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Abstract

Plant abiotic stress has been a major problem for reduced crop yield and imposes the key challenges to farmers
for dealing with abiotic stress. Salinity stress is one the abiotic stress, which causes huge loss in crop yield and
needs immediate attention to reduce the salinity stress effect on plants growth. The general symptoms of damage
caused by salt stress are growth inhibition, accelerated development, senescence and death during prolonged
exposure. This paper showcases one such work towards determining the effects of salinity stress on plants
growth and possible ways of predicting the salinity stress responses. The built prediction model for stress
response is used for engaging the necessary actions in advance to minimize the stress effect. In this work,
Wireless sensor Network technology is used to collect the real time data of plants under salinity stress and
collected data is analyzed to build a prediction model for predicting the possible salinity stress responses. The
results showcase the different effects of salinity stress on plants and evaluation of stress response prediction
models by conducting repeated experiments.
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I.  Introduction

The plant abiotic has been a major problem around the worldwide for reduced crop yield. Plant abiotic
stress deals with the effects of environmental factors or parameters on the normal growth of the plant. The
abiotic stress causes the various changes in the physiological process in plants and affects the growth of plants.
The different environmental factors as part of abiotic stress are varied temperature, moisture, humidity,
atmospheric pressure, light intensities, elevated co2 and 02 levels etc. Each plant has its own abiotic stress
tolerance by acclimating to the various abiotic stresses and maintains its physiological process. The variation of
different plant species to abiotic stress tolerance and its adaptation to the different abiotic stress factors results in
non unique responses of abiotic stress on plants. The non unique response of plant abiotic stresses imposes
further challenges’ for determining and predicting the abiotic stress responses on plants. Hence lots of research
is underway to deal with the abiotic stress and minimize its effects on plant growth. Some of the research was
carried out on the study of abiotic stress based on destructive methods, in which plants will be damaged to study
the abiotic stress response. The advancement in technologies enables the researchers to carry out study of abiotic
stress on plants using non destructive methods.

Soil Salinity level is one of the important properties of soil which has a direct effects on soil water
accumulation level and plant growth. Salt stress causes huge loss of agricultural productivity worldwide. The
general symptoms of damage caused by salt stress are growth inhibition, accelerated development, senescence
and death during prolonged exposure. The high soil saline in the coastal region of agriculture land poses the
greater threat to the crop yield. The saline soil causes the various changes in the physiological process of plant
and effects the normal plant growth. The improper water management is one of the reasons for the increase in
the soil salinity level. The high salinity in soil causes the reduction in plant water intake by root and reduces the
water movement to different membranes of the plant. Salt tolerance level of plants differs with respect to
different species and imposes difficulties in predicting and determining the salt stress response. Hence this paper
showcases the work of non destructive methods on study of abiotic stress of salinity stress effect on plants using
Wireless Sensor Technology and data analytics approach.

Wireless Sensor Technology is one of the popular technologies of the ear, in which sensor nodes are
deployed to collect the real time data of different environmental factors. Data analytics is the phase, in which
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collected data undergo deeper analysis to identify the useful patterns among the data and end with useful
information for determining the unknown knowledge.

Il.  Literature Survey:

Soil salinity is one of the abiotic factors affecting crop yield and approximately around 6% of world
land is affected by soil salinity[1]. In paper [2], an experimental study was carried out by varying soil salinity
stress levels using sea water on banana plants and observed the morpho-physiological responses. In paper [3]
Effect of salinity stress on tomato cultivars is tested and determines the ROS parameters and phenotyping
observation were noted for identifying the salinity stress tolerance parameter. In paper [4], salinity stress impact
on kiwifruit genotypes were carried out and noted a highly considerable stress response in terms of plant root
and leaf damages. In paper [5] different level salt stress is induced on eggplant cultivars and stress response in
terms of physiological changes such as leaf number, shoot length, mean germination time were observed. In
paper [6], salinit stress effect on basil plant is carried out and notable stress response on leaf surface area, leaf
biomass and number of leafs were observed. In paper[7] salinity and water stress is applied on sweet basil and
observed the effect of stress on root dry weight, aerial dry weight and shoot/root growth ratio and restulst
showcased the decreased growth under high salinity even though basil plants tolerate salinity stress upto certain
level. In Paper [8] 2 soybean cultivars were treated with different levels of salinity stress and decreased shoot
length, leaf numbers were observed as a stress response. In paper [9], an experimental study was carried out to
study the tolerance of salinity stress on pole beans. Different concentrations of salinity stress media are prepared
and pole beans are grown in those media and impact of salinity stress and plant tolerance level is observed. In
paper [10], plant growth bacteria is inoculated in salinity stressed plants and changes in the salinity stress
tolerance is observed by comparing with the salinity stressed plants. In paper [11], an underground sensor
network (WUSN) is utilized to get comprehensive real time data about soil temperature, salinity. In paper
[12][13], discuss the incorporation of Internet of Things & WSN technology for monitoring the crop health and
farm land parameters for achieving smart agriculture into reality. Paper [14][15] discuss the experimental study
of building a machine learning based predcition model for stress response.

I11.  Materials and Methods

A pot experiment was conducted in the greenhouse for the study of salinity stress on chilli plants.
Initially chilli plant seeds were sowed in a fertilized soil and waited for a week to get germinated. Once the chilli
plants are germinated, 3 plants of equal growth size are taken for conducting salinity stress experiments. Three
selected plants are transferred into 3 fertilized soil pots and correspondingly watered according to the water
holding capacity of the pot soil for 2 weeks. Each of the pots is attached with the soil moisture, temperature
sensors. Out of the three plants, one plant is considered as a controlled plant and the remaining two plants were
chosen for inducing salinity stress. Two chosen plants for salinity stress are induced with 200ppm and 400ppm
of salinity stress for alternative days respectively. Two NaCl concentrations of 200ppm, 400ppm are prepared
and mixed with irrigating water to plants, which equals to the water holding capacity of the soil. Soil salinity
level is computed per day using the drainage sample collected down at each pot using a vernier salinity sensor
probe. The soil temperature, moisture level and soil salinity level is collected through National Instrument
Wireless Sensor Node NI WSN 3202 Node. The NI WSN 9791 gateway collected sensor data to undergo deeper
analysis and build prediction models.

NI WSN framework is used for collecting the real time data about the plant soil parameter. The
architectural diagram for setup is shown in below fig, as shown in the fig each pot is attached with soil
temperature, moisture and salinity sensor probe and connected to the NI WSN 3202 Node. NI WSN 3202 node
in turn sends the collected data to the NI WSN 9791 Gateway though IEEE 802.15.44 Zigbee wireless channel.
The collected data undergo deeper analysis using R statistical language and WEKA tool for identifying
association among data and building prediction models. The prediction model is useful in determining the plant
growth status well in advance and engaging necessary actions to reduce the stress effect if any on the plant. The
use of the proposed prediction model is described in detail by considering the following scenario of growing 5
plants as follows.

Plant A - No stress

Plant B & Plant D — 10 % Stress

Plant C & Plant E- 20 % Stress

Plant A, Plant B and Plant C data such as height of plant with respect to day wise are collected. The collected
data undergo R statistical Language based analysis of building Regression Model based prediction model for
predicting the possible height of a plant. The built prediction model is used for predicting the Plant height and if
the plant height lies in the nearby range of Plant B and Plant C, then it is considered a stressed plant and shows
abnormal growth of plant. In this study, Plant D and Plant E height is predicted and verified with the built
prediction model.
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IV.  Results and Analysis.

Soil salinity stress induced the effects on plant height as shown in below figure 1. Plant A without
stress grew to a larger height compared to the plant B and Plant C salinity stressed plant. Even highly stressed
Plant C compared to Plant B shows the reduction in height with respect to Plant B. Both the stressed plant B
and Plant C show the similar behavior for the first 20 days due to the Salt tolerance properties of the plant. After
20 days, variation in the height due to salinity stress is observed.
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Figure 1 Salinity stress response on height of plant

Soil salinity stress induces the further effect on both the plant B and Plant C and correspondingly the
stress response were noticed on plant B and plant C as shown in below figure 2. Sub-figure 2.1 shows Plant C
leaf is observed with the dry leaf edge on 19™ day of experiment and further stress response in terms of bottom
up effect of leaf miner is noticed on day 38 in sub-figure 2.2. Similarly Plant B shows the stress response of
bottom up effect of leaf miner on day 29 and overall plant B stress response of plant B leaf wilt on day 48.
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Figure 2 Leaf burn at edge at plant C (day 19) Figure 3 Leaf Miner Disease progression in plant
C (day 38)

Figure 4 Leaf Miner Disease infection in plant B

(day 29) . .

Figure 5 Moderate stage in plant B. Leaf falls (day
48)

Prediction Model: the collected data such as day wise height of each plant undergo the deeper analysis
for building a prediction model. The prediction model is used to predict the height of the plant of stressed and
unstressed plant shown in figure 7, figure 8 and figure 9. The predicted height of plant with respect to the day
wise is useful the determining the plant growth status shown in figure 10 & figure 11. If the predicted height lies
in the range of Plant B and Plant C observed height, it’s the indication of stress on plant under observation. Even
the height of plant is affected several other factors, in our study assumption is considered and plants are grown
in the similar conditions. The below graph in figure 7, figure 8 and figure 9 shows the predicted height of Plant
A and Plant B and Plant C and prediction model is verified by taking another test plant under 8% salinity stress
and 15% salinity Stress. The predicted height of plant under 8% stress lies in range nearby by 10% stress
induced plant height. And correspondingly the predicted height of plant under 16% stress lies in range nearby by
20% stress induced plant height.
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Figure 6 Plant A height predicted vs actual
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Figure 7 Plant B height predicted vs actual
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Figure 8 Plant C height predicted vs actual
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Figure 9 Decision Tree for predicting day wise stage of stress response
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Figure 10 : Decision tree for predicting stage of stress response using height and leaf properties
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Figure 11: Stage of stress response associating between soil temperature and moisture

The figure 11 shows the decision tree for predicting the effect of salinity stress and its association among soil
moisture and temperature parameters. As shown in the above figure soil moisture and temperature can be
utilized to determine the effect of salinity to determine the stage of stress response.

V.  Conclusion
The proposed work results clearly showcase the impact of salinity stress on plant growth and the roll of
Wireless sensor network technology on the early detection of stress response. The prediction model for early
detection of stress response would help the farmers to engage necessary actions to mitigate the escalation of
stress conditions and in-turn increase the crop yield.
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