Effect of nutrient management on crop moisture utilization and water use efficiency in
Indian mustard

Abstract:

Improving agricultural water use efficiency is a major concern, particularly in areas affected by
drought, as it significantly limits grain production worldwide. Efficient water management
techniques are essential for crop production in water-scarce regions. Enhancing crop water use
efficiency and drought tolerance through genetic improvement and physiological regulation can
contribute to more effective water utilization. A field experiment was conducted during Rabi
season 2017-18 at Agriculture Farm, Bhagwant University, Ajmer to study the “Effect of
nutrient management on growth, yield and quality of mustard” to evaluate the effect of nutrient
management on crop moisture utilization and moisture use efficiency. The experiment
comprising of 10 treatments replicated three times, was laid out in randomized block design. The
treatments are Control (T1), Water Spray (T>), 2% urea spray (T3), 100% RDF (T,), 50% RDF +
2% urea spray (Ts), 50 %RDF + 2% Multiplex spray (Ts), 50% RDF + 2%urea + 2% Multiplex
spray (T7), 100% RDF +2% urea spray (Tg), 100 %RDF + 2% Multiplex spray (Tg), 100% RDF
+ 2%urea + 2% Multiplex spray (T11). The results indicated that the application of 100% RDF
(Recommended Dose of Fertilizer) along with 2% urea and 2% Multiplex spray improved crop
moisture utilization and moisture use efficiency.
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INTRODUCTION

Indian mustard (Brassica juncea (L.) Czern. &Coss) is the second most significant oilseed crop
in India, following soybean. Over the past decade, it has been extensively cultivated in northern
India. Rapeseed-mustard contributes around 26.0 percent to the overall oilseed production in the
country. Currently, domestic production of edible oils fulfills only 50% of the total demand, with
the remainder being imported. To bridge the substantial gap between consumption and domestic
production, there are two potential approaches: expanding the cultivation area for oilseed crops
such as rapeseed, mustard, sunflower, and soybean, or increasing the productivity per unit area.
The primary fatty acids found in rapeseed and mustard oil is oleic, linoleic, linolenic, ecosenoic,
and erucic acids. The Indian mustard variety specifically exhibits a high content of these fatty
acids (Chauhan et al., 2007). Fats and oils provide 9 kilocalories of energy per gram, while
carbohydrates and proteins supply approximately kilocalories of energy per gram (Alamet al.,
2014). Moreover, fats and oils serve as a source of essential fatty acids and are utilized in the
synthesis of phospholipids, which are vital components of active tissues such as the brain,
nerves, and liver in both humans and other animals.



To produce the additional quantity of oilseed, the only option to enhance productivity under
limited resource conditions. The imbalanced and inadequate supply of fertilizers accompanied by
restricted use of organic manures not only leads to limit the yield potential but soils also get
deficient in the nutrients which deteriorate the soil health with decline in crop response. The
differential trends in seed yield of Indian mustard under a particular agro-climatic condition have
been noticed due to varying moisture and nutrient status of soil. It is responsive to plant nutrients
especially nitrogen, phosphorus and sulphur.

Nutrients play a pivotal role in increasing the seed yield in mustard. Foliar application of major
nutrients like nitrogen and potassium was found to be as good as soil application. Nitrogen is the
most important nutrient, which determines the growth of the mustard crop and increases the
amount of protein and yield. Phosphorus and potash are known to be efficiently utilized in the
presence of nitrogen. Sulphur is a crucial element for rapeseed-mustard in determining its seed
yield, oil content, quality and resistance to various biotic and abiotic stresses. Besides promoting
chlorophyll formation and oil synthesis, it is an important constituent of seed protein, amino
acids, various enzymes and glucosinolate. The favourable influence of zinc application on yield
of mustard may be attributed to its role in various enzymatic reactions, growth processes,
hormone production and protein synthesis and also the translocation of photosynthates to seed
thereby leading to higher seed yield (Bhadauriaet al., 2012). Boron helps to maintain balance
between sugar and starch, translocation of sugar and carbohydrates, pollination and seed
reproduction, cell division, nitrogen metabolism, protein formation as well as cell wall formation
etc. (Trivedi, 2015). The objectives of this study were to examine the effect of nutrient
management on quality and nutrient uptake by crop.

The availability of nitrogen and the response to nitrogen fertilizers or other nitrogen sources are
closely related to the ability of plant roots to absorb water from the soil. When the water inside
the plant falls below a certain threshold, stomata close, resulting in reduced transpiration and
water transport through the plant. This, in turn, affects the roots' ability to absorb water and
nutrients as effectively as under normal conditions. In dry soils, nutrient uptake inhibition by
plants is also related to nutrient transport through mass flow and diffusion in the soil (Seiffertet
al., 1995), which can decrease nutrient availability at the root surface and reduce mineralization
of organic nutrients (Walworth, 1992). Severe drought can further impede nutrient transport to
the root surface by causing root shrinkage and loss of soil-root contact. Applying inorganic
fertilizers, including nitrogen, has been reported to mitigate the adverse effects of water stress by
improving the water use efficiency (WUE) of crop growth and development (Raun& Johnson,
1999). Under mild water stress, low doses of nitrogen can increase grain yield in winter wheat,
but under severe water stress, high nitrogen application can have detrimental effects (Nielsen &
Halvorson, 1991). Studies have observed a non-significant interaction between drought and
nitrogen supply for various root parameters and nitrogen flux. Under different intensities of
water stress, wheat plants grown under high fertility conditions performed better than those
under low fertility conditions. Nitrogen application has also been shown to minimize the adverse



effects of drought on dry matter and grain yield in pearl millet (Ashraf et al., 2001).Overall, in
dryland agriculture where water is a limiting factor, applying nitrogen fertilizers to an
appropriate extent can be considered as part of drought mitigation management, as it can help
improve plant performance and yield under water stress conditions.

Soils in arid areas, such as those in Mediterranean regions, are often calcareous and have high
pH levels. In the semi-arid tropics, soils are rich in aluminum and iron oxides, and the pH levels
are low. Both soil types have a strong tendency for phosphorus fixation, which means that
phosphorus becomes unavailable for plant uptake (Oertli, 1991).1t is generally observed that the
uptake of phosphorus by crop plants is reduced under dry soil conditions (Pinkerton & Simpson,
1986). Even under relatively mild drought stress, the translocation of phosphorus to the shoots is
severely restricted. However, Liebersbachet al. (2004) reported that the large amount of
molecular exudates, mainly mucilage, from plants in dry soil can counteract the reduced mobility
of phosphorus under such conditions. Turner (1985) also highlighted that phosphorus deficiency
seems to be one of the earliest effects of mild to moderate drought stress in soil-grown
plants.The application of phosphorus fertilizer can significantly improve plant growth under
drought conditions (Garget al., 2004). The positive effects of phosphorus on plant growth under
drought stress have been attributed to increased stomatal conductance (Brucket al., 2000),
enhanced photosynthesis, higher cell membrane stability, improved water relationsand increased
water-use efficiency. Priming seeds with nutrient solutions containing limiting nutrients like
phosphorus and zinc under drought conditions has been shown to improve the establishment of
barley (Ajouriet al., 2004).

In summary, phosphorus is crucial for plant growth and is involved in various physiological
processes. Under dry soil conditions, phosphorus uptake by plants is typically reduced, but the
application of phosphorus fertilizer can significantly enhance plant growth and mitigate the
negative effects of drought stress. Future strategies for improving nutrient uptake may involve
genetic approaches, such as overexpressing genes responsible for high-affinity phosphorus
transporters, particularly in regions with phosphorus-deficient soils in semi-arid tropics.Among
the various factors responsible for maximization of yield of mustard crop, application of
nitrogen, phosphorus along with other micronutrients is most important. For maximizing the
yield, it is essential that Indian mustard should not suffer due to inadequate moisture supply and
mineral nutrition especially nitrogen and phosphorus. Efficient use of water and nutrients by
improving moisture and nutrient balances, their availability, infiltration and retention in soils by
reducing water losses due to evaporation, and improving the quality and availability of ground as
well as surface water (Sharma et al., 2005). Realizing the importance of above mentioned facts,
the present investigation was undertakento study the effect of nutrient management on crop
moisture utilization and moisture use efficiency.



Materialsand Methods:-

Experimental set up: A field experiment was conducted during Rabi season 2017-18 at
Agriculture Farm, Bhagwant University, Ajmer. The experimental site falls under subtropical
sub humid zone in Indo-Gangetic plains having alluvial calcareous soil and lies between 24.4° -
26.56° North latitude and 82.12° — 83.98° East longitude with an elevation of about 113 from sea
level. The experiment comprising of 10 treatments replicated three times, was laid out in
randomized block design. The treatments are Control (T1), Water Spray (T>), 2% urea spray (T3),
100% RDF (T4), 50% RDF + 2% urea spray (Ts), 50 %RDF + 2% Multiplex spray (Ts), 50%
RDF + 2%urea + 2% Multiplex spray (T7), 100% RDF +2% urea spray (Tsg), 100 %RDF + 2%
Multiplex spray (Tg), 100% RDF + 2%urea + 2% Multiplex spray (T11).The experimental field
was well leveled having sandy clay loam soil and good drainage facilities.

Treatment details

Water: Water is a key input for crop production. In rainfed agriculture, crop generally
encounters the problem of dry spell. So water spray is taken as one of the treatment. Two spray
of water was given.

Urea: Urea is the source of N to the crop. It helps the crop to withstand in adverse weather
condition and give higher yield. 2% Urea was applied two times during the crop period.

Multiplex: Multiplex is a most effective combination of micronutrient for all the crops. In order
to manage the micronutrient deficiency, 2% spray of Multiplex was done twice during the
cropping period.

Soil moisture studies

To convert the moisture percentage by weight into depth of water (in mm), the following formula
was used:

Depth of water (mm) = Moisture percentage by weight x Bulk density x Depth of soil sample
(cm) /100

Here's an explanation of the variables used in the formula:

Moisture percentage by weight: This represents the moisture content of the soil sample
expressed as a percentage of its weight.

Bulk density: It refers to the mass of dry soil per unit volume, typically expressed in g/cm?3. Bulk
density is used to estimate the volume of soil represented by the weight of the sample.

Depth of soil sample: This indicates the depth of the soil sample collected for analysis, typically
measured in centimeters.



By applying this formula, the moisture percentage by weight is multiplied by the bulk density
and the depth of the soil sample, then divided by 100 to obtain the depth of water in
millimeters.It's important to note that the bulk density used in the formula should be specific to
the soil type and conditions of the study area. Additionally, this formula assumes a homogeneous
distribution of moisture within the soil sample

Moisture content = Bulk density (g cm-3) x Soil depth (cm) % moisture(%) by wt.
Periodical moisture used

The formula provided by Singh and Singh (1978) calculates the periodical moisture use (MU)
between two stages using the following equation:

MU = (Sm1-Sm2) x BD x D /100

Here's an explanation of the variables used in the formula:

MU: Moisture use in between two stages, expressed in millimeters (mm).
Sm1: Soil moisture at the first stage, represented as a percentage (%).

Sm2: Soil moisture at the second stage, also expressed as a percentage (%).
BD: Bulk density of the soil, measured in grams per cubic centimeter (g/cm3).
D: Soil depth between the two stages, measured in centimeters (cm).

To calculate the moisture use, you subtract the soil moisture at the second stage (Sm2) from the
soil moisture at the first stage (Sm1). The difference is multiplied by the bulk density (BD) and
the soil depth (D), and divided by 100.It's important to note that the bulk density used in the
formula should be specific to the soil type and conditions of the study area. Additionally, this
formula assumes a homogeneous distribution of moisture within the soil profile between the two
stages.

Total moisture used

To calculate the total moisture used by the crop (in millimeters, mm), the following factors are
taken into consideration:

(i) The amount of soil moisture available at the time of sowing.
(i1) The amount of effective rainfall received during the crop period.
(iii) The amount of soil moisture remaining after the crop harvest.

(iv) The fluctuation of the groundwater table, which is considered negligible in this case.



The exact method for calculating the total moisture used may vary depending on the specific
parameters and measurements available. However, a general approach would involve adding up
the contributions from each of these factors.

For example:

Total moisture used = Soil moisture at sowing + Effective rainfall during the crop period - Soil
moisture remaining after harvestthe fluctuation of the groundwater table is considered negligible
and not included in the calculation.It's important to note that the values for soil moisture,
effective rainfall, and groundwater table fluctuations should be measured or estimated using
appropriate methods and techniques specific to the study area.

Moisture use from different layers of soil:

To calculate the moisture use by the crop from different layers of soil (0-15 cm, 15-30 cm, and
30-60 cm), you can sum up the moisture used by the crop at each specific depth under different
stages of crop growth.

For example, let's consider the moisture use at each depth for two stages of crop growth: Stage 1
and Stage 2.

Moisture use from the 0-15 cm depth:

Moisture use at Stage 1 (0-15 cm) + Moisture use at Stage 2 (0-15 cm)
Moisture use from the 15-30 cm depth:

Moisture use at Stage 1 (15-30 cm) + Moisture use at Stage 2 (15-30 cm)
Moisture use from the 30-60 cm depth:

Moisture use at Stage 1 (30-60 cm) + Moisture use at Stage 2 (30-60 cm)

Repeat this calculation for each depth range of interest (e.g., 0-15 cm, 15-30 cm, 30-60 cm) and
for each stage of crop growth to determine the moisture use from different layers of the soil.

The moisture use at each depth and stage can be calculated using appropriate methods, such as
the formulas or measurements specific to the study and the available data on soil moisture
content and crop water requirements.

Water use efficiency(Kg/ha-mm)

To calculate the water use efficiency (WUE) of dryland mustard, you divide the seed yield of the
crop by the evapotranspiration (ET) and express it in kg/ha-mm.

Water Use Efficiency (WUE) = Yield (Y) /ET



Here's an explanation of the variables used in the formula:
Y: Yield of the crop in kilograms per hectare (kg/ha).

ET: Evapotranspiration, which represents the amount of water lost through evaporation from the
soil surface and transpiration from the plant leaves, measured in millimeters (mm).

To calculate the WUE, you need to determine the seed yield of the mustard crop and the
evapotranspiration value. The seed yield is typically measured in kilograms per hectare (kg/ha).
Evapotranspiration can be estimated using various methods, such as meteorological data, crop
coefficients, and water balance calculations.

The consumptive use of water (CU) is also considered in the calculation of WUE. Consumptive
use is the total amount of water used by the crop, taking into account the moisture used from the
soil profile, rainfall, and any protective irrigation applied during critical stages.

So, the CU value is derived from the moisture used from the soil profile, rainfall, and protective
irrigation from harvested water applied to the crop at critical stages.

Once you have the yield (YY) and the values for ET and CU, you can calculate the water use
efficiency (WUE) of the dryland mustard crop by dividing the yield by the evapotranspiration.

Statistical analysis

The observations recorded during the course of investigation were tabulated and analyzed
statistically to draw a valid conclusion. The data were analyzed as per the standard procedure for
“Analysis of Variance” (ANOVA) as described by Gomez and Gomez (1984). The significance
of treatments was tested by ,,F* test (Variance ratio). Standard error of mean was computed in all
cases. The differences in the treatment mean were tested by using Critical Difference (CD) at 5%
level of probability where “F” test showed significant differences among means.

Result and Discussion:

Soil and foliar application of nutrients markedly influenced the moisture use by crop and water
use efficiency.

Actual moisture use: In the study mentioned, the actual moisture use by the mustard crop was
measured under different treatments. The control treatment and the treatment with water spray
resulted in the minimum moisture use of 153 mm from the soil profile. On the other hand, the
treatment labeled Tg, which involved the application of 100% recommended dose of fertilizer
(RDF) along with 2% urea and 2% Multiplex spray, showed the maximum moisture use of 213
mm. This indicates that the combination of fertilizer application and foliar spray led to higher
utilization of moisture by the crop.



The treatments Tg (100% RDF + 2% Multiplex spray) and T, (100% RDF) also exhibited
relatively higher moisture use, although slightly lower than Tg. These results suggest that the
application of recommended fertilizer doses, with or without foliar spray, positively influenced
the moisture utilization by the mustard crop.

It's important to note that these findings are specific to the mentioned study and may not be
directly applicable to other scenarios or crops. Additionally, the specific mechanisms behind the
observed increase in moisture use due to fertilizer application and foliar spray would require
further investigation.

Water use efficiency (WUE)

In the study, water use efficiency (WUE) was assessed under different treatments. The treatment
labeled Ty, which involved the combined application of 100% recommended dose of fertilizer
(RDF) as basal and 2% urea and 2% Multiplex spray, showed the highest WUE value of 5.00
kg/ha/mm. This indicates that this particular treatment achieved a higher yield per unit of water
used compared to other treatments.

The treatment T resulted in the second-highest WUE value of 4.83 kg/ha/mm, followed by Tq
with a WUE value of 4.73 kg/ha/mm. The treatment Tg had a WUE value of 4.30 kg/ha/mm,
which was slightly lower than the top-performing treatments.

On the other hand, the control treatment, which likely did not receive any additional fertilizer or
foliar spray, had the lowest WUE value of 2.96 kg/ha/mm. This indicates that without any
nutrient management or treatments, the crop achieved a lower yield per unit of water used.

These findings suggest that the combined application of recommended fertilizer doses and foliar
sprays positively influenced the water use efficiency of the mustard crop in this study. However,
without further information about the specific details of each treatment, it's challenging to
provide a more comprehensive analysis

Table 1: Effect of nutrient management on water use efficiency

Treatment WU (mm) WUE (kg/hamm)
Control 153 2.96

Water Spray 153 2.97

2% urea spray 185 3.09

100% RDF * 192 3.42

50% RDF + 2% ureaspray | 191 3.82

50 %RDF + 2%urea + 2% | 191 4.13

Multiplex spray

50 %RDF + 2% Multiplex 170 4.83




spray

100% RDF +2% urea spray | 213 4.30
100 %RDF + 2% Multiplex | 195 4.73
spray

100% RDF + 2%urea + 2% | 191 5.00

Multiplex spray

Soil moisture studies

The study on soil moisture focused on the efficient utilization of available water in dry land
agriculture. The integrated soil and foliar application of nutrients had a significant influence on
water use and water use efficiency (WUE). The treatment Tg, which involved the combined
application of 100% recommended dose of fertilizers (RDF) as basal and 2% urea and 2%
Multiplex spray, showed the highest water use. It was followed by Ty, which included 100%
RDF and 2% Multiplex spray.The highest water use efficiency was observed in treatments that
combined foliar spray of nutrients (urea and micronutrients) with the full recommended dose of
fertilizers. The treatment combining 50% RDF with 2% urea and 2% Multiplex spray also
showed relatively high water use efficiency.

Water use efficiency (WUE) is an important factor to consider when selecting crops for dryland
conditions. It indicates the yield obtained per unit of water consumed as evapotranspiration by
the crop. In this study, the combined application of 100% RDF as basal and 2% each of urea and
Multiplex spray demonstrated the highest efficiency in utilizing stored soil moisture. The foliar
application of 50% RDF with urea and micronutrients also showed good water use efficiency
compared to other treatments. The improved efficiency may be attributed to the effect of
nutrients applied through foliar spray, which enhanced crop growth and root penetration, leading
to more efficient uptake of soil moisture by the plants.Overall, these findings suggest that
integrated soil and foliar application of nutrients can positively impact water use efficiency and
the utilization of stored soil moisture in dryland agriculture.

CONCLUSION
Based on the experimental findings, the following conclusions can be drawn:

The combined foliar application of urea and Multiplex spray, along with the 100% recommended
dose of fertilizers, resulted in maximum growth parameters, yield parameters, and overall yield
of rainfed mustard. This indicates the effectiveness of this combination in enhancing crop
performance.

In the specific agro-climatic conditions of Ajmer under dryland conditions, the application of 2%
urea and 2% Multiplex spray, in addition to the recommended dose of 40 kg N, 20 kg P205, 20
kg K20, and 20 kg S per hectare, proved to be highly effective in achieving maximum mustard




yield and generating higher profits. Alternatively, the application of 100% RDF with 2% urea
spray or 2% Multiplex spray can also be considered suitable for the Ajmer region.

It is important to note that the experiment was conducted for only one year. To ensure the
validity and reliability of the conclusions, it is recommended to repeat the experiment for two or
three more years. Long-term studies would provide more comprehensive data and insights into
the effectiveness and consistency of the observed trends.

In summary, the integrated application of urea, Multiplex spray, and recommended doses of
fertilizers showed promising results in terms of crop growth, yield, and profitability in the
context of rainfed mustard cultivation in the Ajmer region. However, further research and
validation through multiple-year studies are necessary to strengthen the findings and draw more
robust conclusions.
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