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Excessive application of nitrogen (N) in wheat cultivation results in substantial

decreases in yield and limited economic gains, leading to adverse environmental

consequences. In this study, the main objective is to assess and optimize the

values of di�erent N-assessing tools at varying levels of N for three wheat cultivars.

Three non-destructive sensing devices: Leaf color chart (LCC), soil plant analyzer

development (SPAD), and Green Seeker, were optimized at three levels of N (0, 90,

120, and 150 kg N ha−1) in three wheat cultivars, HD 2967, HD 3059, and HD 3086.

The results indicated that at 60 days after sowing (DAS), the optimum values for

LCC, SPAD, and GreenSeeker were 4.17, 0.62, and 44.2, respectively. These values

were observed at the flag leaf stage, where they measured 4.12, 0.60, and 43.8,

respectively, and this could be achieved at 120 kg N ha−1 with a grain yield of

4.87 t ha−1. At 120 kg N ha−1, considerably better gross return (Rs. 97,444.4), net

income (Rs. 66,681.4), and B:C ratio (2.2) were obtained. The highest agronomic

e�ciency of N (21.2%) was recorded at 120 kg N ha−1, while the N uptake and

recovery (129 kg ha−1 and 59.2 %) were significantly higher, recorded at 150 kg N

ha−1. We can conclude that optimized values of these sensors at di�erent doses

of N would provide better guidance for precision Nmanagement that may reduce

the input cost, maximize return, and minimize N losses in wheat.

KEYWORDS
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Introduction

Wheat is the second most important crop after rice in India, covering an area of

31.61 million hectares and yielding a production of 109.59 million tons (Ministry of

Agriculture and Farmer Welfare, 2021–22)1. Although India has a sizable population, wheat

offers an average of 500 kcal of nutritional energy per person per day on a national level

1 Annual Report (2021–22). Department of Agriculture & Farmers Welfare.
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(Dixon et al., 2009). The biggest challenge for India is producing

30% more wheat by 2050 (McDonald et al., 2022). Nitrogen (N)

is one of the most important nutrients for crop growth and

productivity. Wheat is sensitive to N deficiency and responds very

well to nitrogenous fertilizers. Farmers in many regions of the

world likely use excessive amounts of nitrogenous fertilizers to

achieve a high yield. However, in a wheat-soil system, excessive

N application may reduce grain yield and increase N losses

(Wang et al., 2011). Although using N fertilizer has several

advantages in wheat production, the indiscriminate application

of N fertilizer leads to soil sickness and reduced food grain

production (Rao et al., 2020). Nitrogen use efficiency (NUE) is

also decreasing (Zhang et al., 2007; Singh, 2022), resulting in

an increase in N loss to the environment through air emissions,

leaching, and water or soil pollution (Singh and Craswell, 2021).

Excessive N fertilizer application results in delayed senescence,

plant lodging, insect and disease infestation, and poor grain

standards. The main cause of decreasing NUE is inefficient N

dose splitting combined with N application more than the crop

requirements. Numerous environmental issues are brought on

by reactive forms of N, such as nitrate (NO3), ammonia (NH3),

and nitrogen oxides (NOx and N2O) (Hakeem et al., 2016).

These include intensifying the effects of global warming and

degrading both human and environmental health (Yu et al.,

2020).

Better N management practices in wheat are some of

the best options. To carefully plan N management, early

assessment of crop development and N status, rapid N

diagnosis, and appropriate fertilizer application are necessary.

An integration of field crop morphological evaluation and

indoor test analysis is used in traditional N management. This

is not only time-consuming but also requires major labor and

resources for sampling, measurement, and data processing.

Monitoring and diagnosing the nutritional status quickly,

non-destructively, and accurately will aid in determining the

appropriate management approach and consumption of N

in wheat.

The non-destructive plant phenotyping technique has recently

gained popularity as a supplement to soil testing in the assessment

of crop N demands and the recommendation of N fertilizer.

Zhang et al. (2020) conducted a study on leaf N assessment in

rice using Dualex and the SPAD meter and found that Dualex

was more effective in estimating the chlorophyll content than the

SPAD meter.

The association between SPAD values and agricultural

productivity in high-yield scenarios was used to establish them

(Hawkins et al., 2007), even though these are often appropriate

for the same cultivars, development seasons, and growing areas.

Debaeke and Justes (2006) developed a relationship between the

nitrogen nutrition index (NNI) and the relative SPAD score of the

topmost leaf of the wheat plant, rather than using the original SPAD

value. SPAD can detect changes in NNI by minimizing the impact

of the environment, which necessitates a large number of control

groups for treatments, but this approach has certain practical

limitations. To evaluate crop development and N nutrition status,

image processing of color and digital photos have only been used

at the early stages of wheat production (Li et al., 2010; Lee and Lee,

2013).

Yang et al. (2003) compared leaf color charts (LCCs) and a

chlorophyll meter (SPAD) to estimate the leaf N status of rice

(Oryza sativa L.) and properly time N fertilizer application. The

LCC estimated N better across growth stages. LCC scores were

closely related to SPAD values. Shukla et al. (2004) observed

that in wheat, maintaining an LCC of ≤4 at 120 kg N ha−1

resulted in higher grain yield, N uptake, and NUE than that of the

recommended N splits. Both LCC and SPAD readings were highly

correlated in rice and wheat. Net returns were 19–31% higher in

LCC-based N management than in fixed-time N application for

rice–wheat cropping. Ali et al. (2020) developed a relationship

using GreenSeeker-generated data from experiments involving

multi-rate fertilizer N treatments in wheat. GreenSeeker was related

to N uptake and wheat yield through an exponential function,

explaining the variation in N uptake and grain yield, respectively.

Most studies so far have been conducted to validate these

sensors separately in different crops. However, there are very few

comparative studies available in the literature on different sensors

in different wheat cultivars for better Nmanagement. Furthermore,

regular validation of these tools with ruling cultivars is necessary.

Thus, in this study, we validated and optimized three sensors,

SPAD, GreenSeeker, and LCC, for the three most promising wheat

cultivars grown in India. Additionally, a link was established

between the grain yield and sensor scores, which may help in the

precision N management of wheat.

Materials and methods

Study site

The experiment was carried out for three consecutive years

2015–16, 2016–17, and 2017–18, during the rabi season at the

research farm of the Water Technology Center, ICAR-Indian

Agricultural Research Institute, New Delhi. The farm is 228.6m

above sea level and situated at a latitude of 28◦35′N and a longitude

of 77◦12′E (Figure 1).

The soils were described as alluvial because of their sandy

loam texture, low amount of organic matter (0.48%), low N

content (76.31 kg ha−1), medium phosphorus content (22.86 kg

ha−1), and high potassium content (160.35 kg ha−1). The total

rainfall observed during the years 2015–16, 2016–17, and, 2017–

18 were 21.6, 82.0, and 13.4mm, respectively. The average

maximum temperatures were 43.0, 43.2, and 41.5◦C, and the

average minimum temperatures were 9.3, 9.2, and 8.7◦C during

the growing season 2015–16, 2016–17, and 2017–18, respectively

(Figure 2).

Experimental design and treatments

The experiment was conducted in a split-plot design with three

replications. Three wheat cultivars, HD 2967, HD 3059, and HD

3086, were assigned to the main plots, and subplots were assigned

to four N treatments (0, 90, 120, and 150 kg N ha−1). The size of

each plot was kept at 4.2 × 5m. Urea was used to supply N, DAP

was used to supply phosphorus, and muriate of potash (MOP) was

used to supply potassium. The half dose of N @ 120 kg ha−1, as
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FIGURE 1

Study area map.

FIGURE 2

Climatic conditions of Delhi during rabi seasons.

well as the total doses of phosphorus @ 60 kg ha−1 and potash

@ 50 kg ha−1, was applied at the time of sowing. The remaining

doses of N were applied in two split doses, the first at 25 DAS and

the second at the flag leaf stage. other management practices were

followed as per the recommended agronomy of wheat cultivation

(Table 1).

Growth parameters

Five plants were randomly selected from each plot and marked

permanently to record the plant height at 30, 60, and 90 DAS

at the harvest stage. The wheat plant’s height was recorded from

the plant’s ground level to the tip of its tallest leaf. In each plot,
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TABLE 1 Agronomy of wheat cultivation.

Operations

1. Sowing time 15–30 November

2. Seed rate 100 kg ha−1

3. Fertilizer (N, P, and K) As per treatment allocation viz. control, 90, 120,

150 kg N ha−1 , 60 kg P ha−1 , and 40 kg K ha−1

4. Irrigation At all critical stages

I. First irrigation at the crown root initiation stage

(20–25 DAS)

II. Second irrigation at the active tillering stage

(40–45 DAS)

III. Third irrigation at the late jointing stage (70–

75 DAS)

IV. Fourth irrigation at the flowering stage (90–95

DAS)

V. Fifth irrigation at the dough stage

(110–115 DAS)

5. Weed control Application of isoproturon (0.75 kg ai/ha) and 2,

4D (0.4 kg ai ha−1) during 30–35 DAS

6. Harvesting At 12 % moisture in the grain

two distinct locations were counted for the average number of

tillers per meter of row length at regular intervals. The leaf area

was measured on plant samples that were collected to monitor

dry matter production. After being detached from the stem, the

leaves were washed with water, dried with tissue paper, and then

reattached. Using a leaf area meter, the fresh green leaf area for each

treatment was calculated (Model LICOR 3000, USA). At 30, 60,

and 90 DAS, the leaf area index (LAI) was calculated using Evans’

recommended formula (1972). The ratio of the leaf surface (on one

side only) to the ground area that a plant occupies is known as the

leaf area index.

LAI =
Total leaf area (cm2)

Ground area (cm2)

Dry matter estimation

Plants of 50 cm row length were harvested at different stages of

growth from the sample rows. After recording the leaf area, these

plants were sun-dried for 2–3 days and oven-dried at 60 ± 2◦C for

24 h until the corrected weight, and the dry weight was recorded in

grams m−2.

Yield-contributing parameters

At harvest, the number of spikes m−2 was computed from

the average of the number of spikes m−2 from two locations in

each plot. Five randomly selected spikes from the five marked

plants were used to measure the spike length (cm). The length

was calculated as the average length from the neck to the tip of

the spike. The total filled grains were counted from five randomly

selected spikes from each plot, and their average was calculated. A

seed counter was used to initially count the 1,000 grains that were

extracted from tested spikes to determine their test weight.

Productivity estimation

The samples were harvested and collected from an area of 4

m−2, after leaving the boundary rows in each plot; all plants were

manually picked at the ground level with an iron sickle to determine

the grain and biological yield. A mechanized thresher was used to

thresh plot-wise biomass. Grains that had been recovered, dried in

the sun for 4 days (at 14% moisture content), and weighed were

used. The straw yield was then calculated by subtracting the grain

yield from the total amount of biomass generated (biological yield).

The harvest index was calculated as per the formula given below:

Harvest index(%) =
Seed yield (kg ha− 1)

Biological yield (kg ha− 1)

N concentration determination using
greenseeker, SPAD, and LCC

The GreenSeeker, SPAD, and LCC data were recorded for the

different plots at 30 DAS, 60 DAS, and the flag leaf stage. The

GreenSeeker sensor was kept at 60 cm above the plant canopy

during the measuring process, generating an oval field of vision

with an area of 0.41 m−2. The SPAD values were computed using

the average of three different leaf readings collected from themiddle

to top levels of the plant. They were collected from the center of the

leaf, omitting the midrib to ensure that the sensor reading and the

foliar N concentration were from the same plant.

For the LCC reading, 10 disease-free wheat plants were

randomly selected from a field with a uniform plant population,

and the topmost fully expanded leaf was selected from each plant.

The reading was taken from the middle part of the leaf, and the leaf

color was compared with the color panels of the LCC. The reading

was taken under the shade of the body, to avoid the effects of direct

sunlight on leaf color readings. Thereafter, the average LCC reading

was calculated for the selected leaves.

N determination in the flag leaf, stem, and
root

At the flag leaf stage, two plant leaves were taken to estimate

the N content (g kg−1 DM) in the leaves. Representative flag leave

samples were collected and digested in concentrated H2SO4 at a

temperature between 360 and 410◦C in a digestion block for 2 h.

A digestion acceleration mixture containing CuSO4 and K2SO4 in

the ratio of 20:1 was added to the digestion tubes before placing

them in the digestion block. Upon completion of digestion, the

tubes were cooled and diluted, and concentrated alkali was added

to the digests for distillation. The digests were steam-distilled

using a micro-Kjeldahl distillation unit (Gerhardt Vapodest, VAP

30). The released NH3 was absorbed in 20mL of mixed indicator

containing 4% boric acid, and 0.1N H2SO4 was used to titrate it

(Kjeldahl 1883).
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Efficiency estimation: The following formulae were used to

calculate the agronomic efficiency and recovery efficiency:

Agronomic efficiency (AE) =
Yield(fertilized plot)− Yield (Control plot)

Fertilzer N
. . . . . .Dobermann (2007)

Nitrogen recovery efficiency (AE) =
Nitrogen uptake

(

fertilized plot
)

− Nitrogen uptake (Control plot)

Fertilzer N
. . . . . . ..Dobermann (2007)

Economics

The cost of cultivation was calculated based on prevailing
market prices of the inputs during the respective crop seasons.
Gross returns were calculated based on the grain and straw yields
and their prevailing market prices during the respective crop
seasons. Net returns were calculated by subtracting the cost of
cultivation from gross returns. The cost of cultivation of wheat was
computed by adding the cost of cultivation of the wheat crop.

Net returns (ha−1) = Gross returns (ha−1)− costofcultivation (ha−1)

Benefit: The cost (B:C) ratio was calculated by using the

following expression:

Benefit : cost ratio =
Gross returns

Cost of cultivation

Statistical analysis

The SPSS software (Version 10.0) was used to conduct

statistical analyses using 3 years of experimental data. Between the

different treatments, statistical calculations were performed using

the least significant differences at the 0.05 probability levels. The

correlation analysis was performed between sensor scores (LCC,

SPAD, and GreenSeeker) and leaf N concentrations.

Results

Growth parameters

Plant height and leaf area
Significant differences in plant height were recorded among

different doses of nitrogen at 30 and 60 days after sowing (DAS),

as well as at the harvesting stage. Significantly higher plant heights

of 30.1, 60.9, and 79.7 cm were observed at 30 DAS, 60 DAS, and

the harvest stage, respectively, from the 150 kg N ha−1 applied plot

(Table 2). The percentage increase in plant height at the harvest

stage was 4.5, 9.4, and 15.2% at 90, 120, and 150 kg N ha−1,

respectively, over the control treatment (0 kg N ha−1). Significant

differences in the leaf area were recorded at the different doses of

N. The highest leaf area (1,467.7 cm2) was recorded at 150 kg N

ha−1 (Table 2), which was comparable to the leaf area observed

at 120 kg N ha−1. However, the leaf area measured at 120 kg N

ha−1 was found to be significantly higher than that measured at

90 kg N ha−1. At 30 DAS, a significant difference in dry weight was

observed among all the nitrogen treatments, with the maximum

value of 34.0 g mrl−1 at 150 kg N ha−1 and the minimum value

of 24.6 g mrl−1 at 0 kg N ha−1. A similar trend was also recorded

at 60 DAS. At 90 DAS, the maximum dry weight was observed at

150 kg N ha−1, which was significantly higher than that of the other

N treatments, while no significant difference was found between

90 kg N ha−1 and the control (Table 3). Furthermore, no significant

difference in plant height, leaf area, and dry weight was observed

among the different wheat cultivars at all stages.

Yield and yield-attributing characters
The grain (5.22 t ha−1) and biological yields (11.73 t ha−1) were

significantly greater with 150 kg N ha−1 than with 90 and 0 kg N

ha−1, which was at par with 120 kg N ha−1. A similar trend was

recorded in the yield-attributing characters, such as the ear length

(10.3 cm), test weight (52.4 g), the number of grain ear−1 (50.9), and

the number of spikelet ear−1 (23.1) (Table 4).

Among the cultivars, HD 2967 recorded a significantly higher

grain yield (4.36 t ha−1) and biological yield (9.81 t ha−1) than HD

3059, which was at par withHD 3086 across the different doses of N.

The increase in the grain yield of 103.6% was recorded at 150 over

0 kg N ha−1, and the increases in the grain yield of 2.6, 30.1, and

52.4% were recorded when the fertilizer application was increased

from 0 to 90 kg N ha−1, 90 to 120 kg N ha−1, and 120 to 150 kg N

ha−1, respectively (Table 4). Compared to other cultivars, HD 2967

yielded a considerably better gross return (Rs. 87,250.0), net income

(Rs. 56,817.0), and B:C ratio (1.85). Among the various nitrogen

doses, 120 kg N ha−1 yielded a considerably better gross return (Rs.

97,444.4), net income (Rs. 66,681.4), and B:C ratio (2.2), and it was

at par with 150 kg N−1 (Table 4).

Nitrogen management tools
LCC, greenseeker, and SPAD values at 30 DAS, 60 DAS,

and the flag leaf stage

Significantly higher LCC scores of 4.5, 5.5, and 5.5 were

observed at 30 DAS, 60 DAS, and the flag leaf stage, respectively,

with the application of 150 kg N ha−1, surpassing the LCC scores

of other N treatments. Similarly, significantly higher GreenSeeker

scores of 0.55, 0.68, and 0.69, as well as SPAD scores of 44.6, 54.9,

and 55.76, were observed at 150 kg N ha−1 compared to other

treatments at 30 DAS, 60 DAS, and the flag leaf stage, respectively.

These increased scores were accompanied by a maximum grain

yield of 5.22 t ha−1 and a biological yield of 11.73 t ha−1 at 150 kg N

ha−1 (Table 4).

At 120 kg N ha−1, LCC scores of 4.1, 5.0, and 5.0; GreenSeeker

scores of 0.55, 0.68, and 0.69; and SPAD scores of 40.2, 49.4,

and 50.22 were observed at 30 DAS, 60 DAS, and the flag leaf

stage, respectively. A strong and significant positive correlation
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TABLE 2 LCC, GreenSeeker, and SPAD values at di�erent doses of nitrogen in timely sown wheat cultivars at 30 DAS, 60 DAS, and the flag leaf stage

(pooled).

Treatments LCC, GreenSeeker, and SPAD values

30 DAS 60 DAS At the flag leaf stage

LCC GreenSeeker SPAD LCC GreenSeeker SPAD LCC GreenSeeker SPAD

Wheat cultivars

HD 2967 3.6 0.45 36.10 4.48 0.55 44.40 4.47 0.56 45.13

HD 3059 3.6 0.44 35.33 4.39 0.54 43.46 4.37 0.55 44.16

HD 3086 3.7 0.45 36.76 4.56 0.56 45.22 4.55 0.57 45.95

CD (P = 0.5) NS NS NS NS NS NS NS NS NS

Nitrogen levels

N0 kg 2.4 0.29 23.8 2.9 0.36 29.2 2.9 0.37 29.70

N90 kg 3.6 0.44 35.7 4.4 0.54 43.9 4.4 0.55 44.64

N120 kg 4.1 0.50 40.2 5.0 0.61 49.4 5.0 0.62 50.22

N150 kg 4.5 0.55 44.6 5.5 0.68 54.9 5.5 0.69 55.76

CD (P = 0.5) 0.3 0.04 3.0 0.4 0.05 3.7 0.4 0.05 3.73

TABLE 3 Plant height, leaf area, and dry weight at di�erent doses of nitrogen in timely sown wheat cultivars at di�erent growth stages (pooled).

Treatments Plant height (cm) Leaf area (cm2) Dry weight (g/mrl)

30 DAS 60 DAS At harvest 60 DAS (cm2) At the flag leaf stage

(cm2)

30 DAS 60 DAS 90 DAS

Wheat cultivars

HD 2967 26.5 57.2 74.2 413.1 1,377.3 31.05 285.20 1,370.10

HD 3059 27.0 56.0 76.0 404.4 1,410.2 28.33 279.99 1,496.40

HD 3086 25.1 50.5 72.6 363.1 1,348.8 30.63 249.86 1,206.59

CD (P = 0.5) NS NS NS NS NS NS NS NS

Nitrogen levels

N0kg 22.0 48.3 69.2 352.1 1,287.3 24.6 217.9 1,079.0

N90kg 25.3 52.7 72.3 380.0 1,347.2 29.1 245.6 1,125.2

N120kg 27.3 56.3 75.7 407.1 1,412.8 32.3 288.0 1,536.9

N150kg 30.1 60.9 79.7 435.0 1,467.7 34.0 335.2 1,689.7

CD (P = 0.5) 2.3 3.4 3.0 25.3 54.4 2.5 18.3 111.9

was observed between the grain yield and the LCC, GreenSeeker,

and SPAD scores (Figure 3). Furthermore, a significant positive

correlation was observed between the doses of applied N and the

LCC, GreenSeeker, and SPAD scores at the flag leaf stage (Figure 4).

N concentration in the leaf, stem, and root

Significant variations in the nitrogen concentration were

observed in the leaf, stem, and root at the different nitrogen doses.

Increasing the nitrogen doses from 0 to 150 kg N ha−1 resulted

in a linear increase in the nitrogen concentration at the flag leaf

stage, which also contributed to the increased LCC, GreenSeeker,

and SPAD scores (Figure 3). The highest nitrogen concentration

(3.4%) at the flag leaf stage was recorded at 150 kg N ha−1 (Table 5).

The percentage increases in the nitrogen concentration at the flag

leaf stage at different nitrogen doses were 32.0, 20.0, and 4.4% at

150, 120, and 90 kg N ha−1, respectively, over the control (0 kg N

ha−1) (Table 5). Similarly, at harvest, the nitrogen content in the

leaf (10.2 g kg−1), stem (5.1 g kg−1), and root (22.8 g kg−1) was

significantly higher at 150 kg N ha−1.

The highest agronomic efficiency of nitrogen (21.2%) was

recorded with 120 kg N ha−1, which was at par with the efficiency

observed with 150 kg N ha−1. The highest nitrogen uptake

(129.0 kg ha−1) and recovery efficiency (59.2%) were achieved with

the application of 150 kg N ha−1 (Table 5).

Discussion

Wheat is one of the most important rabi season crops in

India. It plays a crucial role in the food security of the country.

It has a long duration (140–160 days), so nutrient management

throughout its growing season is an important practice for
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FIGURE 3

Relationship between wheat grain yield and LCC, GreenSeeker, and SPAD values. (A) Relationship between grain yield and flag leaf N content. (B)

Relationship between grain yield and LCC values. (C) Relationship between grain yield and GreenSeeker values. (D) Relationship between grain yield

and SPAD values.

FIGURE 4

Relationship between doses of nitrogen and LCC, GreenSeeker, and SPAD values. (A) Relationship between flag leaf nitrogen and doses of nitrogen.

(B) Relationship between LCC values and doses of nitrogen. (C) Relationship between GreenSeeker values and doses of nitrogen. (D) Relationship

between SPAD values and doses of nitrogen.
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TABLE 4 Yield, yield-attributing characters, and economics of timely sown wheat cultivars at di�erent doses of nitrogen (pooled).

Treatments Grain
yield
(t/ha)

Biological
yield
(t/ha)

Ear
length
(cm)

No of
grains/ear

No of
spikelets/

ear

Test
weight

Gross
income
(Rs.)

Net
income
(Rs)

B:C

Wheat cultivars

HD 2967 4.36 9.81 9.5 46.6 21.2 48.1 87,250.0 56,817.0 1.85

HD 3059 3.80 8.66 9.1 40.8 18.5 42.3 76,000.0 45,567.0 1.49

HD 3086 3.93 9.17 9.2 46.5 21.1 48.0 78,666.7 48,233.7 1.57

CD (P = 0.5) 0.48 1.11 NS 3.7 1.7 3.7 9,533.1 9,533.1 0.31

Nitrogen levels

N0kg 2.33 5.76 7.4 32.0 14.6 33.5 46,555.6 17,112.6 0.6

N90kg 3.71 8.66 9.4 46.1 20.9 47.6 74,222.2 43,799.2 1.4

N120kg 4.87 10.70 9.9 49.6 22.5 51.1 97,444.4 66,681.4 2.2

N150kg 5.22 11.73 10.3 50.9 23.1 52.4 104,333.3 73,230.3 2.4

CD (P = 0.5) 0.40 0.72 0.3 4.2 1.9 4.2 8,046.5 8,046.5 0.3

TABLE 5 Nitrogen content in the leaf, stem, and root, as well as nitrogen uptake agronomic e�ciency and recovery e�ciency, at di�erent doses of

nitrogen in timely sown wheat cultivars (pooled).

Treatments Leaf N (g/kg) Stem N (g/kg) Root N (g/kg) Flag leaf N (%) Nitrogen
uptake
(kg/ha)

Agronomic
e�ciency

(%)

Recovery
e�ciency

(%)

Wheat cultivars

HD 2967 8.28 4.14 18.46 2.6 95.99 16.44 40.39

HD 3059 8.10 4.05 18.07 2.7 74.73 12.62 36.82

HD 3086 8.43 4.22 18.80 2.6 82.52 12.82 29.69

CD (P = 0.05) NS NS NS NS NS NS NS

Nitrogen levels

N0 kg 5.5 2.7 12.2 1.7 40.3 0.0 0.0

N90 kg 8.2 4.1 18.3 2.5 77.1 15.4 40.9

N120 kg 9.2 4.6 20.6 3.0 91.3 21.2 42.5

N150 kg 10.2 5.1 22.8 3.4 129.0 19.3 59.2

CD (P = 0.05) 0.7 0.3 1.5 0.3 7.6 3.1 6.6

achieving optimum yield. N is one of the vital elements for its

development, which is an important indicator of the photosynthetic

rate, the overall nutritional status and yield, and the quality of

wheat. The application of site-specific N throughout the growing

season offers the opportunity to increase wheat grain production

and quality (Argento et al., 2021). According to Erisman et al.

(2008), N fertilizer plays an important role in increasing crop

production, supporting more than>48% population. For the safety

of the food supply and the sustenance of the people, fertilizers are

essential (Dobermann et al., 2022). Although wheat productivity

increases when balanced N is applied during the growing season,

if applied excessively, its utilization by the plants is significantly

reduced, which may become a reason for environmental pollution

(Zhang et al., 2023). N is a structural component of amino acids,

chlorophyll, nucleic acids, ATP, and phytohormones, necessary

for the completion of the biological processes of plants including

carbon and nitrogen metabolism, photosynthesis, and protein

formation (Francis and Piekielek, 2012; Anas et al., 2020).

The most important challenge for us is maintaining proper soil

health and fertilizer doses that can support the food demands of

the burgeoning population with minimal environmental impact

(Singh, 2018). SPAD, GreenSeeker, and LCC are significant

non-invasive methods for determining the N content of plants

during the growing period (Baker and Rosenqvist, 2004). Most

earlier studies focused mainly on managing N in wheat using only

one N-sensing tool and a single variety of wheat. In this study,

we used three non-destructive sensing tools, SPAD, GreenSeeker,

and LCC, to assess the three most promising varieties of wheat.

We validated the results by comparing them with the chemically

analyzed N content of the flag leaf, stem, and root. We found

that when the N dose was increased up to 150 kg ha−1
, the plant

height increased. This was aligned with the finding of Wang et al.

(2020), who reported that root biomass, plant height, root length,

and root diameter were all improved by N fertilizer. The leaf area

recorded increased as the N dose increased from 0 kg N to 150 kg

N ha−1. Rahman et al. (2014) reported that higher N fertilization
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had a considerable impact on the leaf area index and plant height

of wheat. Similarly, Xu et al. (2023) reported that the application

of N and K significantly increased the leaf area index (LAI). Plant

height, branching architecture, and panicles control how efficiently

plants use N and distribute it across various organs. A balance

between these factors is crucial for optimal growth, development,

and reproduction (Chen et al., 2017). The indicators of yield, such

as ear length, grain and spikelet counts per ear, test weight, grain

yield, and straw yield were higher at 150 kg N ha−1. Ullah et al.

(2018) found that the treatment in which N was supplied at a

rate of 203 kg ha−1 produced the most tillers, the tallest plants,

and the highest biological output. Song et al. (2019) reported that

N fertilization boosted oat grain yield and yield components by

increasing chlorophyll fluorescence and photosynthetic activity.

The qualities that attribute yield are a crucial factor for determining

themarketable yield. Its favorable reaction in comparison to greater

doses suggests that we must identify the ideal nitrogen dose. N is

used to modify basic plant morphological components, including

tiller quantity and panicle structure (Yi et al., 2019 and Yang et al.,

2019). Among the cultivars, HD 3059 recorded higher grain and

straw yields than HD 2967 and HD 3086. This might be due to

the genetic potential of the variety to produce more at varying

N doses.

The LCC scores of 4.5 and 5.5, Green Seeker scores of 0.55

and 0.68, and SPAD scores of 44.6 and 54.9 at 30 and 60 DAS,

respectively, produced the highest grain (5.22 t ha−1) and biological

yields (11.73 t ha−1) at 150 kg N ha−1(Table 4). At the flag leaf

stage, 150 kg N ha−1 produced significantly greater LCC (5.5),

Green Seeker (0.69), and SPAD (55.76) values than 90 kg Nha−1.

It was comparable to the sensor score at 120 kg N ha−1. Ghosh

et al. (2020) found that the effective control of N fertilizer using

a SPAD-based Nmanagement method was significantly promising,

with optimal SPAD threshold values of 37.5 and 41.8 for rice and

wheat, respectively. When the value of LCC was kept at ∼5, wheat

growth and the yield component were highly significant (Kumar

et al., 2013). Shukla et al. (2004) found that 120 kg N ha−1 is

required to maintain an LCC score of 4, which resulted in higher

grain production, N absorption, and NUE than the recommended

N splits. Singh et al. (2020) calibrated an LCC score of 5 as a

threshold value and advised fertilizer top dressing at this stage to

increase grain yield from 6 to 10 % and improve the recovery and

agronomic efficiency.

The N concentration in the flag leaf is a crucial indicator of

N availability in plants. The photosynthate contribution of the

flag leaf is more for grain development in wheat. That is why, N

management based on the flag leaf N concentration is crucial. A

significant positive correlation was found between the doses of N

and the LCC, GreenSeeker, and SPAD values at the flag leaf stage

(REF). The N concentration in the flag leaf and the sensors score

were increased linearly with increasing doses of N. Shukla et al.

(2004) observed in wheat that LCC and SPAD readings were highly

correlated with yield and yield-attributing characters. We found

that significant differences in the N concentration were recorded

when the N level was changed.

The highest agronomic efficiency of N (21.2%) was recorded

at 120 kg N ha−1. Arduini et al. (2006) and Hu et al. (2015)

observed that the agronomic efficiency of applied N decreased

with increasing levels of N. The N uptake and recovery efficiency

of 129 kg N ha−1 and 59.2%, respectively, were found to be

significantly higher at 150 kg N ha−1. Arduini et al. (2006) reported

that N uptake increased with increasing doses of N, which might be

due to the sufficient availability of N that increased N mobilization

to the grain at the grain-filling stage. Almeida et al. (2023) found

that the application of higher N doses in the soil leads to higher

translocation and greater N uptake in Panicum maximum grass.

Conclusion

The current study’s findings revealed that the rate of N

fertilizer optimization with LCC, GreenSeeker, and SPAD had a

substantial impact on dry matter accumulation, LAI, yield, and

yield-contributing parameters. The results also showed that yield

and yield-attributing characters are critically dependent on the

amount of N fertilizer used. There were no significant differences

between 150 kg N ha−1 and 120 kg N ha−1 for the economic

parts of wheat-like yield and yield-attributing characters. The

LCC scores of 4.1, 5.0, and 5.0; Green Seeker scores of 0.50,

0.61, and 0.62; and SPAD scores of 40.2, 49.4, and 50.2, at

30 DAS, 60 DAS, and the flag leaf stage, respectively, can be

maintained for optimum yield by applying 120 kg N ha−1, although

cultivars showed non-significant differences for sensors scores.

The best recommendation from this experiment for achieving a

higher grain yield and agronomic efficiency, as well as higher

economic returns, is the application of 120 kg N ha−1 in two

splits, one after the first irrigation (the crown root initiation

stage) and the second at the flag leaf stage. Therefore, balanced N

management procedures based on these sensors must be designed

and implemented to optimize N use efficiency, which may help

lower cultivation costs, produce crops with greater yields, and

preserve soil fertility.
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