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ABSTRACT 

 Placement of nutrients and fertilizer rates are important factors to be 

considered to produce maximum yield of crops. Particularly deep placement of nutrients 

might be beneficial to crop growth. Increased early growth has been observed with 

deeper P placement as well as by deep band placement of K when compared to broadcast 

application.   The method of N, P and K placement has typically been found effective over 

broadcasting on the top of the soil, and it is also influenced by the amount of water used 

for irrigation. Normally fertilizers are broadcasted.  Many a time, straight fertilizers are 

used as the source of nutrients.  In order to manage the losses with these highly soluble 

fertilizers split application is recommended, particularly for urea. However, the entire 

quantity of P and K is applied basally at the time of sowing.  Due to variations in their 

solubility and kinetics, the added nutrients are found to be available to plants at varying 

rates in different soils. In order to achieve the expected yields a comprehensive 

technology is required that can demonstrate an efficient use of added nutrients and 

irrigation water.  Other than crop improvement aspects, this would be possible by 

switching over to nutrient management that employs methods like deep placement of 

fertilizer nutrients. Deep placement if can be done with simple tools and incidentally aim 

in the reduction in labour requirement then farmers can prefer to adopt easily. The 

literature pertaining to methods of fertilizer application on nutrient availability, response 

of maize and other crops to applied nutrients and nutrient use efficiency are reviewed.

 
INTRODUCTION 

 

Optimum nutrient management has long been acknowledged as being critical for producing high yield in maize. However, there 

are multiple factors that cause decision making on fertilizer application to be a complex process. For instance, the rates of fertilizer 

application, the source of the nutrient and the associated availability to the crop, the time of application, and where the nutrient is placed 

are important considerations in nutrient management decisions. These parameters interact with many other factors such as tillage, soil 

type, variety, plant population and the environment. Banded starter fertilizer application, which places the fertilizer within close proximity 

to the seed furrow, can help to promote crop growth vigor of maize at early stages by overcoming these limitations. 

 

Unless the supply of fertilizer nutrients to the crop is increased, low availability will remain as a serious constraint to increase 

maize production. One means of increasing the nutrient supply without increasing the fertilizer amount is to improve the efficiency of 

fertilizer, which can be achieved through deep placement of the fertilizers. Research on deep placement was meager due to difficulties 

associated with placing of fertilizer nutrient at a definite depth manually, since no suitable applicators are available. 

 

Normally straight fertilizers are broadcasted in maize as the source of nutrients.  In order to manage the losses with these highly 

soluble straight fertilizers split application is recommended particularly for urea. Compared to other cereals high rates of N is recommended to 

Maize. Of this, 50 per cent of N is applied as basal while the remaining dose is applied in two equal splits at 25 and45 days after sowing 

(DAS).   
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However, the entire quantity of P and K is applied as basal at the time of sowing.  Even though fertilizer application in small 

furrow parallel to seed line is recommended, due to scarcity of labour farmers practice only surface band/ broadcast method.  Due to 

variations in their solubility and distance from seed, the added nutrients are not available to plants uniformly, and result in differences in 

stature, growth rate, maturity and weight of cob. 

 

Fertilizer placement 

 
Band placement of urea reduced the N immobilization compared to broadcasted or incorporated urea, as in this method the 

contact between urea particles and soil is less [61]. According to Manickam and Ramaswami [32], application of urea supergranule at 10 cm 

depth in the soil produced low concentrations of NH4-N in the flood water, consequently reduced the volatilization loss of ammonia. In no 

tillage maize production system ammonia volatilization and N immobilization are the process which causes low N use efficiency [33]. The 

type and amount of crop residue have been shown to affect immobilization potential.  

 

Mohanty et al. [35] reported that efficiency of applied N could be increased by point placement of urea supergranule in the subsoil 

particularly in soils of low permeability.  The loss of N was 20 per cent less from urea super granules than prilled urea. Natarajan and 

Manickam [38] also confirmed that more fertilizer N was utilized by rice with single deep placed urea supergranule than with split applied 

prilled urea.  The ammonia loss was less than 5 per cent when fertilizer N was placed in soil at 10 cm depth by placement, or banding techniques 

compared to broadcast. Mohanty et al. [36]  reported that deep placement of urea supergranules had greater benefit over surface split 

application in soils with moderate to fine texture, low permeability and percolation rate, and high CEC and pH.   

 

Bautista et al. [6] concluded that placement of any N material with simultaneous soil cover was effective in minimizing 

floodwater ammonium-N losses and ammonia volatilization. Riedell et al. [51] reported that maize yield increased about 5 to 40 percent 

for knife-injected N compared with broadcasted N. Much of the yield reduction from N left on the soil surface without incorporation has 

been attributed to ammonia volatilization. Brad et al. [10] measured that 30 and 9 per cent of N from urea ammonium nitrate were lost due 

to broadcast in no till maize system. 

 

Vibhu Kapoor et al. [66] recorded that deep placed N–P briquettes gave significantly higher grain yield, straw biomass, total P and 

K uptake, apparent P recovery, and agronomic N and P use efficiencies, when plant spacing was reduced from 20 x 20 cm to 20 X 10 cm. 

Closer plant spacing led to better utilization of P and K and provided opportunities for deep placement of N–P or N–P–K briquettes in soils with 

low available P. Combining site specific characteristics viz., high soil pH, low percolation rate, high rainfall and surface runoffs with plant 

spacing and N–P–K briquettes prepared based on site-specific nutrient requirements offered potential for higher yields, improved fertilizer 

use efficiency, balanced fertilization, and reduced nutrient losses. 

 

Response of crops to fertilizer application  

 

Effect of Placement of N 

 

Placing fertilizer N at about 10 cm below the soil surface after puddling has long been known to improve plant uptake of N [34]. 

Partohardjono and Fitts [42] reported that 60 kg N ha-1 as sulphur coated urea applied as basal at significantly increased rice yields when compared to 

that of urea in three split application at same rate.  Mahendran[27] observed that placement of urea supergranules in the reduced zone of soil recorded 

more grain and straw yield compared to the commercial urea application by broadcasting.  

 

 Further, Pillai [46] found that it was possible to get an extra grain yield as response of one t ha-1 by applying 38 kg N ha-1 by 

root zone placement of urea supergranules. To get the same yield with ordinary urea in split doses, it was necessary to apply about 56 

kg N ha-1. Surendra singh et al. [56] reported that placement of urea supergranules increased N use efficiency. The highest grain yield was 

obtained with 150 kg N ha-1 as urea supergranules with 489 panicles m-2 and 122 grains panicle-1. Khattak et al. [25] reported that the maize 

is a nitrogen positive crop. Placement of fertilizer is an integral part of efficient crop management that can affect both maize crop yield and nutrient 

use Efficiency. Similar result was reported by Johnston and flower.  

 

Bhuiyan [7] found that deep placement of urea supergranules resulted in significantly higher rice grain yield, better NUE and 

apparent N recovery than split application of prilled urea. Singh [55] reported that placement of urea briquettes at  

3-4 cm depth resulted in significantly taller plants (78 cm), longer (23.3 cm) and heavier panicle (2.4 g), higher 1000 grain weight (18.6 g) 

and more grain (4.6 t ha-1) and straw (5.7 t ha-1) yield of rice than surface application. Zublena  reported that plant growth and nutrient 

uptake can be influenced by placement method. In general, placing the fertilizer closer to the seed gives the greatest response to applied 

nutrients.   
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The band placement of urea solution recorded nearly 38 and 55 per cent higher grain yield than the researcher and farmer 

practices and similar to those with point placement of urea supergranules [53]. Placement of N as urea supergranules in the root zone and 

basal application of P and part of N as large granules of diammonium phosphate gave the best results for growth, yield performance and 

N use efficiency in maize under irrigated condition. Dhane et al. [15] reported that applying Gliricidia at 5 to 10 t ha-1 coupled with deep 

placement of urea at 25 or 50 kg N ha-1 at about 5-6 cm depth increased the rice yield significantly. The deep placement of N and P as 

pillow shaped urea briquettes (4:1 - N: P) using urea and DAP after transplanting was found to enhance the yield of rainfed rice [12]. 

 

Lehrsch et al. [26] showed that placement of N and P fertilizers at the time of planting directly in the seed furrow improved plant 

growth, crop uptake, and grain yield in maize. Many researchers have reported reduced maize yields with broadcast application of N 

compared with injected N sources or placements. Lehrsch et al. [26] reported that banded application of N increased grain yield and N 

uptake compared to broadcast application in maize. Peter et al. [44] found that incorporated or surface band-applied N produced 

considerably greater yields compared with broadcasted N.  

 

 Riaz et al. [50] found that furrow irrigation method with band placement of  

N considerably increased leaf area plant-1, crop growth rate, net assimilation rate, number of grains cob-1, 100-grain weight and grain 

yield (6.72%) than broadcast method.  

 

 Tewari et al. [58] found that the deep placement of slow release fertilizer kept nodule dry weight, higher in the maturing stage of 

seed, possibly through abundant supply of photo assimilate to the nodules by supporting leaf area and activity until late reproductive 

stages in the soybean plants, and the results indicated that deep placement of calcium cynamide or coated urea enhanced total amount of 

N2 fixation activity 50 percent higher, which ultimately increased seed yield. 

 

Trierweiler and Omae [62] recorded that the maize grain yield response to added N was very highly significant and the regression 

analysis predicted a maximum yield of 7.6 t ha-1 from 210 Kg N ha-1. A consistent yield depression occurred at 320 kg N ha-1 rate in all 

placement treatments. Placement of urea on dry soil gave significantly higher yields than did placement on wet soil. The data indicated 

that substantial N losses occurred when urea was broadcasted on wet surface. 

 

Kaiser et al. [23] reported that the starter fertilization increased the early growth of maize and P and K uptake more than broadcast 

fertilization. Deivanai [13] experimented with Nutriseed holder which contained seed on top cavity, manure in the middle tube and fertilizer 

at bottom cavity, which gave 42-58 per cent increase in ADT 36 rice yield grown in soil column, when compared to surface broadcast 

method, under submerged water regime. Deep placement using Nutriseed holder resulted in the  

grain yield increase to the tune of 81.8 per cent over surface broadcast [4].   

 

Kaushal et al. [24] found that deep placement of  a slow release fertilizer formulation (lime N) at 100 Kg N ha-1 was beneficial for 

promotion of soybean growth and N2 fixation activity, which gave seed yield as high as 6.4 t ha-1. Vengatesan [64] has conducted 

experiment with paper Nutriseed Pack and found that deep placement by Nutriseed Pack technique in maize increased the yield to about 

55 per cent under surface irrigation with 660 mm (or) to about 35 per cent by micro sprinkler with 540 mm (or) to about 15 per cent by 

drip with 360 mm, over the conventional surface fertilizer broadcast – surface irrigation method. In this study the final form of Nutriseed 

pack was made with manure and fertilizer pellets using a hand operated machine. 

 

 Peterson [45] found that placement of compound NPK fertilizer increased the grain yield and the quality parameters like grain size 

and grade when weeds are controlled mechanically by harrowing in barley. The effect of fertilizer placement on grain yield and quality 

decreased in the order NPK> NP> N> P.  

 

 Upendra Singh et al. [63] reported that the deep-point placement of N, P and K briquettes significantly increased   grain and straw 

yields, total N, P and K uptake, also N and P use efficiencies compared to broadcast incorporation of N, P and K in rice.  

 

Golden et al. [18] reported that pre-plant incorporated polymer coated urea increased rice grain yield and N uptake in the direct 

seeded, delayed flood method compared with urea applied pre-flood at the five-leaf stage.  

 

Rehm and Lamb [48] brought out that placement of fertilizer near the maize seed at the time of sowing increased early growth, P 

uptake and yield which can be an effective management practice with minimal risk, if soils are not sandy.   Alley et al. [2] observed that 

during the first six weeks after sowing nutrients that are band-placed close to the maize crop were more available for plant uptake than 

the same amount of nutrients were broadcasted over the entire soil surface. Vetsch and Randall [65] reported that maize yields were greater 

in two of three years when fall applied environmentally smart Nitrogen (ESN) was banded than broadcast-incorporated. 
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Effect of Placement of P and K 

 

Heckman and Kamprath [19] reported that stover yield and K concentration were increased in banded K than broadcasted K. Stover 

dry matter yield was increased in two of three years with 56 Kg ha-1, but grain yield was increased in only one year. Yield increased 

linearly with K rate up to 112 Kg ha-1. Mallarino and Murrell [31] found that deep band applications of K increased maize yield in no till 

maize compared with broadcast method of K application. Deep placement of P fertilizer at 15-cm increased early maize growth over 

broadcast [28].  Increase in early growth with a deep P placement was observed by Borges and Mallarino [9]. 

 

Deeper K placement often encouraged early growth of maize at low to medium soil nutrient levels. Placement of K seldom 

influenced early growth of maize at soil nutrient levels that were optimum or higher, and increased K uptake when applied by a planter 

band or 13-18 cm deep-banded [28]. This was similar to another study where early growth was increased by deep (15-20 cm) band 

placement of K as opposed to broadcast applications of K [9].  

 

Likewise, Vyn et al. [67] reported that in a zone tillage system, deep-banding K increased early season maize dry matter relative to 

broadcast or broadcast plus shallow treatments. In addition, in the mulch tillage system, deep banding K was similar to the shallow 

placement, which resulted in increased early growth over the broadcast application. Potassium uptake by maize usually increased with a 

deep K band application. Applying K in strips (surface or 20 cm deep) significantly increased the K concentration of young plants and the 

ear leaf over the broadcast method [33]. Similarly, deep band placement of K improved K uptake in 11 out of 15 sites examined [9].  

 

Riedell et al. [51] concluded that fertilizer placement at the time sowing was important for optimum maize growth and yield in 

irrigated no-till systems. Further Added K fertilizer did not interact with fertilizer placement to improve yield on the soils with high K 

status. Mallarino [29]  reported that deep banding of K provided distinct yield advantages by making K more available in ridge-till and no-

till fields, even on soils that test optimum to high in K. Deep banding of P and K produces higher yields and did not increase costs 

significantly compared with a separate broadcast P and K application.  

 

When the initial exchangeable-K was 0.21 cmol L-1, critical exchangeable K level was 0.35 cmol L-1 and the critical soil solution K 

concentration was 0.48 mmol L-1 the dry matter yield increased greatly. Vyn and Janovicek [67] found that deep placement of K resulted in 

higher early season K concentration as compared to a shallow or broadcast placement in both no-till and mulch tillage systems in maize. 

Vyn and Janovicek [67] found that corn yields in the no tillage and zone tillage systems were maximized by applying the high rate of deep 

band placement of K even when no K fertilizer was applied the to previous fall. 

 

Yin and Vyn [68] reported that band placement of K increased leaf K content, yield (10 to 15 per cent) compared with zero K, while 

soybean seed yield was not significantly improved by surface broadcasting in any row-width system. Seed oil concentration was increased 

by band placement, and was often positively correlated with leaf K, seed K and seed yield in both wide and inter mediate row width 

systems.  

 

Rehm and Lamb [48] reported that banded K produced changes in soil test K to a depth of 15 cm and at a distance to 15 cm from the row. 

Grain yield of maize at all sites were not affected by K application. Uptake of K by young maize plants was increased by  

K rate, but uptake was not directly related to yield. 

 

Mallarino and Borges [30] found that deep band placement of both P and K  

(at 5 to 15 cm depth) resulted in higher concentration of phosphorus and potassium than for inter band row placement with no tillage and 

chisel disk tillage system. Jesse Grogan [22] found that the deep banding of K fertilizer increased maize yield in ridge-till and no-till fields 

even when soil test K was high but was not effective in chisel-disk tillage systems.  

 

Zhang et al. indicated that drip irrigation in combination with fertilizer K application reduced of N pollution potential possible, 

while producing high yield of tomato with improved quality. Drip irrigation substantially increased marketable fruit yield and fruit size, 

and decreased green fruit yield, compared with non irrigation treatment. Drip irrigation increased N and P uptake by 29 to 38 percent 

respectively.  

 

Yield Responses to Nutrient Placement 

 

Appropriate methods of N, P and K fertilizer application to increase grain yield under intensive crop and water management 

systems are needed to optimize fertilizer input for high maize yields [49]. Although many studies have concentrated on potential crop yield 

responses to deep P and/or K placement, due to the relatively immobile nature of these nutrients in soils, results have been inconsistent.  

On the other hand several studies have reported yield benefits to deeper and banded nutrient placement in crops such as maize [9], and 

mailto:apmallar@iastate.edu
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grain sorghum [59]. In some of these studies, yield benefits were seen with a  

deep-banded K placement, but not with a deep-banded P placement. 

 

Phosphorus placement method seldom influenced maize grain yield for any tillage system, even with low testing soils. Deep 

banding of K (at 15 cm) increased maize yields slightly at several sites over the broadcast or planter-band placements [8]. The yield increase 

was observed even in soils that tested high for exchangeable K concentration. Broadcasting of P, when compared to a shallow N plus P band 

application, increased yields in both no-till and disk-till systems [21]. 

 

  Vyn et al. reported that there were significant yield benefits to deep  

(15 cm) banding of K, particularly in zone-tillage systems, but not in a mulch tillage system. Deep banding K (15-cm) in a zone tillage 

system also increased maize yield when compared to broadcast method in conventional tillage and no-till situations  

.However, in continuous no-till maize with optimal soil moisture, surface broadcasting was found to be as good as deep banding of K 

despite soil exchangeable K stratification, and in some situations deep banding appeared to be detrimental relative to broadcast 

application [67]. 

 

Recovery of nutrients in fertilizer placement  

 
The uptake pattern of various nutrients has been accepted as a criterion for fixing optimum time of fertilization.  Yield and 

fertilizer recovery decreased in the order of ammonium phosphate> urea> calcium ammonium nitrate. Savant et al. [52] reported that 

negligible N uptake occurred during the first 20 days period in deep placement of urea supergranules.  High solute concentration at 

placement site with urea supergranules or urea mud ball lumps might have also inhibited nitrification because of osmotic pressure of the 

solute. Placement methods lowered P fixation in soil and increased  

P availability at placement site which improved balanced nutrition of rice plants leading to increased nutrient utilization [37]. 

 

Chen and Zhusha [11] reported that the average N recovered from supergranules was 24 per cent higher than that from broadcast 

application of urea. The recovery of added N was 68, 34 and 27 per cent with placement, split application and broadcasting respectively 

[3].  

 

 Band placement of 15N labeled urea resulted in higher recovery of the applied 15N. Total recovery was slightly lower when a urea 

supergranule was point placed (95%). Total 15N recovered was lowest when urea was surface incorporated (89%). 15N balance data showed 

that with point deep placement of urea supergranule only 4-5 per cent of the applied N was not recovered even after harvest of both dry 

and wet season crops.   

 

 In contrast, when prilled urea was basally broadcasted or incorporated and top-dressed at panicle initiation, 11-35 per cent of 

the applied N was not recovered at harvest, indicating substantial loss of fertilizer N. 

 

Urea applied at the rate of 60 kg ha-1 through any method other than surface broadcasting on to floodwater significantly 

increased grain and straw yield.  The apparent recovery of applied N by rice crop was highest (47-61 per cent) with deep placement, 

moderate (41-48 %) with basal band placement and least (16 per cent) with surface broadcasting of prilled urea on to the floodwater [39]. 

 

Malhi and Nyborg found that placing urea in bands increased the recovery of applied N in plants and decreased the amount of 

immobilized N under zero tillage when compared to conventional tillage by using 15N labeled urea as source. Rees et al. [47] found that the 

crop recovery of fertilizer N following point placement was 25 per cent of that applied, which was higher than that of surface application 

and also increased the grain yield, total N uptake, and dry matter yield as well as grain N contents in maize and wheat.  

 

Thamir et al. [59] indicated that under current N fertilizer recommendation for maize, urea might have adverse effects on growth 

when applied in band. The banded application of urea and diammonium phosphate resulted in 19 and 24 percent increase in grain yield 

compared with the unfertilized plots.  However, addition of lignosulfonate to the high rate of urea and DAP increased grain yield by 20 

percent in band placement. In general, lignosulfonate significantly increased maize N uptake from urea. Mean recovery of 15N in total dry 

matter of grain and stover was 51.9 and 47.9 per cent respectively.  

 

Bandyopathyay and Biswas [5] reported the higher fertilizer use efficiency when urea supergranules and urea briquettes were 

used. The NUE was higher with band placement of urea compared to conventional split application of prilled urea at 100 kg N ha-1 in rice.  

 

The 15N recovery was 51.7 per cent with band placement compared with  

47.8 per cent for neem-coated urea and 28.5 per cent for conventional split application of prilled urea  [14]. Adjetey et al. [1] found that the 
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total N recovery was 93.8 per cent in the deep placement of 15N sources compared to shallow placement (79.9 per cent) in wheat, and 

these differences were due to differences in soil N recovery, as crop N recovery was approximately 48 per cent in both the treatments. 

 

Shoji et al. [54] found that controlled release of fertilizers and a nitrification inhibitor showed the highest potential to increased N 

use efficiency and reduced N fertilization rate. Dotson et al. [16] reported that deep placement of N fertilizer has the potential to increase N 

use efficiency in maize. Noellsch et al. [41] found that pre-plant incorporated polymer coated urea increased N fertilizer recovery efficiency 

and grain yield compared to control in the clay pan landscapes.   Nelson et al. [41] reported that slow-release N fertilizers, such as polymer-

coated urea, increased crop N use efficiency and maize yield and also reduced NO3–N leaching in clay pan soil compared to non coated 

urea.  

 

REFERENCES 

 

1. Adjetey JA, LC Campbell, PGE Searle, P Saffigna. Studies on depth of placement of urea on nitrogen recovery in wheat grown on a red –

brown earth in australia. Nutrient Cycling in Agroecosystems. 1999; 54 (3) : 227-232. 

2. Alley MM, EM Marvin, JPH Davis, JL Hammons. Nitrogen and Phosphorus Fertilization of Corn. Communications and Marketing, College of 

Agriculture and Life Sciences, Virginia Polytechnic Institute and State University. Hammons, Virginia Tech. 2009:424-027. 

3. Anonymous. 1995. International Symposium on biological nitrogen fixation associated with rice. International Rice Commission 

Newsletter, 44: 95. 

4. Asha VS,  K Arulmozhiselvan. 15N Tracer technique for studying efficiency of deep placed fertilizer through Nutriseed holder in direct 

seeded rice. J Nuclear Agric Boil. 2006;35 (1):1-14  

5. Bandyopathyay BK, CR Biswas. Efficiency of Slow Release Nitrogen Fertilizers and Mode of Application of Urea Under Deep Water Rice 

Cultivation in Coastal Saline Soils of West Bengal. Fert News. 1982;27(3): 47-50. 

6. Bautista  EU,  DC Suministrado,  M Koike. Mechanical deep placement of fertilizer in puddled soils. J. Japanese Soc Agrl Machinery. 

2000;62(1): 146-157.  

7. Bhuiyan  NI. Effect of N source and application method on dry season irrigated rice. IRRN. 1988;13(3): 28-29. 

8. Bordoli, José M, Antonio P Mallarino. Deep and shallow banding of phosphorus and potassium as alternatives to broadcast fertilizers for 

no-tillcorn. Agron J. 1998; 90: 27-33. 

9. Borges R, Antonio  P Mallarino. Deep Banding Phosphorus and Potassium Fertilizers for Corn Managed with Ridge Tillage. Soil Sci Soc Am J. 

2001; 65:376–384. 

10. Brad JN,  RE Almond, CB Godsey, CJ Olsen. Starter N fertilizer management for continuous no- till corn production. Agron J. 2004;96: 1412-

1418. 

11. Chen RY,  ZL  Zhusha. Characteristics of the fate and efficiency of N in super granule of urea.  Fert Res. 1982;3: 63-71. 

12. Daftardar SY, B Wagle, NK Savant. Improved N and P fertilizer management increase the rice yield of small resource poor farmers. In: 

Research and Applied Technology. 2000: 71-72. 

13. Deivanai M. 2005. Dynamics of deep placed fertilizer nutrients in soil column under controlled irrigation for direct seeded rice. M.Sc. (Ag.) 

Thesis, Tamil Nadu Agricultural University, Coimbatore. 

14. Devasenapathy P, SP Palaniappan. Urea-nitrogen on yield and NUE in lowland rice as affected by band placement of urea solution. 

Indian J Agron.1996;41(3): 379-385. 

15. Dhane SS, RR Khadse, HK Pawar. Integrated effect of deeply placed urea and glyricidia on grain yield of transplanted rice. IRRN. 1995; 

23(2): 12-21. 

16. Dotson CR, D Brian Arnall, B Tubana, K Girma, MC Daft, et al. 2007, Nitrogen Rate and Placement in Corn Production 298-5 Oklahoma 

State University, 051 Ag Hall, Stillwater, OK 74078. 

17. Edwards CA. 1998, The use of earthworms in the breakdown and management of organic wastes. In: Earthworm Ecology. CRC press LLC, Boca 

raton, FI, 327-354. 

18. Golden BR, NA Slaton, RJ Norman, CE Wilson, RE DeLong. Evaluation of Polymer-Coated Urea for Direct-Seeded, Delayed-Flood Rice 

Production. Soil Sci Soc Am J. 2009;73:375-383.  

19. Heckman JR, J Kamprathe. Potassium accumulation and corn yield related to potassium fertilizer rate and placement. Soil Sci Soc Amer J. 

1992; 56:141-148.  

20. Herman JF. 1982. CRC Hand Book of Irrigation Technology. CRC Press, Florida. 

21. Howard DD, ME Essington, J Logan. Long-term Broadcast and banded phosphorus fertilization of corn produced using two tillage Systems. 

Agron J. 2002; 94:51-56. 

22. Jesse Grogan. 2008. International annual meetings, Nov 1-5  

23. Kaiser E, AP Mallarino, M Bermudez. Corn Grain Yield, Early Growth, and Early Nutrient Uptake as Affected by Broadcast and In-Furrow 

Starter Fertilization. Amer Soc Agron J. 2005; 97:620-626. 

24. Kaushal T, M Onda, A Yamazaki, H Fujikake, N Ohtake, et al. Effect of deep placement of slow release fertilizer (lime nitrogen applied at 

different rate on growth. N2 fixation and yield of soybean.  J Agron Crop Sci. 2006; 192:417-426. 

25. Khattak MJ, M Anwar, M Shah. Evaluation of method of NPK fertilizers to maize crop. Sarhad J Agric. 1988;4: 349-54. 



                        ISSN: 2319-9857 

RRJAAS | Volume 2 | Issue 2 | April – June, 2013           18  

26. Lehrsch GA, RE Sojka,  DT Westermann. Nitrogen placement, row spacing, and furrow irrigation water positioning effects on corn yield. 

Agron J.  2000;92: 1266-1275 

27. Mahendran G. 1980. Integrated N management in lowland rice IR 20 with biofertilizers. M.Sc. (Ag.)  Thesis, Tamilnadu Agricultural 

University, Coimbatore. 

28. Mallarino Antonio P, M Bordoli, Borges Rogerio. Phosphorus and Potassium Placement Effects on Early Growth and Nutrient Uptake of No-

Till Corn and Relationships with Grain Yield. Ameri Soc Agron J. 1999; 91:37-45 

29. Mallarino Antonio P. Corn and soybean responses to deep-band phosphorus and potassium. Integrated Crop Management News. 

2000;484:166-168.. 

30. Mallarino Antonio P, Borhges Rogerio. Phosphorus and potassium distribution in soil following long term deep band fertilization in 

different tillage systems. Soil Sci Soc Am J. 2006;70: 702-707. 

31. Mallarino Antonio P, TS Murrell. No-Till Corn Grain Yield Responses to Band Applications of Potassium. Better Crops. 1998;82: 4-6(1). 

32. Manickam TS, PP Ramaswamy. Influence of N level and source of rice yield. Int Rice Res News. 1985; 10 : 28-29. 

33. Mengel  DB,  SE Hawkins, P Walker. 1988. Phosphorus and Potassium placement for no-till and spring plowed corn. J Fert. 1988;5:31-36. 

34. Mitsui S. 1954. Inorganic nutrition, fertilization and soil amelioration for lowland rice. Yokondo Ltd., Japan. 

35. Mohanty SK, SP Chakravorti, A Bhadrachalam. Nitrogen balance studies in rice using 15N labelled urea and urea super granules. J Agric Sci. 

1989; 113(1): 119-121.  

36. Mohanty SK, U Singh, V Balasubramanian, KP Jha. Nitrogen deep placement technologies for productivity, profitability and environmental 

quality of rainfed lowland rice systems. Resource management in rice systems. Nutrient Cycling in Agroecosystems. 1999; 53 (1): 43-57. 

37. Murphy LS, RE Lamond, DF Leikan. 1982. Uptake of nitrogen by wetland rice crop. In: Proceedings of 184th national meeting of American 

Chemical Society. Sept. 12-17. 

38. Natarajan  K, TS Manickam. Fate and Efficiency of urea nitrogen in flooded soil. Fert News. 1991;36(3): 27-49. 

39. Nayak SC, D Panda. Transformation of applied urea and its efficient utilization in rainfed lowland rice. Fert News. 2002;47(2): 47-58. 

40. Nelson A, M Paniagua, P Motavalli. Effect of Polymer Coated Urea, Irrigation, and Drainage on Nitrogen Utilization and Yield of Corn in a 

Claypan Soil.  Ameri Soc Agron J. 2009;101:681-687. 

41. Noellsch AJ, PP Motavalli, KA Nelson, NR Kitchen. Corn Response to Conventional and Slow-Release Nitrogen Fertilizers across a Claypan 

Landscape. Ameri Soc Agron J. 2009; 101:607-614. 

42. Partohardjono S, JB Fitts. Sulfur coated urea (SCU) effectiveness on yield of lowland rice grown under several water management regimes. 

Contribution, Central Res lnst for Agric Bogor. 1974;11:14. 

43. Patra AK, JR Burford. Volatilisation of surface applied urea from Vertisols in the Indian semi-arid tropics. Fert News. 1996;27(2): 1. 

44. Peter CS, WJ Wiebold, JA Lory. Corn yield response to nitrogen fertilizer timing and deficiency level. Agron J. 2002;94: 435-441 

45. Peterson J.  Placement of Nitrogen, Phosphorus and Potassium fertilizers by drilling in spring barley grown for malt without use of 

pesticide. Pl Soil Sci. 2007; 57 (1): 53-64. 

46. Pillai KG. Agronomic practice to improve NUE of rice. Fert News. 1980; 29: 3-16. 

47. Rees RM,  M Ruelcke, SX Li, XQ Wang, SQ Li. et al. The effect of fertilizer placement on nitrogen uptake and yield of wheat and maize in 

Chinese loess soil. Nutrient cycling in Agroecosystems. 1997; 47(1): 81-91. 

48. Rehm GW, A Lamb. Corn Response to Fluid Fertilizers Placed Near the Seed at Planting. Soil Sci Soc Am J. 2009;73: 1427-1434 .  

49. Rhoads FM, DL Wright. Root mass as a determinant of corn hybrid response to starter fertilizer. J Plant Nutr. 1998; 21(8): 1743-1751. 

50. Riaz A, A Mahmood, M Ikaam, H Bilal. Influence of different irrigation methods and band placement of nitrogen on maize productivity. Int J 

Agri Biol. 2004; 4(4):540-543. 

51. Riedell WE, DL Beck, TE Schumacher. Corn response to fertilizer placement treatment in an irrigated no-till system. Agron J. 2000; 92: 316 

–320 

52. Savant NK, SK De Datta,  ET Craswell. Soil Sci Soc Am J. 1992; 46: 567-576 

53. Schnier HF, SK De Datta, AM Fagi, M Eaqub, Faruque Ahmed R, et al. Yield response of wetland rice to band placement of urea solution in 

various soils in the tropics. Fert Res. 1993; 36: 221-227 

54. Shoji S, J Delgado, A Mosier, Y Miura. Use of Controlled Release Fertilizers and Nitrification Inhibitors to Increase Nitrogen Use Efficiency 

and to Conserve Air and Water Quality. Commun Soil Sci Plant Anal. 2001; 32 : 1051–1070.  

55. Singh NN. Winder maize-it’s potential and prospects in India. Indian Fmg. 1998; 48:70-73. 

56. Surendra Singh, Rajendra Prasad, SN Sharma. Growth and yield of rice as affected by spacing, time and depth of placement of urea 

briquettes. Fert Res. 1989;19: 99-101. 

57. Sweeney D. Fertilizer placement affects rate of nutrient uptake by grain sorghum in conservation tillage systems. Better Crops with Plant 

Food. 1997; 81(3): 25-27. 

58. Tewari K, T Suganuma,  H Fujkake, N Ohtake, K Sueyoshi, et al. Effect of deep placement of N fertilizers and different inoculation methods 

of bradyrhizobia on growth.N2 fixation activity and N absorption rate of field grown soybean plants. J Agron Crop Sci. 2004; 190:46-58. 

59. Thamir A, AF MacKenzie. Banding urea and lignosulfonate in corn (Zea mays L.) production and 15N recovery. Can J Soil Sci. 1996;76: 365–

371.  

60. Thimme G,  T Gowda. 1992.  Proc. 11th Int. Cong. Use Plastics Agric., New Delhi, India, 26th Feb. – 2nd March: pp.131-135. 

http://agron.scijournals.org/misc/terms.shtml
mailto:apmallar@iastate.edu
http://www.extension.iastate.edu/CropNews
http://agron.scijournals.org/misc/terms.shtml
http://agron.scijournals.org/misc/terms.shtml


                        ISSN: 2319-9857 

RRJAAS | Volume 2 | Issue 2 | April – June, 2013           19  

61. Tomar JS, RJ Soper. Fate of Tagged Urea-N in the Field with Different Methods of N and Inorganic Matter Placement. Agron J. 1981;73: 

991-995. 

62. Trierweiler JF, ME Omar. Urea rate and placement for maize production on calcareous vertisol. Nutrient cycling in Agroecosystems. 2005; 

4(3):261-270. 

63. Upendra Singh, KS Patil, K Vibhu, H Deborah, S Kovach. Improving Crop Yield and Fertilizer Use Efficiency with One-Time Nutrient Deep 

Placement. Joint Annual meeting. 2008;5 -9:675 - 17. 

64. Vengatesan R. 2007. Nutriseed Holder Technique for Enhancing yield of Maize under Surface, micro Sprinkler and Drip Irrigation Methods. 

M.Sc. (Ag.) Thesis, Tamil Nadu Agricultural University, Coimbatore. 

65. Vetsch J, G Randall. 2009. Source, Timing, and Placement for Corn. Int. annual meeting. Nov. 1-5. 219-5. 

66. Vibhu Kapoor, U Singh, SK  Patil, H Magre, LK Shrivastava, VN Mishra, RO Das, VK Samadhiya, J Sanabria and R Diamond. 2008. Rice 

Growth, Grain Yield, and Floodwater Nutrient Dynamics as Affected by Nutrient Placement Method and Rate.  

67. Vyn T, K Janovicek, T Bruulsema. Banded potash boosts no-till corn Yield. Better Crops with Plant Food. 1999; 83(3): 8-9. 

68. Yin X, J Vyn. Potassium placement effects on yield and seed composition of no till soybean seeded in alternate row widths. Ameri Soc 

Agron J. 2003; 95:126-132. 

 


