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Estimation of yield, phenology and agro-meteorological indices of Quality
Protein Maize (Zea mays L.) under different Nutrient Omissions in Temperate
Ecology of Kashmir
ABSTRACT

The major yield governing factors especially under rainfed ecosystem are
the agro-meteorological indices. Hence, an experiment was conducted in 2021
kharif season to examine the impact of nutrient omission on phenology, yield and
agro-meteorological indices of Quality Protein Maize (QPM) under the North
Western Himalayas of India at the Agronomy farm of FoA (Faculty of Agriculture),
Wadoora, Sopore, SKUAST-Kashmir. Eight treatments were used in the
experiment viz. (T1-Absolute control, T2-Ni20P7sKa0, T3-Ni20P7sK40ZnsS10, Ta-
P75sK40ZnsS10 (-N), Ts-Ni20K40ZnsS10 (-P), Te-N120P75ZnsS10 (-K), T7-N120P75K 408 10
(-Zn) and Ts-Ni20P75sK40Zns (-S)), using a randomized complete block design with
three replications. Results demonstrated that recommended dose of fertilizer plus
zinc and sulphur (T3-Ni20P75K40ZnsSi0) noted higher grain (9.78 t ha'') and
biological (22.05 tha'') yield, a longer period of time to reach various phonological
stages thereby achieved maximum heat units or growing degree days (GDD),
heliothermal units (HTU), photo-thermal units (PTU), pheno-thermal index (PTI)
and heat use efficiency (HUE). Nitrogen was the most limiting nutrient thereby
accumulating least heat units and HUE. The agrometeorological indices could be
therefore helpful in predicting the phenology and maize yield. The outcomes of the
experiment showed that using the recommended fertilizer dosage plus zinc and
sulphur in QPM should be adopted to attain higher yield under the North Western
Himalayas of India, However, additional agro-ecological study is required to
further validate the findings.
Keywords: Agro-meteorological indices, GDD, phenology, phenothermal index,
yield
1. Introduction

Maize is known as “Miracle crop” because of its efficient utilization of solar

energy and has enormous potential for increased yield (Murdia et al., 2016).




Weather variables like temperature, rainfall, light intensity, radiation, sunshine
duration etc. are the important prevailing parameters that influence growth and
productivity of crop however, temperature is among the most important factor that
effects phenology, growth and yield of field crops (Zhang et al., 2022). Due to the
high quality protein content, maize is essential for ensuring both food and
nutritional security (Shingne et al., 2020). From an economic and environmental
perspective, it is essential to regulate nitrogen fertilizer applications precisely and
quickly for maize crops (Suhail et al., 2021). Depletion of soil nutrients is a major
cause that is responsible for Asia’s farming systems’ low crop yields. Due to static
and incorrect fertilizer recommendations, years of over fertilizing has resulted in
significant nutritional and financial losses. To increase productivity and thereby
boost food security, it is crucial to identify the soil nutrients limiting the growth and
output of maize. Deficiency of essential nutrients has been associated to decreased
nutrient intake, growth and crop yield (Jan et al., 2022). However, due to land use
and soil management practices, fertility of soil varies geographically and
temporally with time from small to large scale (Liu et al., 2009). Native soil nutrient
status, cropping system, farming techniques, and fertilizer applications all have an
impact on the level of soil fertility. By providing site-specific recommendations,
this issue can be reduced (Moebius et al., 2013). The effective application of
fertilizers depends on fertilizer management at the optimum time and dose (Hussain
etal.,2007). To improve sustainable land use techniques and yield, it is essential to
recognize variations in soil fertility in relation to their use, distribution, and causes.
Smallholder farmers primarily manage soil variation through location-specific soil
management on the basis of performance and crop responses which people have
observed over previous years within local farms (Kolawole et al., 2018). Site-
specific management of nutrients is one of the technique that aims to address the
nutritional needs of crops accurately, precisely produced in the field. It utilizes
native nutrient sources while providing fertilizers at precise rates and critical
growth phases in order to fill the gap between crop's nutrient demand and the

availability of natural nutrients (Fayaz et al., 2022). For correcting the soil variation




and boosting the output of small-scale farmers, research must find the most
constraining nutrients elements and develop tlexible suggestions in place of blanket
recommendations. Variations in soil properties may provide as the basis for flexible
recommendations that influence productivity and yield responses.

The seasonal variation of crops and varieties can be effectively addressed
through its heat unit requirements. The concept of a heat unit is used to account for
the impact of temperature on crops, which is based on the idea that crops require a
specific amount of temperature to complete each of their developmental stages
(Singh et al., 2013). ‘Growing degree days’ (GDD), ‘heliothermal units’ (HTU),
‘photothermal units’ (PTU), ‘phenothermal index’ (PTI) and ‘heat use efficiency’
(HUE) are various temperature based agrometeorological indices used to assess
phenology, growth and yield of field crops (Divesh et al., 2018). Crop biomass
accumulation and developmental change are largely influenced through climatic
factors during the growing season, which also have an impact on crop’s requirement
for heat units as it progresses from one growth stage to another. A crop has a definite
requirement of temperature for reaching various phenophases and the time interval
between the different developmental stages is decided by the accumulation of heat
units or GDD at the respective stage (Suffiya et al., 2023; Bhatetal., 2015). Despite
similar agroclimatic conditions, nutrient omissions exhibit a remarkable influence
on the crop phenology and phasic development of a crop and hence influencing the
accumulation and partitioning of crop biomass. This change in the phenological
time of a crop is inturn decided by the accumulation of heats and other
agrometeorological indices (Jan et al., 2022). The research on findings the most
limited nutrients affecting the yield of QPM through nutrient omissions and their
impact on the agrometeorological indices deciding the heat requirement for proper
phenological development has not been addressed under temperate climate of
Kashmir, therefore, an experiment was conducted with a hypothesis to investigate
overall phasic change as well as yield of QPM in response to nutrient omission by

using the agro-meteorological indices.




2. Materials and Methods
2.1 Experimental Location

A field experiment was conducted to examine the impact of nutrient
omission on phenology, yield and agro-meteorological indices of Quality Protein
Maize at the Agronomy farm of FoA, Wadoora, Sopore, SKUAST-Kashmir during
2021 kharif season.

The location is falling under a temperate climate and an annual
precipitation of 812 mm, with a latitude and longitude of 34° 34'N and 74° 40 E
and an altitude of 1580 m amsl (above mean sea level). The variety tested for the
experiment was LQMH-1. Soil texture of experimental farm was silty-clay-loam
with a pH of 6.8 (neutral), medium content of organic carbon, medium availability

of N, P,K, and S but with low availability of Zn (Table 1).

22 Weather of the experimental site

The weather was found highly variable over the entire crop growing period,
with weekly minimum temperature variation between 9.50 to 18.91°C and weekly
maximum temperature between 26 and 32°C. The total precipitation of 184.60 mm
was received during the entire crop growing period, whereas mean sunshine hours
recorded were 144.54 and the average maximum (RH:) and minimum (RH>2)
relative humidity recorded have been 75.98 % and 48.07 %, respectively (Figure
D).

2.3 Details of the experimental design and treatments

Randomized complete block design (RCBD) was used in our study with
three replications, and comprised of eight treatments viz., (T1-Absolute control, T2-
N120P75K40, T3-N120P75Ka0Zns5510, T4-P75K40ZnsS10 (-N), Ts-N120K40ZnsS10 (-P), Te-
N120P75Zn5810 (-K), T7-Ni20P75Ka0S10 (-Zn) and Ts-N120P75sKa0Zns (-8)).

2.4 Management practices of crop




The experimental plots were setup in accordance with the treatments. To achieve
the desired depth, a tractor was used for two ploughings, which were followed by
levelling. Bunds and replication borders of experimental plots were manually
prepared. N, P, K, Zn and S nutrients were applied through urea (46% N), DAP
(46% P20s), MOP (60% K:20), zinc oxide (80.3% Zn) and potassium sulphate
(18.4% S), respectively. Among the nutrient omission treatments, the treatments,
T4 and Te, phosphorus and sulphur were applied through rock phosphate (20%
P20s) and gypsum (18.6% S), respectively. At sowing time, all nutrients were
applied except for nitrogen, which was treated in three splits, 1/3*! was added as
basal, and the remaining 2/3™ in two equal splits (knee high stage and prior to
tasseling). The presence of enough soil moisture for seed germination was ensured
prior to seed sowing. Seed that had been pre-soaked and treated with Metalaxyl 35
SD @ 4 g kg and Bavistin + Captan 1:1 ratio @ 2 g kg™ seed were sown with a

spacing of 75 cm x 20 cm in lines.

After sowing, the lines were covered with soil and slightly pressed to ensure that
the seeds had adequate contact with the soil. As per the crop requirement, irrigation
water was used in the field. At 3 DAS, pre-emergence atrazine spray (0.75 kg a.i.
ha!) plus hand weeding at 21 days after sowing (DAS) were used to control weeds
effectively. Chlorpyriphos (0.05 %) was sprayed as a preventive approach to
control insect infestations. After eliminating the two border rows from the
experimental plots, the net plot area was calculated. Crop samples were manually
harvested from the net plot area for the purpose of yield measurement, and hand

shelling was done to separate the grains from the cobs.
2.5 Biometric observations of crop

When the crop had reached 50 % of each phonological stage, observations on the
number of days to complete each phenological stage were noted. After removing
the stalk and husk from the cobs, grain yield was measured. All the cobs pertaining
to each net plot area were sun dried, and the grains were then manually shelled.

Grain yield noted in kg™! was lowered to 15 % moisture, and then indicated as




tonnes ha! (t ha''). After harvesting, weight of each net plot’s bundle was noted
after three to four days of sun drying, and the weight was then transtormed into

tonnes ha™' (t ha™') for measuring biological yield.
2.6. Agro-meteorological indices calculation and Heat Use Efficiency

Meteorological variables (viz. daily maximum and minimum temperature, sunshine
hours, average relative humidity and day length) recorded through automatic
weather station located in the research farm of Agronomy were used to calculate
the agro-meteorological indices, using the formulas provided below, at different
phenological stages. With a base temperature of 10°C, agro-met indices were
assessed from sowing time to each phenological stage. (Nuttonson, 1995).
1. GDD = [(Twmax. + Tnin)/2] — Th

Where,

Twmax. = Maximum temperature,

Tmin = Minimum temperature

Tv = Base temperature i.e. a temperature below which growth ceases.

2. HTU = (GDD x SSH)

Where, SSH represents actual sunshine duration (hours)

3. PTU=GDD x Day length
Where, PTU= Photothermal units

4. PTI = Consumption of heat units between two phonological stages

No. of days between two phonological stages

Where, PTI= Phenothermal index

5. HUE = Seed yield (kg ha™')/Accumulated heat units (°C)
Where, HUE= Heat use efficiency




2.7. Statistical Analysis

By using the statistical method of randomized complete design, data on QPM
phenology and grain yield were evaluated using the analysis of variance (ANOV A)
technique. The SPSS software, version 27.0, was used to perform the operation of
statistical analysis. The stepwise regression and correlation heat maps between
yield and agro-meteorological indices were analysed using R software. The

statistical model of the experimental design is given as:
Yij = ptoitfi+eg

u is overall mean; a; is treatmenteffect (Random Variable); B; is block effect (Fixed

variable); ej is the error
3. Results and Discussion

3.1 Crop phenology

Data (Table 2) from the nutrient omission treatments demonstrated a
significant variation in QPM so as to complete different phenophases. The prevalent
temperature has a significant impact on the rate of plant development. Under the
balanced application of all nutrients, treatment (T3) Ni20P75sK40ZnsS10 took the
maximum duration (121 Days) to reach various phenophases when compared with
the rest of treatments. The reason could be due to the sufficient nutrient availability
that resulted in ideal vegetative growth prior to the beginning of reproductive stage.
Whereas absolute control took least number of days (110.33) to complete different
phenophases, that might be due to the best crop response under nutrient stress
conditions, thus completing its duration in shorter span in comparison to the rest of
treatments.

Among nutrient omission treatments, nitrogen omission treatment took a
minimum duration (115.00 Days) to achieve various phenophases, therefore,
emerged as the most restricted nutrient, followed by phosphorus and potassium,
showing most significant impact on growth characters as compared to other

nutrients. The omission of nitrogen followed by P and K reduced the vegetative




phase of crop and consequently the calendar days and thermal regime of different
phenological stages in QPM. Phenological stages are highly dependent on proper
nutritional balance therefore any deviation can cause malfunctioning in their
expression (Kaur et al., 2010).

3.2  Agro-meteorological indices

3.2.1 Growing degree days (GDD)

Nutrient omission treatments showed significant variation (Table 3) in QPM’s heat
accumulation at several phenological phases. The treatment Ni20P7sK40ZnsS10
consumed more heat units (1,488.33 °C) to cross several phenological phases in
contrast to other treatments, whereas absolute control treatment consumed the
lowest heat units. The reason could be due to the presence of sufficient and balanced
application of fertilizers throughout the crop growth period, which extended the
calendar days and consequently the crop growth period, thereby increasing GDD.
Omission of nutrients (-N, -P, -K, -Zn and -S) showed a substantial decrease in
consuming heat units, however, the most prominent influence was seen in case of
N. The growing degree day (GDD), which takes into account the amount of heat
needed to complete various crop phenophases, estimates the relation of growth with
temperature. This might be attributed to the nutrient stress conditions that resulted
in shortening of growth period thus reducing the duration of different phenophases
under nutrient omission treatments, resulting in consumption of less heat units.
Several researchers reported similar results (Bhat et al., 2015).

3.22 Heliothermal units  (HTU)

Significant differences in heliothermal units at various phonological stages were
observed (Table 4) among various nutrient omission treatments in QPM. The
highest number of heliothermal units (11,542 .81 ic day hour) were recorded under
the treatment Ni120P7sK40ZnsS10 in comparison to other treatments at different
phenological stages. The reason is due to the accumulation of more heat units
through balanced and adequate nutrient availability, which in turn increased HTU.
Among nutrient omission treatments, N was the most limiting nutrient that showed

least accumulation of HTUs (10,968 .46 °C day hour) due to the reduced vegetative




phase of crop under N omission followed by P and K. Several experimental reports
support our examined results (Hafiz et al., 2013).

3.23 Photothermal units (PTU)

Accumulation of photothermal units varied significantly at different phenophases
among the different nutrient omission treatments in QPM (Table 5). The treatment
N120P7sK40ZnsS10 accumulated highest number of photothermal units at knee high
(6,501.63 °C day hour), tasseling (12,179.14 °C day hour), silking (12,940 46 °C
day hour) and maturity (19,676.37 °C day hour) stage. This might be accounted to
the accessibility of nutrients that extended the duration for completing different
phenophases, thus led to the production of more heat units and consequently
increased PTUs. Among nutrient omission treatments, omission of N resulted in
the accumulation of least PTUs followed by the omission of P and K at each
phenological stage. The reason is due to the decline in vegetative phase of the crop
resulting in decreased crop duration thus achieving lower PTUs. Ram et al., 2012
also explained similar findings in their research.

3.24 Phenothermal index (PTI)

Phenothermal index, which is represented as degree days per growth day, was
significantly influenced under various nutrient omission treatments at different
phenological stages (Table 6) and revealed an increasing trend from knee high to
flowering stage, followed by a trend depicting a decrease till maturity, which may
indicate a reduction in daily heat consumption in approaching senescence.
Treatment Ni20P7sKa0Zns (-S) showed significantly higher phenothermal index
(14.52 °C day day™'), though statistically par with P7sK40ZnsS1o (-N). From silking
to tasseling, absolute control recorded the highest phenothermal index (15.38 °C
day day™) and the lowest PTI was noted under nitrogen omission treatment (9.47
C day day™). From silking to maturity, maximum phenothermal index (12.51 °C
day day') was achieved under the absolute control treatment whereas
N120P75K40ZnsS 10 treatment showed the lowest PTI(12.18 °C day day'l), likely as a
result of maximum duration to pass these phonological stages. These results are

explained by the findings of Bhat et al. (2015) and Jan et al. (2022) in their findings.




3.2.5 Heat use efficiency (HUE)

As per the data (Table 7) nutrient omission treatments varied significantly with
respect to HUE, in terms of grain and biological yield. Highest heat use efficiency
(HUE) on grain yield basis (6.56 kg ha' °C days™), biological yield basis (14.81 kg
ha'! °C days™) were noted under the treatment Ni20P75K40ZnsS1o in contrast to
absolute control and rest of nutrient omission plots. This is explained on the basis
of significantly higher yield returns due to the synchronized application and
availability of all nutrients to the crop, thus accounted for higher heat use efficiency.
Among the different nutrient omission treatments, omission of nitrogen followed
by the omission of P and K showed the most significant impact on HUE. Nitrogen
omitted plots resulted in lower grain and biological yield thus resulting in lower
HUE. Our data is supported with the research results of Jagdish and Hadda (2014),
Bhat et al. (2015) and Jan et al. (2022).

3.3  Yield (t ha')

Nutrient omission treatments differed significantly in terms of grain-yield as
exhibited by the data (Table 8). Treatment Ni20P7sK40ZnsS10 achieved the higher
grain yield of 9.78 tonnes ha™! however, lowest grain-yield of 4.22 tonnes ha™' were
recorded under absolute control treatment. However, it was observed that the
omission of nutrients (-Nitrogen, -Phosphorus, -Potassium, -Zinc and —Sulphur)
significantly reduced the grain yield. In comparison to Nitrogen, Phosphorus and
Potassium omission treatments, omission of zinc (-Zn) and sulphur (-S) treatments
had the least influence on grain yield reduction. Furthermore, significant variation
was noticed among the various nutrient omission treatments with respect to
biological yield. The treatment Ni20P75sK40ZnsSi0 recorded the biological yield
(22.05 t ha''), though statistically par to Ni20P75Kao, and lowest biological yield of
10.29 t ha'was achieved under absolute control treatment. Further, it was found
that biological yield was significantly reduced when nutrients were omitted (-
Nitrogen, -Phosphorus, -Potassium, -Zinc and —Sulphur). However, zinc (-Zn) and
sulphur (-S) omitted plots demonstrated least impact on biological yield reduction

when compared to (-N, -P, and -K). Adequate availability of nutrients through




balanced nutrient management system at critical phenophases lead to the efficient
photosynthate translocation from source to sink that in turn improved growth
characters and yield attributes, thereby resulting in enhanced grain-yield.
Experimental results examined by Sinha (2016) support these findings. Increased
leaf area results in maximum interception of resulting in increased production and
accumulation of dry matter and yield attributing characters that consequently results
in higher yield (both grain and biological). Findings of Gani et al. (2018) also
supported these results. Omission of nutrients particularly nitrogen effectively
disturbs the metabolism of plants, disrupts chlorophyll structure and destabilize
pigment protein complex which results in yield reduction in maize followed by
phosphorus omission. Moreover, nitrogen omission shortens the vegetative phase
that result in low grain yield. These results are supported by Reddy and Dacota
(2007). Under the exclusion of primary macronutrients plants do not attain proper
vegetative growth resulting in expression of poor yield attributes and yield.
(Gangaiah, 2019). Plants subjected to improper growth at early stages affect
biomass production with yield reduction because of poorly developed root system,
under the omission of P. Further, more yield decline under N, P and K omission
might be accounted to availability of soil nutrients in the respective omission plots,
making it difficult to meet the higher requirements of these nutrients for maize.
Mousumi et al. (2018) explained similar findings in their research.
34  Stepwise regression analysis

Stepwise regression analysis was made to find critical agro-metearological
indice responsible for higher yield of quality protein maize at different phenological
stages and different the most predictable and probable model obtained for the
parameter influencing the yield largely have been presented in Table 9. Among all
the parameters affecting yield, NOD (Number of days) and PTU were added due to
their higher coefficient of determination (R?). As per the results obtained PTU at
knee high and harvest stage explained 92.6 % and 83 % of total variation in the
yield whereas, NOD explained 88.3 % and 823 % of total variation in yield at




tasseling and silking stage respectively (Table 5). These results are supported by
the findings of Jan et al. (2022) and Bhat et al. (2015).
3.5  Correlation studies

The correlation studies between yield and agro-meteorological indices at
different growth stages of quality protein maize were interpreted in Figure 2. The
results analysed on heat maps indicated that grain yield, stover yield and biological
yield exhibited strongly positive and significant correlation with all the
agrometeorological indices calculated viz. GDD, NOD, HTU, PTI etc except at
knee high and tasseling stage where PT1 was found to have week and non-
significant correlation with yields. Further, the different agrometeorological indices
showed positive and significant correlation with each other at all the phonological
stages except at knee high stage where they exhibited non-significant relation
between each other. These results indicated that agro-meteorological indices have
greater and significant impact on the yield of quality protein maize and acts a key
factor in influencing it through the heat unit requirement, heat use efficiency,
sunshine hours and day length. These results are supported by the findings of Jan
etal. (2022) and Bhat et al. (2015).
Conclusions
Site specific application of Ni20P75K40ZnsS10in quality protein maize needed more
duration (days) to cross various phenological stages and achieved more number of
accumulated heat units, photothermal units (PTU), phenothermal index (PTI),
heliothermal units (HTU) and heat use efficiency (HUE), consequently higher yield
(grain and biological). Moreover, adequate availability of nutrients during entire
growth phase is essential for exploiting the weather conditions in a better way as
evidenced by heat use efficiency. Among the nutrient omissions, nitrogen was
found most limited and critical for the growth of QPM. Therefore, it can be
concluded that site specific application of Ni20P75K40ZnsS10 should be adopted in

QPM for achieving higher yield under the North western Himalayas of India.
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Table 1.Physico-chemical status of experimental soil.

Figure 1. Weekly average meteorological data for Kharif-2021 crop growth season.

Table 2. Effect of Site Specific Nutrient omission on days taken to different phenological stages of

QPM.

Table 3. Effect of Site Specific Nutrient omission on growing degree days of QPM.

Table 4. Effect of Site Specific Nutrient omission on heliothermal units of QPM.

Table 5. Effect of Site Specific Nutrient omission on photothermal units of QPM.




Table 6. Effect of Site Specific Nutrient omission on phenothermal index of QPM.

Table 7. Effect of Site Specific Nutrient omission on heat use efficiency of QPM.

Table 8. Effect of Site Specific Nutrient omission on yield of QPM.

Table 9: Fitted Step-wise regression models between yields and agro-meteorological indices at

different phenophases.

Figure 2. Heat map of the Pearson correlation between Grain yield (GY), Stover yield (SY),
Biological yield (BY) and agrometeorological indices viz. Number of days (NOD), Helio-
thermal units (HTU), Photothermal units (PTU), Pheno-thermal index (PTI) at (A) Knee
High Stage; (B) Tasseling stage; (C) Silking stage; (D) Maturity stage.
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