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ABSTRACT 
 
Nutrient management plays a crucial role in achieving self-sufficiency in food grain production. High 
price index of chemical fertilizers coupled with mount pollution problem gave rise to interest in 
precision nutrient management tools. Site specific nutrient management (SSNM) increases and 
maintains the yield by optimizing the balance between supply and demand of nutrients. Nutrient 
application as per SSNM concept resulted in significantly higher grain yields of maize, rice, wheat 
and other important crop over recommended dose of fertilizers (RDF) and farmer’s fertilizers 
practices. The SSNM is real time feeding of crops with nutrients while recognizing the inherent 
spatial variability which enhances crop productivity, nutrient use efficiency (NUE) and avoids nutrient 
wastage. For effective SSNM, utilization of different sensing devices of soil and plant nutrient status, 

Review Article 



 
 
 
 

Bana et al.; IRJPAC, 21(15): 17-25, 2020; Article no.IRJPAC.61101 
 
 

 
18 

 

decision support systems, GIS, remote sensing, simulation models and nenoparticles play an 
important role. Traditional techniques like balanced fertilization, use of nitrification inhibitors and 
slow-release nitrogenous fertilizers (SRNF) are also used to attain higher productivity and reduce 
environmental pollution. This paper deals with the SSNM approaches which are able to enhance 
crop productivity, NUE and sustainability. 
 

 

Keywords: Crop productivity; site-specific nutrient management; green seeker; SPAD; N-
management. 

 

1. INTRODUCTION 
 

Fertilizer consumption in India has witnessed a 
phenomenal increase over the past four 
decades. India has attained self-sufficiency in 
food grain production, primarily due to increase 
in fertilizer use. India rank 2nd in the world terms 
of fertilizer consumption next to China. All India 
consumption of total fertilizer nutrients (N+P+K) 
increased by 5.9% from a total of 25.58 MMT 
during 2014-15 to 27.2 MMT during 2018-19. N 
consumption at 17.63 MMT recorded growth of 
3.8% & P2O5 at 6.91 MMT showed an increase of 
15.9% during 2014-15 to 2018-19 & K2O 
consumption at 2.69 MMT fell by 7.9% during 
this period. Per hectare use of total nutrients 
increased from 131.6 kg in 2014-15 to 138.9 kg 
in 2018-19 [1]. Most of the fertilizers are used in 
the rice crop followed by wheat, pulses and 
oilseeds (Fig. 1) [1]. The important reasons for 
low and declining crop responses to fertilizer 
nutrients include continuous nutrient mining from 
the soil due to imbalanced nutrient use (6.1:2.5:1 
NPK) leading to serious soil degradation 
qualitatively [2].This resulted in wastage of 
fertilizers and low NUE. 
 

Increasing productivity and production are 
essential to meet the food requirement of the 
burgeoning population [3]. This is achieved 
through its unique balance of nutrients and clay 
minerals, which also increases microbial activity 
and builds long term soil fertility [4]. The voice 
come from the farmers field beside research 
conducted in many Asian countries, including 
North-west India, has depicted the limitations of 
the conventional approach of fixed-product, 
fixed-rate, fixed-time and fixed-place fertilizer 
recommendations, the concept of SSNM of 
nutrients means right-product, right-rate, right-
time and right-place  was developed [5,6]. Site-
specific nutrient management is an approach of 
feeding crops with nutrients when needed. It 
provides principles and tools for supplying 
nutrients to crops when needed to achieve high 
production while optimizing the use of nutrients 
from indigenous sources. This concept can be 
applied to any field and any crop. 

1.1 Why Nutrient Management is 
Important? 

 

High price index of chemical fertilizers coupled 
with escalating pollution problems gave rise to 
interest in precision nutrient management tools. 
In this context SSNM based on crop nutrient 
demand & variability in indigenous nutrient 
supplying capacity of the soil serves as an ideal 
tool. SSNM provides guidelines, tools and 
strategies that allow farmers to determine when 
and how much nutrients they should apply to 
their crop fields under actual growing conditions 
in a specific season and location. 
 

1.2 Site-Specific Nutrient Management 
 

SSNM has been proposed as an approach to 
tailor fertilizer application to match the field-
specific needs of crops and to improve the 
productivity and profitability. This could be done 
by utilizing available information on indigenous 
nutrient supplying capacity, nutrient contributions 
from organic manures, irrigation water, rainfall 
and crop residue pools and finally crop nutrient 
demand for targeted yield of crops/cropping 
systems. Site-specific nutrient management is a 
component of precision agriculture and can be 
used for any crop or field. It combines plant 
nutrient requirements at each growth stage and 
the soil ability to supply those nutrients and apply 
that information to areas within a field that 
requires different management practices. SSNM 
provides guidance relevant to the context of 
farmer’s fields. SSNM maintains or enhances 
crop yields, while providing savings for farmers 
through more efficient fertilizer use [2].  
 

1. It aims to apply nutrients at optimal rates 
and times to achieve high yield and high 
efficiency of nutrient use by the crop. 

2. It feeds the crop with nutrients as and when 
needed. 

 

1.2.1 Key messages of SSNM 
 

1. Site-Specific Nutrient Management (SSNM) 
optimizes the supply of soil nutrients over 
space and time to match crop requirements. 



 
 
 
 

Bana et al.; IRJPAC, 21(15): 17-25, 2020; Article no.IRJPAC.61101 
 
 

 
19 

 

2. SSNM increases crop productivity and 
improves efficiency of fertilizer use [7]. 

3. SSNM mitigates greenhouse gases 
emission from agriculture by minimizing 
fertilizer overuse. Greenhouse gas emission 
can be reduced, in some cases up to 50% 
[8]. 

 
1.2.2 Key principles of SSNM  
 
Site-Specific Nutrient Management                           
(SSNM) aims to optimize the supply of soil 
nutrients over time and space to match the 
requirements of crops through four key 
principles. The principles, called the “4 Rs”, date 
back to at least 1988 and are attributed to the 
International Plant Nutrition Institute [9]. They 
are: Right product, Right rate, Right time and 
Right place. 
 
Right product, match the fertilizer product or 
nutrient source to crop needs and soil type to 
ensure balanced supply of nutrients. Right rate, 
match the quantity of fertilizer applied to crop 
needs, taking into account the current supply of 
nutrients in the soil. Too much fertilizer leads to 

environmental losses, including runoff, leaching 
and gaseous emissions, as well as wasting 
money and little fertilizer exhausts soils,                      
leading to soil degradation. Right time, ensure 
nutrients are available when crops need them by 
assessing crop nutrient dynamics. Right                     
place, placing and keeping nutrients at the 
optimal distance from the crop and soil                         
depth so that crops can use them is                                 
the key to minimizing nutrient losses                          
[10]. 
 

1.2.3 Benefits of SSNM 
 
After the introduction of SSNM, farmers observed 
benefits associated with grain yield &                   
quality, pest & disease incidence,                   
reduction GHG emission and cash returns (Table 
1). 
 

1.3 SSNM Approaches 
 

The relatively new approach of SSNM is mainly 
based on the indigenous nutrient supply from the 
soil and nutrient demand of the crop for 
achieving targeted yield (Fig. 2) [11]. 

 

 
 

Fig. 1. Crop wise consumption of chemical fertilizers in India 
 

Table 1. Major benefit of SSNM 
 

SSNM Benefits Description 
Higher profits SSNM can increase and maintain yields by optimizing the 

balance between supply and demand of nutrients and providing 
more balanced plant nutrition.  

Improves disease resistance The more balanced NPK nutrition that comes with SSNM may 
lead to improved resistance to plant diseases. 
 

Reduces nitrous oxide 
emissions 

SSNM reduces N2O emissions by reducing total N application or 
timing applications to crop needs, thus avoiding N losses to 
volatilization, leaching and runoff. 

Economic benefit For SSNM to increase farmers’ profits, SSNM must deliver either 
a) savings from reduced fertilizer use without a reduction in 
yields, or b) yield increases that are valued higher than the costs 
of acquiring and using SSNM technology [10].  
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Step 1. Establish a grain yield target 
 
 Select a yield attainable in a typical season 

with farmer’s crop management and 
improved nutrient management. 

 It is location and season specific (depending 
on climate, cultivar and crop management). 

 
Step 2. Effectively use existing nutrients 
 
 Estimate the supply of existing (indigenous) 

nutrients from sources other than fertilizers. 
 Use nutrient omission plot technique, 

fertilizer use history, soil type and residue 
and crop management to estimate 
indigenous nutrient supply. 

 
Step 3. Apply fertilizer to fill the deficit 
between crop needs and indigenous supply 
 
 Distribute the required fertilizer N in several 

applications during the growing season to 
best feed the crop needs for supplemental 
N. 

 Apply sufficient P and K to overcome 
deficiencies and maintain soil fertility. 

 

1.4 SSNM Can be 
 

1. Prescriptive 
2. Corrective  
 
1. Prescriptive N management: Relies on 

information generated before the planting of 
a crop. 

2. Corrective N management: Relies on 
information generated after the planting of a 
crop or in the standing crop. E.g. Use of 
Leaf Color Chart (LCC) and Chlorophyll 
Meter (SPAD), Remote Sensing & GIS, 
Green Seeker, Decision support systems 
and Nanoparticles. 

 
Nutrient application as per site-specific nutrient 
management (SSNM) concept resulted in 
significantly higher grain yields of maize, rice, 
wheat and rabi jowar over recommended dose of 
fertilizers (RDF) and farmer’s fertilizers practices 
[12]. Fertilizer application based on SSNM 
techniques are more flexible and meet the crop 
demand and a saving of up to 20–30% fertilizer 
application [13]. Wang et al. [14] found significant 
increases in NUE through the SSNM treatment. 
Gill et al. [15] reported that maximum N, P and K 
accumulation by crop was registered in SSNM, 
followed by improved state recommendations 

(ISR), and it was lowest in the farmers’ 
fertilization practice (FFP). NPK use efficiency 
addition of micronutrients was much higher in 
SSNM compared with FFP. Khurana et al. [16] 
also observed significant increases in NUE 
through the SSNM treatment compared with the 
FFP. 
 
1.4.1 SPAD meter 
 
Soil plant analytical device (SPAD) meter which 
was originally developed in Japan for nitrogen 
management in rice (Oryza sativa) is now 
commonly used for rapid and non-destructive 
estimation of foliar chlorophyll concentration. 
SPAD meter/Chlorophyll meters are reliable 
alternatives to traditional tissue analysis as plant 
N nutritional diagnostic tools. Most widely used 
chlorophyll meter is the hand-held Minolta and 
SPAD-502 [17]. It uses two LEDs (light emitting 
diodes) which emit red light with a peak 
wavelength of 650 nm and an infrared radiation 
with a peak wavelength of 940 nm [18]. The 
SPAD meter readings are doesn’t have unit and 
need to be calibrated with chlorophyll or N 
content and leaf greenness. In the field trials, use 
of 35 critical SPAD reading resulted in similar 
yields with less N fertilizer applied (higher 
agronomic efficiency) compared to fixed split 
timing schemes or recommended splits [19]. In 
South India too, SPAD value of 35 was found to 
be the appropriate threshold value for guiding 
need-based N management in transplanted rice. 
Hussain et al. [20] found that the critical SPAD 
value of 37.5 appropriate for guiding the need 
based N top dressing in rice in Pakistan. 
Chlorophyll meter-based N management saved 
12.5–25% on the existing fertilizer N 
recommendation [21]. 
 

1.4.2 Leaf Color Chart (LCC) 
 

Leaf color chart (LCC) is a high quality plastic 
strip with different shades of green color ranging 
from light yellowish green to dark green. First 
LCC was developed in Japan. An improved 
version of six-panel LCC (IRRI-LCC, six-panel) 
was developed through collaboration of the 
International Rice Research Institute (IRRI) with 
agricultural research systems of several 
countries in Asia [11]. Chinese researchers at 
Zheijiang Agricultural University developed a 
LCC (ZAU-LCC) with scale of eight green color 
shades (3, 4, 5, 5.5, 6, 6.5, 7 and 8) and it was 
calibrated for Indica, Japonica and Hybrid rice 
[22]. The leaf color chart is an innovative cost-
effective tool for real-time or crop-need based N 
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management in Rice, Maize and Wheat. LCC is 
a visual and subjective indicator of plant nitrogen 
deficiency and is an inexpensive, easy to use 
and simple alternative to chlorophyll meter/SPAD 
meter. In this, scheduling of nitrogen fertilizer is 
done by comparing the leaf color with panel 
color. Thus, it is an eco-friendly tool in the hands 
of farmers.  
 

The LCC shade 4 on the six-panel IRRI-LCC has 
been found to be the threshold score for 
transplanted coarse grain rice varieties prevalent 
in the Indo-Gangetic plains [20,21]. The critical 
six-panel IRRI-LCC score was found to be 3.5 in 
the lower Gangetic plain in Bangladesh. 2 and 
3.5 is reported as critical LCC value (IRRI-LCC, 
four-panel) for aromatic and transplanted semi-
dwarf indica or transplanted hybrid rice, 
respectively. 
 

Nitrogen Use Efficiency (NUE) was markedly 
higher in the LCC treatment with or without basal 
N application than recommended N or Farmer’s 
Practice in all the years. Mean recovery 
efficiency of N under LCC was 42.1, 45.4 & 
52.7% compared with 30.9, 29.1 & 39.8% 
obtained in recommended farmers practice in 
2000, 2001 & 2002 [23]. Bhat et al. [24] reported 
that the highest net return in treatment LCC≤ 5 
@ 30 kg ha

-1
 (Table 2). It was due to the steady 

supply of Nitrogen which synchronized with the 
peak period of N requirement that had produced 
higher yield.  
 

1.4.3 Remote sensing and GIS 
 

An improvement in the NUE can be achieved by 
using modern tools like remote sensing and GIS 
(geographical information system). The 
reflectance of near infrared radiation (NIR; 800–
1000 nm) can be measured using remote 
sensing tools. This reflectance is correlated with 
plant N status, as shown by the greenness of the 
leaves [8]. Normalized difference vegetative 
index (NDVI) based on the in-season sensor 
reading can predict biomass, plant N 
concentration and plant N uptake [25]. The NDVI 
calculates as: (FNIR – FRed)/(FNIR + FRed), where 
FNIR and FRed are spectral reflectance in near-
infrared and red (visible) regions, respectively. 
The NDVI increases with increasing leaf 
greenness and green leaf area, and can be used 
as a guide for in-season N applications. 
Extensive research work through on-farm trials in 
the Indo-Gangetic Plains (IGP) has                               
clearly demonstrated that these modern                           
tools are effective for site-specific input 
management [8]. 

1.4.4 Green seeker 
 
Chlorophyll meter and LCC do not take into 
account the photosynthetic rates or biomass 
production and the expected yields for working 
out fertilizer N requirements. Green seeker 
optical sensors measure spectral response from 
plant canopies to detect the N stress [26]. The 
use of green seeker, which is also a hand-held 
instrument for measuring the NDVI at various 
critical growth stages, generates data for crop 
conditions [25,27]. These NDVI data from a 
standard plot, which has been sufficiently 
fertilized with N, can be compared with a 
reference plot for which the N requirement is to 
be determined. The use of green seeker helps in 
applying adequate N at specific crop growth 
stages in various management zones. 
Experiment clearly showed that optical sensor-
guided fertilizer N applications resulted in high 
yield levels and high N use efficiency [28]. 
 
1.4.5 Decision support systems  
 
Decision support systems have taken various 
forms and differ in their level of sophistication 
[29]. Decision support systems are sophisticated 
tools, often being driven by computer-simulation 
models, but usually deal with a single element 
such as N. The CROPGRO-legume model can 
simulate N fixation in legumes and its 
relationship with N uptake by plants [30]. Nutrient 
Expert® (NE) is an easy-to-use, interactive, and 
computer-based decision support tool that can 
rapidly provide nutrient recommendations for an 
individual farmer field in the presence or absence 
of soil testing data [2]. Crop Manager is also a 
computer- and mobile phone-based application 
that provides small-scale rice, rice-wheat, and 
maize farmers with site- and season-specific 
recommendations for fertilizer application. The 
tool allows farmers to adjust nutrient application 
to crop needs based on soil characteristics, 
water management and crop variety on their 
farm. Recommendations are based on user-input 
information about farm location and 
management, which can be collected by 
extension workers, crop advisors and service 
providers. The software is freely downloadable at 
http://cropmanager.irri.org/home [10]. 
 
1.4.6 Nanoparticles 
 
The discovery of nanomaterials and nanodevices 
in agriculture is novel for nutrient management. 
Generally, nanoparticles are materials that have 
dimensions of 1-100 nm. The novel properties of 
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nanomaterials such as high surface area, high 
surface energy and quantum confinement thus 
improve the dissolving properties of bioactive 
components in the cellular matrix. 
Nanotechnology and nanomaterials have 
revolutionized the industrial, agricultural and food 
industries with new tools that are used for the 
molecular treatment of diseases and rapid 
disease detection and thus enhancing the ability 
of the absorbed nutrients and the productivity of 
plants [31]. Many studies have reported that the 
application of nanomaterials reflects positive 
effect in terms of crop productivity [32]. 
Moreover, the application of nanomaterials 
increased the growth rate and seed germination 
by 33% and 20%, respectively, as compared to 
that of regular P fertilizer [33]. However, the 
efficiency of plants is low because of the loss of 
50–70% of the nitrogen supplied in the 
conventional fertilizers. The soybean seeds were 
treated with micronutrient nanomaterial like; Cu, 
Co and Fe, the chlorophyll index and number of 
nodules was increased by 7–15% and 20–49%, 
respectively and the soybean crop yield was 
increased up to 16% as compared to the control 
sample [34]. 
 

1.4.7 Balanced fertilization 
 
It has been observed that unbalanced NPK ratios 
diminish the plant use of applied N and decrease 
the NUE. Attention to NPK is desirable because 
89% of Indian soils are low to medium in 
available N, 80% are low to medium in available 
P and 50% are low to medium in available K [35]. 
Therefore, it is essential to apply NPK and other 
secondary and micronutrients in                           
adequate and balanced amounts. The efficient 
use of any nutrient depends on the balanced 
supply of other nutrients, i.e. all nutrients should 
be available in the right amount and at the right 
time. 
 
Nitrification/urease inhibitors, controlled or slow-
release nitrogenous fertilizers (SRNFs), laser 
land leveling and integrated nitrogen 
management (INIM) are also a key component 
for SSNM mechanism, which reduced the 
leaching loss of nitrate-N and  denitrification loss 
of ammonical-N, resulted improving nutrient 
efficiency and minimize environmental pollution 
[36]. Bana et al. [37] clearly showed that Zn-
coated urea act as a slow released fertilizer, 

Table 1. Average grain yield of different field crops as influenced by site-specific nutrient 
management (pooled) 

 
Crop Average yield 

target (t/ha) 
Average grain yield (t/ha) CD@ 5% 

SSNM RDF FFP 
Maize 7 7.02 5.98 5.44 0.48 
Rice 9 8.34 7.47 6.74 0.63 
Wheat 3.75 3.79 3.22 2.85 0.28 
Rabi jowar 2.75 2.56 2.09 1.89 0.18 
Sunflower 2.75 2.44 2.01 1.8 0.15 
Chickpea 2.75 2.39 1.99 1.89 0.1 
Cotton* 2.75 2.55 2.21 2.01 0.17 
Chilli** 2.25 2.18 1.94 1.76 0.16 

*seed cotton yield, **dry chilli yield 
Source: [12] 

 
Table 2. Relative economics of different treatment combinations of LCC (mean of 2012 & 2013) 
 
Treatments 
(N/ha) 

Cost of 
cultivation (�) 

Total returns (�) 
Grain+straw) 

Net returns (�) B:C ratio 

Jhelum     
Control 35980 75830.35 39870.85 0.77 
Recommended N 37415 123491.00 80519.34 1.78 
LCC≤3@20Kg 36937 117052.70 75949.84 1.66 
LCC≤3@30Kg 37056 121133.40 80764.34 1.75 
LCC≤4@20Kg 37175 129796.80 88754.08 1.94 
LCC≤4@30Kg 37415 134200.80 91885.92 2.02 
LCC≤5@20Kg 37415 140160.60 99175.77 2.16 
LCC≤5@30Kg 37773 145075.60 103425.80 2.24 
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1. Establish a 
yield target –
the crop’s 
total needs

2. Effectively 
use existing 
nutrients

3. Fill deficit 
between total 
needs and 
indigenous 
supply

Site-specific nutrient management (SSNM)

Feeding

crop

needs!

Source: (IRRI, Knowledge bank)

 
 

Fig. 2. The three basic steps of SSNM approach 
 
therefore significantly highest N, P, K and Zn 
uptake by grain and straw was recorded with the 
application of 4% Zn through ZnSO4.7H2O 
coated urea + 0.2% Zn foliar spray 
(ZnSO4.7H2O) + recommended P2O5 and K2O. In 
the same experiment with same treatment also 
found to improved yield attributes and yield of 
rice with coated fertilizer besides proving itself 
economically viable [3]. 
 

2. CONCLUSION 
 

Site-Specific Nutrient Management is successful 
in their role of enhancing crop production and 
input use efficiency while minimizing the cost of 
production. To maintain and even increase the 
efficiency of applied nutrient, more precise and 
diverse management strategies are needed. 
Optimizing the amount, time and method of 
fertilizer application with suitable source are all 
helpful in achieving the goal of enhancing crop 
productivity and sustainability. 
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