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Evaluation of Suitable Smart Irrigation System for Black gram (Vigna
mungo)

ABSTRACTAbstract

A field experimental study was conducted during summer season (2023) at Eastern
farm of Tamil Nadu Agricultural University, Coimbatore to evaluate suitable irrigation

method for black gram. The experiment was laid out in a strip plot design, which comprise

main plot treatments such as M, — Drip Irrigation, M, —Micro sprinkler Irrigation, Mz — Rain Formatted: Subscript

hose Irrigation and M, — Conventional Irrigation and sub-plot consists of different depths for ‘ Formatted: Subscript
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placement of soil moisture sensor yiz., Dy —5cm, D, —10 cm and D — 15 cm. The growth Formatted: Subscript

attributes viz., plant height, number of branches per plant, number of leaves per plant were ‘ Formatted: Font: Italic

significantly higher in drip irrigation system with sensor depth of 15cm. The root length and
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number of seeds per plant, pod weight per plant, pod length, test weight, grain yield and
haulm yield were significantly higher in drip irrigation with sensor placed at depth of 15 cm.
The average grain yield of drip irrigation method is 31.7 per cent higher than the grain yield
of conventional irrigation method. Higher grain yield of 1159 kg ha ™ was obtained in drip

system with sensor placed at the depth of 15 cm.

Key words: Ssmart irrigation; irrigation methods; soil moisture sensor; depth of sensor;

growth attributes; yield attributes

INTRODUCTION:#rtreduction

Pulses are the important source of protein in the human diet. After the eereals-cereals
pulses are the chief constituent of diet in India. India is the largest consumer, producer and
importer of pulses in the world. Black gram is grown in about 4.63 million ha—areaha area

with the annual production of 2.78 million tonnes and—the and the average productivity is 599

kg ha ™ (India stat, 2021-2022) {[1]). Although, India stands first in area and production of ( Formatted: Font color: Red




pulses, but the productivity is low so that the production is not enough to country’s
requirement. The productivity of black gram is less mainly due to pulses suffers from various
constraints including biotic and abiotic stress. Among that water is important abiotic stress
that leads to the yield loss. In India mostly farmers follow the surface method of irrigation
includes furrow irrigation and check basin method of irrigation. But the surface method of
irrigation leads to loss of water through evaporation loss, deep percolation, lateral seepage
and poor irrigation water management {[2]). Researchers estimated that modern irrigation
methods such as drip and micro sprinkler results in significant increase in growth and yield of
crops than the surface method of irrigation {{3])-Modern irrigation methods saves the water

up to 40 — 80 per cent and also saves the fertilizer and labour cost {[4]}.

Water scarcity is one of the important problems faced by the world in current era. Agriculture
consumes plenty of water, so there is need to develop a system that uses water precisely.
Smart irrigation system works based on the available soil moisture and current plant moisture
by installing sensor {[5]). It saves both water and labour. Soil moisture sensors measures the
water potential in soil and gives an indication for irrigation, it leads to automation in
irrigation. Efficiency of irrigation is influenced by depth for placement of sensor in smart
irrigation system ([6]). Keeping the above point in view, a study was carried out to identify
suitable method of irrigation to improve the growth and productivity of black gram- ,Ardand
also to identify the suitable depth for placement of sensor.

MATERIALS AND METHOD:Materials-and-Method

A field experiment was conducted at the Eastern farm of Tamil Nadu Agricultural
University, Coimbatore during summer season (May, 2023 to July, 2023). The study area
geographically situated in Western Agro- Climatic Zone of Tamil Nadu with the coordinates
of 11° N latitude, 76° E longitude and an altitude of 426.7 m above mean sea level. The soil
type of experimental site is sandy clay loam in texture, moderately alkaline pH (8.11) and
normal in soluble salts (EC 0.47 dsm™) and with low in available nitrogen (263 kg/ha), but
high in available phosphorus (17.6 kgha™) and available potassium (314 kg/ha)-. The black
gram variety VBN 11(Vambanll) was used for the experimental study. The recommended

cultural practices were carried out. Soil moisture sensor (write type of sensor) was installed in

the field at various depths to monitor soil moisture which is helpful to irrigate the crop at
right time and right amount. The observations on growth parameters like plant height,

number of branches per plant, number of leaves per plant, root length, root dry weight and



yield para—meters {parameters) like number of pods per plant, number of seeds per pod,
number of seeds per plant, test weight, grain yield and haulm yield were recorded as per the

standard procedures. The experimental trial was laid out in Strip Plot Design with three

replications (Table. 1)
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M — Method of Irrigation; D — Depth for placement of sensor



RESULTS AND DISCUSSION:Results-and-Discussion

During study period (May, 2023 to July, 2023), write climatic parameters description

and table insert here

Growth parameters

The plant growth characteristics like plant height, number of branches per plant and

number of leaves per plant were recorded at 15, 30, 45 and 60 DAS respectively.

Different methods of irrigation and different depths for placement of soil moisture
sensor had greatly influenced the plant height and-t-was-shewn-in (Table 2). The highest
plant height was recorded in drip irrigation method with sensor depth of 15 cm at all stages. It
was on par with the treatments consists of drip irrigation at sensor depth of 10 cm and 5 cm.
At 15 DAS, the lowest plant height was obtained in sprinkler irrigation method with sensor
depth of 5 cm. but at the later stages, it was obtained in conventional irrigation method with
sensor depth of 5 cm- over all the maximum plant height was obtained in drip irrigation
method, it was followed by rain hose, sprinkler and conventional method of irrigation. This
may be due to very frequent irrigation intervals-which-helpsintervals which help to maintain

soil moisture, this leads to proper nutrient availability and increased microbial action;

thataction that results in vigorous growth of the plant. These results were similar to the
findings of Vaghasia et al., {[7]} & Angiras et al., {[8]}.

The different methods of irrigation and different depths of placement of soil moisture
sensor significantly influenced the number of branches and-itwas-shown-in (Table 3). At 15
DAS, there was no significance difference between the treatments. At later stages, the
maximum number of branches per plant were recorded in drip irrigation method with sensor
depth of 15 cm , it was on par with drip irrigation method with sensor depth of 10 cm and 5
cm. Tthe minimum number of branches were obtained in conventional irrigation method with
sensor depth of 5 cm. Increase in soil moisture availability and frequency of irrigation in drip
irrigation would have increased number of branches per plant by improving root
multiplication and efficient utilization of available nutrient resources. These results were

similar to findings of Rao et al., {[9]).



‘ Table 2. Effect of different irrigation methods and different-depths for placement of soil moisture sensor on plant height (cm) of black™
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Table 3. Effect of different irrigation methods and ditferent depths for placement of soil moisture sensor on number of branches per.

plant of blackgramblack gram
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The number of leaves per plant were highest in drip irrigation method with sensor
depth of 15 cm. At 15 DAS and 30 DAS, the lowest number of leaves were obtained in
sprinkler irrigation method with sensor depth of 5 cm. but at 45 DAS and 60 DAS, the lowest

number of leaves were recorded in conventional irrigation method with sensor depth of 5 cm.
the data on number of leaves per plant. is-shewn-n (Table 4).

Table 4. Effect of different irrigation methods and different-depths for placement of soil«——

moisture sensor on number of leaves per plant of black gram.

[ Formatted:

Line spacing: single

15 DAS 30 DAS
Treatment Dy D, Ds Mean | Treatment Dy D, Dz | Mean | { Formatted: Subscript
M, 7 | 8 8.00 M; 80 | 32 | 32.66 | 31.55 | (Formatted: subscript
M, 466 | 6 | 6.66 | 577 M, 19.66 | 21.33 | 27 | 22.66 | [Formatted: subscript
M 6.66 | 6.66 6.77 VA 27.66 | 28.66 | 30 | 28.77 | | Formatted: Subscript
M, 6 | 7 | 733 | 678 M, 22.66 | 26.33 | 27 | 25.33 | | Formatted: Subscrip
Mean 6.08 | 6.91 | 7.49 Mean 24.99 | 27.08 | 29.16 \ E Formatted: Subscript
M X Formatted: Subscript
M D MxD M D D [Formatted: Subscript
S.Ed 041 | 0.78 | 1.08 S.Ed 151 | 082 | 3.28 ( Formatted: Subscript
CD(p=0.05) | 1.01 | 2.15| 2.35 CD(p=0.05) | 3.69 | 2.28 | 7.15 E“"“a“e& Subscript
Formatted: Subscript
[ Formatted: Subscript
45DAS 60 DAS [Formatted: Subscript
Treatme [ Formatted: Subscript
Treatment D, D, Ds Mean nt Dy D, Ds Megn ,[Formatte d: Subscript
My 42.33 | 4466 | 4533 | 44.11 M, 39 42 43.66 | 41.55 | ( Formatted: Subscript
M, 29.33 31 33 | 3111 M, [2766 | 29 [ 30.33 | 29.00 | (Formatted: Subscript
Mz 36 37.33 | 39.66 | 37.66 Mz 33.33 | 36.33 | 36.66 | 35.44 [ Formatted: Subscript
M, 25.33 26,33 | 28.66 | 27.00 M, 22.66 | 24.33 | 24.66 | 23.88 [ Formatted: Subscript
Mean 33.24 37.66 | 36.66 Mean 30.66 | 32.91 | 33.82 \ E Formatted: Subscript
M x M X Formatted: Subscript
M D D M D D [ Formatted: Subscript
S.Ed 1.51 0.98 1.78 S.Ed 0.94 0.96 2.14 [Formatted: Subscript
CD(p=0.05) 3.69 2.73 3.87 CD(p=0.05) 2.3 2.65 4.65 [ Formatted: Subscript
[ Formatted: Subscript
[ Formatted: Subscript
[ Formatted: Subscript
[ Formatted: Subscript
[Formatted: Font: 9 pt




Root parameters

The different methods of irrigation had greatly influence the root grewthgrowth —H-is
shown-in—TFable-5—-(Table 5). The maximum root length was obtained in rain hose irrigation
with the sensor depth of 15 cm. It was on par with rain hose irrigation with sensor depth of 10
cm and 5 cm and drip irrigation with sensor depth of 15 cm. The minimum root length was
recorded in drip irrigation method with sensor depth of 5 cm. it was on par with drip
irrigation method with sensor depth of 5 cm and sprinkler irrigation with sensor depth of 5
cm. The root length was highest in rain hose irrigation method and it was followed by drip
irrigation, sprinkler irrigation and conventional irrigation. This result is similar to the findings
of Palriya {[10]}. In drip irrigation method nearly 75 per cent of roots were present in upper
layer of soil profile with short tap root length due to minimum depth of irrigation and
continuous availability of soil moisture, but in conventional irrigation method, the depth of
irrigation is more, it leads to long tap root system. This is confirmed by Dasila et al., {[11]} &
Goldberg and Shmueli {[12]).

The different methods of irrigation and different depths for placement of soil moisture
sensor have no significant difference on root dry weight at 15& 30 DAS —Butbut at the later
stages. The rain hose irrigation with sensor depth of 15 cm recorded maximum root dry
weight. It was on par with rain hose irrigation with sensor depth of 10 cm and 5 cm and
conventional irrigation with sensor depth of 15 cm. The drip irrigation with sensor depth of 5
cm had obtained minimum root dry weight. The same trend followed in root length is

continued in root weight. This result is similar with findings of Tomar et al., {[13]}. Fhe-data
on-rootdry-weight per-plant-is-shewn-in (Table 6).
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moisture sensor on root length (cm) of black gram
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| Table 6. Effect of different irrigation methods and different-depths for placement of soil«

moisture sensor on root dry weight (g plant ™) of black gram
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Yield parameters

The yield attributes like the average number of pods per plant, nNumber of seeds per

pod, nNumber of seeds per plant, weight of pods per plant, test weight, grain yield and haulm

yield were recorded at the harvest stage.

The different methods of irrigation and different-depth for placement of soil moisture
sensor significantly influenced the number of pods per plant ard-i-was-shown-in-(Table 7).
The higher number of pods per plant (78.33) were noticed in drip irrigation with sensor depth




of 15 cm. It was on par with drip irrigation with sensor depth of 10 cm and 5 cm. This is due
to availability of optimum moisture during vegetative growth period, reduce the excess
vegetative growth and enhance the flowering capability. This favourable condition leads to
increase in number of pods per plant. The lowest number of pods per plant (18) was noticed
in conventional irrigation with sensor depth of 5 cm. It was on par with conventional

irrigation with sensor depth of 10 cm and 15 cm. These findings were confirmed by Shree et

al., {[14]).

Table 7. Effect of different irrigation methods and different-depths for placement of soil« —{ Formatted: Line spacing: single
moisture sensor on number of pods per plant of blackgramblack gram
Treatment D, D, Ds Mean [ Formatted: Subscript
M, 70.33 73.33 78.33 74.00 [ Formatted: Subscript
M, 24.66 34.66 4533 3488 | [ Formatted: Subscript
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The different methods of irrigation and different-depths for placement of sensor had
significantly influence the pod length.-H-is-shewn-in-(Table 8). The pod length was noticed to
be higher in drip irrigation with sensor depth of 15 cm (6.68 cm). itlt was on par with drip
irrigation with sensor depth of 10 cm and 5 cm. The lower pod length (3.72 cm) was recorded
in conventional irrigation with sensor depth of 5 cm and it was on par with conventional
irrigation with sensor depth of 10 cm and 5 cm. These results are in accordance with the
results obtained by Palriya {[10]).



| Table 8. Effect of different irrigation methods and different-depths for placement of soil«
moisture sensor on pod length (cm) of black gram
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The number of seeds per pod was maximum in drip irrigation with sensor depth of 15
cm (7 seeds per pod). It was on par with drip irrigation with sensor depth of 10 cm and 5 cm
and rain hose irrigation with sensor depth of 15 cm. The number of seeds per pod was
minimum in conventional irrigation with sensor depth of 5 cm (3.66 seeds per pod). The
same trend was observed in number of seeds per plant—Fhe-data-en-numberof-seeds-perped
and-plantisshown-in-(Ttable 9).
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depth of 10 cm and 5 cm. The lowest test weight (3.24 g) was obtained in conventional
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irrigation with sensor depth of 5 cm. lit was on par with conventional irrigation with sensor
depth of 10 cm and 15 cm.

The pod weight per plant was maximum in drip irrigation with sensor depth of 15 cm (23.65<
g plant™). It was on par with drip irrigation with sensor depth of 10 cm and 5 cm. tThe
minimum pod weight per plant (5.76 g plant™) was recorded in conventional irrigation with
sensor depth of 5 cm. The data on test weight and pod weight per plant is-shewn-in-(Table
10).

Table 10. Effect of different irrigation methods and different-depths for placement of+«
soil moisture sensor on Test weight (g) and Pod weight (g plant™) of black gram
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CD(p=0.05) | 0.21 | 0.42 | 0.55 CD(p=0.05) | 0.65 | 1.12 2.09 ( Formatted: Subscript
[Formatted: Subscript
The principal output of the cultivating crops is grain yield. The different methods of ( Formatted: subscript
irrigation and different-depth for placement of sensor had significantly influenced the grain ( Formatted: SUbscrfpt
[Formatted: Subscript
yield. The greatest grain yield (1159.98 kg ha™) was obtained in drip irrigation with sensor ( Formatted: Subscript

depth of 15 cm. It was on par with drip irrigation with sensor depth of 10 cm and 5 cm. The
lowest grain yield (894.40 kg ha ™) was recorded in conventional irrigation with sensor depth
of 5 cm. ilt was on par with conventional irrigation with sensor depth of 10 cm and 15 cm. In
drip irrigation method, the application of irrigation water directly to the root zone leads to
optimum soil moisture condition that results in uniform flowering, it enhances the pod growth
and premetepromotes favourable condition for pod development {[15]). OverallOverall the
maximum grain yield was obtained in drip irrigation and it was followed by rain hose
irrigation, micro sprinkler irrigation and conventional irrigation. This results were

concordance with findings of Kumar et al., {[16]}.Conventional irrigation results in lower




yield due to availability of higher soil moisture , that increases the vegetative period even

after attaining the flowering stage , this leads to greater reduction in grain yield {[17]).

The different methods of irrigation and-different depth for placement of sensor had
significantly influenced the haulm yield .The maximum haulm yield (3256.35 kg ha™) was
obtained in rain hose irrigation with sensor depth of 15 cm. It was on par with rain hose
irrigation with sensor depth of 10 cm and 5 cm. It may be due to excess application of water
over the foliage at regular intervals leads to vigorous vegetative growth ¢[18]}. The minimum
haulm yield (2874.84 kg ha™) was recorded in conventional irrigation with sensor depth of 5

cm. it was on par with conventional irrigation with sensor depth of 10 cm and 15 cm.—Fhe

data-on-Grain-yield-and-Haulmyield-isshown-in-(Fig. 1 & 2 , Table 11).

Relationship between the depth of sensor and its respective moisture content (Give logical«—— '[Formatted:lndent: First line: 0"

description)



| Table 11. Effect of different irrigation methods and differert-depths for placement of« -

soil moisture sensor on Grain Yield (kgha™) and Haulm Yield (kgha™) of black gram

- [ Formatted:

Line spacing: single

soil moisture sensor on Grain Yield (kg ha™) of black gram

Grain Yield (kgha™) Haulm Yield (kgha™) |

| Treatment Dy D, D3 Mean | Treatment Dy D, Dg M Formatted: Subscript

| M 1074.2 | 1117.4 | 1159.9 | 1117.2 M 2983.1 | 3016.6 | 3110.5 | 301{ Formatted: Subscript

i 3 7 8 3 i 6 2 8 \ S( Formatted: Subscript
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J Z Z \ Y "

LFormatted: Subscript

Mean | 894.40 | 922.13 | 956.40 Mean 2824'8 29%0'4 2933'5 (Formatted: sabscr

M D M x D M D MxD | Formatted: Subscript
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Figure 1. Effect of different irrigation methods and different-depths for placement of« —{ Formatted: Line spacing: single
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Figure 2. Effect of different irrigation methods and different-depths for placement of«{ Formatted: Line spacing: single

soil moisture sensor on Haulm Yield (kg ha™) of blackgramblack gram
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Insert here one more figure on relationship between the depth of sensor and its respective moisture

content

CONCLUSION:Conelusien

The main conclusion from this study is that modern irrigation systems like drip
irrigation, micro sprinkler irrigation and rain hose irrigation are performing well than the
conventional irrigation method. Among various modern irrigation methods, drip irrigation is
well suitable and results in better growth and yield. It is mainly due to maintenance of
optimum moisture condition which is favourable for better plant growth. Among the various
depths for placement of soil moisture sensor, depth of 15_cm is performing better than the
depth of 5¢cm and 10 cm. It concludes that drip irrigation method with sensor depth of 15 cm
is suitable method with suitable depth to enhance the productivity of black gram.

Coments clarify: How the depth of sensors is effect the moisture content. If less depth of

sensor, then less moisture content will be available and more depth of sensor, then more

moisture content will be there. Based on the depth of sensor, how authors has concluded

the best irrigation method. Pls. clarify




REFERENCES:References—

1. Alndia stat; 2021- 2022. [Formatted: Font color: Red

Available at:
https://www.indiastat.com/table/agriculture/selected-state-season-wise-
areaproduction-product/144032

2. Dixit R, Dwivedi P. Comparative performance of sprinkler and furrow irrigation with ( Formatted: Font color: Red

varying depth of irrigation on potato. Irrigation and Power. 1994;51(2):21- 26.

3. Llal, G, Saini, I-P., Mehta, R=S., Maheria, S—P= & Sharma, Y. Effect of irrigation and ( Formatted: Font color: Red

different seed treatment methods on growth and yield of fenugreek (Trigonella
foenum graecum L.). Int. J.SEED SPICES 2013:3(2): 29-33.

4. Khonok A, Amiri E, Babazadeh H. Irrigation management and fertilizer of peanut ( Formatted: Font color: Red

(Arachis hypogaea L) with a drip irrigation system: yield, HI and water use efficiency.
In Biological Forum 2015 (MVol. 7, No. 1, pp. 609-616). Satya Prakashan.

5. Mane SS, Mane MS, Kadam US. Performance Evaluation of Automatic Irrigation ( Formatted: Font color: Red

System under Three Different Depths of Placement of Sensor. Int. J. Curr. Microbiol.
App. Sci. 2021;10(07):170-81.

6. Soulis KX, EImaloglou S, Dercas N. Investigating the effects of soil moisture sensors ( Formatted: Font color: Red

positioning and accuracy on soil moisture based drip irrigation scheduling systems.
Agricultural Water Management. 2045-448:2582015; 148:258-68.
7. Vaghasia PM, Dobariya KL, Daki R N. Effect of drip irrigation, fertigation and plant

geometry on yield and water use efficiency in summer groundnut (Arachis hypogaea
L.). Journal of Oilseeds Research. 2017;34(3):133-6.



10.

11.

12.

13.

14.

15.

16.

Angiras NN, Tesfazghi M, Abraham S. Response of Green Gram (Vigna Radiata (L.))
Wilczek to Inter Row Spacing and Phosphorus under Semi-arid Conditions of Eritrea.
Journal of Botanical Research. 2021;3(1):16-22.

Rao KV, Aherwar P, Gangwar S, Yadav D. Effect of mulching on chickpea under low
head drip irrigation system. Legume Research-An International Journal.
2021;44(10):1233-9.

Palriya, BL.. "Performance of summer mungbean (Vigna radiata) under surface and
drip irrigation methods." M.Sc. (Ag.) Thesis, Indian Agricultural Research Institute,
New Delhi: 2012.

Dasila B, Singh V, Kushwaha HS, Srivastava A, Ram S. Water use efficiency and
yield of cowpea and nutrient loss in lysimeter experiment under varying water table
depth, irrigation schedules and irrigation method. SAARC Journal of Agriculture.
2017;14(2):46-55.

Goldberg D, Shmueli M. Sprinkle and Trickle Irrigation of Green Pepper in an Arid
Zonel. HortScience. 1971 ;6(6):559-62.

Tomar SS, Singh YP, Naresh RK, Mrunalin K, Gurjar RS, Yadav R, Sharma D. Water-
use Efficiency and the Effect of Water Deficits under Different Planting Techniques
on Productivity and Profitability of Chickpea (Cicer arietinum L.) in Typic Ustochrept
Soil of Morena Region of MP Int. J. Curr. Microbiol. Appl. Sci. 2020;1:709-19.

Shree RM, Ramesh T, Rathika S, Balasubramaniam P. Effect of drip fertigation on the
productivity of green gram under sodic soil. The Pharma Innovation Journal.
2021;10(10):2491-4.

El-Habbasha SF, Okasha EM, Abdelraouf RE, Mohammed AS. Effect of pressured
irrigation systems, deficit irrigation and fertigation rates on yield, quality and water
use efficiency of groundnut. International Journal of ChemTech Research.
2014;15(07):01.

Kumar J, Katre P, Chandrika K, Kumar T, Thakur N. Hydraulic performance of
different irrigation methods on chickpea and coriander intercropping in vertisol of
Chhattisgarh plains. Journal of Pharmacognosy and Phytochemistry. 2017;6(6S):37-
41,



17. Sheoran P, Kumar A, Singh M, Kumar M. Influence of irrigation schedule and
genotypes on soil moisture extraction, consumptive use and water use efficiency of
summer greengram. Annals of Agri Bio Research. 2001;6(1):69-72.

18. Kumar, GS, T Ramesh, K Subrahmaniyan, V Ravi Effect of sprinkler irrigation levels
on the performance of blackgram (Vigna mungo) varieties Legume Research-An
International Journal. 2018:41 (2):299-302.



