Estimation of Nitrogen in Plant Leaves
Using SPAD

ABSTRACT

A chlorophyll meter measures the greenness of leaves and can indicate the chlorophyll
content and N status. Therefore, by using a chlorophyll meter, information related to the leaf
N content could be obtained and this would avoid the need of laborious laboratory analysis.
Keeping in this view a field experiment was conducted during winter (Rabi) 2019 growing
season at the experimental field of UNKVV, Jabalpur to estimate crop nitrogen (N) and

chlorophyll content in wheat using SPAD. The treatment comprised of 3 sources of nutrient
M1- Inorganic sources (NPK fertilizers), M2- organic sources (FYM, vermicompost,
biofertilizers Azotobacter and PSB) and M3- Integrated sources (50% Inorganic + 50%
organic) as main treatments and 5 NPK levels S1- control, S2- 100% RDF, S3- 150% RDF,
S4- 200% RDF, S5- Based on soil test value for target yield of 6t ha-1 as sub treatments
were replicated thrice in a split plot design. The results showed that the correlation (r = 0.94,
0.90, 0.92 and 0.94, respectively) and coefficient of determination (R2 = 0.96, 0.94, 0.83 and
0.94, respectively) was significantly and positively correlated with SPAD and nitrogen
concentration in leaf. Similarly significant and positive correlation (r = 0.84, 0.76, 0.78 and
0.71, respectively) found with SPAD and total chlorophyll values. Coefficient of determination
(R2) SPAD with chlorophyll and leaf N concentration proved to be significant (R2 = 0.75,
0.76, 0.54 and 0.85, respectively) at different growth stages. It was concluded that SPAD
meter are useful for the determination of chlorophyll and total nitrogen content of wheat
plant.
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1. INTRODUCTION

Nitrogen (N) is a key constituent of all living cells and is essential for the growth and
development of plants [1]. The most important role of N in the plant is its presences in the
structure of protein, the most important building substances from which the living material or
protoplasm of every cell is made. In addition, nitrogen is also found in chlorophyll, the green
colouring matter of leaves. Chlorophyll enables the plant to transfer energy from sunlight by
photosynthesis. Therefore, the nitrogen supply to the plant will influence the amount of
protein, protoplasm and chlorophyll formed [2]. Nitrogen is one of the major nutritional
elements that limits crop yields. Insufficient N supply results in smaller leaf area [3,4] and
lower leaf photosynthesis, chlorophyll content and biomass production [4] leading to the loss
of yield and quality.

On the other hand, excessive use of N fertilizer increases not only production cost but also
environmental pollution [5]. Increased N fertilizer application does not always imply an
increase of grain yield; on the contrary, even a decrease in crop yields is seen in poorly
managed production systems [6]. In the quest of achieving high yield of wheat, farmers tend
to apply nitrogen in excess of the requirements. It is well known that excess N availability for
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crops like wheat and barley can adversely affect plant health, yield, values of the final
product and environmental pollution [7]. As [8] showed, about 67% of total applied N
fertilizer in wheat production could be lost because of natural processes like denitrification,
leaching, volatilization (NH3), and greenhouse gas (N20O, NO or NO2) emissions. Nitrogen
application at the right amount contributes to higher yields [9,10]. Leaf chloroplasts contain
70% of leaf N concentration [11] thus, the amount of chlorophyll present in plant leaves is
often well correlated with leaf N [12,13]. Assessment of crop N requirement is critical for
optimum N fertilizer application [14]. The optimum rate and application timing of Nitrogen (N)
fertilizer are crucial in achieving a high yield however, conventional laboratory testing of plant
nutrients is time-consuming and expensive [15]. Plant tests performed with optical
instruments can be a significant simplification of the methods applied to attain precise
determination of the nutritional status of plants during a growing season [16]. As leaf
nitrogen content is strongly correlated with chlorophyll content the use of Soil Plant Analysis
Development (SPAD) meter has been introduced as a popular, fast, and cheap technique to
estimate N levels from the measurement of leaf transmittance [15]. Many studied suggests
that a positive correlation between N uptake, leaf N concentration, leaf chlorophyll content,
and grain yield [17, 18, 19, 20]. In this regard, [21] suggested that the SPAD chlorophyll
meter can be used as an alternative to nitrogen nutrition index (NNI) to measure N status in
wheat. Therefore, SPAD values has been successfully used for N fertilizer management in
rice [22, 23] wheat [22,24] and maize [25]. The device can be used very simply and
effectively for decision making in supplementary application of N fertilizer in wheat field.
Wheat is very sensitive to insufficient nitrogen and very responsive to N fertilization [26]. The
chlorophyll meter is faster than tissue testing for N and allows “fine tuning” of N management
to field conditions, and consequently reduces risk of under- or over fertilizing the wheat crop
[27]. There is no doubt that the nitrogen management practices can be adopted by crop
growers if the practices are affordable, accurate in fertilization, easy to use, and
environmentally friendly. The SPAD meter has been demonstrated and proved to be a viable
and effective tool in developing and evaluating management recipes across a field [28].
Keeping in this view, the objective of this work was to evaluate the potential for Minolta
SPAD 502 chlorophyll meter readings in monitoring leaf chlorophyll content and its relation
to N concentration in wheat leaves.

2.MATERIAL AND METHODS / EXPERIMENTAL DETAILS / METHODOLOGY|

2.1 Experiment details

A field experiment was conducted during winter (Rabi) 2019 growing season at the
experimental field of JNKVV, Jabalpur. (23° 13’ North latitude, 79° 57’ East longitudes; 393

m elevation). The soil of the experimental site was Typic Haplustert, clay in texture neutral in
reaction, non-calcareous, medium in organic carbon content, medium in available nitrogen,
phosphorus, and potassium and low in DTPA extractable Zn. The treatment comprised of 3
sources of nutrient M1- Inorganic sources (NPK fertilizers), M2- organic sources (FYM,
vermicompost, biofertilizers Azotobacter and PSB) and M3- Integrated sources (50%
Inorganic + 50% organic) as main treatments and 5 NPK levels S1- control, S2- 100% RDF,
S3- 150% RDF, S4- 200% RDF, S5- Based on soil test value for target yield of 6t ha-1 as
sub treatments were replicated thrice in a split plot design. The wheat crop (GW-366) sown
on with spacing of 22.5 cm row to row.

The experimental treatments were arranged in split plot design with three replications. Each
experimental plot was 4 m long and 3 m wide consisting of three rows with one m inter-row
spacing. The plots were kept weed-free and maintained in an optimum soil moisture regime
throughout the experimental period. The specific quantity of each fertilizer was calculated
based on gross plot size as per treatment. Treatment wise 1/3 quantity of nitrogen and entire
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dose of phosphorus and potassium were applied as basal. While, the 1/3 dose of nitrogen
was top dressed in two equal splits, after CRI and third irrigation (65 DAS). Urea (46% N),
Single super phosphate (16% P,0s) and muriate of potash (60% K,0) were used as sources
of nitrogen, phosphorus and potassium, respectively. FYM, VC| and biofertilizers were

applied as per treatment 15 days before sowing. The observations were recorded from each
plot at crown root initiation (CRI) (21 DAS), tillering (45 DAS), flowering (65 DAS) and
milking stages (90 DAS) of wheat.

2.3 Estimation of Chlorophyll using SPAD-502

A chlorophyll meter (SPAD-502, Minolta, Japan) was used to obtain readings estimating leaf
chlorophyll concentration (SPAD value). Five plants per treatment were selected randomly
and SPAD values were recorded from the fully matured leaves counted from the top of the
plants, the youngest fully expanded leaf. The observations were recorded from each plot at
crown root initiation (CRI) (21 DAS), tillering (45 DAS), flowering (65 DAS) and milking
stages (90 DAS).

2.4 Nitrogen analysis in plant

The nitrogen content in plant sample was estimated by micro Kjeldahl digestion and
distillation method using KEL PLUS system. For digestion, a known weight of plant sample
in the presence of sulphuric acid with catalyst mixture (5:1) under high temperature was
digested and distilled in presence of sodium hydroxide, the released ammonia was
condensed and absorbed in boric acid with mixed indicator (Bromocresol cresol green and
methyl red indicator) to form ammonium borate, the excess of which was titrated with
standard sulphuric acid (0.1N) (AOAC, 1995).

2.5 Statistical analysis:

Data were analyzed using SPSS for analysis of variance and Fisher's LSD multiple range
test was employed for the means comparisons.

3. RESULTS AND DISCUSSION
3.2 SPAD readings at different growth stages

It can be seen from the data (Table 2) that the SPAD reading, or chlorophyll content index
(CCI) was significantly maximum (8.15, 12.38, 28.58 and 30.65, respectively) with the
application of inorganic sources of nutrient (M1) over integrated (M3) and organic sources of
nutrient (M2) at CRI, tillering, jointing and milking stages, respectively. The SPAD reading of
6.36, 9.71, 25.54 and 25.00 were registered in M3 and it was also found significantly
superior over M2 (4.47, 6.74, 17.26 and 16.65, respectively) at each stage, respectively.

However, the application of S3 (150% RDF) and S4 (200% RDF) significantly increased
SPAD reading over S2 (100% RDF) and S5 (STV based RDF) at CRI and jointing but at par
at tillering. S4 Significant S2 (100% RDF) and S5 (STV based RDF) but at par with S3. At
milking. The highest SPAD reading was registered in S4 (200% RDF) which was 7.97,
11.07, 27.45 and 28.02 and 7.29, 11.11, 26.60 and 27.24 with 150% RDF at each stage,
respectively.

The interaction effect was found to be significant at CRI stage of wheat. The combination of
M1S4 (10.50) was recorded the highest SPAD reading, which was significantly superior over
all the combination and followed by M1S3 (9.23), M1S2 (8.40), M1S5 (8.40), M3S4 (7.93)
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and M3S3 (7.52) all were at par among themselves. At tillering stage, the combination M1S5
(16.11), M1S4 (15.64), M1S3 (15.28) were found significant over all combination. On
comparing the treatment combination at jointing stage, applied to wheat, performance of
M1S3 (33.70), M1S4 (33.48), M1S5 (33.45) were found significant over all combinations.
However, at milking stage, the interaction of M1S4 (38.92) causes significant different and
statistically similar treatment M1S3 (32.44) and M1S5 (32.86), M1S2 (31.86).

Maximum SPAD reading were obtained about jointing stage (65 DAS) then the chlorophyll
content gradually decreased till the end of the vegetation season similar results also
reported by Jusko et al [29]. Maximum SPAD reading found in inorganic fertilizers because

there was more nitrogen available to the NPK treated plants, there was more chlorophyll in
the leaves, which speeds up photosynthesis [30]. Our results show that the application of
nitrogen in inorganic form at the right time enhances chlorophyll content which resulted to
higher SPAD values [15]. Nitrogen is part of the enzymes associated with chlorophyll
synthesis [31] and the chlorophyll concentration reflects relative crop nitrogen status and
yield level [32]. Very close link between chlorophyll and nitrogen content was observed as
investigated by many investigators [33, 34]. It is understandable, because nitrogen is a
structural element of chlorophyll and protein molecules, and thereby affects formation of
chloroplasts and accumulation of chlorophyll in them [35, 36]. Our results supported by Islam
et al. 2014 [37] reported that the SPAD values drastically reduced in treatments treated with
only organic fertilizers. The values were higher in treatment receiving full dose of NPK
through inorganic fertilizers as compared with reduced inorganic fertilizers and/or organically
supplied fertilizers. These results agree with that obtained [37] in potato. This might be
because N supply in organic treatment is generally restricted for slow N mineralization as
compared to crop N demand [38].

3.2 Total chlorophyll in leaves (mg g-1 leaf tissue) at different growth stages

Table 3 showed that the total chlorophyll of 1.27, 1.92, 2.14 and 1.24 mg g-1 leaf tissue was
significantly more where, inorganic sources of nutrient (M1) was applied followed by
integrated sources of nutrients (M3) with value of 1.08, 1.75, 1.78 and 1.04 mg g-1 leaf
tissue over organic sources of nutrient (M2) which recorded lowest total chlorophyll of 0.93,
1.33, 1.41 and 0.87 mg g-1 leaf tissue at CRI, tillering, jointing and milking stages,.

However, the application of S3 (150% RDF) and S4 (200% RDF) significantly increased total
chlorophyll over S2 (100% RDF) and S5 (STV based RDF) at each growth stages. The
highest total chlorophyll was recorded with the application of S4 at CRI and tillering stage
which was statistically similar with S3 (150% RDF) with the values of 1.26 and 1.84 mg g-1
leaf tissue at CRI and tillering stage. However, S3 (150% RDF) was highest at jointing and
milking stage with the values of 1.35 and 1.86 mg g-1 leaf tissue. Treatment S2 (100% RDF)
was found significant over S5 (STV based RDF) at tillering, jointing and milking stage but at
par at CRI stage.

The interaction effect was found to be significant at CRI stage of wheat. The combination of
M1S3 (1.61 mg g-1 leaf tissue) was recorded the highest CCI, which was significantly
superior over all the combination and at par with M1S4 (1.54 mg g-1 leaf tissue). At tillering
stage, the combination M1S4 (2.27) was found maximum and significant over all
combination and at par with M1S3 (2.16 mg g-1 leaf tissue). On comparing the treatment
combination at jointing stage, applied to wheat, performance of M1S4 (2.58 mg g-1 leaf
tissue), was found significant over all combinations. However, at milking stage, the
interaction of M1S4 (1.54 mg g-1 leaf tissue) cause significant different and statistically
similar treatment M1S3 (1.38 mg g-1 leaf tissue).
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The maximum chlorophyll in inorganic sources of nutrients is usually immediately and fast
containing all necessary nutrients that are ready for plants [39]. Earlier study [40] indicated
that abundant nutrient supplementation increases chlorophyll a concentration in Sorghum
bicolor and Zea mays.

However, organic sources of nutrient perform poorly this may be due to disappearance of
mineral N in the soil system was caused by microbial immobilization under organic sources
[41] which cause lower availability of N and chlorophyll. Organic fertilizer improves physical,
biological, and chemical properties of a soil but the nutrients may not be as readily available
to the plants [39].

3.3 Total N content in leaf at different growth stages

Data presented in table 4 showed that the total N content in leaves of 2.39, 2.29, 1.80 and
1.38% was significantly more where, inorganic sources of nutrient (M1) was applied followed
by integrated sources of nutrients (M3) with value of 2.26, 2.15, 1.76 and 1.34% over organic
sources of nutrient (M2) which recorded lowest total chlorophyll of 2.22, 2.13, 1.60 and
1.19% at CRI, tillering, jointing and milking stages. However, M1 is significant over M3
except milking stage.

However, the application of S3 (150% RDF) and S4 (200% RDF) significantly increased N
content over S2 (100% RDF) and S5 (STV based RDF) at CRI, jointing and milking stage.
S3 (150% RDF) and S4 (200% RDF) were found at par among themselves. All levels were
found at par among themselves.

The interaction effect was found to be significant at jointing and milking stage of wheat. The
combination of M1S4 (2.13%) was recorded as the highest N content, which was
significantly superior over all the combination and at par with M1S3 (2.04%) at jointing stage.
However, at milking stage, the interaction of M1S4 (1.56%) causes significant different and
statistically similar treatment M1S3 (1.45%) and M1S5 (1.48%)

The percentage of total N concentration in dried leaf increased as larger and larger N doses
in mineral fertilization were applied. The pattern of nitrogen accumulation during the
vegetation season deviated from the pattern of chlorophyll synthesis. The highest N
accumulation was observed during the first measurement. Subsequent analyses showed
lesser N concentration in the leaves. The lowest N concentration was noted later stages, and
then it remained roughly at this level till the end of the vegetation season. The fact that the N
concentration stayed roughly at the same level throughout the whole period till the end of the
vegetation season, while chlorophyll content in the leaves fell, points to the accumulation of
nitrogen compounds other than pigments [28].

Maximum N concentration in inorganic fertilizers may be because inorganic fertilizers
releases nutrients for the plants instantly and in readily available forms for the plants during
its growth, development and reproductive phases where the nutrient demand is at its peak.
Higher levels of inorganic fertilizers have been increases the activity of photosynthesis and
enzymes which responsible for transformation of energy, carbohydrates, fat metabolism and
respiration of plant [42]. The nitrogen containing organic compounds in organic manures
especially in FYM are more resistant to decomposition and only about one third of the
nitrogen is easily released. The remaining amount of nitrogen persisted in the soil for a long
period [43].

3.4 Correlation and Coefficient of determination of SPAD readingswith total
chlorophyll and total N content in leaves at different growth stages



Pearson correlation coefficients between total N concentration in leaf, total
chlorophyll content, SPAD values at CRI, tillering, jointing and milking stages of wheat crop
are presented in Table 1 and fig 1. Good correlations were found for both meters for
determination of chlorophyll content and N content The SPAD values were positively
correlated with grain yield of wheat at differ good stages of plants. The SPAD values were
also significantly correlated (r = 0.94, 0.90, 0.92 and 0.94, respectively) with leaf N
concentration at different growth stages in this study. Maximum correlation was found in CRI
and milking stage followed by jointing and tillering respectively. Coefficient of determination
R2 between chlorophyll content in SPAD units and nitrogen concentration and leaf N
concentration proved to be significant (R2 = 0.96, 0.94, 0.83 and 0.94, respectively
respectively). Highest value of Coefficient of determination was found in CRI and followed by
milking, jointing and tillering, respectively. A close correlation (r = 0.93) was established
between the measurements of chlorophyll content using the N-tester and those obtained by
laboratory tissue testing, for soybean, rice and spring wheat leaves [44], potato (r = 0.97)
[45], rice [46]. Also,Piekielek and Fox [47], Smeal and Zhang [48], Waskom et al. [49]
confirm that the measurement results obtained using the SPAD optical method reflect the
actual chlorophyll content in various crop plants.

Table showed that the relationship between leaf chlorophyll and SPAD value at
different growth stages. The SPAD values were also significantly correlated (r =0.84, 0.76,
0.78 and 0.71, respectively) with leaf chlorophyll at different growth stages in this study.
Maximum correlation was found in CRI and jointing followed by tillering and milking stage,
respectively. Coefficient of determination R2 between chlorophyll content in SPAD units and
nitrogen concentration and leaf N concentration proved to be significant (R2 =0.75, 0.76,
0.54 and 0.85, respectively). Highest value of Coefficient of determination was found in
milking and followed by tillering, CRI and jointing, respectively.

4. CONCLUSION

Since SPAD readings are closely related to leaf N content, the SPAD meter can be
used to monitor the N status of rice and thereby to adjust the rate of N fertilization to
increase N use efficiency [50,51]. Data collected at different growth stages were used to
determine when in the season SPAD data can be used to predict leaf N amount and future
crop N need. The increasing of SPAD reading values with growth stage could be observed in
this study. Although a chlorophyll meter (SPAD) has become a simple, quick and portable
diagnostic tool for monitoring leaf N status and improving the timing of N topdressing in
wheat.

REFERENCES

e Govindasamy P, Muthusamy SK, Bagavathiannan M, Mowrer J, Prasanth Tej Kumar
Jagannadham PTK, Maity A, Halli HM, Sujayananad GK, Vadivel R, Das TK, Rishi
Raj, Pooniya V, Babu S, Rathore SS, Muralikrishnan L, Tiwari G. Nitrogen use
efficiency—a key to enhance crop productivity under a changing climate|. Frontiers in
Plant Science\. Sec. Plant Nutrition. 2023. (14): 1-19. {Comment [HT7]: Italic the name of journal in all }

2. |Alexandre C, Mamadou B, Rebouh NY, Valentinovich VVV, Polityko PM. Nitrogen Fertilizer references.
Influence on Winter Wheat (Triticum aestivum L.) Grain Yield and Grain Quality Production
under Non-Chernozem Soils of Central Russia: A Review. Agrotechnology. 2022; 11: 288,
3. Fernandez CJ, Mclnnes KJ, Cothren JT. Water status and leaf area production in water-
and nitrogen-stressed cotton. Crop Science; 1996; 36: 1224-1233)|

[Comment [HT8]: Check it again. }

proper sequence and format with the help of google
scholar.

Comment [HT9]: Write all the reference in




l4. Zhao D, Oosterhuis DM. Nitrogen application effect on leaf photosynthesis, nonstructural
carbohydrate concentrations and yield of field-grown cotton. In D.M. Oosterhuis ed., AAES
Special Report. Proceedings of the 2000 Arkansas Cotton Research. 2000; 198: 69-71.

5. Jaynes DB, Colvin TS, Karlen DL, Cambardella CA, Meek DW. Nitrate loss in subsurface
drainage as affected by nitrogen fertilizer rate. Journal of Environmental Quality. 2001;
30:1305-1314.

6. Kosti'c MM, Tagarakis AC, Ljubi’ci’c N, Blagojevi'’c D, Radulovi’c M, IvoSevi'c B, Raki'c
D. The Effect of N Fertilizer Application Timing on Wheat Yield on Chernozem Soil.
Agronomy. 2021; 11:1413.

7. El-Habbal MS, Ashmawy F, Saoudi HS, Abbas IK. Effect of nitrogen fertilizer rates on
yield, yield components and grain quality measurements of some wheat cultivars using
SPAD-Meter. Egyptian Journal of Agricultural Research. 2010; 88: 211-223.

8. Raun WR, Solie JB, Johnson GV, Stone ML, Mullen RW, Freeman KW, Thomason WE,
Lukina EV. Improving Nitrogen Use efficiency in cereal grain production with optical sensing
and variable rate application. Agronomy Journal. 2002; 94 (6).

9. Abedi, T.; Alemzadeh, A.; Seyed Abdolreza, K. Wheat Yield and grain protein response to
Nitrogen amount and timing. Australian Journal of Crop Science. 2011; 5 (3): 330-336

10. SI z, Zain M, Mehmood F, Wang G, Gao Y. Effects of Nitrogen Application rate and
irrigation regime on growth, yield, and water-Nitrogen use efficiency of drip-irrigated winter
wheat in the North China plain. Agricultural water management. 2020; 231: 106002.

11. Madakadze IC, Stewart KA, Madakadze RM, Peterson PR, Coulman BE, Smith DL. Field
evaluation of the chlorophyll meter to predict yield and nitrogen concentration of switchgrass.
Journal of Plant Nutrients. 1999; 22: 1001-1010.

12. Kantety RV, Van Santen E, Woods FM, Wood CW. Chlorophyll meter predicts nitrogen
status of tall fescue. Journal of Plant Nutrients 199619: 881-899.

13. Bullock DG, Anderson DS. Evaluation of the Minolta SPAD-502 chlorophyll meter for
nitrogen management in corn. Journal of Plant Nutrients.1998; 21: 741-755

14. Jones JB, Jr. Hydroponics: A Practical Guide for Soilless Grower 4; St. Lucie Press:
Boca Raton, FL, 1997; 230.

15. Didal VK, Vidyasagar GE Ch, Kumar RM, Surekha K, Reddy SN, Brijphooshan. Effect of
nitrogen management practices on SPAD values and NDVI readings of rice crop. The
Pharma Innovation Journal. 2022; 11(2): 367-371.

16. Gianquinto G, Goffart JP, Olivier M, Guarda G, Colauzzi M, Dalla Costa L., Delle Vedove
G, Vos J, MacKerron DKL. The use of hand-held chlorophyll meters as a tool to assess the
nitrogen status and to guide nitrogen fertilization of potato crop. Potato Research. 2004. 47:
35-80.

17. Guendouz A, Hafsi M, Khebbat Z, Moumeni L, Achiri A. Evaluation of Grain yield, 1000
kernels weight and chlorophyll content as indicators for drought tolerance in durum wheat
(Triticum durum Desf.). Journal of Advanced Studies in Agricultural, Biological and
Environmental Sciences. 2014; 1: 89-92.

18. Goncalves da Silva MA, Muniz AS, Mannigel AR, Porto SMA, Marchetti ME, Nolla A,
Grannemann |. Monitoring and evaluation of need for nitrogen fertilizer topdressing for maize
leaf chlorophyll readings and the relationship with grain yield. Brazilian Archives of Biology
and Technology. 2011; 54: 665- 674.

19. El-habbal MS, Ashmawy F, Saoudi HS, Abbas IK, 2011 Effect of nitrogen fertilizer rates
on yield, yield components and grain quality measurements of some wheat cultivars using
SPAD-meter. Egyptian Journal of Agricultural Research. 2010; 88 (1).

20. Maiti D, Das DK, Karak T, Banerjee M. Management of nitrogen through the use of leaf
color chart (LCC) and soil plant analysis development (SPAD) or chlorophyll meter in rice
under irrigated ecosystem. The Scientific World Journal. 2004; 4: 838-846.

21. Prost L, Jeuffroy MH. Replacing the nitrogen nutrition index by the chlorophyll meter to
assess wheat N status. Agronomy for Sustainable Development. 2007; 27: 321-330.



22. Singh B, Singh Y, Ladha JK, Bronson KF, Balasubramanian V, Singh J, Khind CS.
Chlorophyll meter- and leaf color chart-based nitrogen management for rice and wheat in
northwestern India. Agronomy Journal. 2002; 94: 821-829

23. Ramesh K, Chandrasekaran B, Balasubramanian TN, Bangarusamy U, Sivasamy R,
Sankaran N. Chlorophyll dynamics in rice (Oryza sativa) before and after flowering based on
SPAD (chlorophyll) meter monitoring and its relation with grain yield. Journal of Agronomy
and Crop Science. 2002; 188: 102-105.

24. Reeves DW, Mask PL, Wood CW, Delaney DP. Determination of wheat nitrogen status
with a hand-held chlorophyll meter: Influence of management practices. Journal of plant
nutrition. 1993; 16: 781-796.

25. Rostami M, Koocheki A, Mahallati MN, Kafi M. Evaluation of chlorophyll meter (SPAD)
data for prediction of nitrogen status in corn) Eurasian journal of agricultural & environmental
sciences. 2008; 3: 79-85.

26. Francis DD, Piekielek WP. Assessing Crop Nitrogen Needs with Chlorophyll Meters. The
Site-Specific Management Guidelines series-12, published by the Potash & Phosphate
Institute (PPI), USA. 2012.

27. Chunjiang Z, Aning J, Wenjiang H, Keli L, Liangyun L, Jihua W. Evaluation of
variable-rate nitrogen recommendation of winter wheat based on SPAD chlorophyll meter
measurement, New Zealand Journal of Agricultural Research. 2007; 50 (5): 735-741.

28. Jusko K, Koscik B, Electronic journal of polish agricultural universities, possible use of
the chlorophyll meter (SPAD- 502) for evaluating nitrogen nutrition of the Virginia tobacco.
Alina. 2002;5 (1).

29. Setiawati MR, Aini HF, Suryatmana P, Hindersah R. 2019. Application of inorganic
fertilizer and bio-fertilizer on chlorophyll content, pH, and leaves number of pakchoi(Brassica
rapal.) in hydroponics. International Journal of  Agriculture, Environment and
Bioresearch. 2019; 4(04): 269-278.

30. Chapman SC, Barreto HJ. Using a chlorophyll meter to estimate specific leaf nitrogen of
tropical maize during vegetative growth. Agronomy Journal. 1995; 89: 557-562.

31. Blackmer TM, J.S. Schepers. Use of a chlorophyll meter to monitor nitrogen status and
schedule fertigation for corn. Journal of Production Agriculture. 1995; 8:56—60.

32. Evans JR. Nitrogen and photosynthesis in the flag leaf of wheat (Triticum aestivum L.).
Plant Physiology. 1983; 72: 297-302.

33. Amaliotis D, Therios |, Karatissiou M. Effect of nitrogen fertilization on growth, leaf
nutrient concentration and photosynthesis in three peach cultivars. ISHS, Acta Horticulturae.
2004; 449: 36-42.

34. Tucker M. Primary Nutrients and Plant Growth. - In: Essential Plant Nutrients (SCRIBD,
Ed.). North Carolina Department of Agriculturae, 2004.

35. Daughtry CST, Walthall CI, Kim MS, Browndecolstoun E, McMurtrey JE. Estimating corn
leaf chlorophyll concentration from leaf and canopy reflectance. Remote Sensing of
Environment. 2000; 74:229-239.

36. Islam MR, Shamsul Haque KM, Akter N, Karim MA.Leaf chlorophyll dynamics in wheat
based on SPAD meter reading and its relationship with grain yield, Scientia Agriculturae.
2014; 8 (1): 13-18

37. Shukla AK, Ladha JK, Singh VK, Dwivedi BS, Balasubramanian V, Gupta RK, Sharma
SK, Singh Y, Pathak H, Pandey PS, Padre AT, Yadav RL. Calibrating the leaf color chart for
nitrogen management in different genotypes of rice and wheat in a systems perspective.
Agronomy Journal. 2004; 96:1606-1621.

38. Khan MA, Shukla AK, Upadhyay NC, Singh OP. Nutrient management strategies for
maize-potato-wheat cropping system in typic ustochrept soils. Potato Journal.2005; 32: 167-
68.

39. Roba T. Review on: The Effect of Mixing Organic and Inorganic Fertilizer on Productivity
and Soil Fertility. Open Access Library Journal. 2018; 5 (6) :1-11.



40. Amujoyegbe BJ, Opabode JT, Olayinka A. Effect of organic and inorganic fertilizer on
yield and chlorophyll content of maize (Zea mays L.) and sorghum Sorghumbicolour (L.)
Moench. African Journal of Biotechnology. 2007; 6(16): 1869-1873.

41. Recous S, Robin D, Darwis D, Mary B. Soil inorganic N availability: effect on maize
residue decomposition. Soil Biology and Biochemistry. 1995; 12:1529-1538.

42. Yadav S, Lal M, Naresh RK, Yadav RB, Yadav AK, Yadav KG, Kumar R, Sharath
Chandra M, Pradeep Rajput. Effect of Organic and Inorganic Nutrient Sources on
Productivity, Grain Quality of Rice and Soil Health in North-West IGP: A Review.
International Journal of Current Microbiology and Applied Sciences. 2019; 8 (12): 2488-
2514.

43. Khachi B, Sharma SD, Ghumare V, Kumar P, Mir M.Study on comparative efficacy of
bio-organic nutrients on plant growth, leaf nutrient contents and fruit quality attributes of kiwi
fruit. Journal of Applied and Natural Science. 2015; 7(1): 175 — 181.

44. Monje OS, Bugbee B. The inherent limitations of non-destructive chlorophyll meters: a
comparison of two types of meters. HortScienc. 1992; 27 (1): 69-71.

45. Vos J, Bom M, Hand-held chlorophyll meter: a promising tool to assess the nitrogen
status of potato foliage. Potato Research. 1993; 36: 301-308.

46. Kitagawa Y, Okayama K, Hirokawa T. Determination of leaf colour in rice cv. Koshihikari
plants with a chlorophyll meter. Bull. Toyama Agriculture Research Centre 1987; 1: 1-7.

47. Piekielek WP, Fox RH, Use of chlorophyll meter to predict sidedress nitrogen
requirements for maize. Agronomy Journal. 1992; 84: 59-65.

48. Smeal D, Zhang H. Chlorophyll meter evaluation for nitrogen management in corn. Soil
Science Plant Analalysis. 1994; 25 (9/10), 1495-1503.

49. Waskom RM, Westfall DG, Spellman DE, Soltanpour PN. Monitoring nitrogen status of
corn with a portable chlorophyll meter. Soil Science Plant Analalysis. 1996; 27 (384): 561-
574.

50. Hussain F, Bronson KF, Singh Y, Singh B, Peng S. Use of chlorophyll meter sufficiency
indices for nitrogen management of irrigated rice in Asia. Agron. J. 2000; 92:875-879.

51. Varvel GE, Wilhelm WW, Shanahan JF, Schepers JS. An algorithm for corn nitrogen
reco‘mmendations using a chlorophyll meter-based sufficiency index. Agron. J. 2007; 99:701-
706.

Add following more reference is compulsory:

e Singh, D., Yadav, A., Tiwari, H., Singh, A. K., Singh, S., Yadav, R. K., ... & Sachan,
D. S. (2023). Nitrogen Management through Nano Urea and Conventional Urea and
its Effect on Wheat (Triticum aestivum L.) Growth and Yield. International Journal of
Plant & Soil Science, 35(18), 1466-1473.

e Kumar, S., Agrawal, S., Jilani, N., Kole, P., Kaur, G., Mishra, A., ... & Tiwari, H.
(2023). Effect of integrated nutrient management practices on growth and
productivity of rice: A review.

e Tiwari, H., Naresh, R. K., Singh, P. K., & Kumar, Y. (2023). Effect of Integrated
Nutrient Management on Growth and Productivity of Wheat (Triticum aestivum L.) in
Typic Ustochrepts Soils of Western UP, India. International Journal of Plant & Soil
Science, 35(11), 129-142.

e Bhatt, R., Naresh, R. K., Tiwari, H., Singh, P. K., Das, D., Kumar, M., ... & Tomar, G.
(2023). Farm-yard manure as a resource for integrated nutrient management.

e Patel, R. R., Maurya, R. K., Chaubey, C., Mishra, B. P., Tiwari, H., & Pathak, D. K.
Chapter-7 Bio-Fertilizers' Present Status and Future Prospects in India.

e Tiwari, H., Naresh, R. K., Debangshi, U., Roy, S., Reddy, B. R., Vismaya, G. U., ... &
Singh, A. Improving Resource Utilization Efficiency and Productivity in Rice-wheat
Cropping System through Cutting Edge Technologies: An Overview.

Comment [HT10]: Check the format of
references with the help of google scholar in APA
style.




e Pandey, S. R, Singh, A. K., Tiwari, H., & Tiwari, A. (2021). Effect of age of seedlings
and planting geometry on growth of rice (Oryza sativa L.).Journal of
Pharmacognosy and Phytochemistry, 10(1), 185-188.

e Tiwari, H., Singh, A. K., Pandey, S. R., & Tiwari, A. (2020). Effect of Integrated
nutrient management practices on nutrient content and uptake by rice (Oryza sativa
L.). Journal of Pharmacognosy and Phytochemistry, 9(6), 2131-2134.

fTable 1. Correlation and Coefficient of variance of SPAD with total chlorophyll and

total N content\ | comment [HT11]: Draw the graph of Table 1.
Correlation of SPAD with total Coefficient of variance of SPAD with tﬁ ie., Correlation and Coefficient of Variance of SPAD
chlorophyll and total N content chlorophyll and total N content wlin (et Gl e e e Bl et

Stages Total Total Total Total

chlorophyll N content chlorophyll N content

CRI 0.94 0.96 0.84 0.75

Tillering 0.90 0.94 0.76 0.76

Jointing 0.92 0.83 0.78 0.54

Milking 0.94 0.94 0.71 0.85




Table 2. Effect of different sources and NPK levels on SPAD readings at different growth stages |

(Comment [HT12]: Draw the graph of Table 2. ]

SPAD
CRI Tillering Jointing Milking
M/S M1 M2 M3 Mean M1 M2 M3 Mean M1 M2 M3 Mean M1 M2 M3 Mean
S1 420 383 417 406 270 6.60 410 447 1395 17.38 1582 1572 17.17 13.47 17.86 16.17
S2 840 503 5.76 6.40 1215 7.53 10.58 10.09 28.31 18.14 26.48 2431 31.86 16.13 2542 24.47
S3 923 510 7.52 729 1528 7.15 1090 11.11 33.70 1849 27.63 26.60 3244 20.27 29.01 27.24
S4 1050 547 7.93 797 1564 611 1144 11.07 3348 19.85 29.01 27.45 3892 16.48 28.65 28.02
S5 8.40 290 6.40 590 16.11 6.34 1153 11.33 3345 1243 2829 2472 3286 16.90 2404 24.60
Mean 815 4.47 6.36 632 1238 674 971 961 2858 17.26 2545 23.76 30.65 16.65 2500 24.10
SEm+ 0.19 0.48 0.90 1.18
CD(p=0.05) 0.76 1.90 3.56 4.64
SEm+ 0.20 0.45 0.93 1.14
CD(p=0.05) 0.60 1.31 2.71 3.34
Int1 0.35 0.77 1.61 1.98
CD(p=0.05) 103 2.27 4.70 5.79
Int i 0.50 1.19 2.31 2.95
CD(p=0.05) 1.46 3.48 6.76 8.62

M1- Inorganic sources (NPK fertilizers), M2- organic sources (FYM, vermicompost, biofertilizers Azotobacter and PSB) and M3- Integrated
sources (50% Inorganic + 50% organic) S1- control, S2- 100% RDF, S3- 150% RDF, S4- 200% RDF, S5- Based on soil test value for target

yield of 6t ha™



[Table 3. Effect of different sources and NPK levels on total chlorophyll at different growth stages|

(Comment [HT13]: Draw the graph of Table 3.

Total chlorophyll

CRI Tillering Jointing Milking
M/S M1 M2 M3 Mean M1 M2 M3 Mean M1 M2 M3 Mean M1 M2 M3 Mean
S1 074 072 073 073 135 126 126 129 148 119 130 132 092 073 089 085
S2 1.20 098 1.06 1.08 202 136 1.8 175 214 145 175 178 126 075 114  1.05
S3 161 1.05 1.38 135 216 140 201 186 236 151 201 196 138 090 129 119
S4 154 1.00 1.22 126 227 134 192 184 258 172 234 221 154 113 094 1.20
S5 125 0.88 0.98 1.04 182 127 166 159 216 119 151 162 112 081 092 0095
Mean 1.27 093 1.08 1.09 192 133 175 167 214 141 178 178 124 087 104 105
SEm+ 0.029 0.043 0.082 0.028
CD(p=0.05) 0.113 0.169 0.321 0.109
SEm+ 0.031 0.044 0.044 0.033
CD(p=0.05) 0.090 0.130 0.129 0.097
Int| 0.053 0.077 0.076 0.057
CD(p=0.05) 0.156 0.224 0.223 0.167
Int Il 0.075 0.110 0.177 0.076
CD(p=0.05) 0.218 0.321 0.517 0.221

M1- Inorganic sources (NPK fertilizers), M2- organic sources (FYM, vermicompost, biofertilizers Azotobacter and PSB) and M3- Integrated
sources (50% Inorganic + 50% organic) S1- control, S2- 100% RDF, S3- 150% RDF, S4- 200% RDF, S5- Based on soil test value for target

yield of 6t ha™



Table 4. Effect of different sources and NPK levels on total N content (%) in leaves at different growth stages|
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)

Total N content (%0)

CRI Tillering Jointing Milking
M/S M1 M2 M3 Mean M1 M2 M3 Mean M1 M2 M3 Mean M1 M2 M3 Mean
s1 213 213 215 214 209 204 197 203 117 117 123 119 107 110 114 110
s2 233 218 2.30 227 226 212 218 219 182 132 166 160 136 122 128 129
S3 252 224 2.35 237 228 215 219 221 204 195 200 199 145 124 141 137
S4 256 231 2.33 240 241 220 223 228 213 202 211 209 156 123 150 143
S5 240 225 219 228 238 215 220 224 183 152 183 172 148 117 136 134
Mean 239 222 226 229 229 213 215 219 180 160 176 172 138 119 134 130
SEmz+ 0.032 0.029 0.034 0.024
CD(p=0.05) 0.126 0.113 0.136 0.096
SEmz+ 0.027 0.032 0.038 0.025
CD(p=0.05) 0.080 0.093 0.111 0.072
Intl 0.047 0.055 0.066 0.043
CD(p=0.05) NS NS 0.192 0.126
Intll 0.077 0.076 0.091 0.062
CD(p=0.05) 2.13 2.13 2.15 2.14

M1- Inorganic sources (NPK fertilizers), M2- organic sources (FYM, vermicompost, biofertilizers Azotobacter and PSB) and M3- Integrated
sources (50% Inorganic + 50% organic) S1- control, S2- 100% RDF, S3- 150% RDF, S4- 200% RDF, S5- Based on soil test value for target

yield of 6t ha™
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Fig 1. Relationship of SPAD with chlorophyll and N content at different growth stages
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