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Abstract

Foliar application of potassium increases the drought tolerance in the wheat crop with restricted
irrigation, keeping in the view, a field experiment effect of foliar K application for improving wheat yield
and water productivity under restricted irrigation condition was conducted at Agricultural Research
station, Anand Agricultural University, Dhandhuka, Bhal region of Gujarat under conserved soil
moisture condition with restricted irrigation in the Rabi season of 2021-22 with the objective to reduce
moisture stress and to enhance the yield potential of wheat by using potash sprays. Inadequate moisture
during the sensitive stages will cause substantial reduction in yield. The experiment was laid out in three
replication with nine treatments in split plot design. They are (A). Irrigation levels, l1: One irrigation at
CRI stage, I2: Two Irrigation at CRI and flowering stage, Is: Three irrigation at CRI, late jointing and
milking stage. (B). Foliar K application, F1: Control (Water spray), F2: 2% K foliar application at tillering
(40-45) and jointing (60-65 DAS), and Ks: 4% K foliar application at tillering (40-45) and jointing. The
result indicated that due to irrigation management plant height at harvest (70.56 cm), length of ear (7.12),
biological yield (7751 kg/ha) and grain yield (3367 kg/ha) was found significant with I3 treatment rest of
parameters found non- significant with irrigation levels. Further data indicate from K foliar application,
the plant height at harvest (71.51 cm), no of ear head sq. m. (295.44), length of ear (7.17), no, of grain
per ear (32.68), test weight (44.03), biological yield (7112 kg/ha) and grain yield (3244 kg/ha) were
recorded superior with Kz Treatment (4% K foliar application at tillering (40-45) and jointing) whereas,
plant height, no of ear head (sq. m) no, of grain per ear, biological yield and grain yield found at par with
F2 treatments Overall, it was observed that the foliar potassium fertilization and restricted irrigation
increased the growth, yield attributes and grain yield.
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Introduction

Wheat is one of the two main crops grown in India and ever since the Green Revolution it has
played a critical role for both national and global food security. Globally, India is the second
largest producer of wheat, exporting 0.2 million tons annually and contributing 13% of the
wheat supply (ANN 2014). Wheat (Triticum aestivum, L.) is one of the major cereal crops
cultivated to meet the food demand of the burgeoning population. The cultivation of wheat has
also been symbolic of green revolution, self-sufficiency in food production. In India, it is the
second most important food crop after rice in terms of its importance and role in food security.
In global level, wheat also ranked second after rice crop in food grain production and it was
grown in 220.4 million hectare area with the production of 768.49 million tonnes (FAOSTAT,
2020) 1231, In term of global level wheat production India stand second position after china. In
India wheat grown on 30.55 million hectare area with production of 107.18 million tonnes and
productivity 3508 kg/ha (Sharma et al., 2020) 2%, In India, Gujarat state gets seventh position
in wheat production after Uttar Pradesh, Madhya Pradesh, Punjab, Haryana, Bihar and
Rajasthan. In term of percentage, it accounts more than 4% of total production of the wheat in
the country (Anon., 2020) B, In Guijarat, it is cultivated about 7.7 thousand hectare area with
the production of 23.95 million tonnes and having productivity of 3082 kg ha* (Anon., 2019)
21 & (Choudhary et al., 2018) 1%, Potassium is an essential element for plants and has an
important role such as enzyme activation, protein synthesis, ion absorption and transport,
photosynthesis and involves the respiration process as a regulator of stomata and the
mainte[r;an]ce of turgor and osmotic equilibrium (Wiedenhoeft, 2006; Barker and Pilbeam,
2007) [2.81,
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Besides various adaptive mechanisms; potassium (K) sprayed
under drought condition can improve the tolerance of crop
plants to various types of abiotic stresses, and it also
improved subsequent growth and yield. Mengel and Kirkby
(2001) [61 reported that K improves physiological processes
by the regulation of turgor pressure and photosynthesis;
translocation of cations and enzymes activation, while,
Cakmak (2005) ! also observed that plant suffering from
drought stress required more internal K. Water helps in cell
enlargement due to turgor pressure and cell division which
ultimately increase the growth of plant. Water is essential for
the germination of seeds, growth of plant roots, and nutrition
and multiplication of soil organism. Water is also essential for
the transportation of nutrients and sugars from the soil to the
plants. Irrigation recommended for wheat crop in accordance
to their critical stages are namely at crown root initiation (21
DAS), tillering stage (40-45 DAS), jointing (60-65 DAS),
flowering (80-85 DAS), milking (100-105 DAS) and dough
stage (115-120 DAS). Irrigation given at crown root initiation
stage is very important for successful growth of wheat and it
has a great impact on higher grain yield (Randhawa et al.,
2004). Limited irrigation an impotent tool of crop grown
under conserved soil moisture condition due to limited
irrigation yield increase up to 20 to 25% of in Bhal region of
Gujarat and it also vary from crop to crop. Limited irrigation
improves soil health because high number of irrigation in
Bhal area of Gujarat damage soil heath. Hence, Foliar
application of potassium and restricted irrigation an important
factor for wheat crop at critical stages of crop in Bhal region
of Guijarat for higher crop production (Choudhary at el.,
2023) (14,

Materials and Methods

Site description

A field experiment was conducted at Agricultural Research
Station, Anand Agricultural University, Dhandhuka, Bhal and
Coastal Zone of Gujarat in Ahmedabad district at 22° 22
North Latitude and 71° 59° East Longitude during rabi season
201-22. The climate of this region is semi-arid and sub-
tropical. Monsoon commences by the second week of June
and retreats by middle of September with an average rainfall
of 625.5 mm received entirely from the south-west monsoon
currents. Crop was sown under conserved soil moisture
condition.

Field layout and treatment levels

Experiment was carried out in Split plot design in three
replications with nine treatments. In main plot, apply three
irrigation viz; (A). Irrigation levels, I,: One irrigation at CRI
stage, I2: Two Irrigation at CRI and flowering stage, ls. Three
irrigation at CRI, late jointing and milking stage, whereas, in
sub-plot foliar application of potassium was apply (B). Foliar
K application, Fi: Control (Water spray), F2: 2% K foliar
application at tillering (40-45) and jointing (60-65 DAS), and
Ks: 4% K foliar application at tillering (40-45) and jointing.
The wheat variety GW 451 was sown in third week of
November with seed rate of 90 kg/ha at 20 cm spacing row to
row. The plot size is: Gross: 1.80 m x 8 m = 14.40 sg. m. (9
rows) and Net size is 1.40 m x 7 m = 9.80 sg. m. (7 inner rows
x 7 m long). Fertilizer applies as per the recommended dose
of fertilizer. The growth, yield and yield attributes examine by
randomly selecting five plants form each experimental plot,
leaving the two border rows on the rows direction and half
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meter on opposite direction of the plot of wheat

Results and Discussion

(A) Effect of Irrigation levels (1)

Plant population

Numerically higher number of plant stand/sq m at harvest was
found with |5 Treatment (Three irrigation at CRI, late jointing
and milking stage) (84.44) but, overall data was found no-
significant in case of I, & 1, treatment 85.11, 83.89
respectively.

Plant height at harvest

An examination of the data revealed that irrigation levels
differed significantly in their plant height at maturity stage.
Significantly higher plant height (cm) was recorded with
treatment 13 treatment (Three irrigation at CRI, late jointing
and milking stage) being statistically at par I, treatments (Two
Irrigation at CRI and flowering) (66.24 cm) which is 70.56
cm. This might be due to good establishment of roots,
adequate moisture supply in soil which made higher nutrient
mobilization and uptake and better condition for cell division
and cell enlargement, which ultimately increased the plant
height and plant spread. The results are in close conformity
with the findings of Yadav and Singh (2014) I and Singh et
al., (1980) 221,

No of ear head

It is apparent from the data given in Table 1.0 that the
irrigation levels did not significantly influenced effective ear
head (sq. m) but numerically higher number ear head (sg. m)
was recorded with |3 treatment (Three irrigation at CRI, late
jointing and milking stage) which is 288.36. Whereas, l1and I,
treatment have 284.44 and 279.78 ear head (sq. m)
respectively.

Physiological maturity

Data presented in Table 1.0, The maximum days to maturity
(118.22) attend numerically with 13 treatment (Three irrigation
at CRI, late jointing and milking stage), it was statistically at
par with I, treatment (114.0). Water is an elementary
constituent of plant cell and their adequate supplies enhance
cell division and as well as cell elongation. Therefore,
optimum availability of water with two or three irrigations to
wheat might have improved the photosynthetic area of plants
that cumulatively contributed to higher plant height, effective
tillers and anthesis and physiological maturity (Days after
seeding). The results of this study are in close conformity by
Sharma et al., (2020) 2% and Mer et al., (2014) "]

Ear length (cm)

A perusal of data (Table 2.0) fingered out significant
influence of irrigation levels on ear length (cm) of wheat.
Application of three irrigation (Is treatment) gave significantly
higher ear length (7.12) over I treatment (6.48) and found
statistically at par with two irrigation (I, treatment) (6.82).
Due to K,O spray Overall improvement in plant growth,
vigour and production of photosynthates owing to increased
availability, absorption and translocation of nutrient in plants.
Sarkar et al. (1999) [*9

No of grain ear
The analysis of variance of data indicated that irrigation levels
had significant effect on grain per ear. Data clearly indicated
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(Table 2.0) that I3 treatment (Three irrigation at CRI, late
jointing and milking stage) were recorded significantly higher
data (34.65) in front of I; treatment (28.89) and found
statistically at par with I, treatment (two irrigation). Lin and
Danfeng (2003) [*° also reported that improvement of growth
and vyield attributing characters were associated with
enhancement of potassium level in plant due to foliar
application of K.

Test weight (g)

It was clear from (Table no 2.0) the results that I5 treatments
have numerically higher test weight (g) of wheat. Application
of thee irrigation (42.33) being at par with I, (40.77) and I,
(40.41). These finding are closely confirm with Afzal A. and
Kumar R. (2015) I,

Biological yield (kg/ha)

Data further revealed from Table no 2.0 indicated that
significantly higher bio yield (7751 kg/ha) was obtain from I3
treatment (Three irrigation at CRI, late jointing and milking
stage) over I, treatment (5973 kg/ha). Whereas, |, treatment
(Two Irrigation at CRI and flowering) found statically at par
with I3 treatment.

Grain yield (kg/ha)

Data pertaining to grain yield of wheat as influenced by
varying levels of restricted irrigation are presented in Table
2.0. A close perusal of the results shows that application three
irrigation (l; treatment) produced significantly higher grain
yield (3367 kg ha*) over one irrigation (I treatment) (2696 kg
ha'!) which is being at par with two irrigation (I, treatment)
(2968 kg hal). Aown et al., (2012) 2 reported that foliar
application of K under drought at any critical crop growth
stage significantly increased wheat grain yield.

(B) K0 foliar spray

Plant population

Data indicated in table 1.0 shows that plant population was
found non -significant with both treatment of potassium foliar
spray. The numerically higher data was recorded with Kj
treatment (4% K application at tillering and jointing) 87.67
over Control F; treatment (Water spray) 279.78.

Plant height at harvest

Data further revealed that (Table 1.0) significantly higher
plant height (cm) were recorded with Kj treatment (4% K
application at tillering and jointing) 71.51 over the control and
which is found at par with K, treatment 66.27 (2% K
application at tillering (40-45) and jointing (60-65 DAS). This
might be due to the involvement of potassium in cell division
and cell expansion as well as the positive influence of
potassium on water and nutrient uptake, thus creating the cell
turgor necessary for growth, resulting in higher plant height.
(Shivashankar and Singh, 2022) 2,

No of ear head

The analysis of variance of data indicated (Table no 1.0) that
potassium levels for foliar had significant effect on number of
ear head. A critical examination of data further manifested
that 4% foliar (K3 treatment) application of K,O recorded
significantly higher number of ear head (295.44 sq.m.) over
the control. Potassium is on the key macro element which is
needed by crop. It has many functions in plant to perform in
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plants, as enzyme activation (involved in the processes of
metabolism, photosynthesis starch synthesis, reduction of
nitrate, reduces loss of water, nutrients and water uptake,
counters climate effect (Cui et al., 2022) [*2

Physiological maturity

Data presented in Table 1.0, the maximum days to maturity
(118.56) attend numerically with F; treatment (4% K
application at tillering and jointing) and it was statistically at
par with F, treatment (114.22). Its might be due to reduces the
water stress and increase the photosynthesis and also improve
the source to sink ratio and crop attend the maximum days to
maturity and ultimately increase the seed production.

Ear length (cm)

A perusal of data (Table 2.0) fingered out significant
influence of potassium spray on ear length (cm) of wheat.
Application of 4% K application at tillering and jointing (Ks
treatment) gave significantly higher ear length (7.17) over
water spray control (6.53). Aown et al., (2012) 21 reported
foliar application of K improved the grain yield and other
yield components. The foliar application of K was more
effective at flowering.

No of grain ear

Data clearly indicated (Table 2.0) that due to foliar spray K,O
there was a significant improvement in the grains per ear,
wherein; application of K,O foliar spray (Ks treatment)
(32.68) recorded appreciably grains per ear over K; treatment
(29.11) and being at par with treatment K; (31.43).

Test weight (g)

Data pertaining to test weight of wheat as influenced by due
to potassium foliar spray are presented in Table 2.0. A perusal
of the data also exhibited that foliar spray of potassium 4% at
tillering and jointing (K3 treatment) significantly increased the
test weight (44.03) of wheat over water spray (38.43) (K
treatment). Whereas, Kjs treatment found at par with K;
treatment (41.06) in case of K,O foliar spray. However, few
studies have explored the mechanisms and effects of foliar
application of potassium on morphophysiological and
agronomic characteristics, and whether these substances
actually lead to an increase in production.

Biological yield (kg/ha)

Data further from Table no 2.0 indicated that significantly
higher bio yield (7112 kg/ha) was obtain from Ks treatment
(4% K application at tillering and jointing) as compare to K;
treatment (Water spray). K application is directly related to
photosynthesis, as they increase the transpiration and stomatal
conductance of irrigated plants and mitigate the effects on
plants under stress. It has been suggested that plants mineral
nutrient status plays a vital role in improving the resistance of
plant to stress conditions (Yadov, 2006) [24

Grain yield (kg/ha)

Data presented in Table no 2.0 sharply indicated that grain
yield (3244) of wheat significantly higher recorded spray with
4% K at tillering and jointing (F3 treatment) over the control
(2764). Whereas F; treatment (2% K application at tillering
(40-45) and jointing (60-65 DAS) produced 3024 kg/ ha grain
yield which found at par with Fs treatment. foliar application
of K improved the grain yield and other yield components.
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The foliar application of K was more effective at flowering
stage under water stress than other stages and improved the
spike length and number of grains per spike, ultimately
increase the grain yield of wheat. Aown et al., (2012) 28, |t
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was indicated by many investigators that potassium played a
key role in the osmotic adjustment (Stomatal opening) of
plants under water stress and yield may be improved due to
foliar potassium application to plants (Foyer et al., 2002) 14,

Table 1: Effect of levels of irrigation and spray of potassium on plant population, plant height no. of ear head and maturity days of wheat

T Plant stand at harvest | Plant height at harvest | No of ear head (Sq. | Physiological maturity (days
reatments .
(sq. m) (cm) m.) after seeding)
Irrigation levels
I1 85.11 65.42 279.78 110.33
I2 83.89 66.24 284.44 114.00
I3 87.44 70.56 288.36 118.22
S.Em+ 2.68 0.89 5.00 2.76
CD (P =0.05) NS 3.48 NS NS
CV% 9.40 3.95 5.29 7.24
K20 foliar spray
Ki 85.11 64.43 276.11 109.78
Kz 83.67 66.27 280.67 114.22
Ks 87.67 71.51 295.44 118.56
S.Em+ 1.15 1.69 4.83 2.37
CD (P = 0.05) NS 5.21 14.89 NS
CV% 4.05 7.53 5.10 6.23
Table 2: Effect of levels of irrigation and spray of K20 on yield & yield attributes of wheat
Treatments | Earlength(cm) | Noofgrain/ear |  Testweight(g) | Biological yield (kg. ha.) [Grain yield (kg. ha.)
Irrigation levels
I1 6.48 28.89 40.41 5973 2696
I2 6.82 29.68 40.77 7248 2968
I3 7.12 34.65 42.33 7751 3367
S.Em+ 0.11 0.99 0.86 202 83
CD (P =0.05) 0.43 3.91 NS 795 324
CV% 4.83 9.60 6.30 8.69 8.23
K20 foliar spray
Ki 6.53 29.11 38.43 6901 2764
K2 6.73 31.43 41.06 6958 3024
Ks 7.17 32.68 44.03 7112 3244
S.Em+ 0.15 0.50 0.72 192 73
CD (P =0.05) 0.46 1.55 2.22 591 226
CV% 6.54 4.86 5.25 8.23 7.30
Conclusion 7. Aown MS, Raza MF, Saleem SA, Anjum T, Khalig,

The values for all the growth, yield & yield components of
wheat markedly increased with the application of restricted
irrigation at CRI, late jointing and milking stage along with
4% foliar spray of potassium at tillering (40-45) and jointing
(60-65 DAS) stages.

Reference

1.

Anonymous. Ministry of Agriculture, Agricultural
Statistics at a Glance, Directorate of Economics and
Statistics, Government of India; c2014.

2. Anonymous; 20109.
https://dag.gujarat.gov.in/images/directorofagriculture/pd
f/APY-2016-17-2017-18-2018-19-for-website.pdf

3. Anonymous; ¢2020. https://www.trendrr.net/643/top-10-
largest-wheat-producing-states-in-india-famous-highest-
production/

4.  Anonymous; c2022.
https://en.wikipedia.org/wiki/Potassium_oxide

5. Anonymous; c2023.
https://www.vedantu.com/chemistry/potassium-oxide

6. Afzal Ahmad, Ramesh Kumar. Effect of irrigation

scheduling on the growth and yield of wheat genotypes.
Agric. Sci. Digest. 2015;35(3):199-202.

~

10.

11.

12.

1973 ™

Wahid MA. Foliar application of potassium under water
deficit conditions improved the growth and yield of
wheat (Triticum aestivum L.). The Journal of Animal &
Plant Sciences. 2002;22(2):431-437.

Barker AV, Pilbeam DJ. Hand Book of Plant Nutrition.
Taylor and Francis Group, LLC; c2007.

Cakmak 1. The role of potassium in alleviating
detrimental effects of abiotic stresses in plants. J Plant
Nutr. Soil Sci. 2005;168:521-530.

Choudhary Ram Niwas, Patel NJ, Suthar KJ. Effect of
PGRs and chemicals on yield and yield attributes of
durum wheat under conserved moisture condition of Bhal
region of Gujarat. XXI Biennial National Symposium of
Indian Society of Agronomy, MPUAT, Udaipur; c2018.
p. 254

Choudhary RN, Suthar KJ, Chirag J Patel, Bhumbadiya
NR, Jadav NJ. Effect of levels of Nitrogen and seed rate
on vyield and yield attributes of durum wheat under
restricted irrigation in rainfed condition of Bhal reigion
of Gujarat. The Pharma Innovation Journal.
2023;12(2):1306-1311

Cui MH, Chen XY, Yin FX, Xia GM, Yi Y, Zhang YB,
et al. Hybridization affects the structure and function of


https://www.thepharmajournal.com/

The Pharma Innovation Journal

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

root microbiome by altering gene expression in roots of
wheat introgression line under saline-alkali stress.
Science of The Total Environment. 2022;835:155467.

FAOSTAT (Food and Agriculture Organization
Statistics). Crops harvested. Food and Agricultural

Organization Statistical Service; c2020.
(http:/lwww.fao.org/faostat/en/#home; retrieved on dated
12-10-2020)

Foyer CH, Vanacker H, Gomez LD, Harbinson J.
Regulation  of  photosynthesis and  antioxidant
metabolismin maize leaves at optimal and chilling
temperatures:  Review. Plant  Physiol  Biochem.
2002;40:659-668.

Lin Duo, Danfeng H. Effect of potassium levels on
photosynthesis and fruit quality of muskmelon in culture
media. Acta Horticulturae Sinica. 2003;30(2):221-223.
Mengel K, Kirkby EA. Principles of Plant Nutrition, 5th
edn. Kluwer Academic Publishers Dordrecht, The
Netherlands; c2001. p. 864.

Mer M, Ama EE. Effect of different irrigation regime on
grain yield and quality of some Egyptian bread wheat
cultivars. Journal of Agriculture Food and Applied
Science. 2014;2(9):275-282.

Randhawa AS, Jolly RS, Arora BS. The effect of sowing
time and rates and time of nitrogen application on dwarf
wheat. Journal Research Punjab Agriculture University.
2004;13(2):130-135.

Sarkar RK, Chakraborty A, Saha A. Effect of foliar
application of potassium nitrate and calcium nitrate on
groundnut (Arachis hypogaea). Indian Journal of
Agronomy. 1999;44(4):809-812.

Sharma R, Choudhary J, Singh D. Meena SC, Kumar
Vijay. Performance of Wheat (Triticum aestivum L.)
under Varying Levels of Silicon and Restricted Irrigation.
Int. J Curr. Microbiol. App. Sci. 2020;9(11):285-293.
Shivashankar K, Singh Adesh. Effect of foliar potassium
application and irrigation scheduling on growth, yield,
nutrient uptake and nutrient use efficiency of Summer
mungbean.  The  Pharma  Innovation  Journal.
2022;11(12):6156-6161.

Singh RP, Dhiman SD, Sharma HC. Performance of
wheat varieties under limited water supply. Indian
Journal of Agronomy. 1980;25:259-262.

Wiedenhoeft CA. The green world, plant nutrition.
Chelsea House, An imprint of info base publishing, New
York, USA; c2006.

Yadov DV. Potassium nutrition of sugarcane. In: Benbi
DK et al (eds) Balanced fertilization for sustaining crop
productivity. International Potash Institute, Horgen;
c2006. p. 275-288.

Yadav S, Singh BN. Effect of irrigation schedules and
planting methods on growth, productivity and WUE of
greengram (Phaseolus radiata L.) under rice-wheat-
greengram cropping system. Plant Arch. 2014;14:211-13.
Aown M, Raza S, Saleem MF, Anjum SA, Khalig T,
Wahid MA. Foliar application of potassium under water
deficit conditions improved the growth and yield of
wheat (Triticum aestivum L.). The Journal of Animal and
Plant Sciences. 2012 Jan 1;22(2):431-7.

~1974 ™

https://www.thepharmajournal.com



https://www.thepharmajournal.com/

