semi-powder form derived from two date palm 

cultivars, KZ and KS. 
2. To develop four mixtures of sandy soil amended with each of the 

developed KZ and KS. 
3. To characterise the mixtures using biological, chemical, and physical 

analyses.  
4. To verify the appropriateness of the mixtures as a medium for the early 

growth of okra. 
 



© C
OPYRIG

HT U
PM

89 
 

REFERENCES 
 
 

Abdel-Shafy, H. I., & Mansour, M. S. M. (2018). Solid waste issue: Sources, 
composition, disposal, recycling, and valorization. Egyptian 
Journal of Petroleum, 27: 1275–1290. 

 
Abd Kadir, S.A.S., Yin, C, Sulaiman, M. R., Chen, X., & El-Harbawi, M. 

(2013). Incineration of municipal solid waste in Malaysia: Alien 
tissues, policies and waste to energy in iterative. Renewable and 
Sustainable Energy Reviews, 24: 181–186. 

 
Abd Rabou, A. F. N., & Radwan, E. S. (2017). The current status of the date 

palm (Phoenix dactylifera) and its uses in the Gaza Strip, 
Palestine, Biodiversitas, 18(3): 1047-1061. 

 
Acharya, S., & Kumar, H. (2018). Effect of some organic manure on growth 

and yield of garlic in greenhouse condition at cold desert high 
altitude Ladakh region. Defence Life Science Journal, 3(2): 
100-104. 

 
Acquah, C, Yon, L. S., Tuah, Z., Ngee, N. L., & Danquah, M. K. (2016). 

Synthesis and performance analysis of oil palm ash (OPA) 
based adsorbent as a palm oil bleaching material. Journal of 
Cleaner Production, 139: 1098-1104. 

 
Adekiya, A.O., Agbede, T.M., Aboyeji, C.M., Dunsin, O., & Ugbe, J.O. 

(2017). Green manures and NPK fertilizer effects on soil 
properties, growth, yield, mineral and vitamin C composition of 
okra (Abelmoschus esculentus (L.) Moench). Journal of the 
Saudi Society of Agricultural Sciences. 

 
Adewole,  M. B., & Adebayo, R. T. (2018). Sustaining soil organic matter for 

okra production in a forest ecology of Nigeria. International 
Journal of Plant & Soil Science, 22(1): 1-7. 

 
Adigun, J. A., Daramola, O. S., Adeyemi, O. R., Ogungbesan, A. O., 

Olorunmaiye, P. M., & Osipitan, O. A. (2018). Impact of nitrogen 
levels and weed control methods on growth and yield of okra 
(Abelmoschus esculentus (L.) Moench) in the Nigerian forest 
Savanna transition zone. Journal of Experimental Agriculture 
International, 20(2): 1-11. 

 
Agoudjil, B., Benchabane, A., Boudenne, A., Ibos, L., Fois, M. (2011). 

Renewable materialsto reduce building heat loss: Characterisation 
of datepalm wood. Energy and Buildings, 43: 491–497. 

 



© C
OPYRIG

HT U
PM

90 
 

Ahmed, EM. (2015). Hydrogel: Preparation, characterization, and 
applications: A review. Journal of Advanced Research, 6(2): 105-
121. 

 
Ahmed, F. F. and Morsy, M. H. (1999). A new method for measuring leaf 

area in different fruit species, Minia Journal Agriculture Research 
and Develop, 19: 97-105.  

 
Akande, M.O., Oluwatoyinbo, F.I., Makinde, E.A., Adepoju, A.S., & Adepoju, 

I.S. (2010). Response of okra to organic and inorganic fertilization. 
Nature and Science, 8(11): 261-266. 

 
Alawad, M.N.J., & Fattah, K.A. (2019) Superior fracture-seal material using 

crushed date palm seeds for oil and gas well drilling operations. 
Journal of King Saud University – Engineering Sciences. 31, 97-
103. 

 
Alawar, A., Hamed, A. M., & Al-Kaabi, K. (2009). Characterization of treated 

date palm tree fibre as composite reinforcement. Composites Part 
B: Engineering, 40(7): 601-606.  

 
Al-Bulushi, K, Attard, T. M., North, M., & J. Hunt, A.J. (2018). Optimization 

and economic evaluation of the supercritical carbon dioxide 
extraction of waxes from waste date palm (Phoenix dactylifera) 
leaves. Journal of Cleaner Production, 186: 988-996. 

 
Al-Harrasi, A., Rehman, N. U., Hussain, J., Khan, A, Al-Rawahi, A., Gilani, 

S. A., Al-Broumi, M., & Ali, L. (2014). Nutritional assessment 
and antioxidant analysis of 22 date palm (Phoenix dactylifera) 
varieties growing in Sultanate of Oman. Asian Pacific Journal 
of Tropical Medicine, 1: 591-598. 

 
AlHumid, H. A., Haider, H., AlSaleem, S., Alinizzi, M., Shafiquzaman, M., 

Sadiq, R. (2019).  Performance Assessment Model for 
Municipal Solid Waste Management Systems: Development and 
Implementation. MDPI, Environment, 6: 1-26.  

 
Ali, M. E., & Alabdulkarem, A. (2017). On thermal characteristics and 

microstructure of a new insulation material extracted from date 
palm trees surface fibers. Construction and Building Materials, 
138: 276–284. 

 
Al-Kaabi, K., Al-Khanbashi, A., & Hammami, A. (2004). Natural fiber 

reinforced composites from date palm fibers. United Arab 
Emirates University, 1-8. 

 
 
 



© C
OPYRIG

HT U
PM

91 
 

Al-Khalifah, N.S., Askari, E., & Shanavaskhan, A.E. (2013). Date palm tissue 
culture and genetical identification of cultivars grown in Saudi 
Arabia. National Center for Agriculture Technologies King 
Abdulaziz City for Science and Technology.  

 
Al-Khanbashi, A., Al-Kaabi, K., & Hammami, A. (2005). Date palm fibers as 

polymeric matrix reinforcement: fiber characterization. Polymer 
Composites, 26(4): 486–497. 

 
Al-Kutti, W., Saiful Islam, A. B. M., & Nasir, M. (2017). Potential use of date 

palm ash in cement-based materials. Journal of King Saud 
University -Engineering sciences, 1: 4.   

 
Al-Mssallem, I. S., Hu, S., Zhang, X., Lin, Q., Liu, W., Tan, & J., et al. (2013). 

Genome sequence of the date palm Phoenix dactylifera L. Nature 
Communications, 4: 2274. 

 
AL-Oqla, F. M., & Sapuan, S.M. (2014). Natural fiber reinforced polymer 

composites in industrial applications: feasibility of date palm fibres 
for sustainable automotive industry. Journal of Cleaner 
Production, 66: 347-354. 

 
Al-Redhaiman, K. N. (2014) Date palm cultivation in Saudi Arabia: current 

status and future prospects for development, 2014 ASHS Annual 
Conference. American Society for Testing Materials -ASTM. 
ASTM-D 5298-03. Standard test method for measurement of soil 
potential (suction) using filter paper. West Conshohocken, PA: 
2003. 

 
Alrumman, S. A. (2016). Enzymatic saccharification and fermentation of 

cellulosic date palm wastes to glucose and lactic acid. Brazilian 
Journal of Microbiology, 110–119. 

 
Al-Sulbi, A. O. (2019). Deformation of the Date Palm tree trunk in Dammam, 

metropolitan Area: causes and consequences. Landscape, 65: 
1-12. 

 
Altarawneh, A. A. (2012). Impact of soil amended superabsorbent polymers 

on the efficiency of irrigation measures in Jordanian agriculture, 
PhD Thesis, Universität Carolo-Wilhelmina. 

 
Al-Wabel M. I., Al Yehya. W. S., AL-Farraj A. S., El-Maghraby S. E. (2011) 

Characteristics of landfill leachates and bio-solids of municipal 
solid waste (MSW) in Riyadh City, Saudi Arabia. Journal of the 
Saudi Society of Agricultural Sciences, 10: 65–70. 

 
 
 

https://www.researchgate.net/profile/Khalid_Al-Redhaiman


© C
OPYRIG

HT U
PM

92 
 

Al-Wusaibai, N., Abdallah, A. B., Al-Husseini M., Al-Hajji H., Al-Salman H., 
Kurshed K., Oihabi A., & El-Bellaj M. (2012). Morphological 
characterization of Saudi Arabian date palm cultivars based on 
vegetative and reproductive traits. The Fifth International Date 
Palm Conference: proceedings: 2014 16-18 March; Abu Dhabi, 57-
64.  

 
Al-Zahrani, K. H., & Baig, M. B. (2011). Water in the Kingdom of Saudi 

Arabia: sustainable management options. The Journal of 
Animal & Plant Sciences, 21(3): 601-604. 

 
American Public Health Association (APHA). (1978). Standard methods for 

the examination of dairy products. 14th ed. American Public Health 
Association, Washington DC. 

 
American Public Health Association (1992). Standard Methods for the 

examination of dairy products. 16th ed. American Public Health 
Association, Washington DC. 

 
Amoakwah, E., Frimpong, K. A., Okae-Anti, D., & Arthur, E. (2017). Soil 

water retention, air flow and pore structure characteristics after 
corn cob biochar application to a tropical sandy loam. Geoderma, 
307: 189–197. 

 
Anon. (1989b). British Standard 1796-1: 1989, ISO 2591-1: 1988. Test 

sieving. Methods using test sieves of woven wire cloth and 
perforated metal plate. 

 
Arora, N. K. (2013). Plant microbe symbiosis: fundamentals and advances 

in plant microbe symbiosis. Fundamentals and Advances, ed N. 
K. Arora (Dordrecht: Springer Science and Business Media). 

 
Atijegbe, S. R., Nuga, B. O., Lale, N. E. S, & Osayi, R. N. (2014). Effect of 

organic and Inorganic Fertilizers on Okra (Abelmoschus 
esculentus L. Moench) Production and Incidence of Insect Pests 
in The Humid Tropics. International Organization of Scientific 
Research Journal of Agriculture and Veterinary Science (IOSR-
JAVS), 7(4): 25-30. 

 
Aubreville, A. (1949). Climats, forest, et desertification de l'Afrique Tropicale. 

In: Societe de Editions Geographiques, Maritime et Coloniales. 
Paris, 255. 

 
Augstburger, F., Berger, J., Censkowsky, U., Heid, P., Milz, J., & Streit, C. 

(2002). Organic farming in the tropics and subtropics exemplary 
description of 20 crops-date palm. 1st ed. Naturland. Germany. 

 
 



© C
OPYRIG

HT U
PM

93 
 

Badar, R., Rahmat, A., Fabiha, Ishtiaq, K., Mahmood, S., Zaki, S., & 
Bashir, Y. (2018). Recycling of organic wastes as an organic 
fertilizer for boosting the growth of Bengal Gram. Journal of 
Pharmacognosy and Phytochemistry, (1): 1242-1246. 

 
Badawi, M. A. (2019). Production of Biochar from Date Palm Fronds and 

its Effects on Soil Properties. Materials Research Proceedings, 
(11): 159-168. 

  
Barakat, H. N. (2009). Arid lands: Challenges and hopes. Earth System, 

History and Natural Variability, 3, 1-8. 
 
Barbosa, B., Costa, J., Fernando, A. L., & Papazoglou, E. G. (2015). 

Wastewater reuse for fibre crops cultivation as a strategy to 
mitigate desertification. Industrial Crops and Products, 68: 17–
23. 

 
Barreveld, W.H. (1993). FAO Agricultural Service Bulletin No. 101. Food and 

Agriculture Organization of the United Nations. Rome.  
 
Basso, A.S., Miguez, F.E., Laird, D.A., Horton, R., & Westgate, M. (2013). 

Assessing potential of biochar for increasing water holding 
capacity of sandy soils. Global Change Biology Bioenergy, 5: 
132–143. 

 
 Bedada, W. (2015). Compost and fertilizer - alternatives or 

complementary? Management feasibility and long-term effects on 
soil fertility in an Ethiopian Village, PhD Thesis, Swedish 
University of Agricultural Sciences. 

 
Behera, M., K. (2015). Combating desertification in India. Tropical Forest 

Research Institute, Jabalpur, MP, India, 2(7), 37-39. 
 
Ben-Youssef, S., Fakhfakh, J., Breil, C., Abert-Vian, M., Chemat, F. & 

Allouche, N. (2017). Green extraction procedures of lipids from 
Tunisian date palm seeds. Industrial Crops & Products, 108: 
520–525. 

 
Blake, G. R. & Hartge, K. H. (1986). Bulk density. In Klte, A. (ed). Methods 

of soil analysis. Part 1. Physical and mineralogical methods. 2nd 

ed. ASA-SSSA, Wisconsin, 363-375. 
 
Bondi, G., Creamer, R., Ferrari, A., Fenton, O., & Wall, D. (2018). Using 

machine learning to predict soil bulk density on the basis of visual 
parameters: Tools for in-field and post-field evaluation. 
Geoderma, 318: 137–147. 

 



© C
OPYRIG

HT U
PM

94 
 

Borji, H., Mohammadi, G. A., & Jafarpour, M. (2010). Effects of the substrate 
on tomato in soilless culture. Research Journal of Agriculture and 
Biological Sciences, 6(6): 923–927. 

 
Boumhaout, M., Boukhattem, L., Hamdi, H., Benhamou, B., & Nouh, F. A. 

(2017). Thermomechanical characterization of a bio-composite 
building mat. Construction and Building Materials, 135: 241–
250. 

 
Bracmort, K. (2010). Biochar: Examination of an emerging concept to 

mitigate climate Change. Congressional Research Service, 1: 1-
9. 

 
Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of 

microgram quantities of protein utilizing the principle of protein-
dye binding. Analytical Biochemistry, 72: 248-254.  

 
Bray, R.H. and L.T. Kurtz. 1945. Determination of total, organic and available 

forms of phosphorus in soils. Soil Science, 59: 39–45. 
 
Briassoulis, Helen. (2019). Combating Land Degradation and 

Desertification: The Land-Use Planning Quandary. Molecular 
Diversity Preservation International and Multidisciplinary Digital 
Publishing Institute, 8: 1-26.  

   
Brown, L.R. (2010). World on the edge: How to prevent environmental and 

economic collapse. Agriculture. W.W. Norton & Company, New 
York. 

 
Brischke, C., & Wegener, F L. (2019). Impact of water holding capacity and 

moisture content of soil substrates on the moisture content of wood 
in Terrestrial Microcosms. Forests, 10 (485): 1-16. 

 
British Standard. (1990). BS 1377-1:1990. Methods of test for soils for civil 

engineering purposes-Part 1:  General requirements and sample 
preparation. Road Engineering Standards Policy Committee, 1-
39. 

 
Brunetti, V. S. (2015). Potential use for date palms waste in UAE.  Retrieved 

March 4, 2019, from http://www.dubayblog.com/potential-use-
for-date-palms-waste-in-uae/. 

 
Chala G & Gurmu G. (2017). Effect of organic and inorganic fertilizers on 

growth and yield of Tef (Eragrostis tef) in the Central Highlands 
of Ethiopia. Ethiop. Journal Agriculture Science, 27(1): 77- 88. 

 
Chao, C. T., & Krueger, R. R. (2007). The date dalm (Phoenix dactylifera 

L.): Overview of Biology, uses, and cultivation. Hort Science, 
42(5): 1077-1082. 

http://www.dubayblog.com/potential-use-for-date-palms-waste-in-uae/
http://www.dubayblog.com/potential-use-for-date-palms-waste-in-uae/


© C
OPYRIG

HT U
PM

95 
 

   
Chaudhari, P. R., Ahire, D. V., Ahire, V. D., Chkravarty, M., & Maity, S. 

(2013). Soil bulk density as related to soil texture, organic 
matter content and available total nutrients of Coimbatore soil. 
International Journal of Scientific and Research Publications, 
3(2): 1-8.  

  
Chirwa, M., Mrema, J.P., Mtakwa, P.W., Kaaya, A.K., & Lungu, O. I. (2016) 

Evaluation of soil fertility status and land suitability for 
smallholder farmers’ groundnut and Maize production in 
Chisamba District, Zambia. International Journal of Plant & Soil 
Science, 10(4): 1-18. 

 
Chittora, A., & Singh, N. (2016). Production technology of okra. Marumegh, 

1 (1): 48-51. 
   
Cruickshank R. (1968). `Medical Microbiology.11th ed. Livingstone Ltd., 

London, pp 268. 
 
Cybulska, I., Brudecki, G. P., Zembrzuska, J., Schmidt, J. E., Lopez, C. G. 

B, & Thomsen, M. H. (2017). Organosolv delignification of 
agricultural residues (date palm fronds, Phoenix dactylifera L.) of 
the United Arab Emirates. Applied Energy, 185: 1040–1050. 

 
Daoud, A., Ben-Mefteh, F., Mnafgui, K., Turki, M., Jmal, S., Ben-Amar, R., 

Ayadi, F., ElFeki, A., Abid, L., Rateb, M. E., Belbahri, L., Kadri, 
A., & Gharsallah, N. (2017a). Cardiopreventive effect of 
ethanolic extract of date palm pollen against isoproterenol 
induced myocardial infarction in rats through the inhibition of the 
angiotensin-converting enzyme. Experimental and Toxicologic 
Pathology, 69: 656–665. 

 
Daoud, M., Benturki, O., Kecira, Z., Girods, P., & Donnot, A. (2017b). 

Removal of reactive dye (BEZAKTIV Red S-MAX) from aqueous 
solution by adsorption onto activated carbons prepared from 
date palm rachis and jujube stones. Journal of Molecular Liquids, 
243: 799–809.  

 
Darfaoui, E., & Al Assiri, A. (2010). Response to climate change in the 

kingdom of Saudi Arabia. A report prepared for the Food and 
Agriculture Organization of the United Nations, Saudi Ministry of 
Agriculture, Riyadh.    

 
DeNicola, E., Aburizaiza, O. S., Siddique, A., Khwaja, H., Carpenter, D. O. 

(2015). Climate change and water scarcity: The case of Saudi 
Arabia. Annals of Global Health, 81(3): 342-353. 

 
 



© C
OPYRIG

HT U
PM

96 
 

Dhakal, H., Bourmaud, A., Berzind, F., Almansour, F., Zhang, Z., Shah, D. 
U., & Beaugrand, J. (2018). Mechanical properties of leaf sheath 
date palm fibre waste biomass reinforced polycaprolactone 
(PCL) biocomposites. Industrial Crops & Products, 126: 394–
402. 

 
Ebeling, M.E. 1968. The Dumas method for nitrogen in feeds. 

Journal Association of Official Analytical Chemists, 51: 766–770. 
 
El-Kader, A. A., Shaaban, S.M., & Abd El-Fattah, M. S. (2010). Effect of 

irrigation levels and organic compost on okra plants 
(Abelmoschus esculentus l.) grown in sandy calcareous soil. 
Agriculture and Biology Journal of North America, 1(3): 225-231.  

 
Elliott, M. (2004). Superabsorbent polymers. BASF Aktiengesellschaft, 13. 
 
Elsen, E. V., & Jetten, V. (2015). Combatting desertification using a 

multidisciplinary approach. Catena, 128: 211–213. 
 
El-Sheshtawy, R. I., El-Nattat, W.S., Shalaby, S. I. A., Shahba, M. I., & Al-

Se'dawy, I. E. (2016). Chilled and post-thawed semen 
characteristics of buffalo semen diluted in tris extender 
enriched with date palm pollen grains (TPG). Asian Pacific 
Journal of Reproduction, 5(3): 252–255. 

 
El-Tohamy, W. A., El-Abagy, H. M., Ahmed, E. M., Aggor, F.S., & Hawash, 

S. 1. (2014). Application of super absorbent hydrogel poly 
(acrylate/acrylic acid) for water conservation in sandy soil. 
TESCE, 40, 2. 

 
Emami, H., & Astarae. A. R. (2012). Effect of Organic and Inorganic 

Amendments on Parameters of Water Retention Curve, Bulk 
Density and Aggregate Diameter of a Saline-sodic. Journal of 
Agricultural Science and Technology, (14): 1625-1636. 

 
Eom, I. -Y., Yu, J. -H., Jung, C. -D., & Hong, K. -S. (2015). Efficient ethanol 

production from dried oil palm trunk treated by 
hydrothermolysis and subsequent enzymatic hydrolysis. 
Biotechnology for Biofuels, 8(83): 1-11.  

 
Fadhila, A. B., Alhayalia, M. A., & Saeedb, L. I. (2017). Date (Phoenix 

dactylifera L.) palm stones as a potential new feedstock for liquid 
bio-fuels production. Fuel, 210: 165–176. 

 
Fagwalawa, L. D., &Yahaya, S. M. (2016). Effect organic manure on the 

growth and yield of okra. Imperial Journal of Interdisciplinary 
Research, 2(3): 2454-1362. 

 



© C
OPYRIG

HT U
PM

97 
 

Food & Agriculture Organization (FAO), 2013.. Retrieved March 4, 2019, 
from http://www.mapsofworld.com/world-top-ten/world-top-ten-
date-producing-countries map.html 

 
Fatubarin, A. & Olojugba, M. R. (2014). Effect of rainfall season on the 

chemical properties of the soil of a Southern Guinea Savanna 
ecosystem in Nigeria. Journal of Ecology and the Natural 
Environment, 6(4): 182-189. 

Fawole, O. B., Ajayi, T. J., Aduloju, M. O & Olaniyan, J. O. (2010). The use 
of Parkia husk and melon wastes as soil amendment. Journal of 
Agricultural Research and Development, University of Ilorin. 
9(2).  

 
Food and Agriculture Organization of the United Nations/World Health 

Organization (FAO/WHO). (2016). Statistical Aspects of 
Microbiological Criteria Related to Foods. A Risk Managers 
Guide. Microbiological. Risk Assessment Series, no 24. Rome. 1-
120 

 
Fungo, B., Lehmann, J., Kalbitz, K., Thiongo, M., Okeyo, I., Tenywa, M., & 

Neufeldt, H. (2017). Aggregate size distribution in a biochar-
amended tropical Ultisol under conventional hand-hoe tillage. 
Soil & Tillage Research, 165: 190–197. 

 
Gee, G. W., & Bauder, J. W. (1986).  Methods of soil analysis: Part 1—

physical and mineralogical methods. Soil Science Society of 
America, American Society of Agronomy, 383–411. 

 
Ge, X., Li, Y., Luloff, A. E., Dong, K., & Xiao, J. (2015). Effect of agricultural 

economic growth on sandy desertification in Horqin Sandy Land. 
Ecological Economics, 119: 53–63. 

 
General authority of meteorology and environmental protection. (2017). 

Climate report for winter 2016-2017G over the Kingdom of Saudi 
Arabia. KSA. 

 
Ghehsareh, A. M., Borji, H., & Jafarpour, M. (2011a). Effect of some culture 

substrates (date-palm peat, cocopeat and perlite) on some 
growing indices and nutrient elements uptake. African Journal of 
Microbiology Research, 5(12): 1437-1442. 

 
Ghehsareh, A. M., Samadi, N., & Borji, H., (2011b). Comparison of date-

palm wastes and perlite as growth substrates on some tomato 
growing indexes. African Journal of Biotechnology, 10(24): 4871-
4878. 

 
 
 

http://www.mapsofworld.com/world-top-ten/world-top-ten-date-producing-countries%20map.html
http://www.mapsofworld.com/world-top-ten/world-top-ten-date-producing-countries%20map.html


© C
OPYRIG

HT U
PM

98 
 

Ghehsareh, A. M. (2013). Effect of date palm wastes and rice hull mixed with 
soil on growth and yield of cucumber in greenhouse culture. 
International Journal of Recycling of Organic Waste in Agriculture, 
2(17): 1-5.  

 
 Ghori, W., Saba, N., Jawaid, M., & Asim, M. (2017). A review on date palm 

(phoenix dactylifera) fibres and its polymer composites. Institute 
of Physics Conference Series, Materials Science and 
Engineering, 368: 1-18.  

 
Ghnimi, S., Umer, S., Karim, A., Kamal-Eldin, A. (2017). Date fruit (Phoenix 

dactylifera L.): An underutilised food seeking industrial 
valorization. Nutrition and Food Science Journal, 6: 1–10. 

 
Głąb, T., Żabiński, A., Sadowska, U., Gondek, K., Kopećb, M., Mierzwa–

Hersztek, M., & Tabor, S. (2018). Effects of co-composted 
maize, sewage sludge, and biochar mixtures on hydrological and 
physical qualities of sandy soil. Geoderma, 315: 27–35. 

 
Glaser, B., Balashov, E., Haumaier, L., Guggenberger, G., & Zech, W. 

(2000). Black carbon in density fractions of anthropogenic soils 
of the Brazilian Amazon region. Organization Geochem, 31: 
669–678. 

 
Glaser, B., Haumaier, L., Guggenberger, G., & Zech, W. (2001). The Terra 

Preta phenomenon– a model for sustainable agriculture in the 
humid tropics. Naturwissenschaften, 88: 37–41.  

 
Glaser, B., Lehmann, J., & Zech, W. (2002). Ameliorating physical and 

chemical properties of highly weathered soil in the tropic with 
charcoal – a review. Biology. Fertility. Soils Berlin, 35: 219–230. 

 
Gnacadja, L. (2015). New challenges in science and policies to combat 

desertification. Journal of Arid Environments, 112: 1-4. 
 
Gulshan, A. B., Saeed, H. M., Javid, S., Meryem, T., Atta, M. I., & Amin-

ud-Din, M. (2013). Effects of animal manure on the growth and 
development of okra (Abelmoschus esculentus l.). Asian 
Research Publishing Network Journal of Agricultural and 
Biological Science, 8(3), 1990-6145. 

 
Hamarashid, N. H., Othman, M. A., & Hussain, M.-A. H. (2010). Effects of 

soil texture on chemical compositions, microbial populations and 
carbon mineralization in soil. Egyptian Society of Experimental 
Biology, 6(1): 59-64.  

 
Hartemink, A.E., & Huting, J. (2005). Sandy soils in southern and eastern 

Africa: Extent, properties and management. Session 1 “Global 
extent of tropical sandy soils and their pedogenesis”. 54-59. 



© C
OPYRIG

HT U
PM

99 
 

Hargreaves, J., Adl, M. S., Warman, P. R., & Rupasinghe, H. P. V. (2008). 
The effects of organic amendments on mineral element uptake 
and fruit quality of raspberries. Plant Soil, 308, 213–226. 

 
Hasegawa, M., Yamane, D., Funato, K., Yoshida, A., & Sambongi, Y. 

(2018). Gamma-aminobutyric acid fermentation with date 
residue by a lactic acid bacterium, lactobacillus brevis. Journal 
of Bioscience and Bioengineering, 125(3): 316-319. 

 
Hazelton, P. & Murphy, B. (2007). Interpreting soil test results: What do all 

the numbers Mean? CSIRO Publishing, Melbourne. 
  
Heitkötter, J., & Marschner, B. (2015). Interactive effects of biochar ageing 

in soils related to feedstock, pyrolysis temperature, and historic 
charcoal production. Geoderma, 56–64. 

 
Hesami, A., & Khorami, S. S. (2012). Application of date palm petiole (date-

peat) in hydroponic culture of strawberry (Fragaria ananassa). 
The 1th International and the 4th National Congress on Recycling 
of Organic Waste in Agriculture. International Journal of 
Recycling of Organic Waste in Agriculture (ROWA). 

 
Hou, Y., Hu, X., Yan, W., Zhang, S., Niu, L. (2013).  Effect of organic 

fertilizers used in sandy soil on the growth of tomatoes. 
Agricultural Sciences, 4(5B): 31-34.  

 
Hunt, N. & Gilkes, B. (1992). Farm monitoring handbook. University of 

Western Australia, Land Management Society, and National 
Dryland Salinity Program, 13-62, Australia.  

 
Hussain, A., Farooq, A., Bassyouni, M. I., Sait, H. H., El-Wafa, M. A., Hasan, 

S.W., & Ani, F. N. (2014). Pyrolysis of Saudi Arabian date palm 
waste: A viable option for converting waste into wealth. Life 
Science Journal, 11(12): 667-671.  

 
International Organization for Standardization (ISO) (2005). Standard 

Methods for the Determination of pH. 2nd Edition. International 
Organization for Standardization, Switzerland. 

 
Ismail S M,   & Ozawa K. )2007(. Improvement of crop yield, soil moisture 

distribution and water use efficiency in sandy soils by clay 
application. Applied Clay Science, 37: 81–89. 

 
Interagency Taxonomic Information System (IT IS) Report. (2009). Phoenix 

dactylifera L. Retrieved March 4, 2019, from 
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=
TSN&search_value=42458#null 

   

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=42458#null
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=42458#null


© C
OPYRIG

HT U
PM

100 
 

Jain, M.S., Daga, M., & Kalamdhad, A.S. (2018). Composting physics: A 
degradation process-determining tool for industrial sludge. 
Ecological Engineering, (116), 14–20. 

 
Johnson, D. V. (2012). Enhancement of date palm as a source of multiple 

products: Examples from other industrialized palms. Emirates 
Journal of Food and Agriculture, 24 (5): 408-414. 

 
Jones, J.B., Jr. 1973. Soil testing in the United States. 

Communications in Soil Science and Plant Analysis, 4:307–322. 
 
Jones, J.B., Jr. 1998a. Soil test methods: past, present, and future. 

Communications in Soil Science and Plant Analysis, 29:1543–
1552. 

 
Jouiad, M., AL-Nofeli, N., Khalifa, N., Benyettou, F., & Yousef, L. F. (2014). 

Characteristics of slow pyrolysis biochars produced from Rhodes 
grass and fronds of edible date palm. Journal of Analytical and 
Applied Pyrolysis, 111: 183–190. 

 
Jun, Z., Qun, C., & Changfu, Y. (2016). Biochar effect on water evaporation 

and hydraulic conductivity in sandy soil. Pedosphere, 26(2): 265–
272.  

 
Kandil, A., Sharief, A., & Ahmed, S. (2012). Germination and seedling 

growth of some chickpea cultivars (Cicer arietinum L.) under 
salinity stress. Journal of Basic & Applied Sciences, 8: 561-571.  

 
Khajeh-Hosseini, M., Lomholt, A., & Matthews, S. (2009). Mean germination 

time in the laboratory estimates the relative vigour and field 
performance of commercial seed lots of maize (Zea mays L.). Seed 
Science and Technology, 37: 446–456.  

 
Khalaf, M. Z., Tareq, A. M., Naher, F. H., Salman, A. H., Khalaf, H.S. (2019). 

Biological control of the date palm tree borers, oryctes agamemnon 
arabicus (Coleoptera: Scarabaidae: Dynastinae). Pakistan 
Entomologist, 40 (1): 1-6.  

 
Khalifa, N., & Yousef, L. F. (2015). A short report on changes of quality 

indicators for a sandy textured soil after treatment with biochar 
produced from fronds of date palm. Energy Procedia,74: 960–
965. 

 
Khan, W. -U. -D, Ramzani, P. M. A., Anjum, S., Abbas, F., Iqbal, M., Yasar, 

A., Ihsan, M. Z., Anwar, M. N., Baqar, M., Tauqeer, H. M., Virk, 
Z. A., & Khan, S. A. (2017). Potential of miscanthus biochar to 
improve sandy soil health, in situ nickel immobilization in soil and 
nutritional quality of spinach. Chemosphere, 185: 1144-1156. 

 

https://www.ejfa.me/
https://www.ejfa.me/


© C
OPYRIG

HT U
PM

101 
 

Khandaker, M.M., Fadhilah, N.M., Dalorima, T., Sajili, M.H., & Mat, N. 
(2017). Effect of different rates of inorganic fertilizer on 
physiology, growth and yield of okra (Abelmoschus esculentus) 
cultivated on BRIS soil of Terengganu, Malaysia. Australian 
Journal of Crop Science, 11(07): 880-887.  

 
Khiari, R., Mhenni, M.F., Belgacem, M.N., Mauret, E. (2010). Chemical 

composition and pulping of date palm rachis and Posidonia 
oceanica – a comparison with other wood and non-wood fibre 
sources. Bioresource Technology, 101(2): 775–780. 

 
 
Kim, A., & Beek, H. V. D. (2018). Holistic assessment of the water for 

agriculture dilemma in the Kingdom of Saudi Arabia. Center for 
International and Regional Studies (CIRS).  Georgetown 
University in Qatar. P 1- 44. 

 
Kirkham, M.B., 2015. Field capacity, wilting point, available water, and the 

non-limiting water range, Principles of soil and plant water 
relations USA. Elsevier, 153–170 

 
Kong, S-H., Loh, S-K., Bachmann, R.T., AbdulRahim, S., & Salimon, J. 

(2014). Renewable and Sustainable Energy Reviews, 39:729–
739. 

 
Kriker, A., Bali, A., Debicki, G., Bouziane, M., & Chabannet, M. (2008). 

Durability of date palm fibres and their use as reinforcement in hot 
dry climates. Cement & Concrete Composites, 30(7): 639–648.  

 
Kriker, A., Debicki, G., Bali, A., Khenfer, M., & Chabannet, M. (2005). 

Mechanical properties of date palm fibres and concrete reinforced 
with date palm fibres in hot-dry climate. Cement and Concrete 
Composites, 27(5): 554–564. 

 
Kurunç, A., & Ünlükara, A. (2010) Growth, yield, and water use of okra 

(Abelmoschus esculentus) and eggplant (Solanum melongena) 
as influenced by rooting volume.  New Zealand Journal of Crop 
and Horticultural Science, 37(3): 201-210. 

 
Lagerkvist, C. J., Shikuku, K., Okello, J., Karanja, N., & Ackello-Ogutu, C. 

(2015). A conceptual approach for measuring farmers’ attitudes 
to integrated soil fertility management in Kenya. NJAS - 
Wageningen Journal of Life Sciences, 74–75: 17–26. 

 
Laghari, M., Mirjat, M. S., Hu, Z., Fazal, S., Xiao, B., Hu, M., Chen, & Z., 

Guo, D. (2015). Effects of biochar application rate on sandy 
desert soil properties and sorghum growth. Catena, 135: 313–
320. 

 



© C
OPYRIG

HT U
PM

102 
 

Lal, R. (2013). Food security in a changing climate. Ecohydrology & 
Hydrobiology, 13: 8–21.  

 
Lattieff, F. A. (2016). A study of biogas production from date palm fruit 

wastes. Journal of Cleaner Production, 139: 1191-1195. 
 
Lehmann, J., Da Silva, Jr. JP., Steiner, C., Nehls, T., Zech, W., & Glaser, B. 

(2003). Nutrient availability and leaching in an archaeological 
Anthrosol and a Ferralsol of the Central Amazon basin: fertilizer, 
manure and charcoal amendments. Plant Soil, 249: 343–57. 

 
Lemlem, A., Alemayehu, M., & Endris, M. (2018). Date palm production 

practices and constraints in the value chain in Afar Regional 
State, Ethiopia. Hindawi, 1-10.  

 
Lestariningsih, I. D., & Hairiah, W. K. (2013). Assessing soil compaction with 

two different methods of soil bulk density measurement in oil 
palm plantation soil. Procedia Environmental Sciences, 17: 172 
–178. 

 
Liao, R., Wu, W., Ren, S., & Yang, P. (2016). Effects of superabsorbent 

polymers on the hydraulic parameters and water retention 
properties of soil. Journal of Nanomaterials, 1-12.  

 
Lichtenthaler, H.K., & Wellburn, A.R. (1985). Determination of total 

carotenoids and Chlorophylls A and B of leaf in different solvents. 
Biology. Society. Transgenic, 11: 591-592. 

 
Li, C.L., Xu, J.B., He, Y.Q., Liu, Y.L., Fan, J.B. (2012). Dynamic relationship 

between biologically active soil organic carbon and aggregate 
stability in long-term organically fertilized soils. Pedosphere, 22: 
616–622. 

 
Li, Z., Schneider, R. L., Morreale, S. J., Xie, Y., Li, C., & Li, J. (2018). Woody 

organic amendments for retaining soil water, improving soil 
properties and enhancing plant growth in desertified soils of 
Ningxia, China. Geoderma, 310: 143–152. 

 
Lim, J. R. S., W. M., W. M. Silva, Medeiros, E. V., Duda, G. P., Corrêa, M. 

M., Filho, A. P. M., Dauphin, C. C., Antonino, A. C. D., & 
Hammecker, C. (2018). Effect of biochar on physicochemical 
properties of a sandy soil and maize growth in a greenhouse 
experiment. Geoderma, 319: 14–23. 

 
Lin, L., Xu, F., Ge, X., & Li, Y. (2018). Improving the sustainability of organic 

waste management practices in the food energy water nexus: A 
comparative review of anaerobic digestion and composting. 
Renewable and Sustainable Energy Reviews, 89: 151–167. 

 



© C
OPYRIG

HT U
PM

103 
 

Liu, C.W., Sung, Y., Chen, B.C., & Lai, H. Y. ( 2014 ). Effects of nitrogen 
fertilizers on the growth and nitrate content of Lettuce (Lactuca 
sativa L.). International Journal of Environmental 
Research and Public Health,11(4): 4427–4440. 

 
Liu, G., & Hanlon, E. (2012). Soil pH range for optimum commercial 

vegetable production. The Institute of Food and Agricultural 
Sciences (IFAS), University of Florida, USA. 

 
Liu, S., Maimaitiailib, B., Joergensen, R. G., & Feng, G. (2016). Response 

of soil microorganisms after converting a saline desert to arable 
land in central Asia. Applied Soil Ecology, 98: 1–7. 

 
Li, Z., Schneider, R. L., Morreale, S. J., Xie, Y., Li. J, Li, C., Ni, X. (2018). 

Using woody organic matter amendments to increase water 
availability and jump‐start soil restoration of desertified grassland 
soils of Ningxia, China. Land Degradation and Development. 1-12.  

 
Longjun, C. (2011). UN convention to combat desertification. Reference 

Module in Earth Systems and Environmental Science, 504-517.  
 
Manickavasagan, A., Essa, M. M., Sukumar, E. (2012). Dates Production, 

Processing, Food, and Medicinal Values. Medicinal and Aromatic 
Plants — Industrial Profiles. Taylor & Francis Group. Boca Raton. 
Florida, USA. 415. 

 
Makhdoomi, M., Wani, K. P., Jabeen, N., Nabi, A., Afroza, B., Hussain, K.  

& Singh, P. K. (2018). Variability analysis in okra (Abelmoschus 
esculentus (L.) Moench). Journal of Pharmacognosy and 
Phytochemistry, 7(2): 177-180. 

 
Makhlouf-Gafsi, I., Krichen, F., Mansour, R. B., Mokni, A., Sila, A., 

Bougatef, A., Blecker, C., Attia, H., & Besbes, S. (2018). 
Ultrafiltration and thermal processing effects on Maillard 
reaction products and biological properties of date palm sap 
syrups (Phoenix dactylifera L.). Food Chemistry, 256: 397–404. 

 
Mangrich, A. S., Cardoso, E. M. C., Doumer, M. E., Romão, L. P. C., Vidal, 

M., Rigol, A., & Novotny, E. H. (2015). Improving the water 
holding capacity of soils of northeast brazil by biochar 
augmentation. American Chemical Society, Washington, DC. 
340-354. 

 
Martínez, M. M., Ortega, R., Janssens, M., & Paola Fincheira, P. (2018). 

Use of organic amendments in table grape: effect on plant root 
system and soil quality indicators. Journal of Soil Science and 
Plant Nutrition, 18(1): 100-112. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=24758896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sung%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24758896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=24758896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lai%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=24758896
https://www.ncbi.nlm.nih.gov/pmc/issues/237872/


© C
OPYRIG

HT U
PM

104 
 

Masri, T., Ounis, H., Sedira, L., Kaci, A., & Benchabane, A. (2018). 
Characterization of new composite material based on date palm 
leaflets and expanded polystyrene wastes. Construction and 
Building Materials, 164: 410–418. 

 
Mastouri, F., Björkman, T., & Harman, G. E. (2010). Seed treatment with 

Trichoderma harzianum alleviates biotic, abiotic, and 
physiological stresses in germinating seeds and seedlings. 
Phytopathology, 100(11): 1213-1221. 

 
Mazloumzadeh, M.,& Pourjafar, M. (2019). Evaluation of some mechanical 

properties of Date Palm Trunk (Case Study: Mazafati, Rabbi 
and Zardan cultivars). Discovery Agriculture, 5: 1-8.  

 
McKenzie, N., Coughlan, K., & Cresswell, H. (2002). Soil physical 

measurement and interpretation for land evaluation. 
CSIRO Publishing, Collingwood, Victoria.  

 
McKenzie N. J., Jacquier D., Isbell R. & Brown K. (2004). Australian soils 

and landscapes an illustrated compendium. CSIRO Publishing, 
Collingwood, Victoria. 

 
Mclean, E. O., Methods of Soil Analysis. Part 2. (1965). Chemical and 

microbiological properties. American Society of Agronomy and 
Soil Science Society of America, 199–224. 

 
McNamara, N.P., Black, H.I.J., Beresford, N.A., & Parekh, N.R. (2003). 

Effects of acute gamma irradiation on chemical, physical and 
biological properties of soils. Applied Soil Ecology, 24:117-132.  

 
Medeiros, A. S., de Queiroz, M. M. F., Neto, R. A.A., Costa, P.S., Campos, 

A. C., Feraz, R. L. S., Magalhães, I. D., Júnior, S. O. M. J., Melo, 
L. D. F.A., & Gonzaga, G. B.M. (2018). Yield of the okra 
submitted to nitrogen rates and wastewater in Northeast 
Brazilian semiarid region. Journal of Agricultural Science, 10(4), 
409-416. 

 
Mochane, M. J., Mokhena, T. C., Mokhothu, T. H., Mtibe, A., Sadiku, E. R., 

Ray, S. S., Ibrahim, I. D., & Daramola, O. O. (2019). Recent 
progress on natural fiber hybrid composites for advanced 
applications: A review. eXPRESS Polymer Letters, 13, (2): 159–
198. 

 
MicroBioTests Inc. (2015). ARTOXKIT M, Estuarine/marine toxicity 

screening test, Bench Protocol, 3: 1-29.  
 
 
 



© C
OPYRIG

HT U
PM

105 
 

Mohammadi, G. A., Borji, H., & Jafarpour, M. (2011). Effect of some culture 
substrates (Date palm peat, Cocopeat and Perlite) on some 
growing indexes in greenhouse Tomato. African Journal of 
Microbiology Research, 5(12): 1437–1442. 

 
Mohanty, A. K.; Misra, M; & Drzal, L. T. (2005). Natural Fibers, Biopolymers, 

and Biocomposites. Singapore: CRC Press. 
 
Mohawesh, O., & Durner, W. (2017). Effect of bentonite, hydrogel and 

biochar amendments on soil hydraulic properties from saturation 
to oven dryness. Pedosphere.  

 
Molnár, M., Vaszita, E., Farkas, E., Ujaczki, E, Fekete-Kertész, I., Tolner, 

M., Klebercz, O, Kirchkeszner, C., Gruiz, K., Uzinger, N., & Feigl, 
V. (2016). Acidic sandy soil improvement with biochar A 
microcosm study. Science of the Total Environment, 563–564: 
855–865. 

 
Montesano, F.F., Parente, A., Santamaria, P., Sannino, A., & Serio, F. 

(2015). Biodegradable superabsorbent hydrogel increases water 
retention properties of growing media and plant Growth. 
Agriculture and Agricultural Science Procedia, 4: 451 – 458. 

 
Moore, G A. (2001). Soil guide: A handbook for understanding and 

managing agricultural soils. Department of Agriculture and Food, 
Western Australia, Perth. Bulletin 4343. 

 
Moshileh, A. M., & Errebi, M. A. (2004). Effect of various potassium sulfate 

rates on growth, yield and quality of potato grown under sandy 
soil and arid conditions. IPI regional workshop on potassium and 
fertigation development in West Asia and North Africa. Rabat, 
Morocco, 24-28. 

 
Mrabet, A., Jimenez-Araujo, A., Fernandez-Bolanos, J., Rubio- Senent, F, 

Lama-Muñoz, A., Sindic , M., & Rodríguez-Gutiérrez, G. (2016). 
Antioxidant phenolic extracts obtained from secondary Tunisian 
date varieties (Phoenix dactylifera l.) by hydrothermal 
treatments.  

 
Mrabet, A., García-Borrego, A., Jimenez-Araujo, A., Fernandez-Bolanos, 

J., Sindic, M., & Rodríguez-Gutierrez, G. (2017). Phenolic 
extracts obtained from thermally treated secondary varieties of 
dates: antimicrobial and antioxidant properties. LWT - Food 
Science and Technology, 79, 416-422. 

 
Muhl, Q.E., du Toit, E.S., & Robbertse, P.J. (2011). Temperature effect on 

seed germination and seedling growth of Moringa oleifera Lam. 
Seed Science & Technology, 39:  208-213. 

 

https://academicjournals.org/journal/AJMR
https://academicjournals.org/journal/AJMR


© C
OPYRIG

HT U
PM

106 
 

Mukherjee, A., & Zimmerman, A. R. (2013). Organic carbon and nutrient 
release from a range of laboratory-produced biochars and 
biochar-soil mixtures. Geoderma, 193 (94): 122–30.  

 
Napier-Munn, T.J., Morrell, S., Morrison, R.D. and Kojovic, T. (1996). 

Mineral Comminution Circuits - Their Operation and Optimisation 
(Appendix 3), JKMRC, The University of Queensland, Brisbane, 
413. 

 
Novak, J., Lima, I., Xing, B., Gaskin, J., Steiner, C., Das, K., Ahmedna, M., 

Rehrah, D., Watts, D., & Busscher. W. (2009). Characterization 
of designer biochar produced at different temperatures and their 
effects on a loamy sand, Ann. Environmental Science, (3): 195-
206. 

 
Nunes, J. A da S., Nunes, J. C., da Silva, J. A., de Oliveira, A. P., 

Cavalcante, L. F., Oresca, D., & da Silva, O. P. R. (2018). 
Influence of spacing and application of biofertilizer on growth and 
yield of okra (Abelmoschus esculentus (L.) Moench). African 
Journal of Biotechnology, 17(2): 17-23.  

 
Odofin, A. J., Oladiran, J. A., Oladipo, J. A., & E. P. Wuya, E. P. (2011). 

Determination of evapotranspiration and crop coefficients for 
bush okra (Corchorus olitorius) in a sub-humid area of Nigeria. 
African Journal of Agricultural Research, 6(17): 3949-3953. 

 
Ogunmwonyi, I. N., Igbinosa, O. E., Aiyegoro, O. A., & Odjadjare, E. E. 

(2008). Microbial analysis of different top soil samples of 
selected site in Obafemi Awolowo University, Nigeria. Scientific 
Research and Essay, 3 (3): 120-124. 

 
Oldfield, T.L., Sikirica, N., Mondini, C., Lopez, G., Kuikman, P.J., & Holden, 

N.M.  (2018). Biochar, compost and biochar-compost blend as 
options to recover nutrients and sequester carbon. Journal of 
Environmental Management, 218: 465-476. 

 
Olorunfemi, I. E., Fasinmirin, J. T., Ojo, & A. S. (2016). Modeling cation 

exchange capacity and soil water holding capacity from basic soil 
properties. Eurasian Journal of Soil Science, 5 (4): 266 – 274. 

 
Omotoso, S. O., & Johnson, O. Y. (2015). Growth and yield of two varieties 

of okra (Abelmoschus esculentus (L). Moench) as affected by 
potassium fertilizer sources. Journal of Biology, Agriculture and 
Healthcare, (5): 8.  

 
Oswald, J., & Harris, S. (2016). Biological and Environmental Hazards, 
Risks, and Disasters.                Elsevier. 
 



© C
OPYRIG

HT U
PM

107 
 

Ouattara, K., Ouattara, B., Assa, A., & Sédogo, P. M. (2006). Long-term 
Effect of Ploughing and Organic Matter input on Soil Moisture 
Characteristics of a Ferric Lixisol in Burkina Faso. Soil 
Tillage Research, 88: 217-224. 

 
       Ouda, O.K.M., Raza, S.A., Nizami, A.S., Rehan, M., Al-Waked, R., & Korres, 

N.E.  (2016). Waste to energy potential: A case study of Saudi 
Arabia. Renewable and Sustainable Energy Reviews, 61: 328–
340. 

 
Ozerkan, N. G., Ahsan, B., Mansour, S., & Iyengar, S. R. (2013). Mechanical 

performance and durability of treated palm fiber reinforced mortars. 
International Journal of Sustainable Built Environment, 2: 131–142. 

 
Panda, S.C.  2003.  Principles and Practices of Water Management. 1st ed. 

Agrobios, Jodhpur.. 
 
Pandey, V., Patel, A., & Patra, D. D. (2016) Biochar ameliorates crop 

productivity, soil fertility, essential oil yield and aroma profiling in 
basil (Ocimum basilicum L.) Ecological Engineering, 90: 361–
366. 

 
Panta, S., Flowers, T., Lane, P., Doyle, R., Haros, G, Shabala, S. (2014). 

Halophyte agriculture: Success stories.  Environmental and 
Experimental Botany, 107: 71–83. 

 
Pariona, A. (2017).  Leading countries growing dates (fresh date palm fruits). 

Retrieved March 4, 2019, from  
https://www.worldatlas.com/articles/world-leading-countries-
growing-fresh-dates.html 

 
Parvathy, P. C., Jyothi, A. N., John, K. S., & Sreekumar, J. (2014). Cassava 

starch based superabsorbent polymer as soil conditioner: impact 
on soil physico-chemical and biological properties and plant 
growth. Clean Journal, 42 (9999): 1–8. 

 
Pedram, S., Wang, X., Liu, T., & Duan, L. (2018). Simulated dynamics of soil 

water and pore vapor in a semiarid sandy ecosystem. Journal of 
Arid Environments, 151: 58–82. 

 
Philip, C. B., Sajo, A. A., Futuless, K. N. (2010). Effect of spacing and NPK 

fertilizer on the yield and yield components of okra (Abelmoschus 
esculentus L.) in Mubi, Adamawa State, Nigeria. Journal of 
Agronomy, 9(3): 131-134.   

 
Pranagal. J., Oleszczuk, P., Tomaszewska-Krojańska, D., Kraska, P.,& 

Różyło, K. (2017). Effect of biochar application on the physical 
properties of Haplic Podzol. Soil & Tillage Research, 174: 92–
103. 

https://www.worldatlas.com/articles/world-leading-countries-growing-fresh-dates.html
https://www.worldatlas.com/articles/world-leading-countries-growing-fresh-dates.html


© C
OPYRIG

HT U
PM

108 
 

 
Radwan, E. S. (2017). The current status of the date palm tree (Phoenix 

dactylifera L.) and its uses in the Gaza Strip, PhD Thesis, 
Islamic University-Gaza. 

 
Ranjan, A., Singh, K.P., Roy, R.K., Pandey, & V.K., Rai, J. (2012). Effect 

of organic and inorganic fertilizers on yield and economics of 
okra (Abelmoschus esculentus (L.) Moench). The Asian 
Journal of Horticulture, 7 (2), 586-588. 

 
Rayment, G. E.  & Higginson, F. R. (1992). Electrical conductivity. Australian 

laboratory handbook of soil and water chemical methods. Inkata 
Press Pty Ltd, Australia. 

  
Rengasamy, P., Churchman, G. J. (1999) Cation exchange capacity, 

exchangeable cations and sodicity. In soil analysis an 
interpretation manual. Commonwealth Scientific and Industrial 
Research Organization, Melbourne. 

 
Reyes-Torres, M., Oviedo-Ocaña, E.R., Dominguez, I., Komilis, D., & 

Sánchez, A. (2018). A systematic review on the composting of 
green waste: Feedstock quality and optimization strategies. 
Waste Management, 77: 486-499. 

 
Richards, L. A. )1947(. Pressure-membrane apparatus-construction and 

use. Agricultural Engineering, 28: 451-454. 
 
Robinson, M. L., & Williams, C. F. (2012).  The date palm in southern 

Nevada. University of Nevada Cooperative Extension, 2-26: 
USA.  

 
Sadeghi, Z., & Kuhestani, K. (2014). Ethnobotany of date palm (Phoenix 

Dactylifera) in Baluch Tribe of Saravan Region, Baluchistan, 
Iran. International Journal of Agricultural Technology, 10(6): 
1563-1571. 

 
Sait, H. H & Salema, A. A. (2015). Microwave dielectric characterization of 

Saudi Arabian date palm biomass during pyrolysis and at 
industrial frequencies, Fuel, 161: 239–247. 

 
Saleh, M. A., Al-Haron, M. H., Saleh, A. A., & Farag, M. (2017). Fatigue 

behavior and life prediction of biodegradable composites of 
starch reinforced with date palm fibers. International Journal of 
Fatigue, 103: 216–222. 

 
Sánchez, O. J., Ospina, D.A., & Montoya, S. (2017). Compost 

supplementation with nutrients and microorganisms in 
composting process. Waste Management, 69: 136–153. 

 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Rayment%2c+G.+E.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Higginson%2c+F.+R.%22
https://www.cabdirect.org/cabdirect/search/?q=pb%3a%22Inkata+Press+Pty+Ltd%22
https://www.cabdirect.org/cabdirect/search/?q=pb%3a%22Inkata+Press+Pty+Ltd%22
http://www.publish.csiro.au/pid/1998.htm
http://www.publish.csiro.au/pid/1998.htm


© C
OPYRIG

HT U
PM

109 
 

Sarma, B., & Gogoi, N. (2015). Germination and seedling growth of Okra 
(Abelmoschus esculentus L.) as influenced by organic 
amendments. Cogent Food & Agriculture, 1: 1-6. 

 
Schütz, L., Gattinger, A., Meier, M., Müller, A., Boller, T., Mäder, P.,  

Mathimaran, N. (2018). Improving crop yield and nutrient use 
efficiency via biofertilization—A global meta-analysis. Frontiers 
in Plant Science, 8, 2204.  

 
Seeley, H. W, & VanDemark, P. J. (1981). Microbes in action. A laboratory 

manual of Microbiology. W. H Freeman and Company, U.S.A, 3, 
350. 

 
Sequeira, C.H., Wills, S. A., Seybold, C. A., & West, L.T.  (2014). Predicting 

soil bulk density for incomplete databases. Geoderma, 213: 64–
73. 

 
Sevastas, S., Gasparatos, D., Botsis, D., Siarkos, I., Diamantaras, K.I., & 

Bilas, G. (2018). Predicting bulk density using pedotransfer 
functions for soils in the upper Anthemountas Basin, Greece. 
Geoderma Regional, 14: 1-11. 

 
Sharifi, M., Bashtani, M., Naserian, A. A., & Farhangfar, H. (2015). The effect 

of feeding low quality date palm (Phoenix dactylifera L.) on the 
performance, antioxidant status and ruminal fermentation of mid-
lactating Saanen dairy goats. Small Ruminant Research, 130: 
95-100. 

 
Shirani, M., & Mohammadi-Ghehsareh, G. A. (2014). The effect of 

composted and un-composted date-palm waste as a media on 
some microelements of tomato fruit. Research Journal of Recent 
Sciences, 3(1): 45-49. 

 
Simonne, E. H., & Dukes, M. D. (2010). Principles and practices of irrigation 

management for vegetables. Institute of Food and Agricultural 
Sciences Extension, 17-23.  

 
Singh, A. (2016).  Managing the water resources problems of irrigated 

agriculture through geospatial techniques: An overview. 
Agricultural Water Management, 174: 2-10. 

 
Singh, P., Chauhan, V., Tiwari, B. K., Chauhan, S. S., Simon, S., S. Bilal, 

S., & Abidi, A. B. (2018). An overview on okra (Abelmoschus 
esculentus) and its importance as a nutritive vegetable in the 
world. International Journal of Pharmacy and Biology Science, 
4(2): 227-233. 

 
Skopp, J. (2000). Particle size separation-sieving -screening. University of 

Nabraska, USA. 

https://www.sciencedirect.com/science/journal/09214488


© C
OPYRIG

HT U
PM

110 
 

 
Sonon, L. S., Kissel, D. E., & Saha, U. (2014). Soil Test Handbook for 

Georgia-Cation exchange capacity and base saturation. The 
University of Georgia, USA. 

 
Soobhany, N. (2018). Assessing the physicochemical properties and quality 

parameters during composting of different organic constituents 
of municipal solid waste. Journal of Environmental Chemical 
Engineering, (6): 1979–1988. 

 
Soomro, I. H., Mallah, Q. H., & Janbhani, P. K. (2012). Microbial Diversity in 

the Sandy Soil of Nara Thar Desert Khairpur, Sindh, Pakistan. 
Hamdard Medicus, 55(3), 53-58.  

 
Strategic Diagnostics Inc. (2005). Delta Tox User’s Manual, United 

States Environmental Protection Agency, Washington, D.C, pp. 
32. 

 
Sunday, S., & Blessing, I. I. (2016). Effects of organic manure on the growth 

parameters and yield of okra in Anyigba, Kogi State, North 
Central, Nigeria. Journal of Agricultural Science and 
Engineering, 2(4), 24-30. 

 
Sundberg, C. (2005). Improving compost process efficiency by controlling 

aeration, temperature and pH, PhD Thesis, Swedish University.  
 
Sung, C.T.B.  & Talib, J. (2006). Book soil physics analyses. Soil physics 

analysis book, 1. University Putra Malaysia Press, 11-17. 
 
Sylvester R. Atijegbe1, Babatunde O. Nuga, Ndowa E. S. Lale, & Osayi, 

R. N. (2014). Effect of organic and inorganic fertilizers on okra 
(Abelmoschus esculentus L. Moench) production and 
incidence of insect pests in the humid tropics. IOSR Journal of 
Agriculture and Veterinary Science, 7: 25-30. 

   
Tahir, P. Md. (2013). Bonding with natural fibres. Serdang: Universiti Putra 

Malaysia Press.  
 
Tahir, S., & Marschner, P. (2016). Clay addition to sandy soil—Influence of 

clay type and size on nutrient availability in sandy soils amended 
with residues differing in C/N ratio. Pedosphere, 27(2): 293–305. 

 
Tanko, M. U. & Hasan, U. T. (2016). Leaf area determination for maize (Zea 

mays l), okra (Abelmoschus esculentus l) and cowpea (Vigna 
unguiculata l) crops using linear measurements. Journal of 
Biology, Agriculture and Healthcare, 6: 103-111. 

 
Tchakerian, V.P. (2015). Encyclopedia of Atmospheric Sciences. (2), TX, 

USA. Texas A&M University. 



© C
OPYRIG

HT U
PM

111 
 

 
Tehranifar, A., Poostchi, M., Arooei, H., & Nematti, H. (2007). Effects of 

seven substrates on qualitative and quantitative characteristics of 
three strawberry cultivars under soilless culture. Acta Horticulture. 
(ISHS), 761: 485- 488. 

 
Trevors, J.T. (1996). Sterilization and inhibition of microbial activity in soils. 

Journal of Microbiological Methods, 26, 53-59.  
 
UNCCD. (2004). Preserving our common ground. UNCCD 10 years on. 

United Nations Convention to Combat Desertification, Bonn, 
Germany. 

 
United Nations, Department of Economic and Social Affairs, Population 

Division. (2015). World Population Prospects: The 2015 
Revision, Key Findings and Advance Tables. Working Paper No. 
ESA/P/WP.241. 

 
United Nations Food and Agriculture Organization, 2014. Retrieved March 

13, 2019, from http://www.fao.org/home/en/ 
 
United Nations Secretary-General’s High-level Panel on Global 

Sustainability. (2012). Resilient people, Resilient planet: A future 
worth choosing. New York, United Nations.  

 
Usman A. R.A., Abduljabbar A., Vithanage M., Ok Y.S., Ahmad, M., Ahmad 

A., Elfaki J., Abdulazeem S.S., , & Al-Wabel M. (2015). Biochar 
production from date palm waste: Charring temperature induced 
changes in composition and surface chemistry. Journal of 
Analytical and Applied Pyrolysis, 115: 392-400.   

 
Usman A. R.A., AL-Wabel M. I., OK¸Y. S., AL-Harbi A., Wahb-Allah, M., El-

Naggar, A. H., Ahmad, M., AL-Faraj, A., & AL-Omran, A.   (2016). 
Conocarpus biochar induces changes in soil nutrient availability 
and tomato growth under saline irrigation. Pedosphere 26(1), 
27–38. 

 
Usowicz, B., & Lipiec, J. (2017). Spatial variability of soil properties and 

cereal yield in a cultivated field on sandy soil. Soil & Tillage 
Research, 174: 241–250.  

 
Valdés, R., Ochoa, J., Sánchez-Blanco, M.J., Franco, J.A., & Bañón, S. 

(2015). Irrigation volume and the number of emitters per pot affect 
root growth and saline ion contents in weeping fig. Agriculture and 
Agricultural Science Procedia, 4: 356 – 364. 

 
Van Steertegem, M. & Persoone, G. (1993). Cyst-based toxicity tests: 

Development and critical evaluation of standardized toxicity tests 
with the Brine Shrimp Artemia; in progress of standardization of 

https://www.journals.elsevier.com/journal-of-microbiological-methods
https://www.journals.elsevier.com/journal-of-microbiological-methods
http://www.fao.org/home/en/


© C
OPYRIG

HT U
PM

112 
 

aquatic toxicity tests. A. soares and P. Calow ed. CRC Press In. 
Boca Raton, Florida. 

 
Varghesea, N., & Singh, N. P. (2016). Linkages between land use changes, 

desertification and human development in the Thar Desert 
Region of India. Land Use Policy, 51: 18–25. 

  
Veihmeyer, F.J. & Hendrickson, A.H. (1927). "The relation of soil moisture 

to cultivation and plant growth". Proc. 1st International 
Congress of Soil Science, 3: 498–513. 

 
Verma, A. K., & Singh, A. (2018). Harnessing the potential of 

superabsorbent polymers for alleviating drought and salt stresses 
in fruit crops: a brief review. Advances in Agricultural Technology 
& Plant Sciences, 1(3): 1-10. 

 
Viji R., & Prasanna, P. R. (2012). Assessment of water holding capacity of 

major soil series of Lalgudi, Trichy, India. Journal of 
Environmental Research and Development, 7(1A): 393-398. 

 
Waqas, M., Nizami, A.S., Aburiazaiza, A.S., Barakat, M.A., Rashid, M. I., & 

Ismail, I. M. I. (2018). Optimizing the process of food waste 
compost and valorizing its applications: A case study of Saudi 
Arabia. Journal of Cleaner Production, 176: 426-438. 

 
Wang, C.-T., Lee, Y.-C., & Liao, F. -Y. (2015). Effect of composting 

parameters on the power performance of solid microbial fuel 
cells. Sustainability, 7: 12634-12643. 

 
Wang, K., Yin, X., Mao, H., Chu, C., & Tian, Y. (2018). Changes in structure 

and function of fungal community in cow manure composting. 
Bioresource Technology, 255: 123–130. 

 
Wang, Y., & Yan, X. (2017). Climate change induced by Southern 

Hemisphere desertification. Physics and Chemistry of the Earth, 
102: 40-47. 

 
Watanabe, S., Kojima, K., Ide, Y., & Sasaki, S. (2000). Effects of saline and 

osmotic stress on proline and sugar accumulation in Populus 
euphratica in vitro. Plant Cell, Tissue and Organ Culture, 63 (3): 
199-206.  

 
Wei, H., Wang, L., Hassan, M., & Xie, B.  (2018). Succession of the 

functional microbial communities and the metabolic functions in 
maize straw composting process. Bioresource Technology, 256: 
333–341. 

 



© C
OPYRIG

HT U
PM

113 
 

Wills, B.A., & Napier-Munn, T., 2005. Comminution. Wills’ Mineral 
Processing Technology Elsevier Science & Technology Books, 
7: 108–117.  

 
Xiao, Q., Zhu, L.-X., Shen, Y.-F., & Li, S. -Q. (2016). Sensitivity of soil water 

retention and availability to biochar addition in rainfed semi-arid 
farmland during a three-year field experiment Qian. Field Crops 
Research, 196: 284–293. 

 
Yan, L., & Shi, Y. (2013). Effects of super absorbent resin on leaf water use 

efficiency and yield in dry-land wheat. Advance Journal of Food 
Science and Technology, 5(6): 661-664. 

 
Yohanna J, A., & Muhammad A, M. (2016). Effect of seeding rate on growth 

and yield of okra (Abelmoschus esculantus) In Zuru Northern 
Guinea Savanna of Nigeria. International Journal of Scientific 
Research and Management (IJSRM), 6(2):1- 4.  

 
Youssef, S., Fakhfakh, J., Breil, C., Abert-Vian, M, Chemat, F., & Allouche, 

N. (2017). Green extraction procedures of lipids from Tunisian 
date palm seeds. Industrial Crops & Products, 108: 520–525.  

 
Yu, O. Y., & Raichle, B., & Sink, S. (2013). Impact of biochar on the water 

holding capacity of loamy sand soil. International Journal of 
Energy and Environmental Engineering, 4, 1–29. 

 
Yu, X.N., Huang, Y.M., Li., E., Li, X.Y., & Guo, W. (2018). Effects of rainfall 

and vegetation to soil water input and output processes in the 
Mu Us sandy land, northwest China. Catena, 161: 96–103. 

 
Zaiton, S., Sariah, M., & Zainal Abidin, M. A. (2008). Effect of endophytic 

bacteria on growth and suppression of Ganoderma infection in 
oil palm. International Journal of Agriculture & Biology, 10: 127-
132. 

Zdruli, P., Cherlet, M., & Zucca, C. (2017). Desertification: mapping 
constraints and challenges. Encyclopedia of Soil Science, 3: 
633-641. 

 
Zhang, A., Cui, L., Pan, G., & Li, L. (2010). Hussain Q, Zhang X, et al. Effect 

of biochar amendment on yield and methane and nitrous oxide 
emissions from a rice paddy from Tai Lake plain, China. 
Agriculture Ecosystem Environment, 139: 469–75. 

 
Zhang, C. R., Aldosari, S. A., Vidyasagar, P. S. P. V., Shukla, P., & Nair, M. 

G. (2017). Health-benefits of date fruits produced in Saudi Arabia 
based on in vitro antioxidant, anti-inflammatory and human 
tumor cell proliferation inhibitory assays. Journal of the Saudi 
Society of Agricultural Sciences,16: 287–293. 

 



© C
OPYRIG

HT U
PM

114 
 

Zhuang, W., Li, L., & Liu, C. (2013). Effects of sodium polyacrylate on water 
retention and infiltration capacity of a sandy soil. Springer Plus, 
2(1): 2-7.  

 
Zubairu, Y., Oladiram, J. A., Osunde, O. A., & Ismaila, U. (2017). Effect of 

nitrogen fertilizer and fruit positions on fruit and seed yields of 
okro (Abelmoschus esculentus L. Moench). Journal of Plant 
Studies, 6(1): 39-45.  



© C
OPYRIG

HT U
PM

144 
 

BIODATA OF STUDENT 
 

 
Maryam Haroon AL-Soufi was born on 3rd October, 1977 in Dhahran, 
Eastern Province, Kingdom of Saudi Arabia. She obtained her Secondary 
School Certificate from Dhahran high school for girls in 1995. Her Bachelor 
degree in 1999 was from Imam Abdulrahman Bin Faisal University (previous 
Girls Science College). She started work as a Lab scientist for almost five 
years with Saudi Aramco Oil Company from 2001 tell 2002; she graduated 
from the Arabian Gulf University, Biotechnology Faculty, and Kingdom of 
Bahrain with a Master degree in Biotechnology. She married in 2004 and 
has three sons and two daughters. Her master work ended up with patent.  
In 2016 she was offered a place in the Biology Department, Faculty of 
Science, Universiti Putra Malaysia in West Malaysia to pursue a Doctor of 
Philosophy (PhD) in Biotechnology.    



© C
OPYRIG

HT U
PM

145 
 

LIST OF PUBLICATION 
 
 

AL-Soufi, M.H. and Nulit, R. (in press). The early growth of Abelmoschus 
 esculentus L. (okra) using arid sandy soil amended with powdered 
 date palm karab waste. Journal of Horticultural Science and Crop 
 Research.  

 
 

 
 
 




