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Table 2
Methodology for University and College Teachers for calculating Academic/Research Score
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NESTED GRAPH NEURALNETWORKS: ARCHITECTURE,
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o Dr. Preeti Panwar*

| ABSTRACT |

This paper presents a comprehensive analysis of Nested Graph Neural Networks
(NGNNSs), an emerging architecture designed to enhance the representational
capacity of standard Graph Neural Networks (GNNs) while maintaining
computational efficiency. NGNNs operate by recursively applying GNNs at
different structural levels within a graph, enabling them to capture hierarchical
structural patterns beyond the capabilities of traditional message-passing
frameworks. We provide a formal definition of the NGNN architecture, detail
efficient implementation strategies, and conduct extensive empirical evaluations
across diverse benchmark datasets. Our experiments demonstrate that NGNNs
consistently outperform conventional GNN architectures on node classification,
graph classification, and link prediction tasks, particularly on datasets with
complex hierarchical structures. Additionally, we analyze the computational
complexity and memory requirements of NGNNs, providing insights into their
scalability characteristics. The results establish NGNNSs as a promising approach
for addressing known limitations of traditional GNNSs, such as over-smoothing
and limited expressiveness, while offering a practical framework for modeling
complex graph data across various domains.

Keywords:- Nested Graph Neural Networks, implementation strategies,
computational complexity, expressiveness.

Introduction

Graph Neural Networks (GNNSs) have
emerged as powerful tools for learning
representations of graph-structured data,
enabling significant advances in diverse
domains including social network analysis
(Fan et al.,, 2019), molecular chemistry
(Gilmer et al.,, 2017), recommendation
systems (Ying et al., 2018), and knowledge

graphs (Schlichtkrull et al., 2018). The
fundamental concept behind GNNs involves
iteratively updating node representations by
aggregating information from neighboring
nodes, allowing the network to capture local
structural patterns and node features
simultaneously.

Despite their success, conventional
GNN s face several inherent limitations. First,

*  Associate Professor in Mathematics Guru Nanak Khalsa College,Karnal

(40)
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the standard message-passing paradigm
primarily captures local graph structures
within a node’s immediate neighborhood,
struggling to model long-range dependencies
and global patterns (Xu et al., 2018). Second,
as the number of message-passing layers
increases, GNNs often suffer from the over-
smoothing  problem,  where  node
representations become increasingly similar
and lose discriminative power (Li et al.,
2018). Third, theoretical studies have shown
that many GNN architectures have limited
expressiveness in distinguishing certain
graph structures (Xu et al., 2019; Morris et
al., 2019).

To address these limitations, researchers
have proposed various approaches, including
graph attention mechanisms (Velickovi¢ et
al., 2018), skip connections (Xu et al., 2018),
and higher-order GNNs (Morris et al., 2019).
However, these solutions often introduce
significant computational overhead or fail to
fundamentally extend the representational

capacity of GNNss.
In this paper, we introduce Nested Graph
Neural Networks (NGNNs), a novel

architectural framework designed to enhance
the representational power of GNNs while
maintaining computational efficiency. The
key insight behind NGNNs is to leverage
hierarchical graph structures by recursively
applying GNNs at different structural levels.
Specifically, an NGNN consists of multiple
GNN layers organized in a nested fashion,
where each layer operates on a different
abstraction level of the input graph.
The contributions of this paper are
summarized as follows:
1. Weprovide a formal definition of the
NGNN architecture, establishing its
theoretical foundations and

relationship  to
frameworks.

2. We present efficient implementation
strategies for NGNNs, including
optimized algorithms for hierarchical
graph construction and message
passing.

3. We conduct extensive empirical
evaluations on benchmark datasets
for node classification, graph
classification, and link prediction
tasks, demonstrating the superior
performance of NGNNs compared to
state-of-the-art GNN architectures.

4. We analyze the computational
complexity, memory requirements,
and scaling properties of NGNN:ss,
providing insights into their practical
applicability to real-world problems.

5. We investigate the representational
capacity of NGNNs through the lens
of graph isomorphism testing and
demonstrate their enhanced ability to
distinguish non-isomorphic graphs
compared to conventional GNNSs.

The remainder of this paper is organized
as follows: Section 2 provides a review of
related work on GNNss and hierarchical graph
representation learning. Section 3 introduces
the methodology behind NGNN:Ss, including
formal definitions, implementation details,
and theoretical analysis. Section 4 presents
empirical evaluations across various tasks
and datasets. Section 5 discusses the
implications of our findings, limitations, and
potential applications. Finally, Section 6
concludes the paper and outlines directions
for future research.

While existing approaches have made
significant progress in addressing the
limitations of conventional GNNs, there

existing GNN
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remains a need for architectures that can
effectively capture hierarchical structures in
graphs while maintaining computational
efficiency. Most current hierarchical graph
learning methods either focus on pooling for
graph-level tasks or require predefined
hierarchical graph structures.

Our proposed Nested Graph Neural
Networks (NGNNs) address this gap by
providing a flexible framework for learning
hierarchical  representations  without
requiring explicit graph coarsening. Unlike
previous approaches, NGNNs recursively
apply GNNs at different structural levels,
enabling them to capture both local and
global patterns while maintaining the
simplicity and efficiency of the message-
passing paradigm.

Methodology

The study adopted a multi-phase
methodological approach to  design,
implement, and evaluate Nested Graph
Neural Networks (NGNNs). Initially, the
architectural design of NGNNs was
conceptualized to capture hierarchical and
nested subgraph structures within complex
graphs. This involved the integration of
multi-level message-passing mechanisms
and hierarchical pooling layers to enable
effective learning of both local and global
graph features.

Following the design, the NGNN model
was implemented using the PyTorch
Geometric library. Custom modules were
developed to support nested subgraph
encoding and hierarchical aggregation. The
implementation was benchmarked against
standard graph neural network models such
as GCN, GAT, and GraphSAGE.

For empirical evaluation, a range of
graph classification and node classification
datasets—such as PROTEINS, MUTAG, and

ENZYMES—were employed. The models
were trained using a stratified 10-fold cross-
validation strategy to ensure generalization.
Performance metrics such as accuracy, F1-
score, and AUC were recorded and analyzed.
Ablation studies were also conducted to
assess the contribution of each architectural
component.
Experimental Results

We evaluate NGNNs on three standard
graph learning tasks: node classification,
graph classification, and link prediction. Our
experiments aim to answer the following
research questions:

e RQI: How do NGNNs perform
compared to standard GNNs on
various graph learning tasks?

o RQ2: What is the impact of different
graph construction methods on
NGNN performance?

e RQ3: How does the number of nested
levels affect model performance and
computational efficiency?

e RQ4: Do NGNNSs effectively capture
hierarchical structures in graphs?

Datasets

We use the following benchmark
datasets for our experiments:
Node Classification:

e Cora (McCallum et al., 2000): A
citation network with 2,708 nodes,
5,429 edges, and 7 classes

e CiteSeer (Giles et al., 1998): A
citation network with 3,327 nodes,
4,732 edges, and 6 classes

e PubMed (Senetal., 2008): A citation
network with 19,717 nodes, 44,338
edges, and 3 classes

e OGB-ArXiv (Hu et al., 2020): A
large-scale citation network with
169,343 nodes, 1,166,243 edges, and
40 classes
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Graph Classification:
e MUTAG (Debnath et al., 1991): A
dataset of 188 mutagenic compounds
o PROTEINS (Borgwardt et al., 2005):
A dataset of 1,113 protein structures
e NCII (Wale et al., 2008): A dataset
of 4,110 chemical compounds
e COLLAB (Yanardag &
Vishwanathan, 2015): A scientific
collaboration dataset with 5,000
graphs
Link Prediction:
e Cora-LP: Amodified version of Cora
for link prediction
e PPI (Zitnik&Leskovec, 2017): A
protein-protein interaction network
e OGB-DDI (Hu et al., 2020): A drug-
drug interaction graph with 4,267
nodes and 1,334,889 edges
Baselines
We compare NGNNs with the following
baseline models:
Standard GNNs:
e GCN (Kipf& Welling, 2017)
e GAT (Velickovi¢ et al., 2018)
e GraphSAGE (Hamilton et al., 2017)
e GIN (Xuetal., 2019)
Hierarchical GNNs:
e DiffPool (Ying et al., 2018)
e SAGPool (Lee et al., 2019)
e HGT (Hu et al., 2020)
e HGNN (Feng et al., 2019)
Other Advanced Models:
e GraphTransformer
(Dwivedi&Bresson, 2020)
e GCNII (Chen et al., 2020)
e PairNorm (Zhao &Akoglu, 2020)
e JKNet (Xuetal., 2018)
Implementation Details
For all experiments, we implement
NGNNs with the following configurations:

o Base GNN types: GCN, GAT, and GIN
e Number of nested levels: 1, 2, and 3
e QGraph construction methods: Node
Clustering, Similarity-based, and
DiffPool
o Hidden dimension: 64 for all layers
e Learning rate: 0.01 with Adam
optimizer
e Weight decay: 5e-4
e Dropout rate: 0.5
o Early stopping with patience of 100
epochs
e 10-fold cross-validation for smaller
datasets
All models are implemented in PyTorch
and PyTorch Geometric. Experiments are
conducted on NVIDIA V100 GPUs.
Node Classification Results
Table 1 presents the node classification
accuracy (%) on Cora, CiteSeer, PubMed,
and OGB-ArXiv datasets. We report the
mean and standard deviation over 10 runs
with different random seeds.
Table 1: Node Classification Accuracy (%)

Model Cora | CiteSeer | PubMed | 0SB
ArXiv
GCN 81.540.7 ] 70.3+0.7 | 79.0404 | 71.7+0.3
GAT 83.0£0.7 [ 72.5£07 [ 79.0£03 | 73.1+0.2
Graph SAGE | 79.840.9 | 69.8+0.6 | 78.2+0.7 | 72.5+0.2
GIN 802+1.0 [ 718409 [ 77.8+0.6 | 712+04
GCNII 85.5+0.5 [ 73.4+06 [ 80.3+04 | 72.9+0.2
Graph 83.6+05 [ 73.80.7 | 79803 | 73.6+02
Transformer
?ILC:H;)I\I'GCN 84.7+04 | 73.6+0.5 | 80.5+0.3 | 73.8+0.2
?ILEI;)I‘I'GAT 852405 | 741404 | 808403 | 742£02
?ILEI;)N'GIN 84.3+0.6 | 73.8+0.5 | 79.9+04 | 735403
?ILEI;)N'GCN 85803 | 743+04 | 812402 | 745+0.1
?ILEI;)N'GAT 86404 | 74.9+0.3 | 81.7£0.2 | 75.0+0.1
?ILEI;)I\I'GIN 85105 | 74.0+0.5 | 80.5+0.3 | 740£0.2

We observe that NGNNs consistently
outperform their corresponding base GNN
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models across all datasets. The performance
improvement is particularly significant on
Cora and CiteSeer, which have more
complex citation patterns. NGNN-GAT with
3 nested levels achieves the best performance

across all datasets, demonstrating the
effectiveness of combining attention
mechanisms  with  hierarchical graph
representations.

The improvement on OGB-ArXiv, a
large-scale dataset, indicates that NGNNs
scale well to larger graphs while maintaining
their performance advantage. This is
particularly important for real-world
applications where graphs may contain
millions of nodes and edges.

Graph Classification Results
Table 2 shows the graph classification
accuracy (%) on MUTAG, PROTEINS,
NCI1, and COLLAB datasets.
Table 2: Graph Classification Accuracy

(o)

Mode MUT PROTEI NCI1 COLL
1 AG NS AB
GCN 76.9 £ 72.3+0.8 71.9 £ 79.8 £

3.1 1.1 0.5

For graph classification tasks, we
observe that NGNN-GIN consistently
achieves the best performance across all
datasets. This aligns with previous findings
that GIN is particularly effective for graph-
level tasks due to its maximum
discriminative power among message-
passing GNNs (Xu et al., 2019). The nested
structure further enhances GIN’s ability to
capture hierarchical patterns in molecular
graphs (MUTAG, NCI1) and social networks
(COLLAB).

The performance gap between NGNNs
and standard GNNs is more pronounced on
graph classification tasks compared to node
classification, suggesting that capturing

hierarchical structures 1is particularly
beneficial for graph-level representations.
This is especially evident on datasets with
complex structural patterns, such as NCII
and COLLAB.

Link Prediction Results

Table 3 presents the link prediction
performance in terms of ROC-AUC (%) on
Cora-LP, PPI, and OGB-DDI datasets.

Table 3: Link Prediction ROC-AUC (%)

OGB-

Model Cora-LP PPI DDI
GCN 892+05 | 80.3+0.7 | 86.7+0.4
GAT 90.5+0.4 | 81.8+06 | 87.3+0.3
GraphSAGE | 90.1+0.6 | 82505 | 87.9+03
GIN 80.8+0.5 | 81.9+06 | 87.2+0.4
GCNII 91.2+0.3 | 83.0+04 | 88.1+0.2
Graph 91.5+0.4 | 83.5£05 | 88.5+03
Transformer
NGNN-
GON (L-2) 92.1+03 | 83.7+04 | 88.9+02
NGNN-
GAT (L-2) 92.8+02 | 845+03 | 89.4+02
NGNN-GIN | 05 3. 03 | 840404 | 89.1+023
(L=2)
NGNN-
GON (L-3) 92.7+02 | 842+03 | 89.5+02
NGNN-
GAT (L-3) 93.6+0.2 | 85.3+02 | 90.2+0.1
I(\SI;)I\I'GIN 929+0.3 | 84.5+03 | 89.7+0.2

For link prediction tasks, NGNN-GAT
with 3 nested levels achieves the best
performance across all datasets. The attention
mechanism in GAT allows the model to focus
on relevant parts of the graph when
predicting links, while the nested structure
enables it to capture both local and global
connectivity patterns.

The improvement is particularly
significant on the OGB-DDI dataset, which
contains complex interaction patterns
between drugs. This suggests that NGNNs
can  effectively model  multi-scale
relationships, which is crucial for predicting
interactions in biochemical networks.
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Ablation Studies
Impact of Graph Construction Methods
To evaluate the effect of different graph
construction methods, we compare the
performance of NGNN-GAT (L=2) on the
Cora dataset using three construction
approaches: Node Clustering, Similarity-
based Construction, and DiffPool.
Table 4: Performance of Different
Graph Construction Methods on Cora

Graph N.Ode . Training | Memory
. Classification .
Construction Accurac Time Usage
Method ) Y| (slepoch) | (MB)
Node 849404 | 0.8 453
Clustering
Similarity- 1 855405 | 027 612
based
DiffPool 85.6+0.3 0.31 674
Virtual 847405 | 020 489
Supernode

We observe that DiffPool achieves the
highest accuracy, likely due to its
differentiable nature that allows end-to-end
optimization of the clustering assignment.
However, it also requires more
computational resources. Node Clustering
provides a good balance between
performance and efficiency, making it
suitable for larger graphs. Similarity-based
construction performs well but incurs higher
computational costs due to the pairwise
similarity calculations.

Effect of Nested Levels

We investigate how the number of
nested levels affects model performance and
computational efficiency. Figure 1 shows the
node classification accuracy on Cora and
training time per epoch for NGNN-GCN
with varying numbers of nested levels.

We observe that performance improves
significantly when increasing the number of

nested levels from 1 to 3, with diminishing
returns beyond 3 levels. Meanwhile, training
time increases approximately linearly with
the number of levels. Based on this analysis,
we recommend using 2-3 nested levels for a
good balance between performance and
computational efficiency.
Recursive Message Passing
To evaluate the importance of recursive
message passing, we compare three variants
of NGNN-GAT (L=2) on the Cora dataset:
1. Full NGNN: Complete model with
recursive message passing
2. Forward-only: Only forward pass
through nested levels, without
updating lower-level representations
3. Independent: Each level processes

the original graph independently
Table 5: Impact of Recursive Message
Passing on Cora

Variant Node Classification
Accuracy (%)
Full NGNN 85.2+0.5
Forward-only 83.7+ 0.6
Independent 82.9+0.7

The results confirm that recursive
message passing is a crucial component of
NGNN:Ss, enabling effective information flow
between different levels of graph abstraction.
The forward-only variant still outperforms
standard GNNs, indicating that even without
recursion, the hierarchical nature of NGNNs
provides benefits.

DISCUSSION
Interpretation of Results

Our experimental results consistently
demonstrate that NGNNs outperform
standard GNNs across various graph learning
tasks. Several key insights emerge from these
findings:
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. Enhanced Expressiveness:

The
superior performance of NGNNs on
complex graph datasets provides
empirical ~ validation of our
theoretical analysis regarding their
enhanced  expressiveness. By
capturing hierarchical structures,
NGNNs can distinguish graph
patterns that are invisible to standard
message-passing GNNGs.
Task-Specific Architecture
Preferences: We observe that
different base GNN architectures
perform optimally for different tasks
when wused within the NGNN
framework. GAT-based NGNNs
excel in node classification and link
prediction, while GIN-based NGNNss
perform best in graph classification.
This suggests that the choice of base
architecture should be guided by the
specific task requirements.

. Hierarchical Information Flow:

The ablation study on recursive
message passing confirms the
importance of bidirectional
information flow between nested
levels. This mechanism allows
higher-level representations to refine
lower-level ones, creating a feedback
loop that enhances the model’s ability
to capture complex structural
patterns.

Scalability Trade-offs: While
NGNNs introduce computational
overhead compared to standard
GNN:ss, our scalability analysis shows
that they remain practical for large-
scale graphs, especially when
combined with mini-batch training
and efficient graph construction
methods.

Use Cases and Applications
NGNNs are particularly well-suited for
the following application scenarios:

1.

Complex Biological Networks: In
protein-protein interaction networks
and metabolic pathways, hierarchical
structures naturally emerge. NGNNs
can effectively model these multi-
scale biological systems to predict
interactions and functional
properties.

Knowledge Graphs: Large-scale
knowledge graphs often contain
hierarchical  relationships  and
ontologies. NGNNs can leverage
these structures to improve entity
classification, relation prediction, and
knowledge completion tasks.
Traffic Networks: Road networks
exhibit hierarchical patterns (local
streets, major roads, highways),
which NGNNs can capture to better
predict traffic flow and congestion
patterns.

Social Network Analysis:
Communities and subcommunities in
social networks form hierarchical
structures that NGNNs can model to
improve user profiling, community
detection, and influence propagation
predictions.

Chemical and Material Science:
Molecular graphs contain
hierarchical  structural  motifs.
NGNNSs can identify these patterns
to predict chemical properties and
assist in drug discovery and material
design.

CONCLUSIONS
In this paper, we introduced Nested
Graph Neural Networks (NGNNs), a novel
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architectural framework that enhances the
representational capacity of standard GNNs
by recursively applying them at different
structural levels within a graph. We provided
a formal definition of NGNNs, detailed
efficient implementation strategies, and
conducted extensive empirical evaluations
across diverse benchmark datasets.

Our experimental results consistently
demonstrated that NGNNs outperform
conventional GNN architectures on node
classification, graph classification, and link
prediction tasks. The  performance
improvements were particularly significant
on datasets with complex hierarchical
structures, validating our hypothesis that
capturing multi-scale patterns is beneficial
for graph representation learning.

Theoretical analysis and empirical
evaluation showed that NGNNs possess
enhanced expressiveness compared to
standard message-passing GNNs, allowing
them to distinguish graph structures that are
indistinguishable by the 1-WL test. Despite
the increased complexity, NGNNs remain
computationally efficient and scalable to
large graphs, especially when combined with
optimized implementation techniques.

The ablation studies highlighted the
importance of recursive message passing and
the impact of different graph construction
methods on model performance. These
findings provide valuable insights for
practitioners seeking to apply NGNNs to
specific domains and tasks.

In conclusion, Nested Graph Neural
Networks represent a promising approach for
addressing known limitations of traditional
GNNs while offering a practical framework
for modeling complex graph data across
various domains. Future work will focus on

further theoretical analysis, extensions to
heterogeneous and dynamic graphs, and
applications to real-world problems with
inherent hierarchical structures.
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| ABSTRACT |

Water saving in rice cultivation has assumed vital significance, especially
in the context of climate change. Sustainable water management in rice
production focuses on efficient irrigation methods to reduce water consumption
without compromising yields. This can be achieved through practices like
alternate wetting and drying (AWD) and improved irrigation techniques
like Intermittent Submergence, System of Rice Intensification (SRI, Direct-
Seeded Rice (DSR), Aerobic rice, drip irrigation, and smart irrigation with
sensors are also being explored to improve water use efficiency in rice
production. By adopting sustainable water management practices, rice
production can become more efficient, environmentally friendly, and resilient

to climate change.

Key Word- Rice, Production, Sustainable Water management.

Introduction

Rice is a considered as semi-aquatic plant
which has been cultivated form ancient time in
widely different agro-climatic regions of the
world. It is cultivated in the humid tropical and
sub-tropical climate characterized by high
temperature and high relative humidity. Rice is
a largest water user crop. Water is the single
most important component for sustainable rice
production. Irrigated low land rice consumes
more than 50% of total freshwater, and irrigated
flooded rice requires two or three times more

water than other major cereal crops ( wheat and
maize) . The need for “more rice with less water”
is crucial for food security, and irrigation plays
a greater role in meeting future food needs than
it has in the past.Continuous flooding provides a
favourable water and nutrient supply under
anaerobic conditions. However, the conventional
system of rice cultivation consumes a large
amount of water. A number of water-saving
irrigation technologies to reduce water use, to
increase water use efficiency, and to maintain or
increase production for rice-based eco- systems
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have been developed. One of the most commonly
practiced technique is alternate wetting and
drying irrigation i.e. refered as SRI (System of
Rice Intensification) method of rice cultivation.
In SRI method, water is applied to irrigate the
field depending on the weather condition or until
some fine cracks appear on the soil surface.
Continuous ponding of water in the rice fields
is one way of meeting these moisture demands
which also reduces the risk of plant stress and
yield loss. Ponding also helps suppress weed
growth, improves the efficiency of use of
nitrogen & phosphorus and, in some
environments, protect the crop from fluctuations
in temperatures. Most rice varieties maintain
better growth and produce higher yields when
grown in flooded soils, than when grown in dry
soils. Before sowing or transplanting, water is
needed to saturate the root zone. The amount of
water needed depends on the soil type and rooting
depth.

Critical Stages of Irrigation and Stage-wise
Water Requirement

The stage at which the water stress causes
severe yield reduction is known as critical stage
of water requirement. It is also known as moisture
sensitive period. Critical stages of water
requirement in rice are follows (a) Active tillering
(b) Panicle initiation (c) Booting (d) Heading and
(f) Flowering. During these stages, the irrigation
interval should not exceed the stipulated time so
as to cause the depletion of moisture below the
saturation level. Water requirement of flooded
rice varies from one stage to the other as indicated
in table given below.

(1) After transplanting, water levels should
be maintained around 3 cm which gradually
increased to 5"10 cm with increasing plant height
and maintained at the same level until the field
is drained 7"10 days before harvest. Maintaining
5 cm water at all times from heading to end of
flowering stage is the best option.

Table 1 : Stage wise water requirement of paddy crop

Stages of crop growth Water Percentage of total
Requirement (mm) Water requirement
Nursery 40 322
Mainfield preparation 200 16.12
Plantingtopanicleinitiation 458 37.00
Panicleinitiationtoflowering 417 33.66
Floweringto maturity 125 10.00
Total 1240 100

Source : Kumar and Barik (2015) and ICRISAT (2019)

Water Balance and Water Requirement for
Rice Crop: The term ‘water balance’ refers to
the accounting of water going into and out of an
area. The quantity of water added to, subtracted
from, and stored water within a set volume of
soil during a given period of time is considered.
It is assumed that in a given volume of soil, the
difference between the amount of water added
(W, ) to the soil and the amount of water removed
(W_,) from the soil during a certain period is
equal to the change in soil water content (“W)
during the same period of time (Hillel, 1982):

The various items entering in to the water
balance of a hypo-thetical rooting zone for a

flooded rice system are illustrated in Figure
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Fig : Rooting zoneof a flooded rice ecosystem
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Sustainable Water Management
Methods in Rice
1. Continuous & Shallow Submergence

Continuous field submergence for rice is,
usually, practiced due to increase in availability
of nutrients and less weed management
problems. Condsider shallow submergence of
water up to 5 cm depth throughout the crop period
is optimum for high yield.

2. Intermittent Submergence

Intermittent submergence i.e. submergence
during the critical stages of crop and maintenance
of saturation or drying up to hair cracking stage
of field during the rest of the crop stages. It is
reported that, this practice saves about 30%
water.

3. Continuous Flowing Irrigation

Flowing water from field to field increases
grain yield of rice by preventing accumulation
of harmful salts in the soil. However, nitrogen
losses would be higher with continuous flowing
irrigation water. Flowing irrigation water is ideal
for problem soils only.

4. Rotational Irrigation

Required quantity of irrigation water is
applied at regular intervals, such that there may
not be any standing water in the field between
two irrigations. It is usually followed at time of
deficit water supplies. Major advantage of
rotational irrigation is possibly the more effective
use of rainfall.

5. System of Rice Intensification (SRI)

It’s a set of practices, rather than a strict
technology, that focuses on managing land, seeds,
water, nutrients, and labor more efficiently.
Irrigation only to moist the soil in the early period
of 10 days . Restoring irrigation to a maximum
depth of 2.5cm after development of hairline
cracks in the soil until panicle initiation.
Increasing irrigation depth to 5.0 cm after PI one
day after disappearance of ponded water.
Precautions for Irrigation in Rice

(1) Field to field irrigation should be
avoided (Flowing irrigation)

(2) Small bund may be formed parallel to
the main bund of the field at a distance of 30 to

45cm within the field to avoid leakages of water
through main bund crevices.

(3) To minimize percolation loss, the depth
of stagnated water should be 5 cm or less. Care
should be taken not to allow development of
cracks.

Water Usage in Rice Cultivation

Traditionally, rice is mostly grown by
puddling in the main field and transplanting
seedlings into wet and saturated soil. Water input
to rice field is practised for saturating land,
facilitating puddling operation, maintenance of
water layer, and to compensate for evaporation,
transpiration, seepage and percolation losses. On
an average, 2500 litre of water is applied to
produce 1 kg of rough rice, which is 2-3 times
more than other cereals. However, most of the
water applied during crop growth is not used
directly for transpiration, and is therefore,
considered lost from the fields. Total water
requirements and specific water use (m°/ha) for
rice production under different ecologies can be
roughly estimated on average (evapo-
transpiration 550-950mm /crop, which is the
water actually consumed by the plant ) at (FAO,
2000).

Rainfed upland rice— 5500 m*/ha (evapo-
transpiration only ) for 1.25 t/ ha specific water
use : 6.5 m¥/kg.

Rainfed lowland rice— 10,000 m3/ha
(evapo-transpiration plus impounded rain water)
for 2.5 t/ha specific water use: 4.0 m*/kg.

Irrigated upland rice— 10,000m?/
ha(evapo-transpiration+supplementary
irrigation) for 2.5 t/ha specific water use:
4.0 m*/kg.

Irrigated low land /deep water rice—
16,500m*/ ha(evapo-transpiration and full
irrigation) for 4.5 t/ha specific water use:
3.7 m/kg.

Water Losses from Rice Field

The principal moisture losses from the rice
paddy may be grouped into vapour losses and
losses in liquid form. The vapour losses are loss
by transpiration from the leaf surface and by
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evaporation at the water surface. The liquid
losses are the downward movement or vertical
percolation of free water and the run off of excess
water over the field levees . The combined losses
of water resulting from plant transpiration and
surface evaporation are called evapo-
transpiration (ET). It is also commonly referred
to as consumptive water use. The ET rate is
affected by solar energy, temperature, wind or
air movement, relative humidity, plant
characteristics and soil water regime (De
Datta,1981). The percolation and seepage losses
depend on the type of soil. They will be low in
very heavy, well-puddled clay soils and high in
the case of more sandy soils.
Water Reduction Methods
from Rice field

Farmers in India are using 25 times the
amount of water that agricultural scientists say
is needed to produce paddy. Improper irrigation
methods and misconceptions are the stated
reasons for the high wastage of a scarce resource.
So, adoption of given below practices in rice field
are reduce the excess water loss and improve the
water use efficiency.

(1) Seepage and percolation reduced to
considerable extent by intensive land puddling
and perfect leveling.

(2) Application of FYM, compost or green
manures reduce evaporation, and percolation
and seepage losses.

(3) Evaporation losses can be minimized
by 50% when the soil is kept at saturation under
levelled field conditions.

(4) Rain water harvesting can substantially
minimize the surface run off during wet
season.

Conclusions
Water will be a major constraint for

agriculture in coming decades while, to increase
crop yield per unit of scarce water requires both
better cultivars and better agronomy. Water
productivity at the all India level is very low and
needs to be enhanced through tapping, harvesting
and recycling water, efficient on-farm water
management practices, use of waste water and
resource conservation technologies. By reducing
the amount of water required for crop production,
increasing crop water productivity is a key
strategy for achieving food security and water
sustainability in a world with growing demands
for both. Growing changes in the availability of
water resources will require political support for
the collection of information on water resources.

In response to water scarcity and environmental

concerns, the amount of water input per unit

irrigated area will have to be reduced.
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| ABSTRACT |

Citrus fruits have a prominent place among popular and exclusively grown
tropical and sub-tropical fruits. Their wholesome nature, multi-fold nutritional
and medicinal values have made them so important. Citrus fruits possess greater
adaptability to different climatic conditions, so are grown with equal success in
tropical, subtropical and even in some favourable parts of the temperate regions
of the world. Citrus fruits have many merits. They are available throughout the
year. They are not only delicious and refreshing to eat, but also provide vitamins,
minerals and many other essential elements which are required for human health.
1t is the main source of vitamin "C". Citrus fruits are mostly consumed as fresh,
particularly mandarins, sweet oranges, pummelo and grapefruit. Lemon and
limes being acidic are not generally consumed as fresh but are mostly used for

flavouring vegetable dishes, fish, meat and salads. They also used in preparing

delicious and refreshing drinks. Mandarins and sweet oranges are also used in
preparation of squashes, cordials. Limes are mainly used in the preparation of
pickles. In the orient pummelos are used primarily for culinary and medicinal
purpose. The essence oil and perfumes produced from citrus flowers, leaves
and fruits are in great demand in the international market.

Key Words— Citrus, Post Harvest, Diseases management

Introduction

Since antiquity, citrus fruits have been
under cultivation in Indo-China and sub-
Himalayan parts of India. They are grown in
every state of India, but the leading producers
are Andhra Pradesh, Maharashtra, Assam and
Karnataka. India ranks sixth in the production

of citrus fruit in the world. Other major citrus
producing countries are Spain, USA, Israel,
Morocco, South Africa, Japan, Brazil, Turkey
and Cuba. In the current 94-million tonnes of
export of citrus fruits it is the sweet orange that
occupies 71 per cent share, followed by the
tangerine variety (13 per cent), lime and lemon
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(10 per cent) and grape (6 per cent). Brazil is the
world's largest producer of citrus frozen orange
juice, while Spain is the largest exporter of fresh
citrus fruits. Japan, though the largest producer
of the mandarin variety, hardly exports. Thus,
almost all of it is consumed in the domestic
market. Citrus fruits originated in the tropical
and sub tropical regions of South East Asia,
particularly India and China. North East India is
the native place of many citrus species. Of the
various types of citrus fruits grown in India,
orange (mandarin or santra), sweet orange
(mosambi, malta or satgudi) and lime/lemon are
of commercial importance. Lime or acid lime is
also commercially known as 'Pati lime' or 'Kagzi
lime'. Sweet orange is commercially important
for production of palatable juice. In India, citrus
fruits are primarily grown in Maharashtra,
Andhra Pradesh, Punjab, Karnataka, Uttaranchal,
Bihar, Orissa, Assam and Gujarat.

Table 1 : Area and Production of citrus
crops in India: 2015-16 (Area in '000 Ha
Production in '000MT.)

Crop 2022-23 2023-24

Citrus Area | Production Area |Production|
Lime/lemon 267 2950 | 256 2482
Mandarin 298 3698 389 4114
Sweet orange | 275 4224 | 256 3469
Others 113 777 139 1561
Total 953 11749 | 1040 11581
Post harvest losses

Worldwide postharvest fruit and vegetables
losses are as high as 30 to 40% and even much
higher in some developing countries. Reducing
postharvest losses is very important; ensuring
that sufficient food, both in quantity and in
quality is available to every inhabitant in our
planet. The prospects are also that the world
population will grow from 5.7 billion inhabitants
in 1995 to 8.3 billion in 2025. Reduction of post-
harvest losses reduces cost of production, trade
and distribution, lowers the price for the
consumer and increases the farmer's income.
Many factors contribute to postharvest losses in
fresh citrus fruits. These include environmental
conditions such as heat or drought, mechanical

damage during harvesting and handling,
improper postharvest sanitation, and poor
cooling and environmental control. Efforts to
control these factors are often very successful in
reducing the incidence of disease. For example,
reducing mechanical damage during grading and
packing greatly decreases the likelihood of
postharvest disease because many disease-
causing organisms (pathogens) must enter
through wounds.

Losses from post harvest diseases in citrus
fruits fall into two main group i.e. loss in quality
and loss in quantity. Loss in quantity, the more
serious, occurs where deep penetration of decay
makes the infected produce unusable. This is
result of infection of the fruit in the orchard
before harvest. The pre- harvest diseases are
stem-end rot (Phomopsiscitri Fawcett,
AlternariacitriEll. & Pierce, Dothi-
orellagregariaSacc. and Botryodiplodi at
heobromae Pat.), brown rot (Phytophthoraspp.),
and anthracnose (Colletotrichumgloeosporioides
(Penz.) Sacc.). Besides these diseases,
italicumWehmer), sour post harvest diseases such
as green mould (PenicilliumdigitatumSacc) and
blue mould rot (P. rot (Geotrichumcandidum Link
ex Pers) and Rhizopus rot (Rhizopusstolonifer)
spoiled the fruit very fast resulting huge quantity
of loss during transportation and storage. Losses
in quality occur when disease affects only the
surface of produce. It may cause skin blemishes
that can lower the market value of fruit. A study
was conducted on post reported that
Penicilliumdigitatum, harvest losses in kinnow
caused by fungi during storage under low
temperature and It was P. italicum, Alternariactiri,
Aspergillusniger and Rhizopusstolonifer were
found most prominent fungi during storage and
influencing 24.2, 12.8, respectively (Singh and
Thakur, 2003). 9.1, 19.6, 6.8% in 1999-2000 and
31.3,18.4 16.6 7.4 and 11.5% in 2000-2001 in
rotting of fruits
Management of post harvest diseases

The post harvest losses in fruits can be
reduced to some extent by follow the integrated
approach of post harvest treatments. The
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following measures may be adopted to reduce
the post- harvest losses of fruits (Barkai-Golan
2005). Hot Water Treatment: Since long the
treatment of fruits with hot water at a temperature
slightly higher than the thermal death point of
the suspected pathogen has been one of the
convenient methods to eradicate the latent
infection. Heat is usually delivered to a
commodity by air (vapor heat) or water (hot
water). The water content of air greatly
influences heat transfer, and heated moist air
usually kills pathogens more effective than dry
air at the same temperature. Effective water
treatments are usually between 46 and 60° C,
with exposure times ranging from 30 seconds to
10 minutes. Treatment is used air range from 43
to 54 °C for 10-60 minutes.

Table 2 : Heat treatment of fruits for
controlof post-harvest decay of citrus fruits.

Fruits Pathogens  [Temperature (sc) | Time(min)
Hot water
treatment
Lemon | P.digitatum, 52 5-10
Phytophthora
Sp
Kinnow 50 2

Heat treatment of fresh fruits can provide
good control of decay but does not as yet provide
the same protection of fruit quality that post
harvest fungicides do. Induced injury to
commodities and lack of residual protection are
serious limitations to the use of heat treatment.
The use of polymer film wrap during treatment
or the addition of non pesticide chemicals to hot
water may increase the effectiveness of heat
treatment, but more information is needed for
the various commodities.

Use of wrappers: Use of wrappers is a
protective measure for fruits from post harvest
spoilage. The common wrappers are
polyethylene, butter paper and newspapers. In
case of papaya fruits the use of newspapers
wrappers and baskets containing paddy stray
gives positive results and decreases the incidence
of disease. VFI tissue papers (Volatile Fungal
Inhibitors) control storage diseases effectively.

A number of phytopathogenic fungi fail to grow
in presence of such papers. Lime fruits infected
with Geotrichumcandidumand lime fruits with
Colletrotrichumgloeosporioidese scape rotting
when kept wrapped in this paper.

Regulation of temperature and humidity:
Low temperature and humidity have a retarding
effect on the activities of microorganisms. Hence
storage at low temperature accompanied with low
relative humidity is practiced to save the fruits
from post harvest microbial spoilage. Due care
is taken to see that the storage conditions have
no harmful effect on the stored materials. Citrus
inoculated with Botryodiphdiatheobromaewhen
stored at 10°C escaped rotting for 15 days. Lime
fruits with A. nigerstored at 10°C do not develop
rotting for 6 days.

Use of chemicals: Fungicides, antibiotics,
growth regulating substances and homeopathic
dugs are used against post harvest diseases of
fruits. 6-8% solution of borax protects mango
fruits against Botryodiplodia (B. theobromae}
rot. A variety of systemic and non-systemic
fungicides have been recommended for use
against different post-harvest diseases of fruits.
Zerlate, Captan,

Dithane. M-45, Difolatan 80-W, Ferban and
Bordeaux mixture are among non-systemic
fungicides which are extensively used. Ferbam
at 3000 ppm checks Geotrichum (G. candidum)
rot of kagzinimboo.

Currently, synthetic fungicides are the
primary means of controlling postharvest
diseases of citrus fruit, especially imazalil (I1Z),
thiabendazole (TBZ), sodium orthophenyl-
phenate (SOPP), fludioxonil (FLU), pyrimethanil
or different mixtures of these compounds
(Smilanick et al. 2005; Palou et al. 2008).
However, the postharvest use of these fungicides
is subject to registration and permission for use
in various countries. Continuous use of these
fungicides has resulted in the appearance of
isolates of fungi with multiple fungicide
resistances, which further complicate the
management of the diseases (especially
Penicillium rots) (Mercier and Smilanick 2005;
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Boubaker et al. 2009). In addition, these
fungicides are not effective against all important
pathogens. Indeed, sour rot is difficult to control
with IMZ and TBZ (Mercier and Smilanick
2005). The synthetic fungicide guazatine is the
only commercial product that can control sour
rot. However, this fungicide is no longer
authorized in Morocco and several other
countries. Furthermore, the use of fungicides is
increasingly becoming restricted owing to
stringent regulation, carcinogenicity, high and
acute residual toxicity, long degradation period,
environmental pollution and growing public
concern about chemical residues in fruit (Tripathi
and Dubey 2003; Palou et al. 2008). Application
of food additives and GRAS compounds:
Antifungal compounds that leave low or non
detectable residues in the citrus fruit are actively
sought in research programmes. Organic and
inorganic salts are widely used in the food
industry; they are common food additives for
leavening, pH control, and taste and texture
modifications. These compounds have a broad
spectrum of activity against bacteria and fungi
and are GRAS compounds for many applications.
In addition to their consistent antimicrobial
activity, they are inexpensive, readily available,
with favourable safety profile for humans and
the environment and suitable for commercial
postharvest handling practices (EI-Mougy et al.
2008; Deliopoulos et al. 2010). Use of GRAS
compounds and food additives Among food
preservatives, potassium sorbate has been
evaluated for the control of citrus green and blue
moulds and sour rot (EI-Mougy et al. 2008;
Smilanick et al. 2008; Youssef et al. 2012a,b).
This compound, classified as a minimal risk
active ingredient and exempt from residue
tolerances, is more appropriate for application
as an aqueous solution. However, it is not a
popular control agent because its low efficacy,
and it was reported to delay, rather than stop,
green mould infections (Smilanick et al. 2008).
Sodium benzoate and benzoic acid are known
for their bactericidal and bacteriostatic properties
and have the advantage of being nontoxic and

tasteless (ElI-Mougy et al. 2008). To extend the
shelf life of fresh fruit, many other salt
compounds are actually used in many countries,
aiming at the destruction of the pathogens or
inhibition of their growth. Certain compounds,
such as sodium bicarbonate or sodium carbonate,
have been highly successful in controlling green
mould. Smilanick et al. (2008) reported that
sodium bicarbonate reduced the incidence of
citrus sour rot. Youssefet al. (2014) demonstrated
that both sodium

carbonate and bicarbonate exert a direct
antifungal effect on P. digitatum and induce citrus
fruit defence mechanisms to postharvest decay.
Besides these salts, other compounds such as
orthophosphoric acid, sodium propionate,
calcium polysulfide, calcium chloride, EDTA,
sodium salicylate and boric acid have been
evaluated for the control of citrus green or blue
moulds or sour rot and reduced the incidence and
severity of these diseases (EI-Mougy et al. 2008;
Talibi et al. 2011).

Biological control of post harvest diseases:
The postharvest diseases are mainly controlled
by applying fungicides (Eckert and Ogawa,
1985), but due to its public concern about
fungicide residues in food and the development
of fungicide resistance pathogens that limit post
harvest application of fungicides in fruits. There
was need to search for alternative means such as
heat treatment and bio-control agent to manage
prominent post harvest diseases of peach.
Biological control of post harvest diseases of
fruits and vegetables has emerged as a promising
alternative in lieu of synthetic fungicides. Advan-
tages of utilizing antagonistic microorganism
include reducing environmental pollution,
effectively controlling post harvest diseases and
producing high quality and safe food (Zhang et
al., 2004). In recent years, research efforts have
focused on developing alternative control
methods against postharvest diseases of fresh
commodities. Biological control of postharvest
diseases of citrus has been pursued actively by
using bacteria and yeast antagonists. There are
many potentially biological control strategies
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such as (1) constitutive or induced resistance, (ii)
natural plant products, and (iii) antagonistic
microorganisms, to control postharvest diseases
of fruits and vegetables. A brief description about
these strategies has been given here under:
(i) Development and use of resistant varieties

After literature review, it appears that a little
attention has been given by the scientists to
develop resistance to pathogens in postharvest
commodities. Only a few scientists have
considered this type of objective in the breeding
programmes. For this, certain desirable
characteristics have to be incorporated in the
susceptible varieties from the selected fruit and
vegetable varieties, which are resistant to
postharvest pathogens (Wilson and Wisniewski,
1989). In general, we select varieties, which have
thin peel, low tannin content and high sugar
content, and unfortunately, all these factors
favour susceptibility to postharvest pathogens.
Plant breeder needs to recognize that resistance
to postharvest diseases may be distinct from the
field resistance and hence, breeding programme
should be developed to use only this type of
resistance.
(ii) Manipulation of resistance responses in
harvested commodities

There are several factors responsible for
developing resistance in harvested fruits as
described below—
(a) Wound healing

Would healing is a cell mediated reaction
that results in lignin-like deposits. Baudoin and
Eckert (1985) reported that lignin like substances
are deposited in the outer peel of lemon after
wounding. The level of resistance to G. candidum
paralleled the amount of lignin -like deposition.
(b) Induction of resistance

In fruits, ethylene induces activity of
Phenyl AmoniaLygase (PAL) enzyme. PAL
catalyses the branch point step reactions of the
Shikimate Acid pathway leading to the
biosynthesis of phenols, phytoalexin, and lignins,
which are associated with induced resistance to
diseases. Host defenses can be elicited by
different strategies. Physical and biological

agents can elicit resistance in responses in
harvested fruits. Low doses of UV-C (below
280nm) can induce resistance in harvested citrus
against postharvest storage rots and extended
their shelf life. Now, it is the need of hour to
explore the multiplicity of chemical and physical
elicitors that can induce resistance in the
harvested commodities and attempts should be
made to make use of these elicitors for biological
control of postharvest diseases of not only citrus
but other fruits and vegetables.

Low doses of UV-C light, natural plant and
derived fungicides may also induce resistance
in the fruits. Chitosan has been found to elicit
phytoalexin production in some hosts. As coating
it delays ripening, reduce diseases incidence, and
stimulates defense responses. There are several
antagonistic microorganisms, like Pichiaguillier-
mondi (US- 7), which controls a variety of fruit
rots in citrus. These microorganisms induce PAL
activity and phytoalexins, scoparone in citrus
fruit peel. All these activities provide resistance
to host cells, thereby affects the incidence of
diseases.

(c) Polyamine biosynthesis inhibitors

Polyamines, the aliphatic nitrogenous bases
of low molecular weight play a significant role
in the biosynthesis and function of nucleic acids
in biological systems. Polyamines, such as
putriscine, spermidine, spermine and cadavarine
occur widely in prokaryotes and eukaryotes.
Fungal polyamine biosynthesis can be prevented
by inhibiting ornithine decarboxylase enzyme
activity without affecting growth and
development of plant tissues. The inhibitor
difluoromethyl ornithine is the selective inhibitor
of ornithine decarbaxylase with no effect on
arginine decarboxylase.

(iii) Natural plant products for biological control

Fruits and vegetables have a number of
constitutive and inducible compounds that are
anti-microbial, which have not yet been fully
explored as biological control agents. However,
such compounds can be used in or on the plants
where they are produced or extracted and applied
to other harvested commodities. Dubey and
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Kishore (1988) found that essential oils from
leaves of Melanleucaleucadendron, Ociumanum
and Citrus medicawere able to protect several
stored commodities from biodegradation by A.
flavusand A. versicolor. These oils were active
at concentration between 500-2,000 ppm. and
Some plant extracts have shown antimicrobial
properties and different organic solvents have
shown inhibitory action against different storage
fungi. Babu and Reddy (1986) have reported that
that extract of Eucalyptus globulua, Punicagra-
natum, Lawsoniainermis Daturastramonium
were effective in controlling fruit rot of lemon.
Tulsi leaf was found to check spore germination,
growth, total proteins and pectinolytic and
cellulolyttic enzymes of various rot of pathogens.
Mohapotraet al. (2000) reported that low
concentrations of phenols (3-5 pg/ml) are
required by the fungus during normal metabolism
but higher concentrations (20pg/ml) are
inhibitory to growth.

Higher plants contain a wide spectrum of
secondary substances such as phenols,
flavonoids, quinones, tannins, essential oils,
alkaloids, saponins and sterols (Tripathi and
Dubey 2004). Among the numerous natural plant
products with potential antimicrobial activity are
as follows: acetaldehyde, benzaldehyde, benzyl
alcohol, ethanol, methyl salicylate, ethyl
benzoate, ethyl formate, hexanai, (E)-2- hexenal,
lipoxygenases, jasmonates, allicin, glucosino-
lates and isothiocyanates, etc. (Palou et al. 2008).
Citral was reported to inhibit mycelial growth
and spore germination of P. digitatum. Also, citral
has been highlighted as an active compound in
citrus fruit against decay caused by P. digitatum
(Fisher and Phillips 2008). Production of citral
in the flavedo of citrus fruit has beendescribed
as a preformed defence mechanism against
infection by P. digitatum. Jasmonates (jasmonic
acid and methyl jasmonate) have been found to
be effective in postharvest control of P. digitatum
either after natural or artificial inoculation of
grapefruit. Exposure of fruit to jasmonates also
effectively reduced chilling injury incidence after
cold storage. As they are naturally occurring

compounds and are given in low doses,
jasmonates may provide a more environment-
friendly means of reducing the use of synthetic
chemicals.

Chitosan is soluble form of chitin. Chitosan
and its derivatives have plant protective and
antifungal properties. They can trigger defensive
mechanisms in plants against pathogenic attacks
at very low concentrations. They can also be used
in solution powder form or as wettable coatings
to seeds and fruits (Choi et al., 2002). Treatment
of oranges with the essential oils of
Menthaarvensis, O. canum and Zingiber-
officinale has been found to control blue mould,
thereby enhancing their shelf-life. smen end
(iv) Use of antagonistic microorganisms

There are two basic approaches available
for using antagonistic microorganisms to control
postharvest diseases i.e., either microorganism
can be promoted and managed, which already
exists on the fruits itself or these are artificially
induced against postharvest pathogens as
described briefly hereunder—

(a) Natural antagonists

Natural occurring antagonists are those,
which are present naturally on fruits or vegetable
peel, which are used to control postharvest
diseases. Such antagonists have been isolated
from fruit surface of apples and citrus and re-
applied to the fruits as bio-control agents. Chalutz
and Wilson (1990) found that when concentrated
washings from the surface of citrus fruits were
plated out on agar medium, only bacteria and
yeast appeared. After dilution of these washings,
rot fungus appeared on agar, indicating that yeast
and bacteria may be suppressing their growth. It
has been observed that when fruits and
vegetables are washed, they are more susceptible
to decay than those, which are not washed at all.
(b) Artificial introduced antagonists

Use of artificial antagonists is more
effective in controlling postharvest diseases than
other means of biological (Sharma et al. 2009).
Many researchers have tried different bioagent
for controlling postharvest diseases (Table 2). In
selecting an antagonist suitable for postharvest
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application, it should be well adapted to survival
and growth in wounds or on the produce surface
under storage conditions and that have an
"adaptive advantage" over specific pathogens. In
order to act as effective biocontrol agents and to
qualify for development for commercial use on
harvested crops, the antagonists should meet
certain criteria. Moreover, determining the
features needed for an antagonist to serve as a
successful biocontrol agent is the first step before
selecting potential antagonists. Wilson and
Wisniewski (1989) listed the desirable
characteristics of a potential antagonist: (1)
genetically stable (2) effective at low
concentrations (3) simple nutrient requirements
(4) capable of surviving adverse environmental
conditions (5) effective against a wide range of
pathogens and on various fruits (6) resistant to
pesticides (7) a non producer of metabolites
deleterious to human health and (8) non
pathogenic to host. Various criteria connected
with commercial handling practices, have also
been mentioned.

Mode of action of the antagonists

Several modes of action have been
suggested to explain the biocontrol activity of
antagonistic microorganisms (Wilson and
Wisniewski 1994).

(a) the secretion of antibiotic compounds;

(b) competition for nutrients;

(c) direct effect of antagonist or enzymes
secreted by it, on the pathogen;

(d) induction of the host defense
mechanisms.

The secretion of antibiotic compounds: At
present, the use of natural antibiotic substances
to control mould growth is becoming popular.
The bacterium, Bacillus subtilis has been shown
to control citrus green mould, sour rot and
Alternariarot when fruits were sprayed with a
suspension of 109 live bacteria/ ml.. The
controlling agents are assumed to be anti-fungal
substances produced by the bacterium that
prevent mould growth. Analytical tests of the
antibiotic substance secreted by an active isolate
of B. subtilis indicated the presence of iturins,

which are cyclic peptides made of seven a acids
and one ? acid. Pseudomonas cepacia was most
effective of several Pseudomonas species in
controlling green mould decay.

Competition for nutrients between the
antagonist and the pathogen: Another approach
to control postharvest diseases through biological
means is to enhance the activity of an organism,
which feeds on the pathogen. Thus, competition
between organisms is a promising area of
biological control, with enhancing the growth of
non-pathogenic organisms, which prevents the
growth of a pathogenic organism. The yeast,
Debaryomyces (Pichia) appears to reduce the
incidence of green mould development by
competing for space and nutrients in any injury
site on the rind of citrus fruits and thus inhibiting
mould development. However, it does not
produce any antibiotic, which is advantageous
as such compounds may have toxic effects on
consumers. One can assume that the antagonist,
which grows rapidly in the wound by utilizing
nutrients located there, will deprive the pathogen
of available nutrients and inhibit the spore
germination and germ tube elongation, which are
the stages prior to the pathogen establishment in
the tissues. Thus it was found that the rapid
development of the antagonistic yeast,
Pichiaguilliermondii on grape fruit peel at a
broad range of temperatures and at various levels
of relative humidity, enables it to populate the
wound within 24 h, while P. digitatum spores
are still at their initial stages of germination
(Drobyet al., 1992).

Table 2 : Microbial antagonists used for
the successful control of postharvest diseases
of citrusfruits
Microbial antagonist

Disease and its causal
agent

Penicillium rots
Green mild and sour

Aureobasidiumpullulans
Bacillus subtilis

rot
Candida enrobii Stem end rot
Candida oleophila Penicillium rots
Debaryonamyceshansenii | Green and blue mold
Pantoecaagglomeran Green and Blue mold
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Kloeckeraapiculat Blue mold decay
Hanseniasporauvaru Grey mould
Kluyveromycesmarxianu | Green mould
Metschnikowiafructicol Brown rot
Meyerozymaguilliermondi | Anthracnose
Wickerhamomycesanomalu | Anthracnose
Pseudomonas cepacia Green mould

Direct effect of antagonist or its enzymes,
on the pathogen: Several electron microscope
observations showed that the antagonist yeast
cells may injure the pathogen directly. 15 isolates
of Trichoderma were tested for their antagonistic
ability against Lasiodiplodiatheobromae, the
greatest inhibition in dual cultural was exhibited
by T. harzianum, followed by T. viride. For each
species, however, inhibition increased with
increasing density of spores in the inoculum. All
the Trichoderma species reduced spore
germination and inhibited germ tube elongation
of L theobromae. Microscopic investigation
demonstrated direct parasitism and coiling of T.
harzianum and T. viride around the hyphae of L.
theobromae.

Induction of the host defense mechanism:
One of the explanations offered for the mode of
action of the antagonistic yeast, P. guilliermondii
lay in it s ability to stimulate wound healing or to
induce other defense mechanisms in the host. It
is reported that Pichia- inoculated citrus fruits
showed that the yeast stimulated ethylene
production and raised the levels of the enzyme
phenylalanine ammonia lyase (PAL). Candida
famata reduced decay by 90 -100% artificially
wounded citrus fruits caused by P. digitatum.
When the yeast was inoculated into artificial
wounds, ecither alone or with the pathogen, it
stimulated the fruit to produce phytoalexins,
scoparone and  scopoletin at the wound site.
The concentrations of the phytoalexins depended
significantly on the time lag pathogen. Four days
after inoculating the fruit with yeast alone,
scoparone concentration reached 124ug/g fresh
weight, 12 times higher than that in the non
inoculated wound. The concentration reached
only 47 ug/g when the antagonist was inoculated
together with the pathogen and only 37ug/g when

the pathogen alone was introduced into the
wounds. Since scoparone inhibits spore
germination of P. digitatum at 46ug/g and germ
tube elongation 29ug/g. It was concluded that
the phytoalexin had already reached fungitoxic
concentrations within few days of the application
of the antagonistic yeast.

Enhancing the bio- efficacy of antagonists:
During the few decades, many attempts have
been made to develop non- fungicidal methods
to control postharvest decays in various
commodities. They include environmental
modification such as, storing commodities at
temperatures suppressive to pathogen
development, modified relative humidity and the
atmosphere, and treatment with hot air or water
including resistance by applying elicitors or
irradiation, applying substances generally
regarded as safe (GRAS) and sterilizing fruits
and handling water with UV irradiation or ozone.
However, none of these methods, when used
alone, provided satisfactory levels of decay
control. Successful commercial control of
postharvest diseases of fruits must be extremely
efficient, unlike the control of tree, field or soil
borne diseases. Biocontrol agents can't presently
achieve such level of control if used alone.
Conclusion

It appears that some significant progress has
been made towards the biological and integrated
control of postharvest diseases of citrus fruit.
Some biofungicides are already on the market in
a few countries and will probably become more
widely available as they are registered in more
areas. Other microbial antagonists should reach
the market soon. Postharvest conditions provide
an ideal niche for microbial antagonists as they
are less subject to sudden weather changes and
are often equipped with a sophisticated climate
control systems. However, so far, only a few
products with high biocontrol potential have been
made available on a commercial scale. With
intensive research being carried out in various
laboratories, the possibility of identifying potent
microbes and developing suitable biocontrol
products for commercial marketing appears to
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be bright. On the other hand, it is unrealistic to
assume that microbial antagonists have the same
fungicidal activity as fungicides. Improved
postharvest usage strategies of microbial
antagonists include integration with other low-
risk treatments to optimize performance while
allowing identification of methods that reduce
the use of conventional synthetic fungicides for
the control of postharvest diseases of citrus fruit.
In the development of these new strategies,
emphasis should be placed on minimizing human
health risks and environmental toxicity. Research
should provideappropriate tools (microbial
antagonists, natural substances, GRAS
compounds, etc.) to tailor a complete postharvest
citrus diseases management strategy.
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| ABSTRACT |

The experiment was carried out at research farm of Kulbhaskar Ashram
P. G, College, Prayagraj during Rabi season of wheat crop to evaluation of soil
properties by use of FYM, and chemical fertilizers sources with without zinc
application. The eight treatments combinations viz T1- Absolute control, T2-
RDF (120:60:40:25, N, P, K, ZnSO4) , T3- Urea nitrogen- 75%+ FYM nitrogen-
25% + Zn, T4 - Urea nitrogen- 50%+ FYM nitrogen- 50% + Zn, T5- Urea
nitrogen- 25%+ FYM nitrogen- 75% + Zn, T6- Urea nitrogen- 75%+ FYM
nitrogen- 25%,1T7- Urea nitrogen- 50%+ FYM nitrogen- 50%, TS- Urea nitrogen-
25%+ FYM nitrogen- 75% were taken and statistically tested in RBD, with
three replications . The pH and EC of soil resulted better under the treatment
T5 and T8,respectively. Whereas, improvement in organic carbon, available
NPK was recorded in treatment TS5 ( Urea nitrogen- 25%+ FYM nitrogen- 75%
+ Zn ) and available Zn was estimated where 50% of chemical fertilizers
replaced by urea nitrogen with addition of zinc as zinc sulphate .

Keywords— FYM, Chemical fertilizers, zinc and Soil properties.

Introduction percentage of nitrogen and easy availability in

The use of chemical fertilizer enhance
growth and yield of crop for few years but the
continuous long term application of fertilizers
decrease the yield of crop and deteriorate
properties of soil . Urea is a most popular organic
chemical fertilizer because of their high

the market . But their ill-advised use in modern
intensive agriculture with low or no addition of
organic manure and micro nutrient has also
created micro nutrient deficiency and poor soil
properties and reducing yield of crop . Now a
days concept of integrating chemical fertilizers
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with organic material is most popular nutrient
management strategies used in crop production
. This is a scientific management of nutrient
management practices for improvement of soil
fertility for sustaining crop productivity in long
run .Incorporation of organic manure in soil
encourage supplies plant nutrients improve the
physical chemical and biological properties of
soil and thereby improve the properties and
productivity of the soil . ( Singh et.al 2017
reported that soil organic carbon , available NPK
where recorded under integrated use of 75%
NPK + 10t FYM ha - 1 addition of chemical
fertilizer with organic manure which resulted in
conversion of unavailable form of nutrient in
available form . In India , currently several
million hectares of soil have been reported to be
affected by the =zinc deficiency and
approximately one third of the human population
suffers from an inadequate intake of zinc. Low
zinc content in grain and straw results in poor
zinc nutrition of human beings and animals has
recently received considerable attention
(Cakmak, 2008). Zinc as a plant nutrient now
stands third in importance next to nitrogen and
phosphorus and has become increasingly
important in agricultural production during the
past two decades. (Takkar and Randhawa, 1980).
Zinc involves in protein and carbohydrate
metabolism through several enzymatic system.
Zinc increases the grain straw yield of wheat.
(Kumar Dinesh et al. 2017).The present study
was entitled Influence of FYM and chemical
fertilizers sources with without zinc on soil
properties was under taken to evaluate the
properties of soil in respect to pH, EC, Organic
carbon and available NPK Zn in soil.
Material and methods

The experiment was conducted during Rabi
season of year 2018-19 at the research farm of
Kulbhaskar Ashram Post Graduate College,
Prayagraj, Uttar Pradesh. Which is located
between 24°26° N latitudes and 81°56° E
longitudes. The climate of Prayagraj is
characterized by long and hot summer, a fairly
pleasant monsoon and cold season. The wheat

crop variety PBW- 343 was tested in RBD
(Randomized Block Design) with 8 treatment
combinations as T1- Absolute control , T2 -RDF
(120:60:40:25, N, P, K, ZnS0O4) ,T3 - Urea
nitrogen- 75%+ FYM nitrogen- 25% + Zn ,T4 -
Urea nitrogen- 50%+ FYM nitrogen- 50% + Zn
, T5- Urea nitrogen- 25%+ FYM nitrogen- 75%
+Zn ,T6 - Urea nitrogen- 75%+ FYM nitrogen-
25%, T7- Urea nitrogen- 50%+ FYM nitrogen-
50%, T8 - Urea nitrogen- 25%+ FYM nitrogen-
75%.The amount of organic sources used was
calculated on the basis of percent nitrogen in the
materials. The organic materials (FYM) were
incorporated into the soil two weeks before
sowing of wheat and allowed to decompose at
proper moisture content. P and K were applied
to all treatments at recommended rates uniformly
except in control. The Zn was applied as ZnSO4
in treatment receiving only chemical fertilizers
before sowing the crop. The soil sample was
collected (0 - 15 cm depth ) from experimental
field before and after harvest of the wheat crop
and analyzed by following standard methods
Table 1 : Mechanical analysis of soil

Components | Percentage |Method use

sand 45.07

Silt 31.20 Hydrometer method
Clay 23.31 (Bouyoucos,1936)
Texture Sandy loam

Table 2 : Chemical analysis of soil

Parameters | Value | Methods use

pH(1:2.5) 8.32 By Glass Electrode pH
meter.

Organic 0.23 Walkley & Black’s Rapid

carbon(%) Titration method
(Jackson,1973)

EC(dSm-1) 0.25 By Electrical
Conductivity meter.

Available 218.94 | Alkaline Potassium

Nitrogen Permagnate method

(Kgha-1) (Subbiah&Asiza,1956)

Available 13.85 | Olsen’s methods (Olsen

Phosphorus etal. 1954)

(Kgha-1)
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Available 28499 | Neutral-N-Ammonium 8. Urea-N25%+ | 820 023 046
Potassium Acetate using Flame Photo- FYM-N75%

(Kgha-1) meter(Jackson,1973) (T-8)

Available Zn | 0.389 | LindsayandNorvell, (1978)

ppm) (DTPA- using Atomic Absorption Sem.+- 0.16 0.005 0.009
Extractable) Spectrophotometer CD at 5% 0.48 0.014 0.027

Results and Discussion

Soil pH (1:2.5) and EC (dSm-1 ): The
maximum reduction in pH of soil was recorded
under treatment T8 (Urea- N 25% + FYM- N
75%) and EC observed under treatment TS5
(Urea- N 25% + FYM- N 75% + Zn) and T8
(Urea- N 25% + FYM- N 75% ) which might be
due to the production of organic acids from
decomposition of FYM resulted lowering of
these properties. The application of organic
manures increased both humic and humus carbon
of soil and decreased the soil pH.

Table 3 : Effect of integrated nitrogen
management with and without zinc on pH, EC
and organic carbon in Soil.

S.No. SoilpH | EC
(1:2.5)
8.32
8.30

Treatment Organic
(dSm")|carbon(%
0.25 0.22

0.28 0.29

1. Control (T-1)
2. RDF (120:60:
40:25) N,
P,K, ZnSO4)
(T-2)

3. Urea-N75%+
FYM-N25%+
Zn (T-3)

4. Urea-N50%+
FYM-N50%+
Zn (T-4)

5. Urea-N25%+
FYM-N75%+
Zn (T-5)

6. Urea-N75%+
FYM-N25%
(T-6)

7. Urea-N50%+
FYM-N50%
(I-7)

8.28 0.27 0.36

8.23 0.24 0.45

8.21 0.23 0.47

8.25 0.26 0.40

8.22 0.24 0.43

The reduction in EC of the soil with the
application of FYM may be ascribed to salt
leaching facilitated by improved permeability of
soil and to the formation of week salts as a result
of reaction between weak organic acids formed
during further decomposition of FYM and soluble
cations present in soil. The maximum reduction
in pH with organic manures which neutralized
the sodium salt present in soil and increased the
hydrogen ion concentration. These results closely
corroborate with the findings of Formoli and
Prasad (1979), Chauhan (2001), Prasad et al.
(2010).

Organic carbon (%)

The improvement in organic carbon content
of soil in treatments consisting of Urea- N 25%
+FYM-N 75% + Zn may be ascribed to additive
effect of organic carbon through FYM.
Application of FYM increased humus carbon in
soil and Improved physical and chemical
properties of soil and providing good soil
environment to plant and enhanced root growth
leading to accumulation of more organic residues
in the soil while its increase with the treatment
combination is ascribed to direct incorporation of
organic matter through organics. These results
closely corroborate with the findings of Azad et
al. (1998), Sushila and Giri (2000), Shah and
Ahmad (2006), Singh et al. (2008), Singh et al.
(2013).
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Table 2 : Effect of integrated nitrogen management with and without zinc on
available NPK and Zn in soil

S.No Treatment Available Available Available | Available
Nitrogen Phosphorus potassium | Zinc (ppm)
ha') (kg ha) (kg ha™)

1. Control (T-1) 218.64 13.21 285.14 0.392

2. |RDF (120:60:40:25) N, (T-2) 227.37 16.82 296.23 0.585

3 Urea-N75%+FYM-N25%+Zn (T-3) 230.26 18.37 309.26 0.610

4 Urea-N50%+FYM-N50%+Zn (T-4) 236.78 21.97 331.63 0.635

5 Urea-N25%+FYM-N75%+tZn (T-5) 241.50 24.89 335.71 0.623

6 Urea-N75%+FYM-N25% (T-6) 229.79 17.67 314.52 0.545

7 Urea-N50%+FYM-N50% (T-7) 237.76 20.95 327.29 0.552

8 Urea-N25%+FYM-N75% (T-8) 233.25 25.17 334.98 0.595
Sem + - 4.74 0.46 6.60 0.015
CD 13.92 1.35 19.36 0.043

Available Nitrogen (kg ha-1 )

The maximum increase in nitrogen in soil
after harvest of wheat was recorded with the
application of TS Urea-N25%+FYM-N75%+Zn
. Application of FYM with inorganic sources of
nutrients increase available N in soil. The
increment in available nitrogen might be due to
release of extracellular nitrogen substance and
biological fixation of atmospheric nitrogen.
Because of fast decomposition and solubility of
FYM, their effect on native soil nutrients led to
better availability of nutrients besides, improving
the soil environment. The increase in available
nitrogen content with the incorporation of
organic sources along with inorganic source may
be attributed to nitrogen mineralization from
organic manures. The most soluble soil condition
under organic source might have helped the
mineralization of soil N and build-up of higher
available nitrogen. The results also corroborates
with the findings of Singh et al. (1999), Zhao et
al. (2009), Sharma et al. (2013), Faujdar and
Sharma (2015), Sharma et al. (2015), Argal et
al. (2017)

Available phosphorus (kg ha-1)

The available P in soil increased with the
application of FYM and ZnSO4 through organic
and inorganic fertilizers. Incorporation of FYM
along with inorganic P increased the availability

of P to crop and mineralization of organic P due
to microbial action and enhanced mobility of
phosphorus. Organic matter may also reduce the
fixation of phosphate by providing protective
cover on sesquioxides and thus reduce the
Phosphate fixing capacity and increase the
available phosphorus in soil. This might be due
to favorable soil condition by the application of
organic manure which increased activity of
microbes and thereby increase in available
phosphorus status of soil. Similar findings have
been observed by Shah and Ahmad (2006), Singh
et al. (2008), Zhao et al. (2009), Sharma et al.
(2013).

Available Potassium (kg ha-1)

It is clear from the data that the available k
status in soil harvest of wheat crop varied due to
the application of various combination of organic
and inorganic sources of nutrients. These results
clearly indicate that the appreciable increase in
available K was observed under the treatment
T5 (Urea-N 25% + FYM- N 75% + Zn). The
application of organic manure might also be
attributed to the direct addition of potassium in
the available K pool of the soil. Combined use
of inorganic fertilizer along with FYM may be
ascribed to the reduction of K fixation and release
of K due to interaction of organic with clays,
besides the direct K addition to the soil. Similar
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findings have been observed by Sushila and Giri

(2000), Sharma (2005), Sharma et al. (2013).

Available zinc (ppm)

Various nutrient management practices
increased the availability of zinc under treatment
having FYM and ZnSO4 along with inorganic
doses of fertilizers over with treatment consisting
chemical fertilizer alone. Increase in availability
of Zn in soil may be ascribed to the additive
supply Zn in combination with chemical fertilizer
and FYM. The addition of ZnSO4 fertilizers
which might have increased the availability of
Zn under these treatments. The build-up Zn
element might be due to accretion of increasing
amounts of Zn through organic manure and
ZnSO4. Similar result finding Kumar et al.
(2011), Sharma et al. (2013), Argal et al. (2017).

Conclusion: On the basis of during course
of study the soil samples were analyzed by using
standard methods prescribed by scientists, it may
be concluded that replacement of 25% chemical
fertilizer with FYM in addition of zinc found
better in respect of soil pH, EC, organic carbon,
available NPK and zinc . The soil properties
improved with the application of 25% FYM +
75% urea nitrogen +zinc. (T5).
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| ABSTRACT |

Chickpea pod borer is very serious insect pest of chickpea. It attacks on
crop from vegetative to podding stage. It is polyphagous in nature so has very
vast host. Larval stage is damaging stage of the insect. Different methods are
being used for management but proper monitoring of adult and larva is required
for effective management. By using sex pheromone traps, adult male population
can be observed on particular area. Adults population fluctuate by weather
conditions, type of hosts etc. larval population can be observed by counting the
number of larva on chickpea by m2 length or 5 or 10 plants accordingly. We can
easily asses the ETL for management of Larvae by monitoring the population.

Key words— Helicoverpa armigera, chickpea, larva, adult, pheromone trap.
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Introduction in normal weather condition (Vaishmapayam and

Among pulse crops, chickpea (Cicer
arietinum L.) is the most important Rabi crop
grown in northern India. India produces highest
chickpea ,which is contributed about 64% of

Veda, 1980). Of late 1987 and 1997 witnessed
several farmers suicides in Andhra Pradesh. By
adding misery to farmers, year 1997-1998 came
to be known “Helicoverpa Year “(Gupta ,2003)

world wide chickpea production(Gaur et Taxonomic Position

al.2010).The pulse requirement in the country is Kingdom Animalia
projected at 39 million tones by the year2050 Phylum Arthropoda
(IIPR, 2015).Pulses are common sources of Class Insecta
protein , minerals, amino acid, carbohydrates and Order Lepidoptera
fatty acids for vegetarian (Bairwa et al., 2020). Family Noctuidae
Chickpea crop is attacked by many insect- pests Sub family : Heliothinae
but chickpea pod borer (Helicoverpa armigera Genus Helicoverpa
Hub.) larvae causes 10 to 60 per cent yield losses Species armigera
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Keeping in view of seriousness of this
insect-pest this paper provides information on
various ecological parameters, population
dynamics for management of the pest.

1. Monitoring of H.armigera (Adult or Moth)

Monitoring of insect is very helpful to know
the population fluctuation, time of occurrence,
suitable weather condition, migration on different
hosts, longevity, fecundity, and life cycle etc. for
proper management of pest. The incidence of
H.armigera on chickpea and its population
phonology in north central plateau zone of Orissa
and reported maximum number of male noctuids
were caught in sex pheromone traps in early
March (Patnaik et al,. 1991). By using sex
pheromone traps in mid hill regions of
Himanchal Pradesh ,the adult activity started
during 10-11 standard week(Mid March). The
maximum temperature was negatively correlated,
and rainfall was positively correlated with adult
activity (Verma and Sankhyan, 1993). Population
dynamics of adults during winter (November-
March) 1989-90 t01991-92 under the North
Central Plateau agro-climatic zone of Orissa
reported peak population after maturity of crop,
i.e., during April-May ( Patnaik and
Senpati, 1996).The synthetic pheromone traps
were used for adult population fluctuations in
Indore, Madhya Pradesh in 1995-1996. Moths
were trapped throughout the year except during
a period (7-27May) of high temperature (more
than 400C) and low relative humidity (less than
50%) (Bhadauria and Bhadauria,1998).The
synthetic sex pheromone formulation, viz., a
mixture of (Z)-11-hexadecenal and (Z)-9-
hexadecnal (97:3) with a concentration of 1mg/
septum was effective in monitoring the moth
catches. It was 5.33 moth/ trap on summer at
Karadimadeau, 19.67/trap on winter at
Meenakshipuram and Tamil Nadu Agriculture
University campus, respectively (Loganathan
and Uthamasamy, 1998). Moth catches in Delhi,
started from the first week of January and the
last week of December during 1993-94 and
1994-95 respectively.Moth activity was
maximum during 7th and 8th standard week

during the both years (Prabhakar et al.,1998).The
moth population increased from the Sth standard
week and was maximum (19-8 moths) in 13th
standard week than ,it started decline and reached
to 0 in 19th standard week to 35th standard week.
Again, there was a gradual increase i.e., 2-3
moths during 42nd standard week. The moth
population decreased to 0 during 52 standard
week (Saxena and Ahmad, 2002).The moth
trapping increased with the advancement of crop
stage and with rise in temperature consequently,
the increase in moth trapping was 3 to 6 folds/
week between 7th to 10th standard weeks. The
moth population was peak in 14th standard week
and marginal decline and again increased in
subsequent week. There was no moth captured
in trap on 23rd standard week and onwards (Kant
et al., 2004)
2. Monitoring of H.armigera Larval population
The study on pest complex sequences and
relative incidence of different species in
chickpea. There was only three insect species
i.e., H armigera, Chrotogonus trachypterus and
Spilosoma obliqua were classified as major,
minor and occasional pest, respectively. H.
armigera was observed seven week after the
germination (Deka et al. ,1987). The relationship
between certain biotic and abiotic factors with
the occurrence of gram pod borer on chickpea
found that there were 2 peaks in the population
during the 47th to 50th and 11th to 15th standard
weeks (Yadav and Lal,1988). The larval
population peaked in early April (16.32Larvae/
m2). Larvae ware also recorded on the weeds of
Amaranthus virdis, Siene conoidea,
chenopodium album and Convolvulus arvensis
(Singh etal., 1990). The pod damage in chickpea
caused by H. armigera ranged from 3.6 t0 26.4%
with peak larval activity in the last week of
December in Orissa (Patnaik et al., 1991). The
influence of abiotic factors on relative abundance
of pod borer of chickpea,H. armigera was
abundant during 47-51 and 10-17 standard week.
Abundance was significantly positive correlated
with the maximum and minimum temperature
and significantly negative correlation with
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relative humidity (Yadav et al., 1991). The
incidence and population fluctuation of larvae
in relation to chickpea phenology and
environmental factors ,the larval population
remained low during December and January and
increased during February-march. The flowering
and pod formation in crop favored increase in
larval population at high temperature (Anwar et
al., 1992).The October sown chickpea crop had
the lowest population (00.42 and 0.50 larvae/m
row) and crop sown on Last week of November
had highest number of insects (1.17 and 1.18
larvae/m row) in two consecutive years
(Chaudhary and Sachan, 1995). The peak activity
of pod borer was in February and March.
Environmental factors (temperature, humidity,
relative humidity and rainfall) had an impact on
the development of the pest population (Dubey
et al., 1995). Among the major insect pest in
chickpea, Agrotis ipsilon, Agrotis boconica and
Mythmina separata during seedling stage, while
H. armigera appears in large number during the
active vegetative growth and the pod formation
stage. It appeared by the end of December-
January and slowly increased in number. The
larval population ranged from 70-90/fifteen
plants. The population declined fast by the end
of March with rise in temperature (Lal, 1996).
The larval activity peaked between the 50th to
2nd standard week. A significant negative
correlation existed between temperature and
larval incidence (Patnaik and Senapati, 1996).
Pod borer on chickpea in irrespective to date of
sowing, incidence of H.armigera started in first
week of January and reached its peak in March
(Ravi and Verma, 1997). Seasonal carry over and
population dynamics of H.armigera infesting
bottle gourd (Lagenaria siceraria), early
pigeonpea, chickpea and ornamentals. The pest
was noticed in early pigeon pea from October to
December, in chickpea from January to April and
in bottle gourd during May and July. Chickpea
at podding stage got highest larval population in
all the test location. Rainfall was negative
correlated to the mean larval population
(Tripathy et al., 1999). The incidence of larva

on chickpea was observed on 87 days old crop

(20 larvae/10Plants) in January (Rao et al., 2001)
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I ABSTRACT ]

Life satisfaction is an important phenomenon for human beings. If a
person is not satisfied with his life, the grooming of his personality reflects
in a negative manner. Therefore, it is to be discussed in a research on life
satisfaction everyone has its own problems of life. We all are facing different
kind of problems which influence our life satisfaction. There are many
criteria’s to full fill our life to be satisfied. One of the criteria, we have
selected is working condition of women. So, the life satisfaction between
working and non working women were investigated in this research. Total
100 subjects were selected and the life satisfaction scale prepared by Q.G
Alam and Ramji Shrivastav was also used. Result indicates that our null
hypothesis is proved wrong.

KEYWORDS—- Working and non working women, life satisfaction.

INTRODUCTION

Life satisfaction is the main core of our life.
It emphasize the quality and evaluation of a
person quality of life. It is the overall assessment
of our matuarity, attitude, feelings, emotion,
balancing, etc. When exploring the differences
in life satisfaction between working and non-
working women, it is essential to consider
various dimensions such as financial
independence, mental well-being social, social
connections, time management and social
expecations. Each group faces unique challenges
and benefits, which contribute to their life
satisfaction in different ways.
1. Life satisfaction among woking women

Working women, whether full-time or part-
time, experience unique dynamics that influence
their life satisfaction. Their engagement in the
workforce can provide several benefits including:

(a) Financial independence

(b) Professional fulfillment

(c) Social Interactions
2. Life satisfaction among Non-working

women

Non-working women, including
homemakers, retirees, or those temporarily out
of the workforce, have a distinct set of
experiences that shape their life satisfaction.

(a) Family and home focus

(b) Flexibility and time

(c) Economic dependence

K.S.(2014), have been studied on the topic
“Life Satisfaction and stress level among
working and non-working women”. The main
aim of the present study was to examine the life
satisfaction and stress among working and non-
working women. A sample of 200 women (100
WORKING & 100 NON-WORKING) was
drawn randomly from the population. Life
satisfaction scale by Alam & Shrivastava (1996)
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and stress scale by Singh (2004) were used for
data collection. Mean standard deviation, ‘t’ test
and correlation were the statistics calculated. The
results indicated that there was significant
difference regarding life satisfaction and stress
between working and non-working women.
Results revealed that working and non-working
women differed significantly on their life
satisfaction (t=5.52). Working women were more
satisfied with their life , on stress scale non-
working women have higher level stress as
compared to working women. A significant
negative relationship was found between life
satisfaction and stress.

Dr. Chauhan A.(2015) have studied on the
topic “A Comparative Study on Life
Satisfaction among working and non-working
women”. The present study designed to find out
the difference among working and non-working
women on life satisfaction. The sample was
comprised of 40 women (20 working and 20 non-
working women). The age range 30 to 50 years.
Random sampling was used for data collection.
The data was collected through life satisfaction
scale developed by Hardeo Ojha to examine lie
satisfaction among working and non-working
women, Mean SD and T Test will be a significant
difference among working and non-working
women on life satisfaction. Working women
more satisfied than non-working women.

Dr. Khalid M.(2015) have studied on the
topic “Life Satisfaction among working and
non-working women”. The present study was
conducted to measure the life satisfaction among
working and non-working women satisfaction
with life scale (SWLS) developed by Ed Diener
and colleagues (1984) consistant 5 items was
administered to the sample of (N=100) of
different organization and living areas of
Islamabad and Faislabad. The sample was indiled
in to two categories 50 working women and 50
non-working women out of which 25 working
competed for the satisfied analysis of the data.
All hypothesis were significant at P2 .05 level.
Finding indicates that these was significant
difference between working and non-working

women regarding their positive well-being.

Sharma K. and Kumar S.(2019), have
satisfied on the topic “Satisfaction of Life
among working and non-working women”.
Life satisfaction is an overall amassment of
feelings and attitudes about one’s life at a
particular point in time ranging from negative to
positive. The present study was conducted to
measure the life satisfaction among working and
non-working women. A sample of 300 women
(150 working & 150 non-working women) was
drawn randomly from the population of eastern
Uttar Pradesh and Chattisgarh. Life satisfaction
scale developed by Sharma and Mishra (2018)
was used for data collection. Mean, SD and F
ratio was computed for the statistical analysis of
the data. Finding indicate that there was
significant difference between working and non-
working women. Working women have higher
life satisfaction in compare to non-working
women.

Mishra R. and Mehra A.(2019), have
studied on the topic “Stress level and Life
Satisfaction among working and non-working
married women”. The main aim of the present
study was to examine the stress and life
satisfaction among working and non-working
married wome of Haryana. A sample of 200
married women (100 working & 100 non-
working women) was drawn randomly from the
population of Haryana. Life satisfaction scale by
Alam & Shrivastava (1996) and stress scale by
Singh (2004) were used for collection of data.
Mean, Standard Deviation, ‘t’ test and correlation
were the statistics used for the present study.
Result indicated that there was significant
difference regarding stress and life satisfaction
between working and non-working married
women. The results revealed that working and
non-working women differed significantly on
their life satisfaction (t=5.52) working married
women were more satisfied with their life. On
the stress scale non-working married women
have the higher level of stress as compared to
working married women. A significant negative
relationship was found between stress and life
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satisfaction of married women.

Shadab N. and Dr. Roy B. (2021), have
studied on the topic “A Comparative study on
Life Satisfaction among working and non-
working muslim women of Ranchi town”. The
main objective of the present research was to
examine the impact of marital and working status
on life satisfaction among muslim women of
Ranchi town. It was hypothesized that there is
no difference between married & unmarried and
woking & non-working muslim women on life
satisfaction. The sample of the study comprised
of 40 muslim women (20 working and 20 non-
working women) of Ranchi town. To collect the
required data for the present study life
satisfaction scale developed by Alam &
Shrivastava, (1996) which contains 60 items was
aministered on all participants. The obtained data
were analyzed with the help of percentage, Mean,
SD and “t” test. Result showed the most muslim
women of the total sample had average level of
life satisfaction but no significant differences
between married and unmarried and working and
non-working muslim women on life satisfaction
was found.

J.D. Indrajitsinh , Yogesh V.Macchi (2024),
have studied on the topic “Life Satisfaction
among working and non-working women.”
The assessment of an individual’s quality of life
is known as life satisfaction. It is evaluated in
terms of a person’s mental state, level of
satisfaction with relationships, goals achieved,
self-perceived abilities foe copying and self-
concepts. A position outlook on life is a necessary
component of life satisfaction not an evalution
of one’s present feelings. Life satisfaction has
been measured in connection to a number of
factors, including residence experiences
education level and economic standing. The
purpose of the present study is to determine the
level of the life satisfaction among working and
non-working women in urban and rural area
Panchmabhal District in Gujarat state as per the
requiremet of the research design of this study.
Life satisfaction scale developed by Dr.Promod
Kumar and Dr. Jayshree Dhyani were used to

collect data. Level of life satisfaction measured
by the result indicates but there is not significant
differences between women living urban and
rural area on life satisfaction and interaction
effort of working & non-working women and
area not significantly differ on life satisfaction
scale.

Dr. Shrivastava R. and Singh S. (2022),
have studied on the topic “A Comparative study
on anxiety and life satisfaction of working and
non-working mothers of Bhopal city”. The aim
of the present study was to investigate the
existence of anxiety and compare anxiety and
life satisfaction level among working and non-
working mothers the study also aimed to
investigate whether anxiety has any effects on
life satisfaction among working and non-working
mother purpose sampling method was use for this
study 50 graduated government servants
(working mother) and 50 graduated housewives
(non-working mothers) were selected as part of
the sample. State-trait anxiety test was used to
assess the level of state and trait anxiety among
working and non-working mothers life
satisfaction scale was also used to assess and the
life satisfaction level among working and non-
working mothers. There exists negative and
significant correlation between anxiety and life
satisfaction among working and non-working
mothers.The findings showed that anxiety has
no significant relationship with life satisfaction.
It can be concluded that anxiety does not
significantly predict life satisfaction among non-
working mothers.

Dr. Kumar R. (2023), have studied on the
topic “Life satisfaction and stress level of
working and non-working women”. The
purpose of this study was to compare the levels
of stress and life satisfaction experienced by
working and non-working women. A random
sample of 200 women, 100 of whom were
employed and 100 of whom were not , was taken
from the population. Alam & Shrivastava’s
(1996) life satisfactionscale and Singh’s (2004)
stress scale were utilized for data collection the
statistics that were calculated were the mean,
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standard deviation “t” test and correlation .
According to the findings, working women and
non-working women had significantly different
levels of life satisfaction and stress. The results
showed that working women and non-working
womenhad significantly different levels of life
satisfaction (t=5.52), but on the stress scale, non-
working womenhad higher levels of stress than
working women did. Life Satisfaction stress were
found to be correlated.
Problem

Is there any significant differences between
working and non working women regarding life
satisfaction?
Hypothesis

There is no significant differences between
working & non-working women regarding life
satisfaction.
Variable

(a) Independent variable:

WORKING CONDITION :

Working Non-working
Women Women

(1) Working women— Working women are
referred to those women who go outside the home
and earn some reasonable money.

(2) Non-Working women— Non-working
women are referred to those women who lived
athome all the time and look after their families.

(b) Dependent variable :

life satisfaction.
Methodology

Sample— There were 100 subjects (n=50
working women and n=50 non-working women)
in this study. The subjects were given LIFE
SATISFACTION SCALE (LSS). Subjects were
motivated for providing correct response. At the
time of data, it was checked that they have
answered all the statements. The scoring was
done manually.

Material used— Scale made by Q.G. Alam

and Ramji Shrivastava was used in this research.

Procedure— This is a survey type research
in which researcher seeks to understand the
relationship between dependent variable ( Life
satisfaction) and independent variable (working
& non-working women) . The data for the present
study was collected from subjects belonging to
Moradabad city

After that, the analysis was done carefully.
Statistical Analysis

For the statistical analysis of data, ONE
WAY ANOVA is applied in the following steps—

(1) Correction = (%)‘J

(2) Total Sum of squares = x,” +x,” - ¢

(3) Sum of Squares Between Groups of
or among the Means
2 2
SSM = (&J +(&J +c
n n,
(4) Sum of Squares Within Groups
SSW = Total SS—-SSM

Between groups =d.f. =K-1=2-1=1

Within groups = d.f. = N-K = 100-2 = 98
Result and Interpretation

According to statistical analysis of the data,
we find that our F-ratio is 9.52 (see in summary
table)

Observed value at .01 is 3.94 and observed
value at .05 is 6.90. Our obtained (9.52) obtained
value is much larger. The observed value at .01
level.

The mean of working women 40.4 and the
mean of non-working women is 3.62. This shows
that working women is more satisfied with their
life in comparing of non-working women.

This indicates that our hypotheis “There is
no significant differences between working &
non-working women regarding life satisfaction”
is not true and for sure accepted in this study.
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SUMMARY TABLE : ANOVA

S.N. Source of d.f. Sum of | Mean squares F- Interpretation
variance Square variances Ratio
1. Between 1 420.25 420.25
group 9.52
2. Within group 98 4,324.5 44127 Significant

®  Significant at .05 level of confidence
®  Significant at .01 level of confidence

Many researches and studies have been
made in respect to the present study.

In the study of Singh K.S. (2014), Dr.
Chauhan A.(2015),Dr. Khalid M.(2015),
Sharma K. and Kumar S.(2019), Mishra R.
and Mehra A.(2019), we find that there is
working women is more satisfied with their life
comparing to non-working women.

In some other studies— Shadab N. and Dr.
Roy B.(2021), Dr. Indrajitsinh and Yogesh V.
Macchi(2024), Dr. Shrivastava R. and Singh

S.(2022), we found these studies are non-
significant.

For instance, the study done by Dr. Kumar
R.(2023), we found in this study non-working is
more satisfied with their life.

But as our result and statistical analysis ,
we found that in our study “LIFE
SATISFACTION BETWEEN WORKING
AND NON-WORKING WOMEN”. Working
women are more satisfied with their life in
compare of non-working women.

Bar Diagram #1
Graph 1 representing Mean of working & Non-Working Women

Mean Score

working women

non-working women
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Bar Diagram #2
Graph 2 representing individual scores of all subjects
50
45 /\
) /\ /
) / A7
L N\ Y
25 Working
/ P / \ / —— Non Working

20 // 7 \"4
15
10

5

o T T T T T T T T T 1

1 2 3 4 5 6 7 8 9 10
Conclusion 5. Macchi V. Yogesh and Thakor D.1.(2024) Life

According to the result, it is concluded that
our hypothesis “There is no significant

differences between working & non-working 6.
women regarding life satisfaction” is not true.
Because according to our result “There is
statistically significant effect of life satisfaction 7

between working & non-working women”. And

for sure accepted in this study.
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| ABSTRACT |

As we know that the real investment is such expenditure which increases
the quantities of capital goods for economy and we also know that we are living
in the culture of consumerism where a number of goods and services in the
market are sold to the consumers. It is not possible for a consumer to buy all
types goods and services which he wants or desires. But in the economy every
consumer s choice is very different because of their different natures, wants
and demands. And therefore the various firms and institutes are producing the
goods and services in large scale. For large scale production the producers
need a lot of capital to do investment. But here we analyze the importance of
investment in the development of the SHGs with the reference of Uttarakhand.
In fact there is a great importance of investment in the SHGs to produce the
goods in a large scale for spreading their market. With their more investment
they are deriving the opportunities of employment in their local areas.
Objectives

1. Enhancing the SHGs by Investment for making them self-dependent.

2. To develop the local areas where the SHGs are working.

3. To derive the new opportunities of employment.

4. To control the migration from rural to urban areas.

Methodology— Descriptive, Observational and Synthetic.

Keywords— Investment, Large Scale Production, Consumerism, Demand
and SHGs.

Introduction addition in the capital stock. This investment

The investment is very remarkable
economic activity for the firms to produce the
goods and services in a large scale in the world
of competition markets. Here we analyze the
importance of the Keynesian investment or Real
Investment (The real investment refers to the

*  Kumaun University Nainital
**  Kumaun University Nainital

increases the level of income and for the firms
the investment is very remarkable flow to
increase the capital stock) over the SHGs which
are running in their local areas and their members
belong to the poor families and to the rural areas.
Those members run their firms with their small
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savings and the economic subsidies by the
Government. In the present time the government
is supporting and enhancing the SHGs for the
rural development. The rural development is very
big question for every government in the
developing countries, because their rural arecas
especially hilly rural areas. There are no primary
or basic or fundamental facilities (as the
education, hospitals, transport and employment
opportunities) in the hilly rural areas. Hence they
are very backward and poor and their standard
of living is very low. So they migrate to urban
areas and migration has been very big problem
for both areas. Consequently the governments
are paying their attention to the problems of rural
and many policies are applied to develop the rural
areas but here we will focus on SHGs. There is a
great need of investment for developing SHGs
so that they may produce in a large scale. On
producing in large scale the firms faces low costs
and gets more profits and gives more
employments. They need to invest in their firms
for this but they have no enough savings to invest.
To solve this problem the governments come.
The governments provide loans to the SHGs at
very low interest rate through banks.

There are 31563 SHGs under NRLM and
228049 members by May 202 1. The Uttarakhand
Gramya Vikas Samiti (UGVS) under IFAD-ILSP
is enhancing the SHGs because these groups are
the ways to develop the rural areas and to make
the members self-dependant.
METHODOLOGY DESCRIPTIVE,
OBSERVATIONAL AND SYNTHETIC

Present time is the era of competition in
the markets. A number of substitute goods are
sold in the markets of the numerous firms,
companies and factories and small producing
plants. Likewise SHGs are also producing goods
with the best qualities at very reasonable rate that
can do competition with other industrial goods.
The government is giving them very important
facilities for marketing their products. As in the
below table is given the description of SHGs of
Uttarakhand—
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District’s Name Number of | Number of
SHGs Members

Almora 1952 11329
Bageshwar 742 4396
Chamoli 2973 19129
Champawat 1122 7617
Deheradun 2561 22107
Haridwar 3146 32539
Nainital 3308 21760
Pauri Garhwal 4111 23897
Pithoragarh 1942 10965
Rudra Prayag 1059 6856
Teheri Garhwal 2313 14514
Uddham Singh Nagar 4736 44675
Uttarkashi 1598 8265
Total 31563 228049

Source— www.nrlm.gov.in

The government is supporting them with
its programs and policies. It is better to do the
rural development. To more develop them the
government provides loan to them. The
government starts with small amount of loan with
SHGs’ members as CCL and CRC but this small
amount supports them to invest in their
occupations. This small investment enhances
those products which are produced in local and
rural areas. As per their progress in their
occupations the government provides loans them
through banks to enhance their business. In this
way the SHGs progress well and produce their
products in a large scale. The people who live in
the hilly areas and they were to migrate to the
urban areas because of no enough production in
the agriculture sector and no opportunities of
livelihood for their family, they get the
employment at their areas through the SHGs.
they are also enhancing the hilly crops as the
Manduva, Jhungar, kauni, Choo, White and
Black Bhatt, Mansoor daal, Methi, Gahat Dal
and Bichchho Grass etc. likewise the flowers
and fruits’ production is also enhancing the
SHGs. As it is shown in the table—
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Activities Groups Villeges Families
Bakari Palan & Dairy 1391 580 11665
Masala (Dhaniya & haldi etc.) 1114 609 10049
Dal (Pulse) 647 323 6127
Sabji (Vegetables) 1527 696 14025
Lahsun & Adrak (Garic & Ginger) 810 425 6924
Pahadi Anaj (Manduva, Jhangora, Ramdan) 370 186 3114
Samanya Anaj ( Wheat, Corn & Rice) 383 223 3160

Source— Nutan Abhinav Prayas (UGVS, IFAD-ILSP) 2018 Page 15
To enhance the investment in the SHGs, the federations are also coming ahead with the guide

lines. It is shown in the following tables—

District’s Name No. of No. of No. of No of Women
Federations Villeges Groups Shareholders | Shareholders
Almora 11 221 793 6168 5650
Bageshwar 12 210 631 8237 7424
Chamoli 19 165 799 6454 5663
Teheri 12 217 733 7452 6474
Uttarkashi 17 238 649 7059 6482
Total 71 1051 3605 35370 31693

Source— Nutan Abhinav Prayas (UGVS, IFAD-ILSP) 2018 Page 24

In the above tables is seen the strength of
women shareholders is greater comparison on
men, because SHGs are made for women
especially.

Indeed the SHGs are such a way by which
the people can choose any occupations and the
SHGs’ members choose their occupations as the
local demand of their area rationally. For example
SHGs’ steps are going to the thrust industries as
Indira Amma Canteen. Here they are providing
the hilly famous, healthy and pure dish at very
low rate (RS 25 per Thal).

To enhance the SHGs and the rural
development the IFAD is providing the finances
as it is shown below table—

YEAR IFAD Loan
(Amount in Cr. RS)
2016-17 52.89
2017-18 102.31
2018-19 128.7
2019-20 (Target for this year) 109.33

Source— Annual Progress Report (ILSP & IFAD)

2019-20 page no. 06

The importance of Investment in the SHGs
(1) To develop the rural areas— As we

know that the SHGs are running especially in
the rural and hilly areas with a full swing. And
there is also a great opportunity to spread their
business and SHGs are the ways to develop the
rural areas. It was because the people especially
women in the villages get employment to their
local areas and they started to get their livelihood
for their families. So the government provides
them finance to invest and these SHGs are based
on the local development. For this they use the
local available resources and means. For
examples Local hilly crops (Manduva, Jhangora,
Dhaan,), local plants (Bichchhu ghas), fruties
(Malta, Oranges, Pomegranates, Apricots, Amla,
Apples and Mangoes etc.) flowers (Rose,
sunflowers, Buransh and Marogold etc.). Thus
the local resources and means are being utilized
by the SHGs’ members.

(2) The eradication of poverty and
unemployment— Poverty is a sin for a society.
It spoils the curriers of the poor people. It kills
so many dreams of the people especially in rural
and hilly areas. And poverty is the cause of
unemployment. There are the big problems of
poverty and unemployment in the rural and hilly
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areas. After forming the SHGs and by investing
in these groups these types very serious problem
is being solved in these areas. So the government
is enhancing the SHGs in the rural and hilly areas
too. In fact these groups are deriving the
economic activities in the members of SHGs by
which they are producing the goods and services
in the large scale. And these groups are providing
the respectable place to the women in their
society. They are being self dependent and
supporting their families economically.

(3) Controlling the Migration— As it is
already known that the migration is very serious
problem in both rural and urban areas and it is
very big question to control the migration. The
rural people’s aptitude has been for the urban
areas. But on forming the SHGs the migration is
being controlled within limits. As much as SHGs
are supported by government these groups will
control the migration fairly.

(4) Women Empowerment— The women
empowerment was encouraged by investing in
SHGs. They are participating in the SHGs and
making their currier. And therefore they are
being economically strong.

(5) The Development of Entrepreneur-
ship— Often it is said that there are Shy Capital
in the rural areas. They are afraid from investing
their capital. They think about risk more than
investment benefit. This problem is solved by
the Government to enhance SHGs.

(6) Enhancing to the Marketing— SHGs
has made very famous their products by
providing healthy products. Now their products
are available in the Global Markets i. e. Their
products (under Hilansh Brand Project) are
available in the Amazon Online Shopping and
Flipkart Online Shopping, Big basket, Trade
India and Bigymart etc and they are selling their
products through social media as Facebook,
YouTube and Twitter too.

(7) Enhancing the Organic Food— The
SHGs/Producing Groups are giving their main
focus to the Organic Agriculture. They are
providing the organic agricultural products to the

consumers. And therefore the consumers are also
attracting to the organic food. In this way the
investment is very profitable in producing the
organic food and organic farming.
Conclusion
After all the SHGs are playing a great role
to develop the rural and hilly areas and it is seen
positive results to it. The IFAD-ILSP, UGV'S and
NRLM Projects are enhancing to develop the
rural areas through groups (SHGs/Producing
Groups). These projects are providing all
fundamental facilities to the SHGs, as if the
finance facilities for investment, training for the
development of entrepreneurship in group
members, the brand name for their products for
reliable to the consumers, holding the meetings
of members time to time and advertising and
marketing their products. The Uttarakhand
Government is also paying its main attention to
the SHGs through these Projects. The local
products are being enhanced by these groups. So
the people are being aware producing their local
crops, because these producing groups are getting
well profit for their products. For example on
29th April 2018, Honorable Prime Minister
Narendra Modi appreciated the ILSP for the
Mandua Biscuits on his Mann ki Baat (43th
episode) and the Hilansh Brand is being famous.
In this way if these groups are supported and
enhanced, they would do more progress in future.
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