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Abstract: The effect of Super Absorbent Polymers (SAP) in soil amendments with 

conventional irrigation and effect of Deep pipe irrigation technique with and without SAP 

amended soil were evaluated after studying morphological parameters like Leaf growth, 

Plant height, Stem developments, Root growth and yield of the Cherry Tomato plant in a 

potted cultivated field experiment conducted under semi-arid, drought prone region for 

small scale horticultural farming by the application of reservoir storage water in different 

watering intensities (80%, 65% and 50%). The results show that application of SAP could 

increase soil moisture content and impart significant effect on the yield by sustaining for 

nutrient and other necessary elements. More development of leaves could increase 

evapotranspiration and metabolism in the plants while more root growth given out more 

stability and nutrient intake to the plant which subsequently increased plant height, stem 

development. Deep pipe (DP) is furthermore helpful in reducing water application to the 

plant compared to the growth and yield parameter of the plant but not gave compatible 

results with SAP though it is also suggested to get more efficient water management in the 

drought prone water scares areas as compared to conventional irrigation (CI) methods of 

irrigation. Soil amendments with SAP and irrigation with deep pipe (DP) method 

performed well but simultaneous cost of SAP in addition to deep pipe and more irrigation 

in the lower bottom part of the root zone found less advantageous. 
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Introduction 

Semi-arid regions of Asia (especially India), Middle-East and Sub-Saharan Africa are profoundly 

populated and majority living below poverty line. Among them by 2025 the problem of water 

scarcity in India will be severest (Saleth, 1996) which is also concluded by the central water 

commission (CWC), Govt. of India, (1996, 1998, 2002, 2004). As agriculture is the major 

consumer of water (T.B.S. Rajput and Neelam Patel, 2012) has anecdotal that micro irrigation 

methods need to be employed for efficient distribution and application of water for crop 

production. But high initial cost, inadequate funding, lack of availability of technical input and 

after sale services, clogging of dripper and cracking of laterals, damages due to rats and squirrels, 

high cost of spares and components, discrimination in subsidy distribution among different 

categories of farmers etc. are some of the major constraints faced by Indian farmers in the opinion 

of Dr. K. T. Chandy. Moreover, S. Mahendra Dev, (2012) has distinguished that in India around 98 

million out of total 120 million farm holdings are small and marginal farmers; the sustainability of 

these farmers is crucial for livelihoods in rural areas and for the entire country and the net farm 

income is also low for small holding. Therefore, the stress on agricultural development in the 
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present has shifted to the sustainable use of land, water and plant resources in agriculture. The 

major goal of the present day agriculture is to maximize land and water productivity without 

threatening the environment and the available natural resources.  

SAPs are hygroscopic and biodegradable (Fidelia N. Nnadi, 2012) materials can be used for 

agriculture as it can absorb and store up to 400 times their own weight of water (Fonteno W. C. 

and Bilderback, 1993). Francesco Puoci et al.(2008)  have found that in agricultural field this smart 

delivery system used to improve irrigation efficiency which was also inveterate by Hossein Nazarli 

et al. (2010)  Alessandro Sannino, (2008) and S. Shooshtarian et al. (2011); to combat viruses and 

crop pathogens, to increase the efficiency of pesticides and herbicides which is also considered to 

be one of the major constraints in designing efficient irrigation technology as per M. Robiul Islam 

et al.(2011), allowing lower doses to be used and to indirectly protect the environment through 

filters or catalysts to reduce pollution and to clean-up existing pollutants. Moreover Morante, J., 

(2009) widen the scope of SAP to use rainwater and deliver to plants until the next storm. 

To supplement water efficiency in irrigation, a technique of Deep pipe irrigation was also studied 

during this experimental research work. This technique was initiated by the Bainbridge (1991) and 

Mac Aller (1996) they had a wide experiments in the deserts. Method uses an open vertical or near 

vertical pipe to concentrate irrigation water directly in to the deep root zone the phenomenon was 

previous suited by the Mathew (1987) and Bainbridge (1990) in Virginia. Concept of Deep root 

irrigation is also done by Sawaf (1980) his experiments in Africa demonstrated that the deep pipe 

drip system is much more efficient than surface drip or conventional surface irrigation. It is 

possible to set up with simple materials and unskilled labor. Experimental fruit crop production 

became almost doubled by using this method in irrigation David A. Bainbridge (2002). Deep pipe 

irrigation is normally done with 1-3 cm diameter pipe (Low cost PVC material, Bamboos etc.) 

placed vertically in the soil 30-50 cm deep near the seedling or tree with a screen cover (1 mm 

hardware cloth) to keep out borrowings animals and insects. The top of the pipe may be set close to 

the ground to minimize visual contact, or may lengthen above ground by around 20-40 cm. A 

string of 1-2 mm holes should be spaced about 5-7.5 cm apart down the side of the pipe nearest the 

plant to facilitate root growth in the early stages of development and much essential for the root 

growth of shallow rooted plants (San Diego State University).  

Keeping in view the above mentioned characteristics of SAP and deep pipe irrigation technique 

different combination of techniques were made and studied the irrigation efficiency and response 

of the various morphological characteristics of the plants and yield. 

MATERIALS AND METHODS  

The experiment was conducted in the field located at semi arid, coastal and water scare western 

most region of India (N22.28º E70 3º, Jamnagar, Gujarat state).   

Agricultural SAP was brought from AQUARESERVE®, Dhruviraj Syndicate, Ahmadabad 

(Gujarat, India), Seedling trays, PVC pipes 2.5cm dia. and 30cm long – 2no. per container, Cherry 

tomato seeds brought from Namdhari seeds , There were 4 combinations (CI - conventional 

irrigation; SAP – soil amendment with 4% w/w (Rajiv Dabhi et. al.2013) of soil for conventional 

irrigation; SD - soil amendment with 4% w/w of soil for deep pipe irrigation; DP – without soil 

amendment for Deep pipe irrigation technique)  of irrigation techniques and 4 different irrigation 

intensities (100%, 80%, 65% and 50%), 5 replicates of CI method and 3 replicates of other 

mentioned treatments as total 32 plastic containers (LBH - 25cm x 25cm x 35cm) and Tap water @ 

390PPM (Rajiv Dabhi et. al.2013) were collected for the field experiment. No fertilizer and 

pesticides were applied in the intension to find out water efficiency.  
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Determination of Morphological features of the Plants Nos. of leaf of each plant was physically 

counted from the sowing to maturity stage. Height of each plant was measured with metal tape 

from soil level to the extreme head of the plant up to maturity stage. Stem thickness of each plant 

was precisely measured with vernier scale. Weight of each plant root was measured on the digital 

scale. Yield physically collected and weighted on the digital weighing machine.  

RESULTS AND DISCUSSION 

Leaves development  

Analysis of the variance showed that SAP was less effective in the initial stage and growth stage 

but more significant after late season stage (Fig. - 1). It is noticeable that leaf growth is more for 

SAP50% and reached nearly equal to SAP 80% and far more than CI. It shows SAP and soil 

mixture provided optimum moisture level even with 50% irrigation water.  On the other hand 

SD80% gave better performance than CI but less than SAP50% and SD65% and SD50% not 

performed well hence cost of suppliment irrigation method to SAP not justified in leaf growth. 

While DP80% DP65% and DP50% gave less leaf growth than other combination though with 

DP50% leaf growth were almost 80% of CI which is sizeable. Positive effect of SAP on the leaf 

growth could be the result of high potential of SAP to absorb water and soil moisture retention. 

This was also accomplished by Patil Appa Ananda (2009).   

Height development  

Soil moisture content appears more significant for the growth of plant height (Fig. - 2). Other than 

the initial stage in all other stages plant height is more or less proportional to the irrigation water 

intensities. Increased moisture content level with the help of SAP increased plant height even with 

less water hence irrigation efficiency were increased.  SD variant is also not justified in the growth 

of the plant height. While DP variant also showed similar results as of SAP but overall height 

found lesser than SAP variant. Hence it can be suggested that high moisture level with SAP 

amendment in soil can helps to improve the plant height. Where reduction in water supply caused a 

decrease in cell elongation, turgidity, cell volume and nos. of stem cells ultimately reduced the 

plant height (Yang et. al. 2006) Similar results have been reported by Al-Harbi et al. (1996), 

Sivalapan (2001) and Sendur Kumaran et al. (2001). 

Stem development  

Plant height and stem thickness reflects overall plant growth which is influenced by the interaction 

between the environmental conditions and the genetic make-up of the plant nevertheless as noticed 

earlier soil moisture content helps to improve cell development stem growth were also influenced 

by SAP in the initial and growth stages of the plant (Fig. – 3). In the later stages it was being 

influenced by DP irrigation method. DP irrigation helped more root development at the lower part 

of the container which gave more stability to the plant hence equivalent thick stem were observed.  

Anupama et al. (2005) also reported same findings after the performance of SAP (0.5% wt/wt) 

compared to control.  

Root development  

Root environment plays important role in the overall development of the plant, which includes 

water availability; salinity and root temperature. Moisture supply plays an important role in the 

supply and distribution of the nutrient to the plant from the soil. On the contrary water logging 

cause poor uptake of water and poor aeration in the root zone. Anonymous (2001) stated that soil 

should be well drained specially in the wet season. Observations and measurements of the root 

weight after harvesting clearly indicated that polymers significantly increased root length as well 

as root mass and weight as compared to control and DP method (Fig. – 4) which is in accordance 
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with the results of Taylor and Halfacre (1986). SD method has given slightly superior results in the 

root growth as compared to the other previously discussed parameters. That is because of the 

increased root growth in the bottom   portion of the container due to deep pipe irrigation supported 

by SAP. DP method has given equivalent results as of CI even with lower watering intensities. 

Similar root development is found with DP50% compared to CI; hence DP has given affirmative 

results in compare to the CI method.   

 

Figure.1 – Effect on leaf development during various growth stages of 
the plants under different irrigation methods and watering intensities. 

 

 

Figure.2 – Effect on height development during various growth stages of  
the plants under different irrigation methods and watering intensities. 
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Figure.3 – Effect on stem development during various growth stages of  
the plants under different irrigation methods and watering intensities. 

 

Figure.4 – Effect on root development after post harvesting stage of  
the plants under different irrigation methods and watering intensities. 

 

 

Figure.5 – Effect on the cumulative yield at post harvesting stage of  
the plants under different irrigation methods and watering intensities. 
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Yield 

Remarkable results were observed (Fig. – 5) that SAP80%, SAP65% and SAP50% has given out fabulous 

cumulative yield after post harvesting stage compared to control in CI. In SAP also with SAP50% has given out 

highest yield. It shows that in water stress condition, yield level may be sustained or rather enhanced by using 

new advanced initiatives SAP. SD method has also given much higher yield compared to CI but do not 

compatible with SAP as in SD additional cost of deep pipe is not justified. Moreover more concentration of 

water in the deeper zone helped to grow more root but less moisture in the upper part of the root zone hampered 

the yield as highest nutrient absorption is from the upper middle part of the root zone. Comparable results also 

achieved in case of DP but lower yield due to absence of SAP. As yield is the governing parameter in the 

agricultural as well as horticultural crop, SAP has proven its effectiveness. Alike results were also noticed by 

Tripathi et al. (1997) as compared to control. Highest tuber yield were reported when SAP was applied with 

potassic fertilizers into the soil (Janardhan Singh, 1999). While Sivalapan (2001) found that Polyacrylamide 

(PAM) have given out multiple times grain production than that in control soil. Similarly, Sendur Kumaran et 

al. (2001) found increased number of fruits, fruit weiht and yield per plant in tomato when soil was treated with 

polymer, which were in accordance with Dhumal (1993) and Cookson et al. (2001). Hence present study 

indicated that SAP50% have maintained optimum moisture level in the soil with could helped in supplying the 

most nutrients and other required supplements for better yield.   

Conclusion 

According to this field experiment and subsequent evaluation of different suggested irrigation methods, based 

on the record of morphological parameters of the plant and water supplied to the plants during whole growth 

period of Cherry Tomato plants, it shows that overall leaf growth, height of the plant, stem development, root 

growth and ultimately yield has a beneficial impact with the application of SAP in the soil. SD method is also 

compatible but not justified all the parameters while DP may justify few morphological parameters by growth 

but gave negative results in compare to SAP. Hence amendments of SAP in soil have a highly significant effect 

on the growth and well as yield of the plant. This study provides important basis for the promotion of SAP 

amendments in the arid and semi arid drought prone regions of the western part of the India in the small scale 

agricultural and horticultural farming. Further research on SAP should also be considered for its application rate 

and effectiveness on the different soil types and its characteristics and variety of crops.  

REFERENCES 

[1]  Alessandro Sannino, 2008, “Application of Superabsorbent Hydrogels for the Optimization of   
Water Resources in Agriculture”, the 3rd International Conference on Water Resources and Arid 
Environments and the 1st Arab Water Forum. 

[2] Al-Harbi, A. R., Al-Omran, A. M., Choudhary, M. I., Wahdan, H. and Mursi, M., 1996,   
“Influence of soil conditioner on seed germination and growth of cucumber”. Arab Gulf J. 
Scienti. Res., 14(1): 129-142. 

[3] “Anonymous, Tomato diseases, blossom end rot”, University of Rhode Island, Green share.  
Website: http://www.uri.edu/ce/factsheets/prints/blossendrot.html. 

[4] Anupama, M. C., Singh, R., Kumar, B. S. and Kumar, P. A., 2005, “Performance of new 
superabsorbent polymer on seedling and post planting growth and water use pattern of 
Chrysanthemum under controlled environment”. Acta Hort., 618: 215-224. 

[5] Auqareserve (Experimental SAP material), Website: http://www.aquareserve.com/ 

[6] CWC, 1996; 1998; 2002 and 2004, Water and Related Statistics, Ministry of Water Resources, 
Central Water Commission (CWC), Govt. of India, New Delhi.  

GIS SCIENCE JOURNAL ISSN NO : 1869-9391

VOLUME 6, ISSUE 9, 2019 PAGE NO: 41



[7] David A. Bainbridge, 2002, “Alternative Irrigation Systems for Arid Land Restoration by 
Ecological Restoration”, Vol. 20, No. 1, ISSN 1522-4740, ©2002 by the Board of Regents of the 
University of Wisconsin System. 

[8] Dhumal, K. N., 1993, “Effect of Jalshakti on growth and yield of some vegetables under water 
stress conditions”. J. Maharashtra Agric. Univ., 18: 307-311. 

[9] Dr. K. T. Chandy, Agricultural & Environmental Education, Methods of Irrigation Booklet No. 
57, Irrigation and Drainage: IDS – 15 
www.inseda.org/Agriculture%20and%20Environment%20Education. 

[10] Fidelia N. Nnadi, 2012, “Super Absorbent Polymer (SAP) and Irrigation Water Conservation, 
Irrigation & Drainage Systems Engineering”, Nnadi, Irrigat Drainage Sys Eng 1:1, website: 
http://dx.doi.org/10.4172/2168-9768.1000e102. 

[11] Fonteno, W. C., and Bilderback, T. E., 1993,“Impact of Hydrogel on Physical Properties of 
Course- Structured Horticultural Substrates”, Journal American Society of Horticultural 
Sciences 118: pp. 217-222. 

[12] Francesco Puoci, Francesca Iemma, Umile Gianfranco Spizzirri, Giuseppe Cirillo, Manuela 
Curcio and Nevio Picci, 2008, American Journal of Agricultural and Biological Sciences 3 (1): 
299-314. 

[13] Hossein Nazarli, Mohammad Reza Zardashti, Reza Darvishzadeh, Solmaz Najafi, 2010, The 
“Effect of Water Stress and Polymer on Water Use Efficiency, Yield and several Morphological 
Traits of Sunflower under Greenhouse Condition”,Print ISSN 2067-3205; Electronic 2067-3264, 
Not Sci Biol 2 (4), 53-58. 

[14] Janardhan Singh, 1999, “Effect of Stockosorb and Potassic levels on potato and onion. J. 
Potassium Research”, 14(1-4): 78-82. 

[15] M. Robiul Islam, Xuzhang Xue, Sishuai Mao, Xingbao Zhao, A. Egrinya Eneji and Yuegao 
Hu,2011, African Journal of Biotechnology Vol. 10(24), pp. 4887-4894. 

[16] Morante, J., 2009, Scientific Programme, European Biophysics Journal. Volume 38, Supplement 
1. 

[17] Namdhari seeds Pvt Ltd., Uragahalli, Bidadi Post, Ramnagar Taluka & District, PIN – 562 109, 
Karnataka, India. Website : info@namdhariseeds.com. 

[18] Patil Appa Ananda, 2009, “Influence of Superabsorbent polymer on plant growth and 
productivity in cabbage”, Thesis, University of Agricultural Science, Dharwad, India, 2009, pp 
56-57. 

[19] Rajiv Dabhi, 2013, Neelkanth Bhatt and Bipin Pandit, “Effect of Irrigation Water Quality on the 
Rate of Water Absorption by Super Absorbent Polymers”, IJETAE, ISSN 2250-2459, pp. 496-500. 

[20] Rajiv Dabhi, 2014, Neelkanth Bhatt and Bipin Pandit, “Effect on the Absorption Rate of 
Agricultural Super Absorbent Polymers under the Mixer of Soil and Different Quality of 
Irrigation Water”, IJERT, ISSN 2278 – 0181, pp. 1402-1406. 

[21] Rajiv Dabhi, 2013, Neelkanth Bhatt and Bipin Pandit, “Super Absorbent Polymers – An 
innovative water saving technique for optimizing crop yield”, IJIRSET, ISSN: 2319-8753, pp. 
5333-5340.  

[22] S. Shooshtarian, J. Abedi-Kupai, A. TehraniFar, 2011,”Evaluation of Application of 
Superabsorbent Polymers in Green Space of Arid and Semi-Arid Regions with emphasis on Iran”, 
Journal of Biodiversity and Ecological Sciences,No.1, Issue4,ISSN:2008-9287. 

GIS SCIENCE JOURNAL ISSN NO : 1869-9391

VOLUME 6, ISSUE 9, 2019 PAGE NO: 42



[23] S.Mahendra Dev, 2012, “Small Farmers in India: Challenges and Opportunities”, Indira 
Gandhi Institute of Development Research, Mumbai. 

[24] Saleth, R. Maria.,1996, Water Institutions in India: Economics, Law and Policy, Commonwealth 
Publishers, New Delhi. 

[25] San Diego State University, website: www.sci.sdsu.edu/SERG/techniques/Irrigation.pdf 

[26] Sendur Kumaran, S., Natrajan, S., Muthvel, I. and Sathiayamurthy, V. A., 2001, “Standardization 
of hydrophilic polymers on growth and yield of tomato”. J. Madras Agric., 88(1-3): 103-105. 

[27] Sivalapan, S., 2001, “Effect of polymer on growth and yield of soybean (Glycine max L.) grown 
in a coarse textured soil”, In: Proceeding Irrigation, 2001 Regional Conference,Toowoomba, 
Queensland, Australia, pp. 93-99. 

[28] T.B.S. Rajput and Neelam Patel, Micro Irrigation in India – Present status and future scope, 
India Water Week 2012 – Water, Energy and Food Security: Call for Solutions, 10-14. 

[29] Taylor, K. C. and Halfacre, R. G., 1986, “The effect of hydrophilic polymer on media water 
retention and nutrient availability to Ligustrum lucidum”. Hort Sci., 21(5): 1159-1161. 

[30] Tripathi, M. L., Kurmavanshi, S. M. and Namdeo, K. N., 1997, “Effect of starch polymer and 
Ntriacontanol on growth and yield of Indian mustard” cv. Varuna. Indian J, Agron., 42(1): 194-
195. 

[31] Yang X, Chen X, Ge Q, Li B, Tong Y, Zhang A, Li Z, Kuang T, Lu C ,2006, “Tolerance of 
photosynthesis to photo inhibition, high temperature and drought stress in flag leaves of wheat: a 
comparison between a hybridization line and its parents grown under field conditions”. Plant 
Science 171, pp. 389-397.  

 

 

 

 

 

 

GIS SCIENCE JOURNAL ISSN NO : 1869-9391

VOLUME 6, ISSUE 9, 2019 PAGE NO: 43




