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INTRODUCTION

Since N fertilizer incurs high input cost, and has environmental implications due to nitrogen loss, there is pressing need to
optimize the supply of N as per the crop’s requirement. It is observed that the efficiency of fertilizer is improved when it is applied by
fertigation to most crops 27! including sugarcane 441,

Drip irrigation

Trickle irrigation has gained importance during the last three decades due to increased productivity and greater water and
nutrient savings 140, Drip irrigation is often preferred over the conventional irrigation methods because of its high water application
efficiency on account of reduced losses, surface evaporation and deep percolation. Ravi et a/ I53] reported that the drip irrigation
equivalent to 100% ET increases the yield by 45 per cent with 44 per cent saving in water over basin or furrow method of irrigation.

Effect of drip irrigation levels on yield

The highest yield of 70.12 q ha-' was recorded in trickle irrigation representing a 35.77 per cent increase in yield over furrow
irrigation in bhendi 24, There can be considerable saving of irrigation water by adopting drip method since water can be almost
precisely and directly applied in the root zone without wetting the entire surface area [261. Batchler et a/ '3 reported that the micro
irrigation can be used to improve the irrigation efficiency of vegetable gardens by reducing evaporation and drainage losses by
creating and maintaining soil moisture conditions that are favourable to crop growth.

Imtiyaz et al. 32 recorded that the higher marketable cabbage yield of 74.26 t ha-'was observed in drip irrigation at 11 mm CPE
compared to 22 mm CPE (72.39 t ha-') and 33 mm CPE (45.23 t ha'). Cassel Sharmasarkar et al. ['9 reported that sugar beet yields
and sugar contents under drip irrigation were higher (3-28 per cent) than those with flood irrigation. Tognetti et al. 671 opined that
the drip irrigation influenced positively many of the physiological and technological parameters, as compared to low-pressure
sprinkler irrigation. Drip irrigation appears to be consistently advantageous with respect to low-pressure sprinkler irrigation for sugar
beet performances in semi-arid environments and there were indications to early harvest. Hebbar et a/. [28 revealed that the total dry
matter production and leaf area index of tomato were significantly higher in drip irrigation (165.8 g and 3.12 respectively) over furrow
irrigation with the higher fruit yield of 19.9 per cent in drip irrigation (71.9 Mg ha-') over furrow irrigation (59.50 Mg ha-7).
Manjunatha et a/. 39 reported that the drip irrigation seemed as a feasible solution in water scarcity areas and the highest fruit yield
of brinjal (26.2 t ha-') was recorded in drip irrigation compared to surface irrigation.
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Antony and Singandhupe B! concluded that the drip irrigation at 100 per cent CPE recorded the maximum capsicum yield of
99.97 g plant-' compared to drip irrigation at 80 and 60 per cent CPE. Imtiyaz et a/ [31] found that drip irrigation with 100 per cent of
pan evaporation replenishment at 2-3 days interval as optimum for sandy loam soil in order to achieve optimum marketable yield,
higher irrigation production efficiency, net return and B-C ratio in green pepper, hot pepper, okra and egg plant. The highest
marketable yield and higher net return of okra was 20.83 t ha-' and Rs.1,15,182 ha-' at 100 per cent of pan evaporation
replenishment. The mean irrigation production efficiency of okra was maximum (2.95 kg m-3) at 60 per cent pan evaporation
replenishment.

Swarajyalakshmi etal. 1631 reported that the highest green chilli yield of 21.56 t ha-' in drip irrigation scheduled at 0.80 ET. This
increase was accounted to 34 per cent over conventional method of irrigation. Schock 156! observed increased yield of onion (42.4 t ha-")
in drip irrigation compared to zero N fertigation in surface irrigation system. Ngouajio et al. 471 reported that there was an increased
tomato yieldby 8 - 15 per cent, fruit number by 12 - 14 per cent with reducing amount of irrigation water by 20 per cent in drip
irrigation compared to conventional method of irrigation.

Fertigation

It is commonly accepted that the efficiency of N use can be improved when it is applied by fertigation to most cropsl27.
Fertigation enables adequate supplies of water and nutrients with precise timing and uniform distribution to meet the crop nutrient
demand 1101127411, Further, fertigation ensures substantial saving in fertilizer usage and reduces leaching losses [401, A drip irrigation
system can easily be used for fertigation, through which the applied fertilizer is placed to the active root zone and crop nutrient
requirements could be met out accurately [6.48],

Effect of irrigation and fertigation levels on yield

Bar Yosef and Sagiv '0] observed that the dry matter content of tomato was increased when the soil water potential
decreased, whereas the optimum average N concentration in the irrigation solution was determined to be 130 ppm N. In drip
irrigation system, water and nutrients can be applied directly to crop at the root level, having positive effects on yield and water
savings and increasing the irrigation performance 3451 reported that the highest brinjal yield of 822 g plant-! was observed in drip
fertigation at 180 kg N ha-' compared to surface irrigation with 360 kg N ha-' (202 g plant-'). Singh et al. 59 revealed that, when N and K
fertilizers were applied through drip irrigation, higher tomato yield was obtained with 75 per cent of recommended level compared to 100
percent and 50 per cent of recommended levels of fertigation through drip.

According to Intrigiliolo et a/. 331 the water consumption by orange trees was 21 per cent lower in drip system than normal
irrigation and also there was improved water, nutritional and physiological plant status in fertigation compared with the annual
application of fertilizers. Parikh et al. 149 studied the response of vegetables, sugarcane and fruit crops to micro irrigation system and
fertigation and it was reported that the water saving ranged from 10 to 56 per cent in various crops with improved yield of 13 to 60 per
cent. Fertigation studies in selected crops showed that about 40 per cent of nitrogenous fertilizers can be saved without detrimental
effect to yield and quality. The water use efficiency and fertilizer use efficiency were almost doubled due to fertigation. Malik and
Kumar B8 observed that the drip irrigation level of 75 per cent pan evaporation with 25 kg N ha-' fertigation was the optimum combination
for maximizing the water use efficiency and yields of peas grown on a sandy loam soil in Himachal Pradesh. Dalvi et al. 20! evaluated the
effect of irrigation level, fertigation and frequency of micro irrigation on the yield of tomato. The study revealed that drip irrigation
scheduled at every second day with irrigation at 79 per cent of ET and fertigationat 96 per cent of recommended dose resulted in
higher yield of tomato.

Muralidhar et al. [43] reported that the drip fertigation at 80 per cent of recommended N and K level with water soluble
fertilizers registered higher tomato yield (22.3 t ha-') compared to 100 per cent and 60 per cent of recommended levels in drip irrigation.
Jeyabal et al. 35! reported that the drip fertigation at 75 per cent of recommended N and K level recorded 12.3 per cent higher yield of
tomato than drip fertigation at 100 per cent and 50 per cent of recommended N and K levels. Decreasing the fertilizer level by 20 per
cent than the recommended level especially under fertigated conditions may not affect the yield level in chilli because of improved
FUE. Between furrow and drip methods of irrigation, drip irrigation method resulted significantly higher dry chilli yield with 42 per
cent higher water use efficiency over furrow method even with the same level and method of normal fertilizer application [57.68]
observed the highest onion bulb yield of 18 t ha-' in drip fertigation at 100 per cent of recommended NPK level compared to 75 and 50
per cent of recommended NPK levels.

Siviero et al. 161 observed that fertigation with various amount of N, P and K fertilizers increased the yield of tomato, induced
early flowering, and significantly improved the crop quality and water use efficiency. Baskar '2l recorded the highest yield of banana
with maximum water use efficiency of 2.18 kg ha-' cm-'in drip fertigation at 75 per cent of recommended NPK level compared to drip
fertigation at 100 and 50 per cent of recommended NPK levels. Patel and Rajput 50 reported that the fertigation at 100 per cent of
recommended level recorded an increased yield of 25.21 per cent (28.8 t ha-') compared to conventional method of fertilizer
application in bhendi.
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Balasubramanium 7] reported that the application of 125 per cent of recommended NPK ha-' under micro irrigation resulted in

highest tomato yield of 39.44 t ha-' followed by 100 per cent recommended NPK ha-'(33.61 t ha-') and 75 per cent recommended NPK

ha-'(31.31 t ha'). Bao-Zhang et a/. 18 observed that the highest potato yield of 370.6 g plant-' as recorded in drip irrigation at 125 per cent of

PE compared to drip irrigation at 100 per cent of PE (251.4 g plant') and 75 per cent of PE (122.8 g plant-'). Singandhupe et al. [58

revealed that the application of N through the drip irrigation in ten equal splits at 8 days interval saved 20-40 per cent nitrogen in
tomato compared to the furrow irrigation.

Fertigation scheduling allows for the greater degree of flexibility in effecting changes in quantity and frequency. Fertigation
events can be scheduled at an interval of a week or fortnight or a month 641,

Agarwal et al. 'l reported that the economic yield of 52.5 g ha' and highest benefit cost ratio of 3.21 were recorded in
pomegranate under 80 per cent of fertigation with water soluble fertilizers. Dawelbeit and Ritcher [221 observed that the drip
fertigation system in onion produced higher yields compared to drip irrigation with fertilizer broadcasting. Hebbar et a/. [28 opined
that fertigation with 100 per cent water soluble fertilizers increased the tomato fruit yield significantly (79.2 Mg ha-') over furrow
irrigation with band placement of fertilizers. Aujla et a/. ¥ revealed that when the same quantity of irrigation water and N were applied
through drip irrigation system, it increased the cotton yield to 2144 from 1624 kg ha-' (an increase of 32 per cent) compared to check
basin irrigation. When the quantity of water through drip was reduced to 75 per cent, the increase in cotton yield was 12 per cent.
Bhanu Rekha et al. '4 observed the functional relationship of bhendi under drip fertigation in sandy loam soils. The irrigation water and
N indicated a linear response with a mean coefficient R2 of 0.997. The highest bhendi yield of 4188 kg ha-! with the highest water use
efficiency (8.23 kg ha-' mm-1) was noted in drip irrigation at 1.0 pan evaporation with fertigation at 120 kg N ha-' compared to drip
irrigation at 75 per cent pan evaporation and 50 per cent pan evaporation with fertigation at 120 kg N ha-'.

Hartz et al. 125! reported that the K fertigation increased the fruit yield of tomato with color improvement of fruits but K
fertigation did not affect the fruit soluble solids concentration. Solaimalai et a/. 16" reported that the drip fertigation recorded higher
use efficiency of water and fertilizers, minimum losses of N due to leaching, supplying nutrients directly to root zone in available
forms, control of nutrient concentration in soil solution and saving in application cost. Soumya et al/. 1621 observed that the higher
marketable fruit yield of 94.50 t ha-' was recorded in drip fertigation at 100 per cent recommended level of NPK with the higher water
use efficiency of 143.11 kg ha-' mm-' compared to drip fertigation at 75 per cent recommended dose of NPK (70.01 t ha-1). Darwish et al.
1211 reported that fertigation of N at 125 per cent gave significantly higher N recovery (61 per cent of applied N), despite the clay
nature of the soil. Saving of 119 mm of water without reduction in fresh tuber vyield was observed.
It could be safe to deplete the soil water content down to 56.6 mm in the upper 30 cm soil layer, which is equivalent to 40 per cent of
water depletion.

Rajput and Patel 56! registered that the highest yield of onion in daily fertigation (28.74 t ha-') followed by alternate day
fertigation (28.4 t ha-') whereas the lowest yield was recorded in monthly fertigation frequency (21.4 t ha-1).

Rajput and Patel 561 showed that the highest yield of 29.4 t ha-! in weekly fertigation with 100 per cent irrigation requirement
than weekly fertigation with 80 per cent of irrigation requirement (26.5 t ha-') and weekly fertigation with 60 per cent irrigation
requirement (22.5 t ha-') in Indo-American hybrid onion.

Mahajan and Singh 371 revealed that drip irrigation at 0.5 pan evaporation with fertigation at 100 per cent recommended
nitrogen resulted in increased tomato fruit yield by 59.5 per cent compared to conventional method.

Badr and Abou Ei Yazied 5! concluded that the highest tomato fruit yield of 67.75 t ha-' was recorded in weekly drip fertigation
compared to daily fertigation (65.13 t ha-') and fertigation once in three days (63.29 t ha-').

Hongal and Nooli 3% opined that the fertilizer requirement could be reduced by 15 - 25 per cent with fertigation through
drip and application of higher dose of fertilizers not only caused economic loss but also led to adverse chemical changes in soil and
reduced the yield.

N- dynamics under fertigation

Usually, optimizing N management with drip irrigation would require that attention be paid to soil N dynamics, crop N
requirements as well as soil and plant monitoring techniques [261, Boswell et a/. ['5] reported that nitrate - N is relatively unreactive and
therefore, susceptible to movement through diffusion and mass transport in the soil water because, (1) Nitrate compounds are readily
soluble in water and (2) They are not usually adsorbed on the negatively charged clay particles. Since nitrate-N is highly soluble and
non adsorbing, it is more likely to be lost through surface runoff and deep percolation of water.

Except when large amounts of N fertilizers are surface applied first before heavy rainfall events, soluble N losses through
surface runoff are generally low. There is usually more gain in N through rainfall events than is lost through surface runoff 0151
Gaseous N losses mostly involve denitrification and volatilization of ammonia. Denitrification is the process by which nitrates are
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converted to N gases through micro- organism activities in the soil. Leaching of N is probably the dominant way in which N lost in the
soil - plant system especially if the soil already contains substantial amounts of nitrate-N. Although the background concentration of

the nitrate-N plays a significant role in the overall loss of N beyond the rooting zone, the rate and time of N fertilizers is also
important in avoiding both excessive amounts of N on applying it unnecessarily.

Scheduling of fertigation

As plants grow, their demand for nutrients change and as such, some nutrients that are easily taken up by plants may get
depleted sooner than the exclude dones. This preferential uptake of solutes can lead to high concentrations of the excluded salts in
the rhizosphere that could prove to be detrimental for optimum plant growth.
Thus fertigation is often necessary to augment nutrient fertilizer. A fertigation scheduling plan is often compounded by the changing
demands of fertilizer requirements of growing plants. Nevertheless, fertigation should be carried out, not to adversely alter the solute
dynamics in the root zone, but should provide tolerant and optimum concentration of nutrients and salts in the rhizosphere. Hence,
accurate prediction of when and how much fertilizer to apply is critical for fertigation management. The amount of fertilizer to be
applied depends on the plant requirement. The frequency of application for fertilizers depends on the soil type, system design
constraints, and the length of the growing season. According to Hochmuth 29, the frequency of fertigation is usually not as critical as
achieving the right rate of application at a given crop stage.

Fertigation in sugarcane

Ng Kee kwong and Deville 44 reported that the uptake of fertilizer N by sugarcane was indeed improved by supplying the
urea daily through the drip irrigation network. Also they indicated that, although N fertilizer use efficiency was nearly doubled by
fertigating the sugarcane daily over a 10 week period, the improvement in N fertilizer use efficiency was however not accompanied by
a correspondingly significant increase in cane or sugar yield. On the contrary, extending the daily N fertigation of the sugarcane to 20
weeks led to a reduction in recoverable sucrose and hence sugar yield. As a result of the improvement in fertilizer N use efficiency.
120 kg ha' as presently recommended in Mauritius, would under drip fertigation provide the cane with more N than it actually
requires achieving its highest yield potential.

There are few sources of information on which to base practical guidelines for the fertigation of sugarcane 65, [ssues that
remain unexplored include optimal timing of fertilizer application to exploit the degree of control that the sub surface drip irrigation
system affords. Untimely N fertilizer application in sugarcane reduces its efficiency and compounds N losses to the environment 451, Timing
the fertigation to coincide with periods of demand from the crop (growth curve nutrition) is a common method of maximizing
fertilizer use efficiency in many high value crops with complex phenology and nutrient requirements, but there have been no formal
field studies to assess the merits of this concept in sugarcane 1'7. 54 developed an optimal urea fertigation schedule for sugarcane crop
grown under drip irrigation in sandy clay loam soil for a site specific climatic conditions using Hydrus - 2 D model.

Response of sugarcane for fertigation

It is commonly accepted that the efficiency of fertilizer use can be significantly improved when it is applied by fertigation to
most crops 271 including Sugarcane ¥4 which is one of the main crops grown under trickle irrigation 1.

Gains in fertilizer use efficiency would be particularly useful for nitrogen (N) in sugarcane systems, as significant losses of N
from volatilization (231 and denitrification [70! can occur with conventional means of application. Also sugarcane yield response curves
tend to be flat at N application rates above the optimum [36]. Excess application of N can also decrease the sugar content of cane
14246711 and substantially increase leaching of N from the root zone [69. While there are recommendations for N application rates in
conventional management systems [18] there is little information on what the optimum N rate should be for fertigated sugarcane (9,651, Based
on experience in other crops and the studies on sugarcane, the N rate is likely to be in order of 20 - 30 per cent lower than rates in
conventional management systems [46.55.651. Continuing to apply the same N rates used in conventional management systems to
fertigated sugarcane crops would probably result in lower N - use efficiency by the crop and increased losses of N to the environment.

Thorburn et al. 1661 confirms that N application rates can be reduced in fertigated sugarcane, with the optimum rate for
sugarcane production being approximately half that recommended for conventionally managed sugarcane. Losses of N to the
environment were substantial at higher than optimum rates, with a significant proportion of these losses being due to large amount
of N mineralized from soil organic matter. Mineralization was likely to be simulated by the high soil water contents maintained with
daily application of irrigation water through the trickle system.

REFERENCES

1. Agarwal N, HG Sharma, A Dixit, P Dubey, S Agarwal. Effect of fertigation through water soluble fertilizers on growth, yield and
quality of pomegranate. J Agr. 2004;9: 13-18.

RRJAAS | Volume 2 | Issue 2 | April - June, 2013 8



Researchs

SReviews ISSN: 2319-9857

2. Ahlwaalia MS, Baldev Singh, BS Gill. Drip irrigation system - its hydraulic performance and influence on tomato and cauliflower
crops. J Water Management. 1993;1(1): 6-9.

3. Antony E, RB Singandhupe. Impact of drip and surface irrigation on growth, yield and WUE of capsicum. J Agr Water
Management. 2004;65: 121-132.

4, Aujla MS, HS Thind, GS Buttar. Cotton yield and water use efficiency at various levels of water and nitrogen through drip
irrigation under two methods of planting. J Agr Water Management. 2005; 71: 167-179.

5. Badr MA, AA Abou El-Yazied. Effect of fertigation frequency from subsurface drip irrigation on tomato yield grown on sandy
soil. Australian J Basic App Sci. 2007;1(3): 279-285.

6. Bafna AM, SY Deftardar, KK Khade, PV Patel, RS Dhotre. Utilization of nitrogen and water by tomato under drip irrigation
system. ] Water Management. 1993; 1(1): 1-5

7. Balasubramanium R. 2003, Drip irrigation and fertigation of onion. Proceedings of approaches for sustainable development of
onion and garlic. NHRDF, Nhasik, 153-156.

8. Bao-Zhang Yuan, Soichi Nishiyama and Yaohu Kang. Effects of different irrigation regimes on the growth and yield of drip-
irrigated potato. ] Agr Water Management. 2003; 63: 153-167.

9. Bar- Yosef B. Advances in fertigation. Adv Agron. 1999; 65:1

10. Bar Yosef B, B Sagiv. Response of tomatoes to N and water applied via a trickle irrigation system. |. Nitrogen. Agron J. 1982;
74:633-639.

11. Bar Yosef B, B Sagiv, T Markovitich. Sweet corn response to surface and subsurface trickle phosphorus fertigation. Agron J.
1989;8:443-447.

12. Baskar BS. Effect of planting techniques and fertigation on growth, yield and quality of banana (Musa sp). Indian Agr J Agron. 2002;
48: 235-237.

13. Batchler C, C Lovell, M Murata. Simple micro irrigation technique for improving irrigation efficiency on vegetable gardens. J Agr
Water Management. 1996;32: 37-48.

14. Bhanu Rekha K, MG Reddy, K Mahavishnan, VB Bhanu Murthy. Nitrogen and water use efficiency of bhendi as influenced by drip
fertigation. ] Trop Agr. 2005;43 (1-2): 43-46.

15. Boswell FC, JJ Meisinger, NK Case. 1985. Production, marketing and use of nitrogen fertilizers. In fertilizer technology and use.
(Ed.) N.L. Case. Soil science society of America, Madison, Wisconsin.

16. Boyhan G, WT Kelly. 2001. Onion production guide bulletin. 1198. College of agricultural and environmental sciences.
University of Georgia. p.56.

17. Butler DWF, JH Meyer, AN Schumann. Assessing nitrogen fertigation strategies for drip irrigated sugarcane in Southern Africa.
Proc. South Africa sugar tech. Assoc. 2002; 76: 162-172.

18. Calicino DV. 1994. Australian sugarcane nutrition manual. BSES/SRDC, Brisbane, Australlia.

19. Cassel Sharmasarkar F, S Sharmasarkar, SD Miller, GF Vance, R Zhang. Assessment of drip and flood irrigation on water and
fertilizer use efficiencies for sugarbeets. ] Agr Water Management. 2001; 46: 241-251.

20. Dalvi VB, KN Tiwari, MN Pawade, PS Phirke. Response surface analysis of tomato production under micro irrigation. J Agr Water
Management. 1999; 41: 11-19.

21. Darwish TM, TW Atallah, S Hajhasan, A Haidar. Nitrogen and water use efficiency of fertigated processing potato. ] Agr Water
Management. 2006;85: 95-104.

22. Dawelbeit S, Richter C. 2004. Fertigation of onion crops by using surface irrigation in Sudan. Rural poverty reduction through
research for development. Deutscher Tropentag, October 5-7, Berlin.

23. Ferney JR, OT Denmead, PG Saffigna, AW Wood, LS Chapman, and AP Hurney. Ammonia loss from sugarcane fields as affected
by placement, irrigation and canopy development. Proc Aust Soc sugar Cane Technol. 1991; 22 :230

24. Gorantiwar SD, LV Pingale, PS Pampattewar, VN Pagar, MA Saradesai. Evaluation of drip irrigation for ladies finger. Maharastra J
Horti. 1991; 5: 93-97.

25. Hartz TK, PR Johnstone, DM Francis, EM Miyao. Processing tomato yield and fruit quality improved with potassium fertigation. J
Hort Sci. 2005;40: 1862-1867.

26. Hartz TK. 1993. Optimizing nitrogen efficiency in drips- irrigated vegetable production. The irrigation association. pp. 2-5.

27. Haynes RJ. Principles of fertilizer use in trickle- irrigated crops. Fert. Res. 1985;6: 235-255.

28. Hebbar SS, BK Ramachandrappa, HV. Nanjappa, M Prabhakar. Studies on NPK drip fertigation in field grown tomato. Europe J
Agron. 2004;21: 117-127.

29. Hochmuth GJ. 1994. Fertilizer management with drip- irrigated for vegetables, using platiculture technology for the intense
production of vegetable crops. American Society for Horticultural Science, Lexington, Kentucky. Pp. 16-22.

30. Hongal MM, SS Nooli. Nutrient movement in fertigation through drip-A review. ] Agric Rev. 2007;28(4): 301-304.

31. Imtiyaz M, NP Mgadha, SK Manase. 2004. Response of green and hot pepper, okra and eggplant to variable irrigation.
Allahabad Farmer: 1-18.

32. Imtiyaz M, NP Mgadha, B Chepete, SK Manase. Response of six vegetable crops to irrigation schedules. ] Agr Water
Management. 2000 45: 331-342.

33. Intrigiliolo F, L Coniglione, C Germana. 1994. Effect of fertigation on some physiological parameters in orange trees.
7thInternational citrus congress, Italy 8-13 March: 584-589.

34. Jainu S, M Cassad, R Angiliar. Effects of trickle irrigation on the nitrogen nutrition of aerbergenes under glass house cultivation.

J Anales De Edafologray Agrobiologic. 1987;46: 1375-1388

RRJAAS | Volume 2 | Issue 2 | April - June, 2013 9



Researchs

SReviews ISSN: 2319-9857

35. Jeyabal A, S Sundar Raman, M Muralidhar Rao, SP Palanippan, S Chelliah. 2000. Water soluble fertilizer, a potential source of
nutrients for foliar spray and fertigation. Journal of Agro India, May: 34-36.

36. Keating BA, K Venburg, NI Huth, M) Robertson.1997. Nitrogen management in intensive agriculture. Sugarcane production
meeting the challenges beyond 2000. Wallingford, UK:CAB International. p. 221-242.

37. Mahajan G, KG Singh. Response of Greenhouse tomato to irrigation and fertigation. J Agr Water Management. 2006; 84: 202-
206.

38. Malik RS, K Kumar. Effect of drip irrigation on yield and water use efficiency of pea. ] Indian Soc Soil Sci. 1996; 44: 508-509.

39. Manjunatha MV, GR Rajkumar, M Hebbara, G Ravishankar. Effect of drip and surface irrigation on yield and water production
efficiency of brinjal in saline vertisols. Indian J Agr Sci. 2004;74: 583-587.

40. Mmolawa K, D Or. Root zone solute dynamics under drip irrigation- A review. Plant Soil. 2000; 222: 163-190.

41. Mohammad MJ. Utilization of applied fertilizer nitrogen and irrigation water by drip fertigated squash as determined by nuclear
and traditional techniques. Nutrient Cycling in Agroecosystems. 2004;68:1-11

42. Muchow RC, Robertson MJ, Wood AW, Keating BA. Effect of nitrogen on the time course of sucrose accumulation in sugarcane.
Field Crop Res. 1996;47:143-153.

43. Muralidhar AP, HR Shivashankar and V Kumargoud. 1999. Fertilizer and irrigation efficiency as influenced by furrow and ferti-
drip irrigation in capsicum-maize-sunflower cropping sequence. Proceedings of national seminar on problems and prospects
of micro irrigation - A critical appraisal, Nov. 19-20.

44, Ng Kee Kwong KF, J Deville. Application of 15N- labeled urea to sugarcane through a drip - irrigation system in Mauritius. Fert
Res. 1994;39: 223-228.

45. Ng Kee Kwong KF, J Deville. Residual nitrogen as influenced by timing and nitrogen forms in a silty clay soil under sugarcane in
Mauritius. Fertil Res. 1997;14: 219-226.

46. Ng Kee Kwong KF, G Umrit, J Deville. Nitrogen fertilization of sugarcane in an intercropping system with maize and potato in
the humid tropical climate of Mauritius. Exp Agric. 1996;32(2): 213- 218.

47. Ngouajio M, G Wang, R Goldy. Withholding of drip irrigation between transplanting and flowering increases the yield of field-
grown tomato under plastic mulch. ] Agr Water Management. 2007 87: 285-291.

48. Or D, F Coelho. Soil water dynamics under drip irrigation; transient flow and uptake models. Trans ASAE. 1996; 43(6): 1597-
1608.

49, Parikh MM, NG Savani, PK Shrivastava, JD Avadaria, JD Thanki, et al. 1996. Response of various crops to micro irrigation,
mulching and fertigation. Proceedings of all India seminar on modern irrigation techniques, Bangalore: 206-212.

50. Patel N, TBS Rajput. Fertigation a Technique for Efficient Use of Granular Fertilizer through Drip Irrigation. ] Agr Water Management.
2002: 85.

51. Phene CJ, TA Howell. Soil sensor control of high frequency irrigation. Trans ASAE. 1984;27 (2): 392-396.

52. Rajput TBS, N Patel. Water and nitrate movement in drip-irrigated onion under fertigation and irrigation treatments. J Agr Water
Management. 2006; 79: 293-311.

53. Ravi B, S Sujatha, D Balasimha. Impact of drip fertigation on productivity of arecanut (Areca catechu L.). Agr Water
Management. 2007; 90: 101-111.

54, Ravikumar V, G Vijayakumar, J Simunek, S Chellamuthu, R Santhi, et al. Evaluation of fertigation scheduling for sugarcane using
a vadose zone flow and transport model. Agr Water Management. 2011; 98:1431-1440.

55. Ridge DR, SA Hewson. Drip irrigation management strategies. Proc. Aust Soc Sugar Cane Technol. 1995;17: 8 -21.

56. Schock CC. Nitrogen management with drip and sprinkler irrigation. Western Nut Management Conf. 2007;6: 66-71.

57.  Shanmugasundaram S. 2001. Onion cultivation and seed production. T. Kalb: 56-58

58.  Singandhupe RB, GGSN Rao, NG Patil, PS Brahmanand. Fertigation studies and irrigation scheduling in drip irrigation system in
tomato crop. Europe J Agron. 2003; 19: 327-340.

59. Singh KDN, MD Yadav, GK Misra, BP Sahi. Influence of modified urea sources on yield and quality of sugarcane. Indian Sug.
1989; 39 (3): 165-172.

60. Siviero P, V Marasi, G Boni, L Sandei. Fertigation experiment with industrial tomatoes. Information - Agrario. 2001:57: 45-48.

61. Solaimalai A, M Baskar, A Sadasakthi, K Subburamu. Fertigation in high value crops. Agric Rev. 2005;26: 1-13

62. Soumya TM, BK Ramachandrappa, HV Manjappa. 2005. Effect of fertigation with different sources and levels of fertilizer on
growth and yield of tomato. International conference on plasticulture and Precision Farming, New Delhi: 220.

63. Swarajyalakshmi K, MG Deva Muni Reddy, M Shiva Shankar, K Suresh Babu, P Nageswara Rao. 2005. Studies on response of chilli to
different levels of drip irrigation and mulching as compared to basin method of irrigation. International conference on plasticulture and
precision farming 17- 21 November, 2005, New Delhi. 231.

64. Thompson TL, SA. White, ] Walworth, GJ Sower. Fertigation frequency for Subsurface Drip-Irrigated Broccoli. Soil Sci Soc
America J. 2005; 67: 910-918.

65. Thorburn PJ, CA Sweeney, KL Bristow. Production and environmental benefits of trickle irrigation for sugarcane: A review. Proc
Aust Soc Sugarcane Technol. 1998;20: 118-125.

66. Thorburn PJ, IK Dart, IM Biggs, CP Baillie, MA Smith et al. The fate of nitrogen applied to sugarcane by trickle irrigation. Irrig Sci. 2003;
22:201-209.

67. Tognetti R, M Palladino, A Minnocci, S Delfine, A Alvino. The response of sugar beet to drip and low-pressure sprinkler

irrigation in southern Italy. ] Agr Water Management. 2003:60: 135-155.

RRJAAS | Volume 2 | Issue 2 | April - June, 2013 10



Researche

SReviews ISSN: 2319-9857

68.  Veeranna HK, Abdul Khalak, GM Sujith. Effect of fertiagtion and irrigation methods on yield, water and fertilizer use efficiencies
in chilli. South Indian Hort. 2000;49: 101-103.

69. Verburg K, BA Keating, ME Probert, KL Bristow, HL Huth.1998. Nitrate leaching under sugarcane: interactions between crop
yield, soil type and management strategies. In: Milchalk, D.L., J.E. Pratley (eds) Agronomy: growing greener future. Proceedings
of the 9th Australian Society of Agronomy Conference, Wagga Wagga, NSW, 20-23 July. Australian Society of Agronomy, Wagga
Wagga, p.717 - 728.

70. Weier KL, CW McEwan, | Vallis, VR Catchpole, JR Myers. Potential for biological denitrification of fertilizer N in sugarcane soils.
Aust ] Agric Res. 1996;47:67.

71.  Wiedenfeld RP. Effects of irrigation and N fertilizer application on sugarcane yield and quality. Field Crops Res. 1995; 43:101.

RRJAAS | Volume 2 | Issue 2 | April - June, 2013 11



