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Advanced computational procedures for the understanding of  
agricultural processes 
 
Growth of crops obeys certain physio-
logical principles, which have been de-
scribed, most of the times, in qualitative 
terms but can be quantified in response 
to the environment by mathematical for-
mulae by linking the equations to each 
other. In process, a mathematical model 
is obtained that can be written as a com-
puter program. Rapid accumulation of 
knowledge in the agricultural fields and 
increased accessibility to information 
technology have contributed to the de-
velopment of a wide number of agricul-
tural models. Crop simulation models 
can be used as a tool to assist farmer in 
their decisions on agronomic and man-
agement operations.  
 Crop growth is a complex interaction 
of various soil, water, plant and atmos-
pheric components, and thus it becomes 
difficult to completely represent the sys-
tem in mathematical terms. Several  
dynamic models have been developed in 
the recent past, generally robust either in 
soils and crops, or in greenhouse gases 
(GHG) emissions. Pest-induced yield 
loss is generally not addressed in most 
models, thus limiting their usefulness. The 
most popular and widely used models for 
crop growth and yield assessment and for 
appropriate resources and inputs man-
agement are DSSAT, APSIM, WOFOST, 
ORYZA, INFOCROP, WTGROWS1–5. 
 INFOCROP, a generic dynamic crop 
model, has been developed for tropical 
and sub-tropical environments; it deals 
with several important crops particularly 
for the South Asian region6,7. The model 
provides integrated assessment of the ef-
fect of weather, variety, pests, soil, and 
management practices on crop and soil 
processes. Its general structure is based 
on WTGROWS8. Another version of the 
model, developed for increasing model 
applications, has a user-friendly interface 
written in Microsoft.Net while the back-
end has Fortan Simulation Environment 
(FSE) models and databases in MS-
Access. The model has been validated 
for several crops in different production 
environments.  
 Crop simulation models have been 
used for recommending suitable resource 
and input management options8, and  
for the evaluation of climate change  
impacts9–13. These models operate well  

under point application for various biotic 
and abiotic stresses. However, model de-
velopment becomes difficult to handle all 
biotic/abiotic stresses simultaneously. 
There is a need to effectively integrate 
relational layers of biophysical and socio-
economic aspects with crop models for 
realistic estimates. Effective linkage of 
remote sensing inputs for the capture of 
spatio-temporal variability has been 
demonstrated on a limited/regional scale. 
There is a strong need to introduce ad-
vanced computational tools, viz. neural 
network, artificial intelligence, big-data 
handling, multi-goal linear programming 
and agri-informatics, linked with crop 
simulation models for effective agricul-
ture management.  
 Agriculture, specifically in the South 
Asian region, is intensive with large spa-
tio-temporal variations in biophysical 
and socio-economic inputs. There could 
be a chance of error propagation while 
extrapolating the results over a large re-
gion through crop models, when run on 
point scales. Recent versions of DSSAT 
have also included phosphorus and  
potassium fertilization effects simulation, 
but there is need to include secondary and 
micronutrients. Sub-routines for handling 
problem soils, viz. saline, sodic, acidic 
and waterlogged need to be added in the 
simulation models.  
 Data base management system plays a 
crucial role in the capture of spatio-
temporal variations in biophysical and 
socio-economic aspects, which are impor-
tant in running crop models for regional 
assessment of agricultural production 
over a larger region. Information on these 
aspects exists in a scattered manner; 
there is a need to collate them, for which 
remote sensing and geographic informa-
tion system can be effectively utilized.  
 We provide a few examples using de-
cision tools for applications in managing 
agricultural production systems. 
 Soil health assessment: Soil health is 
dependent on several attributes: physical 
(texture, structure, moisture retention/ 
release/transmission characteristics, aera-
tion, compaction), chemical (soil reaction, 
nutrients availability, organic carbon) 
and biological (microbes, nematodes). 
Various soil quality indices have been 
developed for addressing crop choices 

and management of inputs, but on lim-
ited/regional scale. There is need to re-
look big-data for generating response 
functions, taking care of various biotic/ 
abiotic stresses through artificial intelli-
gence and neural networks.  
 Pedo-transfer functions for computing 
soil water and nutrient characteristics on 
the basis of easily determinable soil para-
meters14, are used in crop simulation 
models.  
 Climate informatics: This includes 
characterizing inter- and intra-climatic 
variations; probability of occurrence of 
extreme climatic events, transfer func-
tions to compute solar radiation and  
vapour pressure, and precise future cli-
mate change scenarios.  
 Crops/cropping systems informatics: 
This deals with the predominant crops 
and cropping systems in various regions, 
including crop capability classification 
for choice of alternate land-use types  
under adverse conditions.  
 Package of practices: Agronomic and 
inputs management practices for crops/ 
cropping systems in different production 
environments, recommendations for pro-
blem/degraded soils to be on operational 
window. 
 Hydrological aspects: Surface/ground 
water (quality/quantity) on regional 
scales to be quantified; water production 
functions (seasonal/dated) to be devel-
oped for water management. Conjunctive 
water use to deal with poor quality  
water and linked with rapid land-use and 
land-cover change. 
 Insect pests informatics: Delineating 
major insects/pests (spatio-temporal); 
crop yield reduction associated with in-
sect pests, associated control options, and 
pest forewarning system are priorities to 
be addressed through crop models. 
 Some examples of simulation tools 
and decision support systems (DSS) are 
given below. 
 Soil health assessment/management 
service: Huge soil test values have been 
reported in the literature, but effective/ 
operational soil health service does not 
exist; limited regional studies have been 
successfully demonstrated. There is need 
for effective operational on-line soil 
health service (region-based), which  
requires development of suitable soil 
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quality indices derived from easily de-
terminable soil parameters15. Soil health 
service should address water manage-
ment (irrigation scheduling, conjunctive 
use, fertigation), nutrients management 
(balance fertilization, customized ferti-
lization16, foliar nutrition, slow release 
fertilizers, plant growth promoters, bio-
fertilizers), tillage options (zero tillage, 
conventional tillage, bed planting, re-
source conservation technologies), prob-
lem soils management (saline/sodic/ 
acidic/waterlogged/compact soils), and 
soil conservation techniques.  
 Weather-based agro-advisory service: 
This facility is already available for syn-
optic/medium/long-range weather fore-
cast, but needs further improvements in 
linking with simulation/remote sensing 
tools for effective agro-advisory services. 
 Crop condition assessment and yield 
forecasting: Remote sensing inputs pro-
vide acreage and crop growth conditions 
(although they are not able to delineate 
stress types), net primary productivity, 
land-use/land-cover change dynamics17,18 
and through statistical methods can ef-
fectively forecast the productivity. There 
is a need to link this input with crop 
models.  
 Climate change and its variability ef-
fects on agriculture: In the last couple of 
decades, there has been a drastic increase 
in events such as drought, flood, heat, 
cold, strong wind and cyclone. Crop 
yields in some areas have already started 
to decline. The agricultural sector is a 
high emitter of methane and nitrous ox-
ide, through livestock and fertilization.  
 The purpose of mitigation and adapta-
tion measures is to attempt a gradual re-
versal of the effects caused by climate 
change and sustain agricultural develop-
ment. Although crop models have effec-
tively demonstrated the impact of climate 
change/variability on agriculture, we need 
to improve methodology through careful 
extrapolation of results of Free-Air  
Carbon Dioxide Enrichment/Open-Top 
Chambers, effective inclusion of other 
biotic/abiotic stresses, linking future 
socio-economic scenarios and including 
intra- and inter-sectoral interaction.  
 For this purpose, advanced computa-
tion in understanding of agriculture proc-
esses needs to be developed where the 
crop models along with optimization 
tools, artificial intelligence and neural 
network play an important role. 
 Further scope in advanced simulation 
techniques includes: 

 (1) Crop models to be run with appro-
priate set boundary conditions and  
assumptions. 
 (2) Models require strong regional 
calibration and validation before reach-
ing the application platform.  
 (3) For better model performance, 
capture of strong spatio-temporal data-
base of various biophysical and socio-
economic aspects is necessary. 
 (4) Sensitivity analysis for inputs (for 
soil, weather, crops/cropping systems, 
agronomic and management practices) 
needs to be performed for identifying 
minimum inputs dataset, which is 
strongly built in the DSSAT model. 
 (5) Micro- and secondary nutrients, 
insect pest routine and socio-economic 
aspects to be strengthened in the simula-
tion models for effective outcomes. The 
solution might be through empirical  
approach following advanced computa-
tional techniques. 
 (6) Minimizing error propagation of 
modelling outputs by careful handling of 
agri-production environments. 
 (7) Use of advanced computational 
procedure, with historic datasets of field 
trials, for evaluating interaction of vari-
ous biotic/abiotic stresses unaddressed 
through simulation models. Artifical in-
telligent network, neural network, multi-
goal linear programming and optimiza-
tion tools have to be included within 
crop models to undertake this process. 
 (8) Integration of remote sensing  
inputs with crop models and relational 
layers for preparing DSS is essential. 
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