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Traditional farming has imbalance and excess use of chemicals and, in turn, to negative 

environmental impacts on soil health, groundwater, and atmosphere. Sensor based farming 

system should be more sustainable to reach economical and social profitability as well as 

the sustainable environment. A correct solution is to adopt precision farming, the best 

option for sustaining food production without declining the ecosystem. Precision 

technologies are used for integrating information about spatial and temporal differences 

within the field in order to match inputs to site-specific field conditions. The aims are to 

perform an investigation both on approaches and results of site-specific N management in 

wheat crop and to analyse performance and sustainability of agricultural practice. The 

earlier creation N management decisions, both the measurement and understanding of soil 

spatial variability and the wheat N status are needed. Complementary use of different 

sensors has improved soil quality relatively low cost. The red edge and near-infrared bands 

can penetrate into higher vegetation fraction of the canopy. These narrow bands better 

estimated grain yield, crop N and water status, with R
2
 higher than 0.70. The various 

diagnostic tools and procedures have been developed in order to help wheat growing 

farmers for planning variable N rates. The field studies in which sensor-based N 

management system was compared with common farmer practices showed high increases 

in the N use efficiency of up to 368 per cent. These systems saved N fertilizers, vary from 

10 per cent to about 80 per cent less N, and reduced residual N in the soil by 30-50 per 

cent, without deteriorating yields or grain quality; the sensor based N management on real-

time sensing and fertilization had the highest profitability compared to fixed time and 

undifferentiated applications. Fixed time N management though fetched good economic 

return but incurred higher fertilizer N consumption than required to produce the expected 

yield. Moderate rate of N topdressing at medium SPAD was found best for precision N 

management in wheat crop aiming at greater profit with higher N use efficiency. Their 

study suggests that SPAD meter based N management saved about 30 per cent of the 

existing N fertilizer recommendation in FTNM. Maintaining SPAD threshold value of 42 

with topdressing 20 kg N ha
-1

 at each time had a significant positive effect on grain yield 

with a saving of N fertilizer as compared to FTNM. 
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Introduction 
 

The demand of food is increasing day by day 

to feed the ever growing population and the 

primary resources of agricultural production 

system (land, water, nutrients and atmosphere) 

are progressively degrading. The production 

system needs to be developed for enhancing 

food production, minimizing the use of 

agrochemicals and preserve or improving the 

natural resources (FAO 1995). Precision 

agriculture brings a revolution in agriculture 

and has been practiced commercially since 

(Crookston, 2006). It includes precise 

management of farm inputs at the right place 

and right time with right management 

practices. Precision agriculture offers to 

improve productivity and profitability of farm 

through improved management practices 

(Larson and Robert, 1991; Zhang et al., 2002), 

leading to maintain sustainability (Mulla, 

1993; Mulla et al., 2002; Tian, 2002; Mulla, 

2013). The technologies such as global 

positioning system (GPS), remote sensing, 

variable rate irrigation, fertilizer and sprayer 

controllers, robotics, and real-time decision 

making sensors are adopted. Globally, there is 

meager documentation about the adoption 

rates for precision agriculture in the 

developing country (Mondal and Basu, 2009). 

Keeping in mind about the future condition, 

precise technologies like sensor based inputs 

application are required to compensate the 

food demand. Sensors of the future could be 

based on satellites (Bausch and Khosla, 2010), 

airplanes (Haboudane et al., 2002; Goel et al., 

2003; Haboudane et al., 2004; Miao et al., 

2007), unmanned aerial vehicles (Herwitz et 

al., 2004; Berni et al., 2009), tractors 

(Adamchuk et al., 2004; Long et al., 2008), or 

attached to mobile robots (Astrand and 

Baerveldt, 2002) to record the parameters like 

weed density, crop height, leaf reflectance, 

moisture status and other properties, important 

for precise inputs management. These sensors 

have to able to relay information using 

wireless networks (Wang et al., 2006; 

O‟Shaughnessy and Evett, 2010) to compute 

and control in the field that are capable of 

varying the rates of irrigation, fertilizers, and 

herbicides at fine scale.  

 

A huge amount of herbicide application in the 

field an intensive agricultural practice creates 

environmental and soil hazards. But the global 

need to increase food production is considered 

to be overriding. Therefore, production 

strategy for India in the 21
st
 century must be 

through increasing productivity of the land 

with reduced production cost and higher 

inputs use efficiency (Babu and Reddy, 2000). 

The prime requisite is the promotion of health 

of the soil-plant-environment system without 

exploitation of over use and abuse of the 

inputs (Ayala and Rao, 2002). Wheat crop 

plays an important role on food security of the 

world. Precision inputs management in wheat 

is lacking at present in most of wheat growing 

areas. A good amount of information on crop 

nutrition is available, but information 

regarding need based N management in wheat 

is lacking.  

 

Sensor based N recommendation 

 

Agricultural crops have huge nitrogen 

requirement, but the demand for fertilizer is 

variable. Divergence between the supply and 

requirement of N can potentially hamper the 

crop growth as well as the environment, 

resulting in poor N use efficiency (NUE) leads 

to economic losses. High dose of N 

application often causes to a greater risk of 

ground water contamination as a result of 

leaching of NO3-N which affects crop 

productivity and net return (Carpenter et al., 

1998; Ferguson et al., 2002; Hashimoto et al., 

2007; Tremblay et al., 2012). A balance 

between supply and utilization is required to 

optimize crop growth and economic returns 

and to maintain environmental 

sustainability.Now the challenge is to develop 
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a simple sensor with two or three bands to 

estimate crop N concentration across different 

growth stages and environments for practical 

application. Crop N status can be determined 

non-destructively from the spectral reflectance 

of canopy due to good correlation between 

leaf chlorophyll and crop N status (Wood et 

al., 1992; Blackmer et al., 1994). Several 

algorithms have been projected to relate the 

chlorophyll content and leaf N concentration 

from selected wavebands provided by optical 

remote sensing technologies (Walburg et al., 

1982; Filella et al., 1995). Some reflectance 

sbased vegetation indices use a combination of 

wavebands such as the ratio vegetation index 

(RVI) and the normalized difference 

vegetation index (NDVI) (Rouse et al., 1973). 

The NDVI is a common measure to estimate 

crop N status from remotely sensed data from 

a variety of satellites (Wright et al., 2004; 

Tremblay et al., 2009), is strongly correlated 

with SPAD readings (R
2 

= 0.68 to 0.90) (Han 

et al., 2002). 

 

Blackmer et al., (1995) used aerial images 

obtained at a certain wavelength that was 

particularly sensitive to canopy N levels to 

map N deficient areas within corn fields. They 

proposed the images of canopy reflectance 

could be used to detect portions of the field 

that were N deficient. Remote sensing is 

another areal precision applicator for 

obtaining information on crop N status for 

portions of or an entire field to characterize 

the spatial variability (Bhatti et al., 1991; 

Atkinson et al., 1992; Moran et al., 1997). The 

chlorophyll in the leaves absorbs strongly in 

the blue (around 450 nm) and red (around 670 

nm) light, and reflects in the green (around 

550 nm) region of the light spectrum. Miao et 

al., (2009) proposed that combination of 

chlorophyll meter readings and aerial or 

satellite remote sensing images seem to be a 

practical solution to in-season site-specific N 

applications in large fields. Perry et al., (2012) 

conducted experiments using satellite imagery 

and multispectral cameras deployed on 

ground-based and airborne platforms. They 

found that the strong relationship between 

measured and estimated N across the 11 

datasets with an R
2
 of 0.60.Among the tested 

technologies for precision N management, a 

saving of N by 9.5 and 30 kg with green 

seeker and SPAD, respectively, while 

enhancement of 18.4 kg N ha
-1

 by soil test 

crop response (STCR) was found compared 

with recommended dose of fertilizer on the 

maize crop (Mohanty et al., 2015). 

 

The simplest, reliable and inexpensive tool for 

precision N management is the leaf colour 

chart (LCC), which can successfully be used 

to guide need-based nitrogenous fertilizers 

application in the crops based on spectral 

properties of leaves (Shukla et al., 2004; 

Singh et al., 2007, 2010). With a „real-time‟ 

approach of N management, farmers take LCC 

readings at one week interval and apply 

fertilizer N wherever the LCC readings fall 

below the critical value. Fenga et al., (2016) 

observed that the relationship between spectral 

indices and leaf N content varied under 

different experimental conditions (growth 

stages, cultivars, treatments, locations, and 

years). “Ramped Calibration Strip” (RCS), a 

precision another applicator for N fertilizer 

was developed and designed to predict crop N 

requirements based on the NDVI from wheat 

crop (Raun et al., 2005; Arnall et al., 

2008;Raun et al., 2008). This strip is a visual 

indicator, generous direct educational value to 

the producer because of the easily recognized 

signs of N stress or N adequacy.  

 

The Greenseeker is another commercially 

available device which uses active radiation 

from red and near infrared light emitting 

diodes to obtain reflectance data independent 

of solar illumination. The NDVI from 

Greenseeker has been found useful in 

determining management zones (Sharp et al., 

2004). The Greenseeker can also be used in 
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the determination of management zones and 

nitrogen status in the corn and wheat crop for 

improving NUE (Hong et al., 2007; Guo et al., 

2008; Tremblay et al., 2009; Li et al., 2010; 

Shaver et al., 2010; Erdle et al., 2011). Cao et 

al., (2017)suggested that the Crop Circle 

ACS-470 sensor can improve estimation of 

early season winter wheat plant N uptake and 

grain yield as compared to the Greenseeker 

sensor; but the precision nitrogen management 

strategies based on these two sensors perform 

equally well for improving NUE in winter 

wheat. Erdle et al., (2011) reported that Crop 

Circle ACS 470 sensor was the most powerful 

and stable index for estimating winter wheat N 

status. Shiratsuchi et al., (2011) noticed that 

the vegetation indices calculated with Crop 

Circle were the best indices for differentiating 

N rate effects on maize N status. Singh et al., 

(2011) observed that sensor-guided fertilizer 

N applications resulted in high yield levels 

and high N-use efficiency of cereals. 

 

Aerial and satellite imagery can be 

compromised by cloud coverage, for 

evaluating N status especially in the regions 

where this climatic feature is common in 

spring and summer months. Unlike aerial or 

satellite sensing, ground-based sensing need 

not be compromised by climatic factors and 

the sensors can be attached directly to an 

applicator so that the fertilization can be 

accomplished within seconds of crop sensing. 

Likewise, Greenseeker or Crop circle, Minolta 

Camera Company developed a portable 

chlorophyll meter or SPAD meter which can 

be used to estimate chlorophyll levels in 

leaves. Blackmer et al., (1994) and Markwell 

et al., (1995) suggested that the chlorophyll 

meter measures light transmission in the red 

(650 nm) and near-infrared (940 nm) parts of 

the spectrum to estimate leaf chlorophyll 

content. N is the key element in chlorophyll 

molecules and chlorophyll meter provides 

instant crop N status as SPAD value in a non-

destructive manner. Using the Minolta SPAD 

502 chlorophyll meter to monitor crop N 

status and applying N fertilizers; Blackmer et 

al., (1993); Blackmer and Schepers (1994) and 

Blackmer and Schepers (1995) showed that 

crop-based approach would be an 

improvement over current soil-based approach 

to manage N. Chlorophyll meters have been 

used commonly to estimate crop N status non-

destructively at crop growth stages to allow 

in-season adjustment of N fertilizer (Varvel et 

al., 2007; Miao et al., 2009; Singh et al., 

2010; Cao et al., 2012; Ghosh et al., 2013). 

Scharf et al., (2006) found that chlorophyll 

meter readings were significantly correlated 

with the economically optimal N rate and 

yield response to N applied. They opined that 

chlorophyll meter reading was good predictor 

of corn yield response to N over a wide range 

of soil types and would be useful in making 

N-fertilizer management decisions. In a 10-

year study in Nebraska, USA, Varvel et al., 

(2007) found significant linear correlation 

between chlorophyll meter readings and corn 

yield, which was supported by Hawkins et al., 

(2007). Miao et al., (2009) also observed that 

chlorophyll meter has been commonly used to 

assess corn N status and refine in-season N 

management.  

 

Singh et al., (2012) suggested that overall 

treatment variations in SPAD readings were 

consistent with those in petiole nitrate-

nitrogen (NO3-N) concentrations. However, 

the ability of the SPAD meter to detect 

treatment differences varied with growth stage 

and growing season. Severe N deficiency can 

be detected about one month after emergence 

with SPAD readings, but as early as 2 weeks 

after emergence with petiole NO3-N 

concentrations. Research in Nebraska littered 

the use of the SPAD meter for predicting in-

season N deficiencies in the corn (Blackmer 

and Schepers, 1995). They used non-N-

limiting reference strips was a benchmark that 

targeted improved mid-season N management 

in cereal production. This team in Nebraska 
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further developed this approach, using the 

sufficiency index as a guide for applying mid-

season N (Varvel et al., 1997). Management 

of N in the winter and summer annual crops 

will likely to involve different approaches in 

order to understand sensor data with variable 

factors such as bare soil color, vegetative 

cover, chlorophyll content, leaf area index, 

biomass, plant height, etc. It is expected that 

sensors and improved algorithm technique 

create a better perceptive of soil-crop N 

dynamics in the future. Banerjee et al., (2014) 

observed that the application of nutrient on the 

basis of the decision support system like 

Nutrient expert proved superior over farmer‟s 

practice as well as state recommendation 

where much higher dose of nutrients were 

applied. The Nutrient Expert based 

recommendation may be helpful in improving 

productivity and profitability of Maize 

cultivation in the laterite soil of eastern India. 

 

Fixed time and precision N management in 

wheat 

 

The information regarding the effect of fixed 

time and precision N management on growth 

and yield of wheat are presented here. Ghosh 

et al., (2017) suggested that fixed time N 

management though fetched good economic 

return but incurred higher fertilizer N 

consumption than required to produce the 

expected yield. Moderate rate of N 

topdressing at medium SPAD was found best 

for precision N management in wheat crop 

aiming at greater profit with higher N use 

efficiency. Their study suggests that SPAD 

meter based N management saved about 30% 

of the existing N fertilizer recommendation in 

FTNM. Maintaining SPAD threshold value of 

42 with topdressing 20 kg N ha
-1

 at each time 

had significant positive effect on grain yield 

with a saving of N fertilizer as compared to 

FTNM. According to the research of Ghosh et 

al., (2017) the SPAD value of 42 was found to 

be critical for wheat in eastern India. The 

findings strongly suggest the revision of 

current recommendations in the rate and 

timing of N fertilizer application to maintain 

SPAD value 42 up to heading stage to 

improve growth and productivity of wheat in 

the subtropics of eastern India. 

 

Crop growth and yield 

 

In India the major issues for fixed time N 

management practices are: 1) declining yields, 

2) declining factor productivity, and 3) 

declining soil health. There is a growing 

concern in sustainability cereal system as the 

growth rates of rice and wheat yields are 

declining. Proper management of nutrients in 

wheat cultivation can improve crop yield 

while reducing fertilizer N use (Dobermann 

and Fairhurst, 2000). Peng et al., (2006) 

noticed that site specific nutrient management 

reduced N fertilizer use by 32 per cent and 

increased grain yield by 5per cent when 

compared with farmers‟ usual fertilizer 

practices. Banerjee et al., (2014) found that 

the growth parameter as well as yield 

component and yield were significantly 

affected by different varieties and different 

levels of fertilizer using Nutrient Expert tool. 

Their study found that where fertilizer was 

applied on the basis of “Nutrient expert” 

recommendation gave highest yield and yield 

parameter values than that of farmers‟ 

practice. Sui et al., (2013) observed that the 

dry matter production for wheat in farmers‟ 

practices was faster than that of the optimized 

N treatments at the vegetative and earlier 

reproductive growth stages; but at the later 

reproductive stage it became slower. Their 

study indicates that application of large 

amount of fertilizer at the time of sowing is 

not beneficial to maintain the physiological 

biomass at reproductive stage in farmers‟ 

practice. Positive correlations could be found 

between grain yield and spikelet. Grain yield 

of optimized N treatments was positively 

correlated with the spikelet per unit area, but 
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the grain yield in FFP was not increased with 

the increase of spikelet per unit area (Sui et 

al., 2013). Researchers suggested that the 

yield attributes, undersoil test crop response 

and site-specific N management performed 

better than farmers‟ practice (Mohanty et al., 

2015). 

 

The chlorophyll meter was also effective in 

predicting N deficiency. Values of 40 and 45 

SPAD units at booting stage of wheat are 

suggested as lower and upper limits for 

satisfactory N supply levels for the wheat 

cultivar (Vidal et al., 1999). They suggested 

that the lower limit indicating severe nitrogen 

deficiency in the leaves was approximately 35 

SPAD units; while the upper limit of 45 SPAD 

units, indicated an excess consumption for 

winter wheat. Site specific nutrient 

management generated a yield gain of at least 

0.5 Mg ha
-1

 (12%) with 10% saving of 

fertilizer N when compared with FFP, clearly 

bringing out the positive effect of N 

management in site specific nutrient 

management (Singh et al., 2002; Pathak et al., 

2003).  
 

Singh et al., (2013) observed that SPAD 

readings at maximum tillering revealed that 

application of 30 kg N ha
-1

 increased wheat 

yield by 1.0 or 0.5 t ha
-1

 when the reading was 

equivalent to or less than SPAD value of 32.5 

or 42.5, respectively. Singh et al., (2002) 

observed that wheat responded to topdressing 

of 30 kg N ha
-1

 when the SPAD reading at 

maximum tillering was less than 44 and 

observed a 20% yield increase at SPAD value 

of 42 or less. Hussain et al., (2003) 

determined a critical SPAD value of 42 for 

guiding need based N topdressing in wheat in 

Indo-Gangetic Plain (IGP) in Pakistan. 

However, Maiti and Das (2006) found that 37 

is threshold SPAD value for guiding fertilizer 

N application to wheat in the eastern IGP 

where winters are mild and yields are 

relatively lower than those observed in 

western IGP.  

Nitrogen use efficiency  

 

Nitrogen is the key nutrient and the general 

recommendations are 100-120 kg N ha
-1 

for 

wheat (Prasad, 1990). One of the main reasons 

for the low recovery efficiency of N is that 

many farmers in the wheat belt apply 150 kg 

N ha
-1

 or even more (Cassman et al., 1998; 

Prasad, 1999). Goswami et al., (1988) showed 

that the recovery of 60 kg N ha
-1

 applied to 

rice was 35.4per cent by rice and 4.1per cent 

by the succeeding wheat (residual N); the 

corresponding value at 120 kg N ha
-1

 was 

31.2per cent by rice and 4.6per cent by the 

succeeding wheat. The main causes for low 

recovery of N in wheat are inadequate and 

improper application of N fertilizer which 

causes volatilization, denitrification, leaching 

and runoff (Prasad and Power, 1995, 1997). 

Because processes other than ammonia 

volatilization are more operative in the rice 

growing season when monsoon rains are 

received or heavy and frequent irrigations are 

applied. Now the big issue is knocking that 

how to increase the efficiency. Mainly N use 

efficiency depends on the management 

practices which need to be optimized and 

adequate (Prasad, 2005). Banerjee et al., 

(2014) it was found that the highest values for 

agronomic efficiency, physiological efficiency 

and recovery efficiency were also found where 

fertilizer was applied on the basis of the 

Nutrient Expert recommendation. 
 

Application of N in the small amounts is a 

proven tool to increase N use efficiency. Most 

of N to wheat is applied in two or three split 

doses. In India for wheat the general 

recommendation for N application is in two 

split doses, half at sowing and rest at first 

irrigation (21-25 days after sowing), however, 

three split doses may be used on sandy soils 

(Bhardwaj, 1978). In China, 70% of the N 

dose is applied at sowing, 15% at the two leaf 

stage, and the final 15% at jointing (Shihua 

and Wenqiang, 2000). Researchers concluded 

that excess use or blanket application of N 
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fertilizer during the initial stage may lead to 

poor N use efficiency. Overuse of synthetic N 

fertilizer has become wide spread in China (Ju 

et al., 2009; Miao et al., 2011), where the 

amount of synthetic N fertilizer used in wheat 

cultivation is 90% greater (190 kg ha
-1

) than 

the average amount of the world (Heffer, 

2009). Excessive N in the soil–plant system 

has contributed to soil acidification due to 

acidity generated during nitrification (Guo et 

al., 2010). Excess N is also the main 

contributor to eutrophication of surface 

waters, nitrate contamination of groundwater 

and greenhouse gas emissions. Thus, 

fertilizing crops based on N requirement to 

enhance yield and at the same time reduce 

environmental pollution has become a major 

challenge for scientists, environmental groups 

and agricultural policymakers 

worldwide.Singh et al., (2010) suggested that 

feeding crop N needs is the most appropriate 

fertilizer N management strategy to further 

improve N use efficiency. Since plant growth 

reflects the total N supply from all sources, 

plant N status at any given time should be a 

better indicator of the N availability. The 

chlorophyll meter and leaf colour chart have 

emerged as diagnostic tools which can 

indirectly estimate crop N status of the 

growing crops and help define time and 

quantity of in-season fertilizer N top dressings 

in rice and wheat. Supplemental fertilizer N 

applications are thus synchronized with the N 

needs of crop. 

 

The NUE values for most of the cereal crops 

are estimated to be approximately 33% 

worldwide (Raun and Johnson, 1999). 

Agronomic N use efficiency decreased 

because of the increase in the rate of N supply 

(Peng et al., 2002 and 2006). It was reported 

that the poor agronomic N use efficiency of 

farmers‟ practice was 6.4 kg kg
-1 

and 5-10 kg 

kg
-1

 in Zhejiang and Jiangsu provinces of 

China, respectively (Wang et al., 2001; Peng 

et al., 2006; Cao et al., 2017) observed that 

the Crop Circle ACS-470 sensor could 

significantly improve estimation of early 

season plant N uptake (R
2
=0.78) and grain 

yield (R
2
=0.62) of winter wheat over Green 

Seeker sensor (R
2
=0.60 and 0.33, 

respectively). The inefficient fertilizer 

management was due to ignoring the impact 

of spatial and temporal variability and 

difficulty in identifying the appropriate timing 

for fertilizer application. Low NUE values are 

due to loss of applied N from the soil–plant 

system via various pathways including 

gaseous plant emission, denitrification, 

leaching, surface runoff and volatilization. 

Enhancement of NUE by 10per cent in the 

production of cereal crops would result in 

savings of about US $5 billion per year and 

maintaining environmental sustainability 

(Gupta and Khosla, 2012). Soil moisture also 

has a significant effect on N availability, 

uptake and NUE. Furthermore, moisture has 

the potential to improve crops response to N, 

which would help in improving N fertilizer 

rate recommendations. Development of 

advanced sensor based tools for improving 

NUE, numerous methodologies are being 

proposed to estimate crop N requirements 

usingboth direct and indirect measurements of 

crop parameters. These methodologies often 

fail to account for the effect of temporal 

variability in environmental factors like soil 

moisture, which are closely tied with temporal 

variability in crop yield (Raun et al., 2011). 

Ali et al., (2015) suggested that N use 

efficiency was improved by more than 12% 

along with high rice yield levels when N 

fertilizer management was guided by Green 

seeker as compared to when general N 

fertilizer recommendation was followed. 

 

Significant increases in Agronomic N use 

efficiency (AEN), nitrogen recovery 

efficiency (REN) and partial factor 

productivity of applied N (PFPN) were 

achieved through the site-specific N 

management practiced over farmers‟ fertilizer 
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practices. The increase in AEN by 5.26 kg kg
-1

 

(63%), REN by 0.10 kg kg
-1

 (59%), and PFPN 

by 7.72 kg kg
-1

 (26%) indicated greater saving 

of fertilizer N with the positive impact of site-

specific N management on fertilizer N use 

efficiency (Khurana et al., 2008). Singh et al., 

(2012) found that LCC based N management 

strategy lead to AEN and REN as high as 29.2 

kg kg
-1

 and 79.3%, respectively. Improved 

AEN and REN supported the results of 

Dobermann et al., (2004) who noticed an 

exceeding of AEN and REN by 25 kg kg
-1

 and 

60% respectively with high grain yield as 

efficient N management strategies for timely 

sown wheat. The farmers practice of applying 

blanket N doses at fixed growth stages does 

not take care of spatial and temporal 

variability in soil N supply and is not adequate 

for obtaining high agronomic and recovery 

efficiencies of fertilizer N in wheat (Singh et 

al., 2012). Using an in-season N fertilization 

optimization algorithm, Tubana et al., (2008) 

observed that fertilizer N use efficiency could 

be increased up to 41% in winter wheat and it 

was supported by Diacono et al., (2013). 

 

To optimize the tradeoff amongst yield, profit 

and sustainable environment, then 

management practices is to achieve better 

synchrony between applied and demand of 

fertilizer N, accounting for spatial variability 

in soil N supplies and crop N uptake. To 

accomplish this task, it will be necessary to 

utilize various precision agriculture tools like 

various soil and crop sensors that have the 

ability to sense crop N status and deliver 

spatially variable N applications based on crop 

N demand. Sensor like Greenseeker resulted 

15% more NUE than that of farmers 

recommendation in wheat (Raunb et al., 

2002). Compared with traditional practice, 

NUE was significantly increased using active 

sensor based in-season N management 

strategies for winter wheat (Li et al., 2009; 

Singh et al., 2011) and rice (Yao et al., 2012). 

A profit of $25–50 ha
−1

 has been reported for 

active sensor-based variable rate N 

management of maize (Kitchen et al., 2010). 

Similarly, Scharf et al., (2011) noted that 

sensor-based N application increased partial 

profit and yield by $42 ha
−1

 and 110 kg ha
−1

, 

respectively, while N application rate was 

reduced by 16 kg N ha
−1

 compared to local 

farmers‟ practice. These results suggest that 

active sensor-based technology has a high 

potential for improving crop N management.  

 

Therefore, farming system should be more 

precise to reach economical and social 

profitability as well as environmental 

preservation. The emphasis of precision 

agriculture is placed on practical application 

that shows a benefit to the farmer by providing 

tools that can help him manage an increasing 

size of enterprise when the economic margins 

are under great pressure. Therefore, without 

tools to recommend crop N need, leads to 

ignore the spatial differences in the field 

results in greater risk of N loss leading to 

considerable environmental degradation 

(Hong et al., 2007). The main reasons for the 

improved N use efficiency was the efficient 

use of soil N supply and better 

synchronization between soil N supply crop N 

demands. Ghosh et al., (2017) suggested that 

The SPAD based precision N management 

concept has been demonstrated promising 

agronomic potential with increased wheat 

yield and N use efficiency. 

 

Soil fertility status 

 

The importance of soil fertility cannot be 

ignored in sustainable agricultural production 

system. The soil fertility declines at a faster 

rate in the tropical and subtropical belts due to 

rapid decomposition of soil organic matter and 

subsequent loss of plant nutrients from the 

root zone as compared to that of the temperate 

zone. The maintenance of soil fertility under 

intensive wheat area is a challenging task in 

the coming years particularly in the tropical 
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and subtropical belts. In this context, how 

fixed time and precision N management in 

wheat help in improving and maintaining soil 

fertility status is an important area to look at. 

 

Real-time crop sensors have passive and 

active light technologies to ascertain N status 

through reflectance measurements in visible 

and near infrared wave bands. To 

accommodate spatial variability conditions 

and better match fertilizer N supply with crop 

N requirements, Franzen et al., (2002) and 

Ferguson et al., (2003) have developed a soil-

based approach involving delineation of 

spatial variability into management zones as a 

means to direct variable N applications and 

improve NUE. Studies in India showed an 

increase in organic C due to the addition of 

organic residues (Brar et al., 1998; Yadav and 

Kumar, 1998; Sharma and Prasad, 1999; 

Sharma et al., 2000). Thus, cereal-cereal 

cropping system leads to a decline in soil 

organic carbon unless adequate fertilization 

and organic residues addition are practiced. 

The application of 144 kg N ha
-1 

to winter 

wheat at broad balk for 122 years caused only 

a 20% increase in available soil N. From a 3-

year study at New Delhi, India, Prasad and 

Misra (2001) observed that an increase in soil 

organic C in a short span of time might not be 

noted; but the addition of fertilizer N and 

legume residues certainly increased available 

N in soils, which was more after wheat harvest 

than after rice harvest. Thus, addition of 

fertilizer N and legume residues definitely 

increases the labile N pool.  

 

SPAD-based N management in wheat  
 

Approximately 85% of wheat is grown in the 

IGP of South Asia. The major producers are 

India and China, accounting around 10 and 13 

Mha, respectively. Other countries in the 

region have small areas of 2.2 Mha in 

Pakistan, 0.5 Mha in Bangladesh, and 0.6 Mha 

in Nepal (Singh and Paroda, 1994; Aslam, 

1998). Adhikari et al., (1999) reported that a 

current farm yield in Nepal, with modest 

fertilizer applications in wheat (50 kg N ha
-1

) 

was2.7 t ha
-1

. In Bangladesh, where more N is 

applied (70 kg N ha
-1 

crop
-1

), the 

corresponding yield is 3.1 t ha
-1

. India has also 

shown an average wheat yield of 4.8 t ha
-1

 

with farmers' practices and5.4 t ha
-1 

under site-

specific nutrient management (Ladha et al., 

2000).  

 

Ghosh et al., (2016) suggested that SPAD 

meter based N management saved about 30% 

of the existing N fertilizer recommendation in 

FTNM. Maintaining SPAD threshold value of 

42 with topdressing 20 kg N ha
-1

 at each time 

had significant positive effect on grain yield 

with a saving of N fertilizer as compared to 

FTNM. The SPAD value of 42 was found to 

be critical for wheat in eastern India. The 

findings strongly suggest the revision of 

current recommendations in the rate and 

timing of N fertilizer application to maintain 

SPAD value 42 up to heading stage to 

improve growth and productivity of wheat in 

the subtropics of eastern India. 

 

The chlorophyll meter or SPAD meter has 

emerged as diagnostic tool which can 

indirectly estimate the crop N status and help 

in proper time and quantity of in-season 

fertilizer N topdressings. It instantly and 

nondestructively estimates the leaf N status as 

chlorophyll content. The fully expanded and 

youngest leaf is the most appropriate index 

leaf for SPAD in rice and wheat crop. The 

SPAD meter is able to provide a rapid and 

reasonably accurate estimate of leaf N content 

and the potential for applying principles and 

technology of precision farming to understand 

and control spatial and temporal variation in 

Malaysian paddy fields (Gholizadeh et al., 

2011). SPAD values can be used to guide N 

fertilizer applications for wheat in regions 

where winters are mild, soil is light and yields 

are relatively lower, this should be for 
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achieving higher N fertilizer-use efficiency in 

light soils of irrigated spring wheat (Akhter et 

al., 2016). The SPAD values of flag leaves 

were significantly affected by differential 

fertilizer management and having positive 

strong correlations with grain yield at different 

growth stages of wheat (Islam et al., 2014). 

SPAD meter based N management saved 27 to 

54% fertilizer N in rice in comparison to 

FTNM. Especially maintaining SPAD 

threshold 36, application of 35 and 25 kg N 

ha
-1

 could save the fertilizer N by 20 to 35% 

as compared to FTNM with a marginal 

positive impact on rice grain yield. The SPAD 

value of 36 was found to be critical for eastern 

India, unlike the value of 35 recommended for 

the Philippines in rice (Ghosh et al., 2013). 

The split application of N fertilizer after 

heading increased dry matter accumulation 

after flowering, which led to increases in grain 

yield despite basal N application and 

topdressing at crown root initiation. Its 

findings strongly suggest the revision of 

current recommendation in the rate and timing 

of N fertilizer application, aiming to maintain 

SPAD value ≥40 up to heading stage and then 

improving growth and productivity of wheat 

in the subtropics of eastern India (Ghosh et al., 

2017). 

 

The SPAD index has good correlation with 

leaf N concentrations as well as soil N status 

(Follett et al., 1992). The SPAD-based 

management of N fertilization requires that 

SPAD readings are precise and reproducible. 

However, leaf physiological traits such as cell 

structure, chloroplast movements and water 

status can have important effects on leaf 

optical properties, therefore, increment on 

SPAD values by 2–3 units as relative leaf 

water content decreased from 94 to 87.5% in 

wheat leaves. The use of SPAD meter was 

very important to detect the nitrogen 

physiological rate for growth, yield and grain 

quality of wheat plant (ElHabbal et al., 2009). 

The SPAD values were significantly affected 

by rice variety, growth stage, the leaf position 

and the measurement point on a leaf blade 

(Fang et al., 2010). The ability of the 

chlorophyll meter to schedule fertigation is 

promising because it offers the possibility of 

conserving fertilizer and protecting the 

environment (Blackmer et al., 1995). The 

relationship between SPAD readings and leaf 

N content per leaf area is profoundly affected 

by environmental factors and leaf features of 

crop species, which should be accounted for 

when using a chlorophyll meter to guide N 

management in agricultural system (Xiong et 

al., 2015). The increasing of SPAD readings 

values with growth stage was observed at 55 

DAT had a better relationship to leaves total N 

than 80 DAT on paddy crop Gholizadeh et al., 

(2011). The higher correlation coefficient 

value indicated that the SPAD values of flag 

leaves up to anthesis are important for 

predicting grain yield in wheat (Islam et al., 

2014). Several workers (Murdock et al., 1997; 

Yang et al., 2003; Janaki and Thiyagrajan 

2004) have reported significant correlation 

coefficient among the grain yield and leaf N 

content as well as with SPAD values recorded 

at crop growth stages. Xiong et al., (2015) 

observed that a significant impact of light 

dependent chloroplast movement on SPAD 

readings was observed under low leaf N 

supplementation in both rice and soybean but 

not under high N supplementation. 

Furthermore, the allocation of leaf N to 

chlorophyll was strongly influenced by short 

term changes in growth light.  

 

Crop growth and yield  

 

In wheat, need based N topdressings are more 

complex than that of other cereal crop, 

because N application is linked with irrigation 

event. Generally, N is applied to wheat in two 

equal splits as basal and topdressing at crown 

root initiation stage (Meelu et al., 1987). 

Suitable criteria are deficient to establish 

whether or not of wheat stage N application is 
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required in wheat. The chlorophyll meter may 

be an effective tool in predicting N deficiency 

in wheat. SPAD meter readings for wheat at 

Zadok stage 37 were found good respond to a 

third application of N fertilizer in 91% of the 

cases (Zadoks et al., 1974). However, 

Peltonen et al., (1995) observed the SPAD 

meter measurement at Zadok stage 37-41 and 

Zadok stage 52-58 could help in identifying 

wheat cultivars responsive or non-responsive 

to N application. A critical SPAD value of 42 

at mid-tillering in wheat corresponds with the 

result of Follett et al., (1992) and Ghosh et al., 

(2017) for wheat in Colorado and in eastern 

India, respectively.  

 

Vidal et al., (1999) found that the SPAD 

values 40 and 45 were found to be the lower 

and upper limits, respectively in Latin 

America for wheat. The lower limit indicating 

severe nitrogen deficiency in the leaves was 

approximately 35 SPAD units; while, the 

upper limit of 45 SPAD units, indicated an 

excess consumption. The critical SPAD values 

for wheat at critical growth stages needs to be 

examined by conducting experiment under 

diverse agro-ecological conditions with 

different wheat varieties. The SPAD readings 

were highly correlated with stem N% (R
2
= 

0.80) and leaf N% (R
2
= 0.94) at heading, 

making SPAD an effective substitute of plant 

N content. Grain yield was also found to be 

highly correlated with SPAD readings at 

anthesis (R
2 

= 0.88). However N accumulation 

in above ground biomass during early 

vegetative growth is less important than that 

of mid-tillering and early reproductive growth 

stages (Cassman et al., 1996). This was 

supported by Ling (2000) and he concluded 

that wheat yield depends on dry matter 

accumulation after heading or blooming. 

Later, Singh et al., (2005) concluded that 

SPAD meter can help in establishing the need 

for N application as required, which will 

largely depend on soil N status, date of 

planting and climate. Takebe et al., (2006) 

found a close relation between SPAD value at 

heading stage and grain protein content at 

maturity. His study suggested that application 

of 30 kg N ha
-1

 (if SPAD value was 50-52) or 

60 kg N ha
-1

 (if SPAD value was 45-50) at 

heading stage helped to obtain a grain protein 

content of more than 120 g kg
-1

 in Japan.  

 

Using SPAD meter in South Asia, Singh et al., 

(2002) noted that wheat responded to 

topdressing of 30 kg N ha
-1

 when the SPAD 

reading at maximum tillering is less than 44. 

They obtained a good increment of wheat 

yield by 20% when 30 kg N ha
-1

 was applied 

with SPAD value of 42 at maximum tillering. 

However, Hussain et al., (2003) noticed a 

critical SPAD value of 42 for guiding N 

topdressing in wheat in Pakistan. In lower 

Gangetic plains of Bangladesh, application of 

20 kg N ha
-1

 in split at 44 SPAD value was 

found to be ideal for wheat cultivation (Kyaw, 

2003). Maiti and Das (2006) found that SPAD 

37 as threshold value worked very well for 

guiding fertilizer N applications to wheat with 

a saving of 40.0-72.5 kg N ha
-1

 over the 

farmers‟ management practices without 

reduction in the grain yield in the eastern IGP. 

Application of 150 kg N ha
-1

 following 

threshold SPAD value of 38 produced wheat 

grain yield corresponding to that obtained with 

blanket application of 180 kg N ha
-1

 in two 

split doses in Pantnagar, India in the middle 

IGP (Singh et al., 2010). Peng et al., (2012) 

reported that large amount of N applied at 

tillering in wheat decreased the production of 

effective tillers and there was significant 

negative correlation (P<0.05) between 

effective tillers and dry matter accumulation at 

the jointing stage. They further noticed that 

higher dry matter yield at early growth stage 

recorded lower number of ear-bearing tillers 

and greater dry matter yield after blooming or 

heading produced higher wheat yield.  

 

Now a day, big question arises regarding the 

basal N application, generally the farmers dig 
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up a sensation of security against yield loss by 

applying a basal N dose. But the amount and 

timing of N application, has always remained 

a question when need based N management 

has been followed in rice and wheat. Witt and 

Dobermann (2002) noted that basal 

application of N can be skipped without 

reducing economic yield with higher N use 

efficiency. Shukla et al., (2004) also supported 

that SPAD meter can be used for indigenous N 

supply and their study concluded that basal 

dose of 40 kg N ha
-1

 can provide an equivalent 

crop growth rate at crown root initiation stage 

with the basal application 60 kg N ha
-1

.  

 

Nitrogen use efficiency 
 

Peng et al., (1996) reported that SPAD based 

N practices received 56 kg N ha
-1

 and 

produced grain yield comparable to fixed-

schedule N treatment of 90 kg N ha
-1

. The 

SPAD based N treatment had larger REN, 

PFPN and an AEN of 45-110% greater than 

that of fixed time N management practices. 

They found that dry weight of dead tissue and 

unproductive tillers at flowering were greater 

in fixed time N management as compared to 

those of SPAD based N management. Excess 

tiller development and greater dead tissue 

biomass in fixed time N management practices 

were responsible for lower HI and NHI 

(nitrogen harvest Index) in comparison to 

SPAD based N management. Significant 

increase in AEN by 5 kg kg
-1

 (78%), REN by 

0.11 kg kg
-1

 (61%) and PFPN 12 kg kg
-1

 

(33%) due to SPAD guided N management 

over farmers‟ practice in China was noticed by 

Wang et al., (2001). Their experiment 

suggested that during vegetative growth 

SPAD meter readings in farmers‟ practice 

treatments were larger than SPAD based N 

treatments, but the reverse was true during 

reproductive growth stages. Khurana et al., 

(2008) suggested that SPAD meter can 

improve timing and/or splitting of fertilizer N 

and their result recorded increasing N 

recovery efficiency from 0.17 kg kg
-1

 in 

farmers‟ management practice to 0.27 kg kg
-1

 

in SPAD based N management practices. 

However, the agronomic N use efficiency in 

previous treatment was 63% higher farmers‟ 

management practices. Abrol et al., (2012) 

suggested that some modern tools such as 

precision farming technologies, simulation 

modeling, decision support system, and 

resource conserving technologies also help to 

improve NUE.  

 

Cabangon et al., (2011) found that IEN values 

of SPAD 35 were significantly higher than 

those in FFP where 180 kg N ha
-1 

was applied 

in four equal splits; whereas, SPAD 38 gave 

similar IEN with farmers‟ practice. 

Balasubramanian et al., (2000) suggested that 

in many Asian wheat growing countries has 

generally shown that the same yield could be 

achieved through need based N management 

strategies with about 20–30% less N-fertilizer 

applied, over farmers‟ management practices. 

Though SPAD meter emerged as reliable tool 

to guide real-time need based fertilizer N 

recommendations in wheat, but appropriate 

strategies in wheat needs to be developed. 

Threshold SPAD values need to be worked 

out more rationally for different varietal 

groups of wheat. Suitable criteria for applying 

a basal dose of N need to be modified to 

discriminate soil types. Well planned studies 

to assess the effect of RTNM in wheat crop 

need to be carried out. 

 

Economics of precision N management  
 

Nitrogen is a crucial nutrient in cereal 

production, and can account for approximately 

15-25% of production costs (Lambert and 

Lowenberg-DeBoer, 2000). To increase the N 

use efficiency with the positive objectives are 

to increase the profitability and environmental 

sustainability. There are two primary 

prediction methods for precision N 

application. The first method uses frequent 

soil tests from several areas in a field as well  
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as GIS mapping (Koch et al., 2004). The 

second uses optical reflectance measurements 

based on the crop‟s vegetation level to 

estimate N requirements (Alchanatis et al., 

2005; Raun et al., 2005). There is no 

overwhelming evidence that the soil sampling 

and sensing methods increase profits enough 

in wheat production to recover the upfront 

capital cost for the technologies (Anselin et 

al., 2004; Berntsen et al., 2006). However, 

plant sensing is a more economically viable 

system than soil sampling and was found to 

be profitable (Ortiz-Monasterio and Raun, 

2007). Biermacher et al., (2006) conducted an 

economic analysis of 65 site-years of data 

from winter wheat N fertility studies in the 

southern plains of the United State to estimate 

the expected returns from uniform N versus a 

variable-rate applicator. They showed 

variable-rate N applications would result in 

significant N savings compared to uniform N 

application, when using N priced at $0.55 per 

kg. Cui et al., (2008) noticed that in-season N 

management strategy based on soil test value 

significantly increased economic wheat yield 

by $144 per hectare, reduced residual nitrate-

N content in the top 90cm soil layer and N 

losses by 81 and 118 kg N ha
-1

, respectively. 

A profit of $25-50 per hectare has been 

reported for active sensor-based variable rate 

N management of maize crop (Kitchen et al., 

2010). Similarly, Scharf et al., (2011) noticed 

that sensor-based N application increased 

profit and yield by $42 per hectare and 110 kg 

ha
−1

, respectively, while the N application rate 

was reduced by 16 kg N ha
−1

 compared to 

local farmers‟ practice. These results suggest 

that active sensor-based technology has a high 

potential for improving crop N management. 

Compared with traditional practice, the NUE 

increased significantly using active sensor-

based in-season N management strategies for 

winter wheat (Singh et al., 2011).  
 

In conclusion, the present study is very 

evident from the above literature that the 

researchers from India and aboard have 

emphasized the need for efficient fertility 

management especially nitrogen management, 

in wheat crop under varying soil and agro-

climatic conditions. As far as India is 

concerned, investigations on nitrogen 

management in wheat have been carried out 

meagerly in western India (Punjab and 

Haryana), and this kind of study is almost 

scanty in eastern India. The sensor based 

study under different wheat cultivar is also 

lacking in Indo Gangetic Plains of India. 

There is a close relationship between amount 

of applied N to soil and N content of grain, 

which ultimately determines the yield of 

crops. It is the challenge for researchers is to 

convert the applied N in soil to grain yield 

with maximum efficiency because N is one of 

the most critical inputs to wheat crop. 

Thereasonbehind apparently wasting money 

and degrading the environment by applying 

excess fertilizer than a crop can use is 

awareness that the general recommendations 

are not appropriate for their individual 

regions. In many regions‟ farmers are used to 

apply nitrogen at levels that exceed the doses 

suggested by the government extension 

services. Realizing the problems of the 

farmers, the present study focuses on the use 

of crop canopy sensor (SPAD meter) for 

determining the dose and most critical stage 

for nitrogen application in wheat using seven 

cultivars as a need based N management 

approach for improvement in yield and 

nitrogen use efficiency. This study 

emphasizes the development of sensor based 

precise N management for improving partial 

factor productivity in wheat using SPAD 

meter in Indian sub-tropic. This will help the 

wheat growers in taking appropriate decision 

regarding nitrogen management in growing of 

wheat crop. 

 

References 
 

Abrol Y. P., Pandey, R., Raghuram, N. and 

Ahmad A. (2012). Nitrogen cycle 

sustainability and sustainable 



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1374 

 

technologies for nitrogen fertilizer and 

energy management. Journal of the 

Indian Institute of Science, 92 (1): 17-

36 

Adamchuk, V. I., Hummel, J. W., Morgan, M. 

T. and Upadhyaya, S. K. (2004). On the 

go soil sensors for precision agriculture. 

Computers and Electronics in 

Agriculture, 44: 71-79. 

Adhikari, C., Bronson, K. F., Panaullah, G. 

M., Regmi, A. P., Saha, P. K., 

Dobermann, A., Olk, D. C., Hobbs, P. 

and Pasquin, E. (1999). On-farm soil N 

supply and N nutrition in the rice-wheat 

system of Nepal and Bangladesh. Field 

Crops Research, 64: 273-286.  

Akhter, M. M., Hossain, A., Jagadish, T., 

Silva, Teixeira da Silva, J. A. and Islam, 

M. S. (2016). Chlorophyll meter–a 

decision making tool for nitrogen 

application in wheat under light soils, 

International Journal of Plant 

Production 10 (3): 289-302. 

Alchanatis, V., Schmilovitch, Z. and Meron, 

M. (2005). In-field assessment of single 

leaf nitrogen status by spectral 

reflectance measurements. Precision 

Agriculture, 6: 25–39.  

Ali, A. M., Thind, H. S., Singh, V. and Singh, 

B. (2015). A framework for refining 

nitrogen management in dry direct 

seeded rice. Computers and Electronics 

in Agriculture, 110: 114-120. 

Anselin, L., Bongiovanni, R. and Lowenberg-

DeBoer, J. (2004). A spatial 

econometric approach to the economics 

of site-specific nitrogen management in 

corn production. American Journal of 

Agricultural Economics, 86: 675–687.  

Arnall, D. B., Edwards, J. T. and Godsey, C. 

B. (2008). Reference strip series: 

Applying your nitrogen-rich and 

ramped calibration strips. Stillwater, 

OK, USA: Oklahoma Cooperative 

Extension Service Fact Sheet CR-2255.  

Aslam, M. (1998). Improved water 

management practices for the rice-

wheat cropping systems in Sindh 

Province, Pakistan. Report No. R-70, 

1a. IIMI, Lahore, Pakistan: 96.  

Astrand, B. and Baerveldt, A. J. (2002). An 

agricultural mobile robot with vision-

based perception for mechanical weed 

control. Autonomous Robots, 13: 21-35. 

Atkinson, P. M., Webster, R. and Curran, P. J. 

(1992). Cokriging with ground based 

radiometry. Remote Sensing 

Environment, 41: 45-60. 

Ayala, S. and Prakasa Rao, E. V. S. (2002). 

Perspectives of soil fertility 

management with a focus on fertilizer 

use for crop productivity. Current 

Science, 82 (7): 797-807. 

Babu, R. and Reddy, V. C. (2000). Effect of 

nutrient sources on growth and yield of 

direct seeded rice. Crop Research, 19 

(2): 189-193. 

Balasubramanian, V., Morales, A. C., 

Thiyagarajan, T. M., Nagarajan, R., 

Babu, M., Abdulrachman, S. and Hai, 

L. H. (2000). Adoption of the 

chlorophyll meter technology for real-

time N management in rice: a review. 

International Rice Research Newsletter, 

25: 4–8. 

Banerjee, M., Sing, B. G., Malik, G. C., 

Maiti, D. and Dutta, S. (2014). 

Precision Nutrient Management through 

Use of LCC and Nutrient Expert in 

Hybrid Maize Under Laterite Soil of 

India, Universal Journal of Food and 

Nutrition Science 2(2): 33-36. 

Bausch, W. C. and Khosla, R. (2010). 

QuickBird satellite versus ground-based 

multi-spectral data for estimating 

nitrogen status of irrigated maize. 

Precision Agriculture, 11: 274-290. 

Berni, J. A. J., Zarco-Tejada, P. J., Sua´ rez, 

L. and Fereres, E. (2009). Thermal and 

narrow band multispectral remote 

sensing for vegetation monitoring from 

an unmanned aerial vehicle. IEEE 



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1375 

 

Transactions on Geoscience and 

Remote Sensing, 47: 722-738. 

Berntsen, J., Thomsen, A., Schelde, K., 

Hansen, O.M., Knudsen, L., Broge, N., 

Hougaard, H. and Horfarter, R. (2006). 

Algorithms for sensor-based 

redistribution of nitrogen fertilizer in 

winter wheat. Precision Agriculture, 7: 

65-83.  

Bhardwaj, R. B. L. (1978). New agronomic 

practices. In “Wheat Research in India: 

1966–1976” (Jaiswal, P. L., Tata, S. N. 

and Gupta, R. S. Eds.), ICAR, New 

Delhi: 79–98. 

Bhatti, A. U., Mulla, D. J. and Frazier, B. E. 

(1991). Estimation of soil properties and 

wheat yields on complex eroded hills 

using geostatistics and Thematic 

Mapper images. Remote Sensing 

Environment, 37: 181-191.  

Biermacher, J., Epplin, F. M., Brorsen, B. W., 

Solie, J. B., Raun, W. R. and Stone, M. 

L. (2006). Maximum benefit of a 

precise nitrogen application system for 

wheat. Precision Agriculture, 7: 193–

204.  

Blackmer, T. M. and Schepers, J. S. (1994). 

Techniques for monitoring crop 

nitrogen status in corn. 

Communications in Soil Science and 

Plant Analysis, 25: 1791–1800. 

Blackmer, T. M. and Schepers, J. S. (1995). 

Use of a chlorophyll meter to monitor 

nitrogen status and schedule fertigation 

for corn. Journal of Production 

Agriculture, 8: 56–60.  

Blackmer, T. M., Schepers, J. S. and Meyer, 

G. E. (1995). Remote sensing to detect 

N deficiency in corn. In Proceeding of 

Site-Specific Management for 

Agricultural System: 27-30.  

Blackmer, T. M., Schepers, J. S. and Varvel, 

G. E. (1994). Light reflectance 

compared to other N stress 

measurements in corn leaves. 

Agronomy Journal, 86: 934–938. 

Blackmer, T. M., Schepers, J. S. and Vigil, M. 

F. (1993). Chlorophyll meter readings 

in corn as affected by plant spacing. 

Communications in Soil Science and 

Plant Analysis, 24, 2507–2516. 

Brar, B. S., Singh, Y., Dhillon, N. S., and 

Singh, B. (1998). Long-term effects of 

inorganic fertilizers, organic manures 

and crop residues on the productivity 

and sustainability of a rice–wheat 

cropping system in north-west India. In 

“Long-Term Soil Fertility Management 

through Integrated Plant Nutrient 

Supply” (Swarup, A., Damodar Reddy, 

D. and Prasad, R. N. Eds.), Indian 

Institute of Soil Science, Bhopal, M.P., 

India: 169–182.  

Cabangon, R. J., Castillo, E. G. and Tuong, T. 

P. (2011). Chlorophyll meter-based 

nitrogen management of rice grown 

under alternate wetting and drying 

irrigation. Field Crops Research, 121: 

136-146.  

Cao, Q., Cui, Z., Chen, X., Khosla, R., Dao, 

T. H. and Miao, Y. (2012). Quantifying 

spatial variability of indigenous 

nitrogen supply for precision nitrogen 

management in small scale farming. 

Precision Agriculture, 13:45–61.  

Cao, Q., Miao, Y., Li, F., Gao, X., Bin, L., 

Lu, D. and Chen X. (2017). Developing 

a new Crop Circle active canopy sensor 

based precision nitrogen management 

strategy for winter wheat in North 

China Plain, Precision Agriculture, 18 

(1): 2-18. 

Carpenter, S. R., Caraco, N. F., Correll, D. L., 

Howarth, R. W., Sharpley, A. N. and 

Smith, V. H. (1998). Nonpoint pollution 

of surface waters with phosphorus and 

nitrogen. Ecological Applications, 8: 

559-568. 

Cassman, K. G., Gines, G. C., Dizon, M. A., 

Samson, M. I. and Alcantara, J. M. 

(1996). Nitrogen-use efficiency in 

tropical lowland rice systems: 



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1376 

 

contributions from indigenous and 

applied nitrogen. Field Crops Research, 

47: 1–12.  

Cassman, K. G., Peng, S., Olk, D. C., Ladha, 

J. K., Reichardt, W., Dobermann, A., 

and Singh, U. (1998). Opportunities for 

increased nitrogen use efficiency from 

improved resource management in 

irrigated rice system. Field Crops 

Research, 56: 7–39. 

Crookston, K. (2006). A top 10 list of 

developments and issues impacting crop 

management and ecology during the 

past 50 years. Crop Science, 46: 2253–

2262. 

Cui, Z., Zhang, F., Chen, X., Miao, Y., Li, J., 

Shi, L., Xu, J., Ye, Y., Liu, C., Yang, 

Z., Zhang, Q., Huang, S. and Bao, D. 

(2008). On-farm evaluation of an in-

season nitrogen management strategy 

based on soil Nmin test. Field Crops 

Research, 105: 48-55.  

Diacono, M., Rubino, P. and Montemurro, F. 

(2013). Precision nitrogen management 

of wheat. A review. Agronomy for 

Sustainable Development, 33:219–241.  

Dobermann, A. and Fairhurst, T. (2000). 

Rice: Nutrient Disorders and Nutrient 

Management. International Rice 

Research Institute, Manila, Philippines.            

Environment, 47: 36–44. 

Dobermann, A., Abdulrachman, S., Gines, H. 

C., Nagarajan, R., Satawathananont, S., 

Son, T. T., Tan, P. S., Wang, G. H., 

Simbahan, G. C., Adviento, M. A. A. 

and Witt, C. (2004). Agronomic 

performance of site-specific nutrient 

management in intensive rice-cropping 

systems of Asia. In Increasing 

Productivity of Intensive Rice Systems 

through Site-Specific Nutrient 

Management (Dobermann, A., Witt, C. 

and Dawe, D. Eds.), Science Publishers 

Inc., Enfield, NH and International Rice 

Research Institute, Manila, Philippines: 

307–336.  

El Habbal, M. S., Ashmawy, F., Saoudi, H. 

S., Abbas, I. K. (2009). Effect of 

nitrogen fertilizer rates on yield, yield 

components and grain quality 

measurements of some wheat cultivars 

using SPAD-Meter. Egyptian Journal of 

Agricultural Research, 88: 211-223. 

Erdle, K., Mistele, B. and Schmidhalter, U. 

(2011). Comparison of active and 

passive spectral sensors in 

discriminating biomass parameters and 

nitrogen status in wheat cultivars. Field 

Crops Research, 124: 74–84. 

FAO (1995). Integrated plant nutrition 

system. FAO Fertilizer and Plant 

Nutrition Bulletin 12, Rome. 

Fenga, W., Zhang, H. Y., Zhang, Y. S., Qi, S. 

L., Henga Y. R., Guo B. B, Ma D.Y. 

and Guo T. C. (2016). Remote detection 

of canopy leaf nitrogen concentration in 

winter wheat by using water resistance 

vegetation indices from in-situ 

hyperspectral data. Field Crops 

Research 198 238–246. 

Ferguson, R. B., Hergert, G. W., Schepers, J. 

S., Gotway, C. A., Cahoon, J. E. and 

Peterson, T. A. (2002). Site-specific 

nitrogen management of irrigated 

maize: yield and soil residual nitrate 

effects. Soil Science Society of 

American Journal, 66: 544-553. 

Ferguson, R. B., Lark, R. M. and Slater, G. P. 

(2003). Approaches to management 

zone definition for use of nitrification 

inhibitors. Soil Science Society of 

American Journal, 67: 937–947.  

Filella, I., Serrano, L., Serra, J. and Penuelas, 

J. (1995). Evaluating wheat nitrogen 

status with canopy reflectance indices 

and discriminant analysis. Crop 

Science, 35: 1400-1405. 

Follett, R.H., Follett, R.F. and Halvorson, A. 

D. (1992). Use of a chlorophyll meter to 

evaluate the nitrogen status of dryland 

winter wheat. Communications in Soil 

Science and Plant Analysis, 23: 687-



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1377 

 

697.  

Franzen, D. W., Hopkins, D. H., Sweeney, M. 

D., Ulmer, M. K. and Halvorson, A. D. 

(2002). Evaluation of soil survey scale 

for zone development of site-specific 

nitrogen management. Agronomy 

Journal, 94: 381–389.  

Gholizadeh, A., Amin M.S.M., Anuar, A.R., 

Aimrun, W. and Saberioon M.M. 

(2011) Temporal Variability of SPAD 

Chlorophyll Meter Readings and its 

Relationship to Total Nitrogen in 

Leaves within a Malaysian Paddy Field. 

Australian Journal of Basic and Applied 

Sciences, 5(5): 236-245. 

Ghosh, M., Kiran, N., Sharma, R. P. and 

Gupta, S. K. (2016). Need based 

nitrogen management using spad meter 

in wheat of eastern india. International 

journal for tropical agriculture. 34-3. 

Ghosh, M., Swain, D. K., Jha M. K. and 

Tewari V. K. (2017) Chlorophyll meter-

Based Nitrogen Management of Wheat 

in Eastern India, Expl Agric.: page 1 of 

14 C Cambridge University Press 

2017doi:10.1017/S0014479717000035. 

Ghosh, M., Swain, D. K., Jha, M. K. and 

Tewari, V. K. (2013). Precision 

Nitrogen Management Using 

Chlorophyll Meter for Improving 

Growth, Productivity and N Use 

Efficiency of Rice in Subtropical 

Climate. Journal of Agricultural Science 

(Canada), 5 (2): 1-14.  

Goel, P. K., Prasher, S. O., Landry, J. A., 

Patel, R. M., Bonnell, R. B., Viau, A. A. 

and Miller, J. R. (2003). Potential of 

airborne hyper spectral remote sensing 

to detect nitrogen deficiency and weed 

infestation in corn. Computers and 

Electronics in Agriculture, 38: 99-124. 

Goswami, N. N., Prasad, R., Sircar, M. C., 

and Singh, S. (1988). Studies on the 

effect of green manuring in nitrogen 

economy in rice–wheat rotation using 
15

N technique. Journal of Agricultural 

Science (Cambridge), 111: 413–417.  

Guo, J. H., Liu, X. J., Zhang, Y., Shen, J. L., 

Han, W. X., Zhang, W. F., Christie, P., 

Goulding, K. W. T., Vitousek, P. M. 

and Zhang, F. S. (2010). Significant 

acidification in major Chinese 

croplands. Science, 327: 1008–1010. 

Guo, J., Wang, X., Meng, Z., Zhao, C., Yu, Z. 

and Chen, L. (2008). Study on 

diagnosing nitrogen nutrition status of 

corn using Greenseeker and SPAD 

meter. Plant Nutrition and Fertilizer 

Science, 513. 

Gupta, M. L. and Khosla, R. (2012). Precision 

nitrogen management and global 

nitrogen use efficiency. In Proceedings 

of the 11th International Conference on 

Precision Agriculture (Harald K. and 

Martha Patricia Butron G. Eds.), 

Indianapolis, USA.  

Haboudane, D., Miller, J. R., Pattey, E., 

Zarco-Tejada, P. J. and Strachan, I. B. 

(2004). Hyperspectral vegetation 

indices and novel algorithms for 

predicting green LAI of crop canopies: 

modeling and validation in the context 

of precision agriculture. Remote 

Sensing of Environment, 90: 337-352. 

Haboudane, D., Miller, J. R., Tremblay, N., 

Zarco-Tejada, P. J. and Dextraze, L. 

(2002). Integrated narrow-band 

vegetation indices for prediction of crop 

chlorophyll content for application to 

precision agriculture. Remote Sensing 

of Environment, 81: 416-426. 

Han, S., Hendrickson, L. L. and Ni, B. (2002). 

Comparison of satellite and aerial 

imagery for detecting leaf chlorophyll 

content in corn. Transactions of the 

ASAE, 45 (4): 1229-1236. 

Hashimoto, M., Herai, Y., Nagaoka, T. and 

Kouno, K. (2007). Nitrate leaching in 

granitic regosol as affected by N uptake 

and transpiration by corn. Soil Science 

Plant Nutrition, 53(3): 300-309.  

Hawkins, J. A., Sawyer, J. E., Barker, D. W. 



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1378 

 

and Lundvall, J. P. (2007). Using 

relative chlorophyll meter values to 

determine nitrogen application rates for 

corn. Agronomy Journal, 99: 1034–

1040. 

Heffer, P. (2009). Assessment of fertilizer use 

by crop at the global level 2006-07-

2007-08. Inter-national Fertilizer 

Industry Association, Paris.  

Herwitz, S. R., Johnson, L. F., Dunagan, S. 

E., Higgins, R. G., Sullivan, D. V., 

Zheng, J. B. M., Lobitz, B. M.,  Leung, 

J. G.,  Gallmeyer, B. A.,  Aoyagi, M.,  

Slye, R. E. and Brass. J. A. (2004). 

Imaging from an unmanned aerial 

vehicle: agricultural surveillance and 

decision support. Computers and 

Electronics in Agriculture, 44: 49-61. 

Hong, S. D., Schepers, J. S., Francis, D. D. 

and Schlemmer, M. R. (2007). 

Comparison of ground-based remote 

sensors for evaluation of corn biomass 

affected by nitrogen stress. 

Communications in Soil Science and 

Plant Analysis, 38: 2209–2226. 

Hussain, F., Zia, M. S., Akhtar, M.E. and 

Yasin, M. (2003). Nitrogen 

management and use efficiency with 

chlorophyll meter and leaf colour chart. 

Pakistan Journal of Soil Science, 22: 1–

10.  

Islam, M. R., Haque, K. M. S., Akter, N. and 

Karim, M. A. (2014). Leaf chlorophyll 

dynamics in wheat based on SPAD 

meter reading and its relationship with 

grain yield. Scientia Agriculturae,8(1): 

13-18 

Janaki, P. and Thiyagarajan, T. M. (2004). 

Effect of SPAD techniques and planting 

density on „Y‟ leaf nitrogen 

concentration in transplanted rice. 

Acta Agronomica Hungarica, 52: 95–

104.  

Ju, X. T., Xing, G. X., Chen, X. P., Zhang, S. 

L., Zhang, L. J., Liu, X. J., Cui, Z. L., 

Yin, B., Christie, P. and Zhu, Z. L. 

(2009). Reducing environmental risk by 

improving N management in intensive 

Chinese agricultural systems. 

Proceedings National Academy of 

Science (USA), 106: 3041–3046. 

Khurana, H. S., Phillips, S. B., Singh, B., 

Alley, M. M., Dobermann, A., Sidhu, 

A. S., Singh, Y., and Peng, S. (2008). 

Agronomic and economic evaluation of 

site-specific nutrient management for 

irrigated wheat in northwest India. 

Nutrient Cycling in Agroecosystems,82: 

15-31. 

Kitchen, N. R., Sudduth, K. A., Drummond, 

S. T., Scharf, P. C., Palm, H. L., 

Roberts, D. F. and Vories, E. D. (2010). 

Ground-based canopy reflectance 

sensing for variable-rate nitrogen corn 

fertilization. Agronomy Journal, 102: 

71–84.  

Koch, B., Khosla, R., Frasier, W. M., 

Westfall, D. G. and Inman, D. (2004). 

Economic feasibility of variable-rate 

nitrogen application utilizing site-

specific management zones. Agronomy 

Journal, 96: 1572–1580.  

Kyaw, K. K. (2003). Plot-specific N fertilizer 

management for improved N-use 

efficiency in rice based systems of 

Bangladesh. In: Vlek PLG, Denich M, 

Martius C, Giesen NVD (eds) Ecology 

and development series No. 12. 

Cuvillier, Gottinge. 

Ladha, J. K., Fischer, K. S., Hossain, M., 

Hobbs, P. R., and Hardy, B. (Eds.) 

(2000). Improving the productivity and 

sustainability of rice–wheat systems of 

the Indo-Gangetic Plains: A synthesis of 

NARS–IRRI partnership research. IRRI 

Discussion Paper Series No. 40. 

International Rice Research Institute, 

Manila, Philippines.  

Lambert, D. M. and Lowenberg-DeBoer, J. 

(2000). Precision farming profitability 

review. West Lafayette, In Site Specific 

Management Center, Purdue University.  

http://www.researchgate.net/researcher/33512933_BM_Lobitz
http://www.researchgate.net/researcher/30371588_JG_Leung
http://www.researchgate.net/researcher/71938454_BA_Gallmeyer
http://www.researchgate.net/researcher/71848329_M_Aoyagi
http://www.researchgate.net/researcher/5627206_RE_Slye
http://www.researchgate.net/researcher/5627206_RE_Slye
http://www.researchgate.net/researcher/5627206_RE_Slye
http://www.researchgate.net/researcher/71829853_JA_Brass


Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1379 

 

Larson, W. E., and Robert, P. C. (1991). 

Farming by soil. In Soil management 

for sustainability (Lal, R. and Pierce F. 

J. Eds.), Ankeny, IA, USA: Soil and 

Water Conservation Society, 103-112 

pp. 

Li, F., Miao, Y., Zhang, F., Cui, Z., Li, R., 

Chen, X., Zhang, H., Schroder, J., Raun, 

W. R. and Jia, L. (2009). In-season 

optical sensing improves nitrogen-use 

efficiency for winter wheat. Soil 

Science Society of American Journal, 

73: 1566–1574.  

Li, Y., Chen, D., Walker, C. N. and Angus, J. 

F. (2010). Estimating the nitrogen status 

of crops using a digital camera. Field 

Crops Research, 118: 221-227. 

Ling, Q. H. (2000). The quality of crop 

population. Shanghai Scientific and 

Technical Publishers, Shanghai, China.  

Long, D. S., Engel, R. E. and Siemens, M. C. 

(2008). Measuring grain protein 

concentration with in-line near infrared 

reflectance spectroscopy. Agronomy 

Journal, 100: 247-252. 

Maiti, D. and Das, D. K. (2006). Management 

of nitrogen through the use of leaf 

colour chart (LCC) and soil plant 

analysis development (SPAD) in wheat 

under irrigated ecosystem. Archives of 

Agronomy and Soil Science, 52: 105–

112. 

Markwell, J., Osterman, J. C. and Mitchell, J. 

L. (1995). Calibration of the Minolta 

SPAD-502 leaf chlorophyll mater. 

Photosynthesis Research, 46: 467–472. 

Meelu, O. P., Saggar, S., Maskina, M. S. and 

Rekhi, R. S. (1987) Time and source of 

nitrogen application in rice and wheat. 

Journal of Agricultural Science 

(Cambridge), 109:387–391.  

Miao Y., Mulla, D. J., Randall, G. W., 

Vetsch, J. A. and Vintila, R. (2007). 

Predicting chlorophyll meter readings 

with aerial hyperspectral remote sensing 

for in-season site-specific nitrogen 

management of corn. In Precision 

agriculture (Stafford, J. V. Eds.), 635-

641pp.  

Miao Y., Mulla, D. J., Randall, G. W., 

Vetsch, J. A. and Vintila, R. (2009). 

Combining chlorophyll meter readings 

and high spatial resolution remote 

sensing images for in-season site-

specific nitrogen management of corn. 

Precision Agriculture, 10: 45-62. 

Miao, Y., Stewart, B. A. and Zhang, F. 

(2011). Long-term experiments for 

sustainable nutrient management in 

China. A review. Agronomy for 

Sustainable Development, 31: 397–414.  

Mohanty, S. K., Singh, A. K., Jat, S. L., 

Parihar, C. M. Pooniya, V., Sharma, S., 

Chaudhary, S. V. and Singh B. (2015) 

Precision nitrogen-management 

practices influences growth and yield of 

wheat (Triticum aestivum) under 

conservation agriculture. Indian Journal 

of Agronomy. 60 (4): 617-621. 

Mondal, P. and Basu, M. (2009). Adoption of 

precision agriculture technologies in 

India and in some developing countries: 

scope, present status and strategies. 

Progress in Natural Science, 19: 659-

666. 

Moran, M. S., Inove, Y. and Barnes, E. M. 

(1997). Opportunities and limitations 

for image based remote sensing in 

precision crop management. Remote 

Sensing Environment, 61: 319-346. 

Mulla, D. J. (1993). Mapping and managing 

spatial patterns in soil fertility and crop 

yield. In Soil specific crop management 

(Robert, P., Larson, W. and Rust, R. 

Eds.), 15-26 pp.  

Mulla, D. J. (2013). Twenty five years of 

remote sensing in precision agriculture: 

Key advances and remaining knowledge 

gaps. Biosystems Engineering, 114: 

358-371.  

Mulla, D. J., Gowda, P., Koskinen, W. C., 

Khakural, B. R., Johnson, G. and 



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1380 

 

Robert, P. C. (2002). Modeling the 

effect of precision agriculture: pesticide 

losses to surface waters. Ch. 20. In 

Terrestrial field dissipation studies 

(Arthur, E., Barefoot, A. and Clay, V. 

Eds.), ACS symposium Washington, 

DC, USA: ACS, 842: 304-317. 

Murdock, L., Jones, S., Bowley, C., 

Needham, P., James, J. and Howe, P. 

(1997). Using a chlorophyll meter to 

make nitrogen recommendations on 

wheat. Cooperative Extension Service. 

University of Kentucky, Lexington, 

KY, USA. AGR 170, 4 pp.  

O‟Shaughnessy, S. A. and Evett, S. R. (2010). 

Developing wireless sensor networks 

for monitoring crop canopy temperature 

using a moving sprinkler system as a 

platform. Applied Engineering in 

Agriculture, 26: 331-341. 

Olsen, S. R., Core, C. V., Wantage, F. S., and 

Dean, L. A. (1954). Estimation of 

available phosphorus in soils by 

extraction with sodium bicarbonate, PP 

1-19. (US Government printing office, 

Washigton DC).  

Ortiz-Monasterio, J. I. and Raun, W. R. 

(2007). Reduced nitrogen and improved 

farm income for irrigated spring wheat 

in the Yaqui Valley, Mexico, using 

sensor based nitrogen management. 

Journal of Agricultural Science 

(Cambridge), 145: 215–222.  

Pathak, H, Aggarwal, P. K., Roetter, R., 

Kalra, N., Bandyopadhaya, S. K., 

Prasad, S. and Van Keulen, H. (2003). 

Modelling the quantitative evaluation of 

soil nutrient supply, nutrient use 

efficiency, and fertilizer requirements of 

wheat in India. Nutrient Cycling in 

Agroecosystem, 65: 105–113.  

Peltonen, J., Virtanen, A. and Haggren, E. 

(1995). Using a chlorophyll meter to 

optimize nitrogen fertilizer application 

for intensively-managed small cereals. 

Journal of Agronomy and Crop Science, 

174: 309–318.  

Peng, L. L., Ying, L. Y., Guo, L. S. and Long, 

P. X. (2012). Effects of nitrogen 

management on the yield of winter 

wheat in cold area of northeastern 

China. Journal of Integrative 

Agriculture, 11(6): 1020-1025.  

Peng, S., Buresh, R. J., Huang, J., Yang, J., 

Zou, Y., Zhong, X., Wang, G. and 

Zhang, F. (2006). Strategies for 

overcoming low agronomic nitrogen use 

efficiency in irrigated rice systems in 

China. Field Crops Research, 96: 37–

47. 

Peng, S., Garcia, F. V., Laza, R. C., Sanico, 

A. L., Visperas, R. M. and Cassman, K. 

G. (1996). Increased nitrogen use 

efficiency at high yield levels using a 

chlorophyll meter on high-yielding 

irrigated rice. Field Crops Research, 47: 

243-252. 

Peng, S., Huang, J., Zhong, X., Yang, J., 

Wang, G., Zou, Y., Zhang, F., Zhu, Q., 

Buresh, R. and Witt, C. (2002). 

Challenge and opportunity in improving 

fertilizer-nitrogen use efficiency of 

irrigated rice in China. Agricultural 

Science China, 1(7): 776–785.  

Perry, E. M., Fitzgeralda, G. J., Nuttall, J. G., 

OLeary, G. J., Schulthess, U. and 

Whitlock, A. (2012). Rapid estimation 

of canopy nitrogen of cereal crops at 

paddock scale using a Canopy 

Chlorophyll Content Index. Field Crops 

Research, 134: 158–164. 

Prasad, R. (1990). Fertilizer use efficiency. In 

“Agricultural Research Towards 

Sustainable Agriculture” (Singh, K. N. 

and Singh, R. P. Eds.), Division of 

Agronomy, IARI, New Delhi, India: 

57–68.  

Prasad, R. (1999). “A Text Book of Rice 

Agronomy”. Jain Brothers, New Delhi, 

India. 

Prasad, R. (2005). Rice-wheat cropping 

systems. Advances in Agronomy, 86: 1-



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1381 

 

85.  

Prasad, R. and Misra, B. N. (2001). Effect of 

addition of organic residues, farmyard 

manure and fertilizer nitrogen on soil 

fertility in rice–wheat cropping system. 

Archives of Agronomy and Soil 

Science, 46: 455–463. 

Prasad, R. and Power, J. F. (1995). 

Nitrification inhibitors for agriculture, 

health and environment. Advances in 

Agronomy, 54: 233–281.  

Prasad, R. and Power, J. F. (1997). “Soil 

Fertility Management for Sustainable 

Agriculture”. CRC Press, Boca Raton, 

FL.  

Raun, W. R, Solie, J. B., Taylor, R. K., 

Arnall, D. B., Mack, C. J. and 

Edmonds, D. E. (2008). Ramp 

calibration strip technology for 

determining midseason nitrogen rates in 

corn and wheat. Agronomy Journal, 

100: 1088-1093. 

Raun, W. R. and Johnson, G. V. (1999). 

Improving nitrogen use efficiency for 

cereal production. Agronomy Journal, 

91: 357–363.  

Raun, W. R., Solie, J. B. and Stone, M. L. 

(2011). Independence of yield potential 

and crop nitrogen response. Precision 

Agriculture, 12 (4): 508–518.  

Raun, W. R., Solie, J. B., Johnson, G. V., 

Stone, M. L., Mullen, R. W., Freeman, 

K. W., Thomason, W. E. and Lukina, E. 

V. (2002). Improving nitrogen use 

efficiency in cereal grain production 

with optical sensing and variable rate 

application. Agronomy Journal, 94: 

815–820.  

Raun, W. R., Solie, J. B., Stone, M. L., 

Martin, K. L., Freeman, K. W. and 

Zavodny, D. L. (2005). Automated 

calibration stamp technology for 

improved in-season nitrogen 

fertilization. Agronomy Journal, 97: 

338–342. 

Rouse, J. W. Jr., Haas, R. H., Schell, J. A. and 

Deering, D. W. (1973). Monitoring 

vegetation systems in the Great Plains 

with ERTS. In Third ERTS symposium 

(Freden, S. C., Mercanti, E. P. and 

Becker, M. A. Eds.), NASA Special 

Publication SP-351, SAS Institute Inc, 

NASA, Washington, DC, USA: 

SAS/STAT user‟s guide (Version 6.0). 

Cary, NC, USA, 309-317 pp. 

Scharf, P. C., Brouder, S. M. and Hoeft, R. G. 

(2006). Chlorophyll meter readings can 

predict nitrogen need and yield response 

of corn in the north-central USA. 

Agronomy Journal, 98: 655–665. 

Scharf, P. C., Shannon, D. K., Palm, H. L., 

Sudduth, K. A., Drummond, S. T., 

Kitchen, N. R., Mueller, L. J., Hubbard, 

V. C. and Oliveira, L. F. (2011). 

Sensor-based nitrogen applications out-

performed producer-chosen rates for 

corn in on-farm demonstrations. 

Agronomy Journal, 103: 1683–1691.  

Sharma, S. N., and Prasad, R. (1999). Effect 

of Sesbania green manuring and 

mungbean residue incorporation on 

productivity and nitrogen uptake of a 

rice–wheat cropping system. 

Bioresource Technology, 67: 171–175.  

Sharma, S. N., Singh, R. K., Singh, A. K. and 

Prasad, R. (2000). Effect of summer 

legume and wheat residues on soil 

properties in rice–wheat cropping 

system: Extended summaries. In 

International Conference on Managing 

National Resources for Sustainable 

Agricultural Production in the 21st 

Century, Indian Society of Soil Science, 

New Delhi, India, 3: 890–892.  

Sharp, T. C., Evans, G. and Salvador, A. 

(2004). Weekly NDVI relationships to 

height, nodes and productivity index for 

low, medium, and high cotton 

productivity zones. In Proceedings of 

the Beltwide Cotton Conferences 

(Dugger, C. P. and Ritcher, D. A. Eds.), 

National Cotton Council, Memphis, TN, 



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1382 

 

USA: 2048. 

Shaver, T. M., Khosla, R. and Westfall, D. G. 

(2010). Evaluation of two ground-based 

active crop canopy sensors in maize: 

growth stage, row spacing and sensor 

movement speed. Soil Science Society 

American Journal, 74: 2101–2108. 

Shihua, T. and Wenqiang, F. (2000). Nutrient 

management in the rice–wheat cropping 

system in the Yangtze river flood plain. 

In Soil and Crop Management Practices 

for Enhanced Productivity of the Rice–

Wheat Cropping System in the Sichuan 

Province of China (Hobbs, P. R. and 

Gupta, R. K. Eds.), Rice–Wheat 

Consortium for the Indo-Gangetic 

Plains, New Delhi, India: 24–34.  

Shiratsuchi, L., Ferguson, R., Shanahan, J., 

Adamchuk, V., Rundquist, D., Marx, D. 

and Slater, G. (2011). Water and 

nitrogen effects on active canopy sensor 

vegetation indices. Agronomy Journal, 

103: 1815–1826. 

Shukla, A. K., Ladha, J. K, Singh, V. K., 

Dwivedi, B. S., Balasubramanian, V., 

Gupta, R. K., Sharma, S. K., Singh, Y., 

Pathak, H., Pandey, P. S., Padre, A. T. 

and Yadav, R. L. (2004). Calibrating the 

leaf color chart for nitrogen 

management in different genotypes of 

rice and wheat in a systems perspective. 

Agronomy Journal, 96: 1606–1621.  

Singh, B., Sharma, R. K., Kaur, J., Jat, M. L., 

Martin, K. L., Singh, Y., Singh, V., 

Chandna, P., Choudhary, O. P., Gupta, 

R. K., Thind, H. S., Sigh, J., Uppal, H. 

S., Khurana, H. S., Kumar, A., Uppal, 

R. K., Vashistha, M., Raun, W. R. and 

Gupta, R. (2011). Assessment of the 

nitrogen management strategy using an 

optical sensor for irrigated wheat. 

Agronomy for sustainable development, 

31: 589-603.  

Singh, B., Singh, V., Singh, Y., Thind, H. S., 

Kumar, A., Gupta, R. K., Kaul, A. and 

Vashistha, M. (2012). Fixed-time 

adjustable dose site-specific fertilizer 

nitrogen management in transplanted 

irrigated rice (Oryza sativa L.) in South 

Asia. Field Crops Research, 126: 63-69. 

Singh, B., Singh, V., Singh, Y., Thind, H. S., 

Kumar, A., Singh, S., Choudhary, O. P., 

Gupta, R. K. and Vashistha, M. (2013). 

Supplementing Fertilizer Nitrogen 

Application to Irrigated Wheat at 

Maximum Tillering Stage Using 

Chlorophyll Meter and Optical Sensor. 

Agricultural Research, 2(1): 81–89.  

Singh, B., Singh, Y., Ladha, J. K., Bronson, 

K. F., Balasubramanian, V., Singh, J. 

and Khind, C. S. (2002). Chlorophyll 

meter and leaf color chart based 

nitrogen management for rice and wheat 

in northwestern India. Agronomy 

Journal, 94: 821-829.  

Singh, V., Singh, B., Singh, Y., Thind, H. S. 

and Gupta, R. K. (2010). Need based 

nitrogen management using the 

chlorophyll meter and leaf colour chart 

in rice and wheat in South Asia: a 

review. Nutrient Cycle in 

Agroecosystem, 88: 361–380.  

Singh, V., Singh, Y., Singh, B., Singh, B., 

Gupta, R. K., Singh, J., Ladha, J. K. and 

Balasubramanian, V. (2007). 

Performance of site specific nitrogen 

management for irrigated transplanted 

rice in north-western India. Archives of 

Agronomy and Soil Science, 53: 567–

579. 

Singh, Y., Singh, B. and Timsina, J. (2005). 

Crop residue management for nutrient 

cycling and improving soil productivity 

in rice-based cropping systems in the 

tropics. Advances in Agronomy, 85: 

269–407.  

Sui, B., Feng, F., Tian, G., Hu, X., Shen, Q. 

and Guo, S. (2013). Optimizing 

nitrogen supply increases rice yield and 

nitrogen use efficiency by regulating 

yield formation factors. Field Crops 

Research, 150: 99–107.  



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1383 

 

Takebe, M., Okazaki, K., Karasawa, T., 

Watanabe, J., Ohshita, Y. and Tsuji, H. 

(2006). Leaf colour diagnosis and 

nitrogen management for winter wheat 

„„Kitanokaori‟‟ in Hokkaido. Soil 

Science Plant Nutrition, 52:577.  

Tian, L. (2002). Development of a sensor-

based precision herbicide application 

system. Computers and Electronics in 

Agriculture, 36: 133-149. 

Tremblay, N., Wang, Z. and Cerovic, Z. G. 

(2012). Sensing crop nitrogen status 

with fluorescence indicators. A review. 

Agronomy for Sustainable 

Development, 32:451–464.  

Tremblay, N., Wang, Z., Ma, B., Belec, C. 

and Vigneault, P. (2009). A comparison 

of crop data measured by two 

commercial sensors for variable-rate 

nitrogen application. Precision 

Agriculture, 10: 145-161. 

Tubana, B. S., Arnall, D. B., Holtz, S. L., 

Solie, J. B., Girma, K. and Raun, W. R. 

(2008). Effect of treating field spatial 

variability in winter wheat at different 

resolutions. Journal of Plant Nutrition, 

31: 1975-1998.  

Varvel, G. E., Schepers, J. S. and Francis, D. 

D. (1997). Ability for in-season 

correction of nitrogen deficiency in corn 

using chlorophyll meters. Soil Science 

Society American Journal, 61: 1233–

1239. 

Varvel, G. E., Wilhelm, W. W., Shanahan, J. 

F. and Schepers, J. S. (2007). An 

algorithm for corn nitrogen 

recommendations using a chlorophyll 

meter based sufficiency index. 

Agronomy Journal, 99: 701-706. 

Vidal, A., Longeri, L. and Hetier, J. M. 

(1999). Nitrogen uptake and chlorophyll 

meter measurements in spring wheat. 

Nutrient Cycling in Agroecosystems, 

55: 1-6. 

Walburg, G., Bauer, M. E., Daughtry, C. S. T. 

and Housley, T. L. (1982). Effects of 

nitrogen nutrition on the growth, yield, 

and reflectance characteristics of corn 

canopies. Agronomy Journal, 74: 677-

683. 

Wang, G. H., Dobermann, A., Witt, C., Sun, 

Q. Z. and Fu, R. X. (2001). 

Performance of site-specific nutrient 

management for irrigated rice in 

southeast China. Agronomy Journal, 93: 

869–878.  

Wang, N., Zhang, N. and Wang, M. (2006). 

Wireless sensors in agriculture and food 

industry recent development and future 

perspective. Computers and Electronics 

in Agriculture, 50: 1-14. 

Wilson, C. Jr., Slaton, N., Norman, R. and 

Miller, D. (2001). Efficient use of 

Fertilizer. In Rice Production Handbook 

(Slaton, N.A. Eds.), University of 

Arkansas Cooperative Extension 

Service, Little Rock, Arkansas, 51-74 

pp. 

Witt, C. and Dobermann, A. (2002) Site-

specific nutrient management approach 

for irrigated, lowland rice in Asia. 

Better Crops, 16:20–24.  

Wood, C. W., Reeves, D. W., Duffield, R. R. 

and Edmisten, K. L. (1992). Field 

chlorophyll measurements for 

evaluation of corn nitrogen status. 

Journal of Plant Nutrition, 15: 487-500. 

Wright, D. L., Rasmussen, V. P., Ramsey, R. 

D., Baker, D. J. and Ellsworth, J. W. 

(2004). Canopy reflectance estimation 

of wheat nitrogen content for grain 

protein management. GIScience and 

Remote Sensing, 41(4): 287-300. 

Xiong, D., Chen J., Yu T., Gao W., Ling X., 

Li Y., Peng S., and Huang J. (2015). 

SPAD based leaf nitrogen estimation is 

impacted by environmental factors and 

crop leaf characteristics. Scientific 

Reports, 5: 13389. 

Yadav, D. S. and Kumar, A. (1998). 

Integrated use of organic and inorganics 

in rice–wheat cropping system for 



Int.J.Curr.Microbiol.App.Sci (2018) 7(12): 1361-1384 

1384 

 

sustained production. In Long-Term 

Soil Fertility Management through 

Integrated Plant Nutrient Supply 

(Swarup, A., Damodar Reddy, D. and 

Prasad, R. N. Eds.), Indian Institute of 

Soil Science, Bhopal, M.P., India. Pp. 

314-321.  

Yang, W. H., Peng, S., Huang, J., Sanico, A. 

L., Buresh, R. J. and Witt, C. (2003). 

Using leaf colour charts to estimate leaf 

nitrogen status of rice. Agronomy 

Journal, 95: 212–217.  

Yao, Y., Miao, Y., Huang, S., Gao, L., Ma, 

X., Zhao, G., Jiang, R., Chen, X., 

Zhang, F., Yu, K., Gnyp, M., Bareth, 

G., Liu, C., Zhao, L., Yang, W. and 

Zhu, H. (2012). Active canopy sensor 

based precision N management strategy 

for rice. Agronomy for Sustainable 

Development, 32: 925-933. 

Zadoks, J. C., Chang, T. T. and Zonzak, C. F. 

(1974). A decimal code for the growth 

stages of cereals. Weed Research, 14: 

415–421.  

Zhang, N., Wang, M. and Wang, N. (2002). 

Precision agriculture: a worldwide 

overview. Computers and Electronics in 

Agriculture, 36: 113-132. 

  

How to cite this article:  

 

Ved Prakash, Dayanidhi Chaubey and Suneel Kumar. 2018. Sensor Based N Management 

Practices for Wheat in Indo Gangetic Plain- A Review. Int.J.Curr.Microbiol.App.Sci. 7(12): 

1361-1384. doi: https://doi.org/10.20546/ijcmas.2018.712.165  
 

 

https://doi.org/10.20546/ijcmas.2018.712.165

