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1INTRODUCTION

Rice (Oryza sativa L.) is the world’s second most important cereal crop and it
is the staple food of 50 per cent of world population. With the growing population the
demand for rice is also escalating. To fulfil this demand the production from the
existing rice growing regions should be increased. But the main constraining factor in
rice production is the water demand of the crop, as water scarcity is building up in all
areas. The water scarcity is threatening the sustainability of rice production. So,
deviation from the traditional rice cultivation method is inevitable. One of the

methods that can be adopted is the upland rice cultivation.

Upland rice crop is grown in un bunded, un flooded fields, in which field
conditions are a bit different. The soil condition prevailing in the root zone will be
aerobic throughout the growing season. But there are many constraints associated with
this cultivation method like low productivity, susceptibility to pest and diseases, prone
to drought and lack of suitable varieties. When the yield stability of the upland
varieties was compared, it was found that the individual yield components was more
influenced by the environmental factors than the genetic factors (Shrestha et al.,
2012). Developing new varieties through breeding program should be done by
understanding about genetic variability of yield contributing traits, interrelationship
among them and their relation with yield (Singh et al., 2013). Constrains in upland
rice cultivation are increased cost of production due to crop weed competition, lower
yield of available genotypes, increased labour scarcity, drought condition and lack of
high yielding variety (Poudel et al., 2014).While adopting upland rice cultivation
selection of variety is a very critical step. The selection of variety should be based on
how much the variety is genetically advanced and also adaptation of the variety to the
environment is also important, as it was observed that the environment is having a

bigger hand in final yield.

Zinc (Zn) is one of the important micronutrients among the 17 essential
nutrients. Zinc is inevitable for the normal growth and establishment of crop plants. It
is found to be associated with many metallo-enzymes which are even involved in the
synthesis of nucleic acids, hormones and their receptors. It is also involved in

regulation of several biological and physiological process of the plant. Deficiency of



this metal ion is a major problem faced by agriculture which is a regrettable fact. Das
and Green (2013) have reported that 50 per cent of the cereal cultivating soils are Zn
deficient and it affects the growth and development of crop plants. Deficiency of Zn

can lead to total crop failure also.

Zinc is involved in hormone regulations and synthesis of tryptophan and
Indole Acetic Acid (IAA) a growth hormone. It is also involved in the repairing of
photosystem II during photorespiration and also helps in maintaining the CO, in the
mesophyll cells (Hansch and Mendel, 2009). Hence, Zn has a role in production of
growth hormones in the plant and it is also involved in the photosynthesis of the plant.
Application of Zn will be beneficial in many ways like improved production of
growth hormones and improved photosynthetic activity. Zinc influences most of the
growth and yield attributing characters. Also, Zn improves the uptake of other

nutrients by improving the root characteristics (Fageria and Moreira, 2015).

The effect of Zn on crop plant varies with the method of application also. It
was found that foliar application improved the Zn content in grains, seed priming
helped in early establishment of the crop, both foliar application and soil application
was found effective in improving the yield (Nadim et al., 2012). Selection of suitable

Zn source and method of application will lead to favorable results.

With this background present study was conducted with the following

objectives:

To find out a suitable rice variety for uplands in red loam tracts of Kerala and

to standardize the dose and method of zinc application.
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2REVIEW OF LITERATURE

The experiment entitled “Performance evaluation of rice varieties and their
response to zinc nutrition in uplands” was undertaken to find out a suitable variety and
the best method of zinc sulphate application in the red loam tracts of Kerala. The

literature pertaining to the subject are reviewed here.

2.1. EFFECT OF VARIETIES ON GROWTH AND PHYSIOLOGICAL
CHARACTERS OF RICE

The growth character of rice is influenced by genetic makeup, environmental
condition and the interaction. Studies have reported that the varieties with advanced
genetic makeup have always outperformed the other varieties in terms of growth
characters, yield characters, its adaptability and also recorded better yield. Main
(2006) have reported that the total dry matter produced was more in hybrid varieties
than the inbred varieties. In a study conducted by Alam et al. (2009a) on the growth
pattern of three high yielding varieties revealed that the characters viz, plant height,
total dry matter, crop growth rate (CGR) and relative growth rate (RGR) were differed

with due to the difference in genetic makeup.

Higher grain yield recorded in rice hybrids might be due to its vigorous and
extensive root system (Yang and Sun, 1989), pronounced translocation of
carbohydrate from vegetative plant parts to the spikelets (Song et al., 1990), more
efficient sink formation and greater sink size during the reproductive stage
(Kabaki,1993), increased crop growth rate during early growth stages
(Yamauchi, 1994), and larger leaf area index (LAI)(Penget al., 1998). Likewise, Zayed
et al. (2007) have also reported the better performance of hybrid varieties compared to
the inbred varieties. The study also reported that the hybrid varieties have high
seedling vigor, faster growth and high efficiency of photosynthesis and metabolic
activities. In a study conducted by Sultana et al. (2020),it was found that the number

of tillers m™varied with the varieties.

The physiological parameters like relative water content, stomatal conductance

and photosynthetic rate varied with the varieties (Zinzala et al., 2019).



2.2 EFFECT OF VARIETIES ON YIELD PARAMETERS AND YIELD

The yield and the yield attributing characters were also found to affected by
the varietal character of rice and environmental conditions. Here also the genetic
advancement has an important hand in the final yield of the crop. In a study conducted
by Karim et al. (2007) observed that number of panicles per hill was found to be
highly influenced by environment rather than the genetic factor. Likewise, the
characters like filled grains per panicle, number of primary branches per panicle,
sterility percentage were also found to be influenced by both environmental conditions
and genetic character of the variety. They have also observed that the thousand grain
weight was solely influenced by the genetic trait of the variety and was less influenced

by the environmental conditions.

However, the harvest index was mainly influenced by the genetic character of

the crop (Iftekharuddaula et al., 2001).

Panicle characteristics like panicle length and panicle weight was found to be
influenced by genetic character of the variety (Lestari et al., 2015). Hence, genetic
character as well as environmental conditions would influence the yield attributing

characters which in turn would affect the final yield of the crop.

Yoshida et al. (2006) have reported that the newly developed varieties produce
greater yield than those of earlier developed varieties. The increased sink capacity was
due to larger grain size and larger number of spikelets per panicle Yoshinaga et al.
(2013) have also revealed that the sink developing capacity and the sink filling
capacity was more with high yielding varieties and among them the variety with better

genetic advancement performed well in that parameter.
2.3 EFFECT OF VARIETIES ON NUTRIENT UPTAKE

The uptake of nutrients influenced the growth and yield of the crop. The
uptake of nutrients and their concentration of nutrients in plant was also influenced by
the genetic characters. Sun et al. 2014 have reported that in Nuptake and its use

efficiency in rice is genetically varied but when it comes to P and K uptake it is less



known (Mayamulla et al., 2017). Suriyagoda et al. (2019) have reported that nutrient
uptake by rice varieties varied with their duration of growth. Among the age class the
short duration variety recorded lower nutrient uptake compared to others. The study
also revealed that the K accumulation rate was more for high yielding rice varieties. It
was also observed that with lower dry matter production the uptake of nutrients was

also less.

Islam et al.(2008) have also reported that the P uptake was less affected by
varieties and the phosphorus concentration in grain was higher at harvest stage. But
the N and K concentration were found to be affected by the inherent capacity of the

variety.

2.4 EFFECT OF ZINC ON GROWTH AND PHYSIOLOGICAL CHARACTERS OF
RICE

Studies conducted by Boonchauy et al. (2013) revealed that Zn application have
influenced the establishment of rice seedling. It was also observed that high Zn
content of seed has improved the seedling growth and development although the effect

diminished in later stage.

Rahman et al. (2008) observed that Zn application improved the height in
Boro rice. The experimental findings of Islam (2015) showed that the plant height of
Aman rice was influenced by the application of different level of Zinc. The effect was
observed in the treatment, application of Zn @ 3 kg ha'. Ghoneim (2016) also found
that the plant height was improvedwith Zn application and thetallest plant was
observed in application of Zn @ 15 Kg ha™.

In a study conducted by Fageria (1992) reported that Zn influences the root
growth of upland rice varieties grown in nutrient solution. The application of Zn has
improved leaf area which have improved the photosynthetic activity. Likewise,
Fageria et al. (2002) reported that Zn applied @ 20mg Znkg"' of soil noted a
significant increase in dry weight of roots of upland rice. Improved photosynthetic
activity increased the dry matter production (Nadim et al., 2012). It was also found
that the element Zn influenced indole acetic acid (IAA) production, as the element is

involved in different physiological processes such as hormone regulation.



Zinc is involved in the production of tryptophan the precursor of IAA (Lin €t
al., 2005). The improved production of IAA has improved the growth characters. In a
study conducted by Fageria and Moreira (2015) observed that the application of Zn
has improved the root dry weight of upland rice varieties. It was also noticed that the
application of Zn has improved the root growth which has improved the nutrient
uptake by the crop. The tillers m™>were also found to be affected by application of Zn
and the reason behind it partly due to better nutrient uptake and partly due to
improved production of growth hormones like IAA as reported by Ghoneim (2016).
Studies have revealed that the application of Zn have influenced the chlorophyll
content, crop growth rate, stomatal conductance, proline content and soluble protein

content.

Aravind and Prasad (2004) have reported that the application of Zn has
improved the chlorophyll content, because of its involvement in chlorophyll
production through its regulating action on nutrients homeostasis in cytoplasm. Zinc is
also involved in the repair process of PS II complex during photoinhibition and they
are found to be involved in maintaining the level of CO,concentration in mesophyll

cells (Hansch andMendel, 2009).

The stomatal conductance was also found to be improved with the application
of Zn, as Zn influences the activitiesof carbonic anhydrase and ribulose 1-5-
bisphosphate carboxylase/oxygenase (Rubisco). Rubisco is necessary forcatalysing the
diffusion of CO, through cell by surpassing all barriers to reach the chloroplasts
(Hatch and Slack, 1970).

2.5 EFFECT OF ZINC ON YIELD COMPONENTS AND YIELD

Parameters like productive tillers per plant, panicles per meter square, 1000 grain
weight, number of filled grains and number of grains per panicle are important yield
determining factors in rice. In a study conducted by Arif et al. (2012) observed that
the tillers per plant was enhanced by the supply of Zn @ of 6 kg per acre as compared
to the control from 7.49 to 12.16 per plant.

Rehman et al.(2011) also found significant effect on tillers per plant with zinc

application, the highest number of tillers per hill (11.16) was recorded when Zn was



applied @ 20 kg ha™'(9.40). Zinc applied @ 20 kg ha™ recorded the highest panicle
length (23.73 cm) and grains per panicle(197.44) and the lowest was recorded in
control (Rehman et al.,2011). Applying zinc sulphate @ 15 kg ha "'improves the
tillering capacity of rice crop (Ghoneim, 2016).

The grain yield and straw yield increased up to 38.27 and 31.79 per cent,
respectively when Zn was applied @ 6 kg per acre. Gupta and Potalia (1991) found

that Zn application improvedthe grain and straw yield of rice.
2.6 EFFECT OF ZINC APPLICATION ON NUTRIENT UPTAKE

Studies conducted by Rana and Kashif (2014) revealed that the application of
Zn improved the uptake of N and K.

Takkar et al. (1976) reported a negative correlation between grain yield and
P/Zn ratio in the soil. The study suggested that checking P induced Zn deficiency is
easier by monitoring the P/Zn ratios in the soil rather than going for available
phosphorus alone. The total uptake of all nutrients viz, N, P and K was found to be
significantly affected by the method of application of Zn (Ghoneim, 2016). It was also
observed that N uptake was higher with zinc applied through root soaking, P uptake in

control (no Zn) and the K in all methods of Zn application than control.

Application of Zn have improved the Zn uptake by the plant. Maximum
uptake was recorded with Zn-EDTA (Rana and Kashif, 2014) and among the method
of application, foliar application was more effective in terms of Zn content in the crop
plants, but the time of application of foliar spray has a crucial role in increasing the Zn

content (Ghoneim, 2016).

2.7 EFFECT OF METHOD OF APPLICATION OF ZINC ON THE GROWTH AND
YIELD OF RICE

2.7.1 Effect of Seed Priming with Zinc on Rice

In a seed priming study conducted by Prom-u-thaiet al. (2012) observed that seed
priming had significantly improved the germinationrate,root length and coleoptile
length. The germination percentage was higher in seeds primed with 2.5 mM Zn and

was significantly higher (54-89%) to seeds without priming. Likewise,root and



coleoptile growth were also higher in seed priming with 2.5 mM Zn.Foliar application
of Zn at assorted growth stages and frequency had a significant effect on Zn
concentration of the rice seed but it had no effect on grain yield and yield components.
Rameshraddy et al. (2017) have observed that seeds treated with ZnO nano particles
had shown improved seedling vigour index in rice. The seeds treated with ZnO @
1000 ppm recorded an increasedroot length, shoot length recorded an increase of

34.88 per centand 45.54 per cent increase in seedling vigor index compared to control.

Slaton et al.(2001) have observed that Zn seed treatment improved the DMP
and seeds treated with ZnSOshave shown better germination rate.Seed priming is one
of the best methods of applyingmicronutrients, because the seeds easily absorbed the
nutrients which improved the seedling vigor and growth (Sarwar et al., 2017) and

cost-effective also.
2.7.2 Effect of Foliar Application of Zinc on Rice

Foliar application of Zn at various growth stages and frequencies had a significant
effect on Zn concentration of the rice seed but it had no effect on grain yield and yield
components. A study conducted by Boonchuay et al. (2013) revealed that scheduling
of foliar application of Zn is an inevitable factor in increasingthecontent of Zn in
grain. The Zn concentration in paddy rice was maximum with foliar application of Zn
at four stages (panicle initiation, booting, 1 and 2 weeks after flowering).The study
has also shown that foliar application of Zn after flowering is effective in raising the
zinc concentration in seeds. Seeds with high Zn concentration have both agronomic

and nutritional benefits (Boonchuay et al., 2013).

Haslett et al.(2001) have reported that foliar application of Znbrought easiness
in absorptionand transportation of Zn through phloem in wheat. In paddy, xylem
transport of Zn is crucial than the re-translocation of Zn from the leaves for its

accumulation in rice grain(Palmgren et al., 2008).

Zinc is transported to seeds after the flowering stage, and it is because of
improved synthesis of protein during the early stage of seed formation (Ozturk €t al.,

2006).



In case of foliar Zn application, Zn- EDTA applied @ 1 kg ha” produced
significantly higher number of tillers m?(131) and it was supported by Ghani et al.
(1990).Shoot dry weight became two-fold by foliar Zn application at 0.5mg Zn kg of
seed but root dry weight did not respond to foliar application. Guo et al. (2016) have
concluded in his study that foliar application of Zn is the best method to improve the
seed Zn content. Phuphong et al. (2020) also found that shoot dry weight was

improved with foliar application.
2.7.3 Effect of Seed Priming and Foliar Application of Zn on Rice

In a study conducted by Sarwar et al. (2017) revealed that among the different
methods of Zn fertilization, seed priming + foliar application recorded the tallest
plants. Shortest plants were recorded in control treatment.Similarly, productive tillers,
panicle length, 1000 grain weight and grain yield were recorded the highest in seed
priming + foliar application. Seeds which receivedfoliar application had the highest

Zn concentration in rice cultivars.

Ease of absorption of Zn in foliar applicationzinc and their translocation to
different parts have led to grain enrichment (Boonchuay et al., 2013). Crops like
maize also recorded maximum grain and biological yield in the treatment seed

priming (2 %) followed by foliar application (2 %) (Mohsin et al., 2014).

Higher yield due to Zn fertilization can also be due to enhanced synthesis and
transport of carbohydrates to the site of grain production (Pedda- Babuet al., 2007).
Sarwar et al. (2017) reported that the Zn requirement of plant after germination can be
supplied through foliar applied Zn at critical growth stages of the crop which would
finally improves the yield of the crop.

2.7. 4 Effect of Soil Application of Zinc on Rice

Rana and Kashif (2014) conducted a study with different sources and methods of
application of zinc fertilizer on rice yield reveled that the highest paddy yield ha™ was
recorded in treatment with soil application of Zn-EDTA @ 10 kg ha "'(2.78 t ha™).
Soil applied zinc enhanced the rice grain yield while comparing to foliar spray (Guo et
al., 2016). It was also observed that the average increase in grain yield due to soil

application of Zn ranged from 2.1 to 10.2 per cent compared to control and increase in



grain yield due to foliar application was 0.2 to 4.0 per cent. Kulhare et al. (2016)
reported that soil application of zinc @ 20 kg Zn ha™ as basal along with foliar spray
influenced grain yield and Zn uptake positively (Kulhare et al., 2017).



MATERIALS AND METHODS

3. MATERIALSAND METHODS

The research entitled “Performance evaluation of rice varieties and their
response to zinc nutrition in uplands” was conducted during May to August (2019) at
Coconut Research Station, Balaramapuram, Kerala, India. The main objectives of the
experiment were to find out a suitable rice variety for uplands in red loam tracts of

Kerala and to standardise the dose and method of zinc application.
3.1 GENERAL DETAILS
3.1.1 Location

The experiment was conducted at Coconut Research Station (CRS),
Balaramapuram, Kerala, India located at 8° 22’ 52’ North latitude and 77° 1’ 47"’
East longitude at an altitude of 9m above MSL.

3.1.2 Climate

The weather parameters like mean temperature, relative humidity (RH),
rainfall and evaporation were recorded during the cropping period. The data were
collected from the Agromet observatory at CRS, Balaramapuram. The weather

parameters from 14/05/2019 to 26/08/2019 were recorded and presented in the graph
(Fig. 1).

3.1.3 Cropping season
The field experiment was conducted during May to August 2019.
3.1.4 Soil

Prior to the conduct of experiment, a composite soil sample was taken for initial
analysis. The soil of the experiment site is red sandy loam, acidic in reaction, medium

in organic carbon content, low in available nitrogen content, high in available



phosphorus content, medium in available potassium content and deficient in available

zinc content. The physicochemical properties are presented in Table 1.
3.1.5 Cropping History of the Field

The crop was raised as an intercrop in coconut planted at a spacing of 7.6 m x 7.6 m.

Table 1. Physicochemical properties of soil before experiment

Sl no. Fractions Content in soil, per cent | Method

1 Sand 65.44 Bouyoucous hydrometer
2 Silt 19.22 method (Bouyoucous,

3 Clay 15.10 1962)

B. Chemical Properties

Sl | Parameters Content Method
no.
1 Soil reaction 4.5(Very Strongly | pH meter (1:2:5 soil water
Acidic) ratio) (Jackson, 1973)
2 | EC, (dSm™) 0.1 (Normal) Conductivity meter (1:2:5

soil water ratio) (Jackson,

1973)

3 | Organic carbon, (%) 0.786 (Medium) | Walkley and Black rapid
titration method (Walkley
and Black, 1934)

4 | Available N (kgha') |225.3 (Low) Alkaline permanganate
method (Subbiah and Asija,
1956)

5 | Available P (kgha') | 38.17 (High) Bray colorimetric method

(Jackson, 1973)

6 | Available K (kgha™) | 136.28 (Medium) | Ammonium acetate method
(Jackson, 1973)

7 | Available Zn (mg kg™ | 0.65 (deficient) HCI extraction and Atomic




) Absorption
Spectrophotometry (Lindsay
and Norwell, 1978)

Standard weeks

==@=\inimum temperature °C ==@==\Maximum temperature °C
Minimum RH % Maximum RH %

=@=Rainfall, mm =8=No of rainy days

Fig 1. Weather data during the crop season (14/05/2019 to 26/08/2019)



3.2 MATERIALS
3.2.1Crop Variety

Three rice varieties were selected for the experiment.

1. Anna 4 (PMK 4): a short duration variety (100-105 days) having white, long
and slender grains, released from Agriculture Research Station, Paramakudi,
Tamil Nadu, Agricultural University.

2. APO 1: a short duration variety (105-110) having white slender grains,
released from International Rice Research Institute, Phillipines.

3. Prathyasa (MO 21): a short duration variety (100 — 110 days) having red, long
bold grains released from Rice Research Station, Mancompu, Kerala

Agricutural University.
3.2.2 Sour ce of Seed:
The seeds required for experiment were procured from:

1. Anna 4 — Agriculture Research Station, Paramakudi, Tamil Nadu, India.
2. APO 1 - Agriculture Research Station, Paramakudi, Tamil Nadu, India.

3. Prathyasa — Rice Research Station, Mancompu, Kerala, India.
3.2.3 Manuresand Fertilizers

Dried cow dung (0.45 per cent N, 0.17 per cent P,Os and 0.5 per cent K,O content)
was used. Source of NPK for the experiment were Urea (46 per cent N), Rajphos (20
per cent P,Os) and Muriate of potash (60 per cent K,O) respectively. Solufert (21 per

cent Zn; ZnSO4. 7TH,0) was used as source of Zinc.
3.3 METHODS

3.3.1 Design and layout



Design : Factorial RBD

Treatments : 15
Replications 3

Season : Kharif 2019
Spacing :20 cm x 10 cm
Gross plot size :3.6mx32m
Net plot size :3.1mx27m

Total number of plots: 45
3.3.2 Treatment details

1. Factor A: Variety (V) -3
V 1: Anna 4
V., APO 1
V 3: Prathyasa

2. Factor B: ZnSO4 Application (S) — 5
S;: Seed priming with ZnSO, @ 2g kg™ seed
S,: Foliar application with ZnSO4 @ 0.5 percent at active tillering stage and
panicle initiation stage
S3: 81+ S,
S4: Soil application of ZnSO, @ 20 kg ha™
Ss: Control

Treatment combination:

ViSi ViS; ViS; ViS4 ViSs
VoS VoS; VoS3 VaSs VoSs
ViSi V3Sy ViS; ViS4 ViSs
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Fig.2 Layout of experiment

3.3.3 Field preparation and Lay out

The experimental area was ploughed and brought to fine tilth using power
tiller. The experimental area was divided into plots of 3.6 m x 3.2 m as per lay out

plan.
3.3.4 Application of Lime

Lime was applied @ 600 kg ha . It was applied in two splits.First dose
during first ploughing (350 kg ha lime) as basal dressing and the second dose after
a month of sowing(250 kg ha™' lime) as top dressing.

3.3.5 Seeds and Sowing

Paddy seeds were dibbled at a spacing of 20 cm % 10 cm on 28/5/2019.For
seed priming treatments, seeds were soaked in zinc sulphate solution (ZnSO4 @ 2g kg
Y for 16h, washed in clean water and dried to original moisture content (14 per cent).

The seed rate adopted was 80 kg ha .
3.3.6 Application of Manuresand Fertilisers

Dried cow dung was applied to all plots @ 5 t ha "' uniformly before sowing.
Fertiliser dose adopted was NPK @ 90:30:45 kg per ha standardised by Suman
(2018), for the experiment location. Nitrogen was applied in three equal splits as basal
application, at tillering and panicle initiating stage.Potassium in two equal splits as
basal application and at panicle initiation stage. Phosphorus was applied as basal.

Application of ZnSO4was done as per the treatments.
3.3.7 Water Management

The crop was raised as rainfed crop. Irrigation was given when there was

absence of rain to raise the moisture level to field capacity.



3.3.8 Weed M anagement

Almix 20WP(chlorimuron ethyl 10% + metsulfuron methyl 10%@ 4g ha'was
applied 15 DAS for controlling weeds. During 45 DAS and 60 DAS the field was
hand weeded.

3.3.9 Plant Protection

Quinalphos was applied against leaf folder @ 1000 mL ha ' and to counter the
attack of rice bug malathion was applied @ 1000 mL ha .

3.3.10 Harvest

The crop was harvested on 22/ 08/2019. The net crop area, leaving the three
border rows was harvested and sorted plot wise. They were threshed and winnowed.

The grain and straw were sundried, weighedand expressed in kg ha .
3.4 GROWTH COMPONENTS
3.4.1 Plant Height

Five plants were selected in an indiscriminate mannerfromtreatment net plotat
40, 60 and 80 DAS and the plant height were measured and average was worked out.
The total length from base to leaf tip was recorded as plant height at 40 and 60 DAS
and at 80 DAS up to panicle tip.

3.4.2 Tillersm™

Number of tillers was recorded in the net plot area by using quadrate of size
0.5 m x 0.5 m at 40, 60, and 80 DAS in each treatment plots. The number obtained

was multiplied with four to obtain the tillers per m”.
3.4.3 Leaf Arealndex

Leaf length and breadth of third leaf from top were measured from five
randomly selected plants at 40 and 60 DAS. Leaf area index was worked out using the

formula suggested by Palanisamy and Gomez (1974).



Leaf area =K (L x B)

K =0.75 (Yoshida et al.,1976)
L = Leaf length in cm
B = Maximum breadth of leaf in cm.

LAI was calculated using the formula:

Total leaf area tiller' x number of tillers m™

LAI=
Area occupied by tillers m™

3.4.4 Root Shoot Ratio

For calculating the root shoot ratio of the plant five plants were randomly selected
and carefully pulled out outside the net plot area without damaging the root system
during fifty per cent flowering stage. The plant samples were dried properly and the
root was separated. Dry weight of shoot and root were recorded and the ratio was

calculated was using the formula:

Dry weight of root

Root Shoot ratio =
Dry weight of shoot
3.4.5 Dry Matter Production

At harvest stage, five hills were randomly pulled out from the sample row and
were air dried. After air drying the samples were oven dried at 65 = 5°C to constant
weight. The total Dry Matter Production DMP was enumerated and expressed in kg
ha™'.

3.5 PHYSIOLOGICAL PARAMETERS

3.5.1 Chlorophyll Content



Total chlorophyll content of the leaves was analysed at fifty per cent flowering
by DMSO (dimethyl sulphoxide) method suggested by Yoshida et al. (1976).
Expressed in (mg g™).

3.5.2 Crop Growth Rate

For calculating crop growth rate five plants were selected indiscriminately
outside the net plot area and uprooted at 40, 60 and 80 DAS and computed the crop
growth rate as suggested by Watson (1958).

CGR=—— x—  gm>day”
th —t; A

Where W, is weight of the crop at stage n; (g), W, is the weight of the crop at stage n;

(g), t2 1s days after sowing at stage ny, t; is days after sowing at stage n; and A is

ground area.
3.5.3 Soluble Protein

Leaf samples were collected at 50 per cent flowering stage from randomly
selected five plants and the analysis was carried out by the method suggested by
Bradford (1976). It is based on the absorbance shift observed in acidic solution of dye
Coomassie® Brilliant Blue G-250.

3.5.4 Proline Content

Proline content was determined using the method suggested by Bates et al.
(1973). For this the leaves were collected at fifty per cent flowering for the analysis.

The content was determined using the formula.

umoles per gram tissue =[(ug proline/ml) x ml toluene)/115.5 pg/umole] / [(g
sample)/5]



3.5.5 Relative Water Content

The relative water content of the plant was determined using the formula

suggested by Slatyer (1967).
fresh weight — dry weight

N
D
S

Relative Water Content(%)=
turgid weight — dry weight

3.5.6 Stomatal Conductance

Stomatal conductance was measured in the standing crop at fifty per cent
flowering using porometer. The flag leaf is kept between the holder in the porometer

and the stomatal conductance is measured by it and the expressed in mmol m™ s™.
3.6 YIELD COMPONENTS
3.6.1 Daysto Fifty Per Cent Flowering

Time taken for 50 per cent of the hills to reach flowering stage was recorded in

terms of days.
3.6.2 Number of paniclesm™

At harvest, productive tillers were countedby placing a quadrate of size 0.5 m

x 0.5 m in the net plot area and average was calculated and expressed as no. m™.
3.6.3 Panicle Length

Panicle lengthwas measured from the point of scar to panicle tip by erratically
selecting five plants from each treatment plot were collected. The average was arrived

and expressed in cm.
3.6.4 Panicle Weight

For calculating panicle weight five panicles were selected erratically from the
primary tillers in each treatment plot and the average selected panicles were calculated

and expressed in g.

3.6.5 Number of Filled Grains Per Panicle



Grains in the five randomly selected panicles were separated and the filled

grains was counted and average was arrived.
3.6.6 Sterility Percentage

Sterility percentage was calculated using the formula:

Number of unfilled grains per panicle

Sterility Percentage = % 100

Total number of grains per panicle
3.6.7 Thousand Grain vwegnt

From each net plot area 1000 grains were collected at random. The collected grains

were dried properly and weighed and expressed in g.
3.6.8Grain Yield

The grain harvested from the net plot area was dried properly under sun and
the moisture was brought down to 14 per cent. After drying, grain weight was

recorded and expressed in kg ha™.
3.6.9 Straw Yield

The straw harvested from each plot and dried under the sun. The weight of

dried straw was recorded and expressed in kg ha ™.
3.7 CHEMICAL ANALYSIS
3.7.1 Soil analysis

For initial soil analysis, soil samples were drawn from four random sites at a
depth of 15 cm in the experimental site. The samples were shade dried and all the clod
particles were ground and composite sample was obtained by quartering. After the
harvest of crop composite sample was obtained from each experiment plot for the

analysis of N, P, K and Zn.
3.7.1.1 Organic Carbon

The soil samples were sieved using 0.2 mm sieve and analysed for organic

carbon using rapid titration method (Walkley and Black, 1934).



3.7.1.2 Available Nitrogen

Soil samples were analysed for available nitrogen using alkaline potassium

permanganate method (Subbiah and Asija, 1956).
3.7.1.3 Available Phosphorus

Soil samples were analysed for available phosphorus using spectrophotometer

by following the Dickman and Brays molybdenum blue method (Jackson, 1973).
3.7.1.4 Available Potassium

The available potassium content was determined by extraction with neutral

normal ammonium acetate and estimated in flame photometer (Jackson, 1973).
3.7.1.5 Available Zinc

Soil samples were analysed for available zinc by extraction with HCl and

estimated using atomic absorption spectrum (Lindsay and Norwell, 1978).
3.7.2 Plant Analysis

The plant samples were collected during the harvest stage. The collected
samples were subjected for shade drying and then oven drying at a temperature of 65
+ 5 °C to constant weight. The dried samples were ground to fine powder,subjected to

acid digestionand analysed N, P, K and Zn.
3.7.2.1 Total Nitrogen Content

Total nitrogen content was determined by modified microkjeldahl method

(Jackson, 1973).
3.7.2.2 Total Phosphorus Content

For estimation of phosphorus sample was subjected to di acid digestion and the
content was estimated using vanadomolybdate phosphoric yellow colour method

(Jackson, 1973).

3.7.2.3 Total Potassium Content



Samples were subjected for di acid digestion and the potassium content was

estimated using flame photometer (Jackson, 1973).
3.7.2.4 Total Zinc content

Total zinc content was determined using atomic absorption spectrophotometer

(Lindsay and Norvell, 1978).

3.8 ECONOMIC ANALYSIS

The economics was calculated based on the cost involved for cultivation and

the prevailing market price of rice.
3.8.1 Net Income
Net income was computed using the formula
Net income (L] ha™) = Gross income — Cost of cultivation
3.8.2 Benefit Cost Ratio
Benefit cost ratio was computed by the formula

Gross income
B:C Ratio =

Cost of cultivation

3.9 PEST AND DISEASE INCIDENCE

Regular observations were made to check the pest and disease attack. Leaf
folder and rice bug infestation were noticed during the period of study and appropriate

control measures were taken to control infestation.
3.10 STATISTICAL ANALYSIS

The experimental data were analysed statically using Analysis of Variance technique

for Randomised Block Design and the significance was tested using the F test.



Transformation was done for data which needed the same. Wherever significance was

found, critical difference was calculated at five per cent probability level.



RESULTS

4RESULTS

Field experiment was conducted during Kharif 2019 (May — August 2019) at
Coconut Research Station, Balaramapuram. The objectives of the study were to find
out a suitable rice variety for the upland rice cultivation in the red loam tracts of
Kerala and to standardize the dose and method ofzinc application. The results of the

study are presented in this chapter.
4.1 CROP GROWTH ATTRIBUTES
4.1.1 Plant height

Data pertaining to the effect of varieties, zinc sulphate application and their

interaction on plant height at 40, 60 and 80 DAS are given in Table 2 and 3.

The varieties showed significant difference in plant height at 60 and 80 DAS,
but the effect of varieties at 40 DAS was not significant. Among the varieties, APO 1
(V2) recorded the tallest plants at 60 and 80 DAS and it was significantly superior to
others. However, Anna 4 (V) recorded the shortest plant at 60 DAS and it was
statistically comparable with V; (Prathyasa) and at 80 DAS the shortest plant was

recorded in V3 and it was statistically on par with V;.

Interaction between variety and zinc sulphate application was found non-

significant.

412 Tillersm™



Data related to the effect of varieties, zinc sulphate application and their

interaction on tiller m™ at 40, 60 and 80 DAS are presented in Table 4 and 5.

Tillers m™ was significantly influenced by varieties at all the stages of
observation. Results showed that the highest number of tillers m2was documented in
Prathyasa (V3) throughout the stages of observation. APO 1 (V,) recorded the lowest
number of tiller m? at 40 DAS and Anna 4 (V) at 60 and 80 DAS.

Effect of zinc sulphate application on tillers m™ was significant only at 40 and
60 DAS. During 40 DAS S (soil application of ZnSO,4 @ 20 kg ha™") recorded higher
number of tillers m~and it was statistically comparable with S; (seed priming @ 2g
kg seed + foliar application @ 0.5 per cent during active tillering and panicle
initiation stage). However, at 60 DAS the highest number of tillers m™
wasdocumented in S; and it was statistically comparable with S4. At both the stages

the lowest number of tillers m™ was recorded in Ss (control).

Interaction between varieties and zinc sulphate application was found
significant only at 80 DAS. The treatment combination V3Ssrecorded the highest
number of tillers m? and it was statistically comparable with V,S4, V3S,, Vi3S, V.S,

and VzS3.

Table 2. Effect of varieties and zinc sulphate application on plant height at 40, 60 and

80 DAS, cm.

Treatments Plant height

40 DAS 60 DAS 80 DAS
Varieties (V)
Vv, 61.27 77.61 97.05
V, 63.12 89.38 113.17
V; 61.86 82.18 94.17
SE m (£) 0.85 1.59 2.07
C.D (0.05) NS 4.637 6.045
Zinc sulphate application (S)
S 61.12 83.80 99.81




S, 60.46 83.91 100.67
S5 63.68 85.37 105.32
S, 63.17 80.12 100.98
S5 61.98 82.08 100.53
SE m (£) 1.10 2.05 2.68
C D (0.05) NS NS NS

NS — Not significant

Table 3. Interaction effect of varieties and zinc sulphate application on plant height at

40, 60 and 80 DAS, cm.

Treatments Plant height

40 DAS 60 DAS 80 DAS
V1S, 61.80 83.26 99.56
ViS;, 61.56 80.73 97.33
ViS; 62.06 77.33 96.73
ViS4 62.76 69.20 97.96
ViSs 58.16 77.53 93.66
VS, 62.46 84.40 104.10
V,S, 58.50 91.13 113.16
V1S; 66.96 94.86 120.26
V1S4 63.56 87.73 112.40
VS5 64.13 88.76 115.93
VsS, 59.10 83.73 95.76
V;S, 61.33 79.86 91.53
V3S3 62.03 83.93 98.96
V3S, 63.20 83.43 92.60
V3Ss 63.66 79.96 92.00
SE m (%) 1.90 3.56 4.64




C.D (0.05) NS NS NS

NS — Not significant

Table 4. Effect of varieties and zinc sulphate application on tillers m™at 40, 60 and 80

DAS, nos.

Treatments Tillersm™

40 DAS 60 DAS 80 DAS
Varieties (V)
Vi 181.33 281.60 330.4
V, 155.46 290.13 382.7
Vs 185.60 299.46 395.2
SE m (£) 1.60 3.84 4.93
C D (0.05) 12.112 11.187 16.476
Zinc sulphate application (S)
Si 167.11 278.22 368.889
S> 170.22 293.33 371.556
S; 182.22 316.00 379.556
S4 188.44 311.11 370.222
Ss 162.66 253.33 356.889
SE m (£) 2.07 4.96 6.37
CD (0.05) 15.63 14.443 NS

NS — Not significant
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Table 5. Interaction effect of varieties and zinc sulphate application on Tillers m™at

40, 60 and 80 DAS, nos.

Treatments Tillers m™

40 DAS 60 DAS 80 DAS
V1S, 186.66 272.00 330.7
VS, 168.00 280.00 357.3
ViS; 184.00 304.00 3253
ViS4 200.00 306.66 326.7




VSs 168.00 24533 312.0
VS 146.66 280.00 394.7
VS, 166.66 296.00 3533
VS, 154.66 306.66 393.3
V1S, 168.00 304.00 408.0
VaSs 141.33 264.00 364.0
V3S; 168.00 282.66 400.0
VS, 176.00 304.00 404.0
V3Ss 208.00 337.33 420.0
V5S4 197.33 322.66 376.0
V3Ss 178.66 250.66 376.0
SE m (£) 3.59 8.59 11.30
C.D (0.05) NS NS 36.839

NS — Not significant
4.1.3 Leaf AreaIndex (LAI)

Data concerned to the influence of varieties, zinc sulphate application and their

interaction on LAI during 40 DAS and 60 DAS is furnished in the Table 6 and 7.

The varieties had no effect on LAI during 40 DAS but it was found to be
significant at 60 DAS and Prathyasa (V3) recorded the highest LAI and the lowest LAI
was recorded in APO 1 (V)).

The effect of zinc sulphate application on LAI was found to be significant at
both 40 and 60 DAS. The treatment S; (seed priming @ 2g kg seed + foliar
application @ 0.5 per cent during active tillering and panicle initiation stage) recorded
higher LAI at 40 DAS and it was statistically comparable with S4 (soil application @
20 kg ha™). However, at 60 DAS, the treatment s, recorded the highest LAI and it was

statistically comparable with all treatments except Ss (control).



The interaction effect between varieties and zinc sulphate application was
found to be significant only at 40 DAS and it was the highest in V;S;_and the lowest
in V3Ss.

4.1.4 Root shoot ratio

The data on the root shoot ratio recorded at 50 per cent flowering is presented

in Table & and 9.

Variety had significant effect on root shoot ratio and it was the highest in APO
1 (V,) and the lowest was in v; Anna 4 (V)).

Zinc sulphate application had significant effect on root shoot ratio and the
treatment S4(soil application @ 20 kg ha™) recorded higher root shoot ratio (0.652)
and it was significantly better to other method of zinc sulphate application. The

control treatment (Ss) recorded the lowest root shoot ratio (0.423).

The interaction effect was significant and the treatment combination
V,Surecorded significantly higher root shoot ratio and the lowest was recorded in

VaSs,
4.1.5 Dry Matter Production (DM P)

Data concerning the effect of varieties, zinc sulphate application and their

interaction are presented in Table 8 and 9.

The varieties had significant effect on DMP at harvest. Prathyasa (V3)
recorded the highest DMP and it was statistically comparable with V, (APO 1) and
Anna 4 (V) recorded the lowest DMP.

The application of zinc sulphate also significantly influenced the DMP and the
treatment Sy(soil application @ 20 kg ha™” recorded the highest DMP and it was
statistically on par with Ss(seed priming @ 2g kg™' seed + foliar application @ 0.5 per
cent during active tillering and panicle initiation stage). The treatment Ss (control)

recorded the lowest DMP.

The interaction effect of varieties and zinc sulphate application was also found

to be significant and the treatment V,Ssrecorded the highest DMPand it was



significantly superior to others. The treatment combination V,Ssrecorded the lowest

DMP.

Table 6. Effect of varieties and zinc sulphate application on LAI at 40 and 60 DAS

Treatments LAI

40 DAS 60 DAS
Varieties (V)
Vi 3.34 5.88
V, 3.11 6.36
V3 3.04 7.07
SE m (£) 0.12 0.18
C.D (0.05) NS 0.530
Zinc sulphate application (S)
S 2.48 6.58
S, 3.30 6.79
S3 3.81 6.59
S4 3.61 6.81
Ss 2.61 5.41
SE m (£) 0.15 0.23
C D (0.05) 0.460 0.684

NS — Not significant

Table 7. Interaction effect of varieties and zinc sulphate application on LAI

Treatments LAI
40 DAS 60 DAS

VS, 2.26 6.41
ViS, 3.62 6.44
ViSs 4.75 5.84
ViS4 3.56 5.71
ViSs 2.50 4.99
V1S, 2.77 6.87




VS, 3.23 6.85
VaS; 3.14 6.57
V2Ss 3.33 6.79
VaS; 3.10 474
VS, 2.40 6.47
VS, 3.07 7.36
V3S; 3.56 7.08
VsS4 3.93 7.92
V5Ss 2.23 6.52
SEm () 0.27 0.40
C.D (0.05) 0.796 NS

NS — Not significant

Table 8. Effect of varieties and zinc sulphate application on root shoot ratio at 50 %

flowering and dry matter production at harvest.

Treatments Root shoot ratio Dry matter production (kg ha™)
Varieties (V)

Vi 0.539 7,863.70
V, 0.632 9,041.28
V; 0.540 9,479.59
SE m (£) 0.019 137.51
C D (0.05) 0.054 400.433
Zinc sulphate application (S)

S 0.458 8,745.67
N 0.594 8,607.40
S3 0.652 9,985.12
S4 0.727 10,237.33
Ss 0.423 6,398.76




SE m (£) 0.024 177.53

C D (0.05) 0.070 516.957

Table 9. Interaction effect of varieties and zinc sulphate application on root shoot ratio

at 50 % flowering and dry matter production at harvest.

Treatments Root shoot ratio Dry matter production (kg ha™)
ViSi 0.375 8,255.55
ViS, 0.517 8,222.22
ViS; 0.706 8,555.56
ViS4 0.713 8,559.26
ViSs 0.385 5,725.92
V.S, 0.417 8,988.88
VaS, 0.514 8,085.18
VaS; 0.859 10,688.89
V1S4 1.009 11,732.37
V2Ss 0.362 5,711.11
Vi3S 0.582 8,992.59
ViS, 0.752 9,514.81
VsS; 0.389 10,710.92
VsS4 0.457 10,420.37
V3Ss 0.521 7,759.24
SE m () 0.042 307.50
C.D (0.05) 0.121 895.396

4.2 PHYSIOLOGICAL PARAMETERS
4.2.1 Crop Growth Rate (CGR)

Varieties and zinc sulphate application is significantly influencing the Crop
growth rate at 40-60 DAS and 60-80 DAS. Interaction effect had a significant effect
on CGR at 40-60 DAS only and the results are furnished in Table 10 and 11.




Among the varieties, APO 1 (V) recorded the highest CGR at both the stages

of observation however, at 40-60 DAS, it was statistically comparable with Prathyasa

(V).

Among the zinc sulphate application, Sy (soil application @ 20 kg ha™)
recorded the highest CGR throughout the stages of observation and it was statistically

superior to all other treatments and the lowest CGR was recorded in Ss.

Results on interaction effect of varieties and zinc sulphate application on CGR
at 40-60 DAS revealed that CGR was better in the treatment combination V,Ssand it
was statistically comparable with V3S4, VS4, V2S5 and V;Ss. The interaction effect
was not significant during 60-80 DAS.

Table 10. Effect of varieties and zinc sulphate application on CGR

Treatments CGR (g m* day'l)
40-60 DAS 60-80 DAS
Varieties (V)
Vi 16.29 22.02
V, 20.62 27.37
V; 19.87 25.47
SE m (£) 0.69 0.49
C D (0.05) 2.019 1.454
Zinc sulphate application (S)
Sy 16.15 21.84
N 17.29 23.85
S3 22.39 28.15
S4 25.13 31.44
Ss 13.68 19.48
SE m (£) 0.89 0.64
CD (0.05) 2.606 1.877

Table 11. Interaction effect of varieties and zinc sulphate application on CGR




Treatments CGR (g m” day™)
40-60 DAS 60-80 DAS

V.S, 9.48 8.6
vis, 1150 21.67
ViS; 21.46 25.02
ViS4 24.33 28.62
ViSs 14.70 16.13
VS, 20.85 24.89
V,S, 19.74 24.23
V,S; 22.93 30.75
V1S4 26.65 33.59
V2S5 12.96 23.39
V3S, 18.12 21.97
VS, 20.64 25.64
V3S; 22.78 28.68
ViS4 24 .41 32.13
V3Ss 13.38 18.92
SEm (2) 155 111
C.D (0.05) 4514 NS

NS — Not significant
4.2.2 Chlorophyll Content

Results on the effect of varieties, zinc sulphate application and their interaction
effect on chlorophyll content at 50 per cent flowering stage are presented in Table 12

and 13.

The effect of varieties on chlorophyll content was found to be non-significant.
However, the effect of zinc sulphate application was found to be significant and
treatment S4 (soil application @ 20 kg ha™) recorded the highest chlorophyll content
(2.027 mg g') among the treatments and d the lowest was recorded in S; (seed

priming @ 2g kg™’ seed).




The effect of interaction of varieties and zinc sulphate application was found to

be non-significant.
4.2.3 Relative Water Content

Data on the effect of varieties, zinc sulphate application and their interaction
on relative water content at 50 per cent flowering stage is presented in Table 12 and

13.

Varieties and zinc sulphate application had significant effect on relative water
content at 50 per cent flowering stage. Among the varieties, variety APO 1 (V)
recorded the highest relative water content and it was statistically superior to other

varieties. Prathyasa recorded the lowest relative water content.

Among the zinc sulphate application, Si(seed priming @ 2g kg™ seed + foliar
application @ 0.05 per cent at active tillering and panicle initiation) recorded the
highest relative water content and it was significantly superior to other methods of
zinc sulphate application. The lowest relative water content was recorded in Ss

(Control).

The interaction effect of varieties and zinc sulphate application on relative

water content during 50 per cent flowering was non-significant.
4.2.4 Soluble Protein

Data obtained on the effect of varieties, zinc sulphate application and their
interaction on soluble protein content at 50 per cent flowering are furnished in Table

12 and 13.

The effect of varieties was found to be significant and the treatment Prathyasa
(V3) recorded the highest soluble protein and it was statistically comparable with
APO1 (V;). The variety Anna 4 (V) recorded the lowest soluble protein among the

varieties.

The effect of zinc sulphate application was also found to be significant and the
treatment Si(seed priming @ 2g kg™ seed + foliar application @ 0.05 % at active

tillering and panicle initiation) recorded the highest soluble protein and it was



statistically comparable with S, (foliar application @ 0.05 % at active tillering and
panicle initiation stage) and S, (soil application @ 20 kg ha™). The lowest soluble

protein was recorded in Ss (control).

The interaction effect was also found to be significant and the treatment
combination ViSgrecorded the highest soluble protein, which was statistically

comparable with V;S,andV,S;.

Table 12. Effect of varieties and zinc sulphate application on Chlorophyll content,

Relative water content and soluble protein content at 50 per cent flowering.

Treatments Chlorophyll Relative Water Soluble protein (mg mL"
content (mg g Content (%) h
)
Varieties (V)
Vi 2.018 35.73 (34.10) 0.289
Vs 2.017 39.90 (41.11) 0.312
V3 2.017 34.77(32.52) 0.346
SE m (£) 0.001 1.35 0.012
C D (0.05) NS 3.958 0.035
Zinc sulphate application (S)
S 2.013 38.21 (38.25) 0.257
S> 2.017 36.86(35.98) 0.357
S3 2.014 39.93(41.19) 0.365
S4 2.027 37.20 (36.55) 0.353
Ss 2.016 31.77(27.72) 0.246
SE m (&) 0.001 1.75 0.016
C D (0.05) 0.004 5.109 0.045

The values in the parenthesis are the original and they are subjected to arc sine

transformation
NS — Not significant

Table 13. Interaction effect of varieties and zinc sulphate application on chlorophyll

content, Relative water content and soluble protein content.



Treatments | Chlorophyll Relative water content Soluble protein (mg
content (mg g (%) mL™)
H
VS, 2.013 40.18 (41.62) 0.230
V1S, 2.019 34.39 (31.90) 0.295
ViS; 2.013 38.79(39.24) 0.333
ViS4 2.026 36.09(34.69) 0.286
ViSs 2.020 29.19(23.78) 0.302
VS, 2.013 36.79(35.86) 0.225
V1S, 2.014 38.19(38.22) 0.449
Vs,S; 2.015 46.35 (52.35) 0.412
A\ 2.027 43.97 (48.20) 0.324
V1S5 2.016 34.18(31.56) 0.154
V38, 2.012 37.67(37.34) 0.317
VsS, 2.018 38.01(37.92) 0.329
V3S; 2.014 34.66 (32.34) 0.351
V3S, 2.029 31.55 (27.37) 0.450
V;Ss 2.012 31.95 (27.72) 0.282
SE m (+) 0.002 0.027
C.D (0.05) NS 0.078

The values in the parenthesis are the original and they are subjected to arc sine

transformation.

NS — Not significant

4.2 5 Proline Content

Effect of varieties, zinc sulphate application and their interaction on proline

content at 50 per cent flowering are extended in Table 14 and 15.

The effect of varieties was found to be significant. Among the varieties, APO

1 (V,) recorded the highest proline content and it was significantly superior compared

to other two varieties. Anna 4 (V) recorded the lowest proline content.




The effect of zinc sulphate application was significant on proline content and
the treatment Ss(seed priming @ 2g kg™’ seed + foliar application @ 0.05 % at active
tillering and panicle initiation) recorded the highest proline content and it was
significantly superior to others. The treatment Ss (control) recorded the lowest proline

content.

The interaction effect of varieties and zinc sulphate application was also
significant and the treatment combination V,S;recorded the highest proline content

and the lowest was recorded in V;S;.
4.2.6 Stomatal conductance

Data obtained son the effect of varieties, zinc sulphate application and their
interaction on stomatal conductance at 50 per cent flowering are furnished in Table 14

and 15.

The effect of varieties on stomatal conductance was significant and it was

higher in Prathyasa (V3) and the lowest was in Anna 4 (V).

The application of zinc sulphate was also had a significant effect on stomatal
conductance at 50 per cent flowering. The treatment S, (foliar application @ 0.05 % at
active tillering and panicle initiation stage) recorded the highest stomatal conductance
and it was statistically comparable with Si(seed priming @ 2g kg seed + foliar
application @ 0.05 % at active tillering and panicle initiation) and S4 (soil application
@ 20 kg ha™"). The treatment S, (seed priming @ 2g kg seed) recorded the lowest

stomatal conductance and it was statistically comparable with Ss (control).

The interaction effect of varieties and zinc sulphate application on stomatal
conductance was significant and the treatment combination V;S,recorded the highest

stomatal conductance and it was statistically comparable with V3S; and V3S,.

Table 14. Effect of varieties and zinc sulphate application on proline content and

stomatal conductance at 50 per cent flowering

Treatments Proline (1 mole per g) Stomatal conductance

(mmol m™ s?)




Varieties (V)

A\ 0.029 13.13
V, 0.046 16.74
V3 0.036 19.45
SE m (£) 0.001 0.464
CD (0.05) 0.003 1.352
Zinc sulphate application (S)

Sy 0.029 14.60
N 0.033 17.97
S3 0.050 17.24
S4 0.045 16.40
Ss 0.028 15.99
SE m (£) 0.001 0.600
C D (0.05) 0.004 1.746

Table 15. Interaction effect of varieties and zinc sulphate application on proline

content and stomatal conductance

Treatments Proline (1 mole per g) Stomatal conductance
(mmol m™ s?)
V1S, 0.022 12.50
ViS, 0.032 13.53
V1S3 0.031 12.50
ViS4 0.036 12.06
ViSs 0.023 15.05
V.S, 0.039 16.70
V.S, 0.032 17.80
V,Ss3 0.082 17.73
V1S4 0.045 15.73
V,Ss 0.032 15.76
VsS, 0.025 14.60




VS, 0.035 22.60
V3S; 0.038 21.50
VsS4 0.055 21.40
V;3Ss 0.027 17.16
SEm (¢) 0.003 1.03
C.D (0.05) 0.007 3.024

4.3 YIELD PARAMETERS
4.3.1 Daysto 50 per cent flowering

Effect of varieties, zinc sulphate application and their interaction on days to 50

per cent flowering are extended in the Table 16 and 17.

Varieties, Zinc sulphate application and their interaction did not have any

significant effect on days to 50 per cent flowering.
4.3.2 Number of paniclesm™

Data related to effect of varieties, zinc sulphate application and their

interaction effect on number of panicles m™ is extended in Table 16 and 17.

The influence of varieties on panicles m™ was found to be significant was
found to be significant and Prathyasa (V3) recorded the highest number of panicles m’
%(358.13) and it was statistically comparable with APO 1 (V). The lowest number of

panicles m™ was recorded in Anna 4 (V).

Zinc sulphate application had significant effect on number of panicles m™
(386.66). The treatment S; (seed priming @ 2g kg™ of seed + foliar application @ 0.5
per cent at active tillering and panicle initiation stage) recorded the highest number of
panicles m™ and it was significantly superior to other method of application and the

control treatment (Ss) recorded the number of panicles per m”.

Number of panicles m™ was also significantly influenced by interaction

between varieties and zinc sulphate application. Number of panicles m™>was recorded



the highest in V3S; and it was statistically comparable with V3S4, V,S4, V3S;, V2Ss

andV3S,.The treatment combination V;S; documented lowest number of panicle m>.

4.3.3 Paniclelength

Effect of varieties, zinc sulphate application and their interaction on panicle

length are presented in Table 16 and 17.

The effect of varieties on panicle length was significant and Anna 4 (V))
recorded the panicle with the highest panicle length and it was statistically superior to

other varieties and Prathyasa (V3) recorded panicles with shorter length compared to

APO 1 and Anna 4.
Interaction effect was non-significant.

Table 16. Effect of varieties and zinc sulphate application on days to 50 per cent

flowering, number of panicles m™ and panicle length.

Treatments 50 per cent Number of panicles Panicle length
flowering (days) m” (cm)
Varieties (V)
Vi 69.53 291.73 26.72
V, 71.46 346.66 24.88
V; 68.40 358.13 23.94
SE m (£) 0.904 5.785 0.602
C.D (0.05) NS 14.369 1.753
Zinc sulphate application (S)
Sy 69.11 324.44 23.85
N 70.00 327.77 25.00
S3 69.33 386.66 24.98
S4 68.22 338.88 25.17
Ss 72.33 303.55 26.91
SE m (£) 1.16 7.461 0.777
C.D (0.05) NS 18.550 NS

NS — Not significant




Table 17. Interaction effect of varieties and zinc sulphate application on days to 50 per

cent flowering, number of panicles m™ and panicle length.

Treatments 50 per cent Number of Panicle length
flowering (days) panicles m? (cm)
ViS, 68.00 262.00 24.43
V1S, 70.00 307.33 25.93
ViS; 69.33 328.66 27.26
ViS4 68.00 280.00 26.36
ViSs 72.33 280.66 29.63
VaS, 71.33 344.66 22.96
V.S, 71.00 320.00 23.76
V,S;3 69.66 366.22 25.10
V1S, 69.33 368.00 25.76
Vs,Ss 76.00 314.00 26.83
VsS, 68.00 366.66 24.16
VS, 69.00 356.00 25.30
V3S; 69.00 383.33 22.60
V3S,4 67.33 368.66 23.40
V3Ss 68.66 316.00 24.26
SE m (£) 2.02 12.924 1.346
C.D (0.05) NS 32.129 NS

NS — Not significant

4.3.4 Panicle weight

Data obtained on the effect of varieties, zinc sulphate application and their

interaction on panicle weight are extended in Table 18 and 19.

Effect of varieties on panicle length was significant. Panicle weight was higher

in APO 1 (V;) and it was statistically comparable with Anna 4 (V).

Panicle weight showed significant difference with the application of zinc
sulphate. Panicle weight was the highest in S;(foliar application @ 0.5 per cent at

active tillering and panicle initiation stage) and it was statistically comparable with S;



(seed priming @ 2g kg™ of seed + foliar application @ 0.5 per cent at active tillering
and panicle initiation stage) and S, (soil application @ 20 kg ha™). Panicle weight
was recorded the lowest in S; (seed priming @ 2g kg™ of seed).

The interaction effect of varieties and zinc sulphate application on panicle
weight was significant and it was the highest in V;S; and it was statistically

comparable with V,S,, V1S4, ViS,, V)Ss, VoS3, ViSsand Vi Ss.
4.3.5 Filled grains per panicle

Data pertaining to effect of varieties, zinc sulphate application and their

interaction on filled grains per panicle are presented in Table 18 and 19.

Effect of varieties on filled grains per panicle was significant and it was the
highest in Parthyasa (V3) and it was statistically comparable with APO 1 (V). Anna 4
(V1) recorded the lowest filled grains per panicle and it was statistically comparable

with APOLI.

Effect of zinc sulphate application on filled grains per panicle was significant.
Treatment, Ss(seed priming @ 2g kg'of seed + foliar application @ 0.5 per cent at
active tillering and panicle initiation stage) recorded the highest number of filled
grains per panicle and it was statistically comparable with S4. The control treatment

(Ss) recorded the lowest number of filled grains per panicle.

Interaction effect was significant and the highest number of filled grains per
panicle recorded in V3Ssand it was statistically comparable with VS4, V,Ss,

V3S,andV;S;. The lowest number of filled grains per panicle in V;Ss.
4.3.6 Sterility percentage

Data related to the effect of varieties, zinc sulphate application and their

interaction is presented in the Table 18 and 19.

The effect of varieties on sterility percentage was significant. Anna 4 (V))
recorded the lowest sterility percentage and it was statistically comparable with APO

1 (V). Sterility percentage was the highest in Prathyasa (V3).



Sterility percentage was influenced by zinc sulphate application. The treatment
S; (seed priming @ 2g kg of seed + foliar application @ 0.5 per cent at active
tillering and panicle initiation stage) recorded the lowest sterility percentage and it
was found significantly superior to other treatments. S; (seed priming @ 2g kg of
seed) recorded the highest sterility percentage and it was statistically comparable with

control (Ss).

The interaction effect was significant and the treatment combination
V;S;recorded the lowest sterility percentage and it was statistically comparable with

ViS,.

Table 18. Effect of varieties and zinc sulphate application on panicle weight, filled

grains per panicle and sterility percentage.

Treatments Panicle weight | Filled grains per Sterility percentage
(2) panicle (No.)

Varieties (V)
Vi 12.57 140.1 10.05 (18.49)
Vs 13.46 146.2 10.81 (19.20)
V3 11.15 156.6 13.62 (21.66)
SE m (%) 0.454 3.594 0.409
C.D (0.05) 1.321 10.465 1.191
Zinc sulphate application (S)
S 10.97 144.4 15.01 (22.80)
S> 13.77 136.0 9.8 (18.25)
S; 13.44 163.4 7.8 (16.32)
S4 12.47 160.5 10.83 (19.22)
Ss 11.32 134.0 14.42 (22.32)
SE m (&) 0.586 4.640 0.528
C.D (0.05) 1.705 13.511 1.538

The values in the parenthesis are the original and they are subjected to arc sine

transformation



Table 19. Interaction effect of varieties and zinc sulphate application on panicle

weight, filled grains per panicle and sterility percentage.

Treatments Panicle weight | Filled grains per Sterility percentage
(2) panicle (No.)

V1S, 8.70 144.0 16.82 (24.22)
V1S, 13.85 105.3 6.02 (14.21)
V1S3 15.46 151.3 4.95 (12.86)
ViS4 12.24 168.7 10.7 (19.12)
ViSs 12.60 131.3 14.0 (22.01)
VS, 11.80 134.3 13.04 (21.17)
V.S, 14.80 146.3 9.8 (18.26)
V,S; 13.24 163.6 8.88 (17.34)
V1S4 14.15 152.0 9.82 (18.27)
V,Ss 13.30 135.0 12.78 (20.95)
V;S, 12.40 155.0 15.26 (23.00)
ViS; 12.65 156.3 14.37 (22.28)
V;S;3 11.63 175.3 10.33 (18.75)
V3S, 11.03 161.0 12.40 (20.62)
V3Ss 8.05 135.6 16.54 (24.00)
SE m (£) 1.014 8.036 0.915
C.D (0.05) 2.953 23.401 2.664

The values in the parenthesis are the original and they are subjected to arc sine

transformation
4.3.7 Thousand grain weight

Data obtained on the effect of varieties, zinc sulphate application and their

interaction effect on thousand grain weight are extended in Table 20 and 21.

Effect of varieties on thousand grain weight was found significant and it was
the highest in Anna 4 (V;) and was statistically comparable with APO 1 (V) and
Prathyasa (V3).



The effect of zinc sulphate application was also found significant. The
treatment S (seed priming @ 2g kg 'of seed + foliar application @ 0.5 per cent at
active tillering and panicle initiation stage) recorded the highest test grain weight
(30.g) and it was statistically comparable with S;(seed priming @ 2g kg of seed), Ss
(control) and Sy(foliar application @ 0.5 per cent at active tillering and panicle

initiation stage).

The interaction effect also influenced the parameter and it was the highest in

V,S;and it was statistically comparable with V3S;, VS,, V,Ss, V2S, ViS4 and V;S;.
4.3.8 Grainyield

Data obtained on effect of varieties, zinc sulphate application and their

interaction are presented in Table 20 and 21.

Effect of varieties on grain yield was significant and the highest grain yield of
3524.0 kg ha” was documented in Prathyasa (V3) and it was statistically superior to
others and Anna 4 (V) recorded the lowest grain yield (2554.1 kg ha™') among the

varieties.

Effect of zinc sulphate application on grain yield was significant and was the
highest with S3 (seed priming @ 2g kg of seed + foliar application @ 0.5 per cent at
active tillering and panicle initiation stage) and it can be statistically compared with S4
(soil application of zinc sulphate @ 20 kg ha™) and the lowest grain was recorded in

control (Ss).

The interaction effect was also significant and the treatment
combinationV3Ssrecorded the highest grain yield of 4384.99 kg ha' and was
statistically comparable with V,S3, V,Ssand V;3S,.

4.3.9 Straw yield

Data related to the effect of wvarieties, zinc sulphate application and their

interaction are furnished in Table 20 and 21.



The effect of varieties on straw yield was found to be significant. The variety

V, (APO 1) recorded the highest straw yield and it was statistically comparable with

Prathyasa (V3). The straw yield was the lowest in Anna 4 (V)).

The effect of zinc sulphate application on straw yield was also significant and

it was superior in S4 (soil application @ 20 kg ha ') and it was statistically

comparable with S; (Seed priming @ 2g kg'of seed + foliar application @ 0.5 per

cent at active tillering and panicle initiation stage) and S, (seed priming @ 2g kg™ of

seed). The lowest straw yield was recorded in control (Ss).

Straw yield was significantly influenced by the interaction effect of varieties

and zinc sulphate application. Straw yield was higher in V,Ssand it was statistically

superior to other treatment combinations. The lowest straw yield was recorded by the

treatment combination V;Ss.

Table 20. Effect of varieties and zinc sulphate application on thousand grain weight,

grain yield and straw yield.

Treatments Thousand grain Grain yield (kg ha” | Straw yield (kg ha’
weight (g) ' 'y
Varieties (V)
Vi 29.6 2554.07 5,309.63
V, 28.9 2,948.82 6,092.46
V; 28.1 3,524.03 5,955.55
SE m (£) 0.675 47.967 132.146
C.D (0.05) 1.09 139.671 384.788
Zinc sulphate application (S)
S 29.1 2700.00 6,045.67
N 28.6 3053.08 5,554.32
S3 30.0 3,877.71 6,107.40
S4 27.7 3,760.99 6,476.33
Ss 29.0 1653.08 4,745.67
SE m (£) 0.871 61.925 170.600
C.D (0.05) 1.41 180.315 496.759




Table 21. Interaction effect of varieties and zinc sulphate application on thousand

grain weight, grain yield and straw yield.

Treatments Thousand grain Grain yield (kg Straw yield (kg
weight (g) ha™') ha™)

V1S, 29.39 2,444 .4 5811.11
ViS, 30.33 2,900.0 5,322.22
ViS; 31.76 2,977.7 5,577.78
ViS4 29.39 2,922.2 5,637.04
ViSs 26.91 1,525.9 4200.00
V)S, 29.73 2377.7 6611.11
V1S, 28.17 2,640.7 5444.60
V1S; 29.26 4270.3 6,418.52
V1S4 27.98 4199.6 7,532.70
Vs,Ss 29.77 1,255.5 4,455.55
Vi3S, 30.62 3,277.78 5714.81
VsS, 27.21 3,618.5 5,896.29
V3S; 29.11 4,384.99 6,325.92
ViS4 25.85 4,161.11 6,259.26
V3Ss 27.86 2,177.76 5,581.48
SE m (£) 1.50 107.257 295.488
C.D (0.05) 2.44 312.315 860.412
4.4 CHEMICAL ANALYSIS

4.4.1 Organic carbon content of soil after the experiment

Data obtained on the effect of varieties, zinc sulphate application and their

interaction areextended in Table 22 and 23.



The effect of varieties and zinc sulphate application on organic carbon status

of post experiment soil was found to be not-significant.

The interaction effect of varieties and zinc sulphate application was found to
be significant. It was the highest in the treatment combination V,Ssand V,Ssand was
statistically on par with all treatment combinations except V,S,, V3S,, V3S;, VS; and

ViS..
4.4.2 Available Soil N Status of Post Experiment Soil

Results on the effect of varieties, zinc sulphate application and their interaction

on available nitrogen are depicted in Table 22 and 23.

The effect of varieties on available soil nitrogen was found to be non-

significant.

However, the effect of zinc sulphate application on available soil N was
significant. The treatment Ss (Control) recorded the highest available soil N was
statistically comparable with S; (seed priming @ 2g kg'of seed). The control

treatment (S4) recorded the lowest available soil N.

The interaction effect was found significant. The treatment combination
V,S;recorded higher available soil nitrogen and it was statistically comparable with all

treatments except V,S4 and VS,.
4.4.3 Available Soil P Status of Post Experiment Soil

Data related to the effect of varieties, zinc sulphate application and their

interaction on available phosphorus in the soil is presented in Table 22 and 23.
The effect varieties on available phosphorus was found to be non-significant.

However, the effect of zinc sulphate application on available P status of post
experiment soil was found to be significant and it was the highest in S; (soil
application @ 20 kg ha™) and the lowest in S, (foliar application @ 0.05 % at active

tillering and panicle initiation stage).



The interaction effect of varieties and zinc sulphate application was found to
be significant and it was the highest in the treatment combination V;Ssand it was

significantly comparable with V,S4andV;S,.

Table 22. Effect of varieties and zinc sulphate application on organic carbon status,

available nitrogen, available phosphorus after the experiment.

Treatments Organic carbon Available Available
(%) nitrogen(kg ha™) phosphorus(kg ha™)
Varieties (V)
Vi 0.718 244.82 16.77
V, 0.730 267.47 18.11
V3 0.715 289.24 16.94
SE m (£) 0.005 17.994 0.450
C.D (0.05) NS NS NS
Zinc sulphate application (S)
S 0.718 285.09 16.03
Sy 0.711 236.13 14.28
S3 0.728 266.91 18.26
S4 0.724 173.52 22.49
Ss 0.725 374.23 15.30
SE m (£) 0.006 23.230 0.580
C.D (0.05) NS 67.643 1.690

NS — Not significant

Table 23. Interaction effect of varieties and zinc sulphate application on organic

carbon status, available nitrogen, available phosphorus after the experiment.

Treatments Organic carbon Available Available
(%) nitrogen(kg ha™") phosphorus(kg ha™')
V1S, 0.726 226.49 14.04
V1S, 0.735 213.60 15.68
ViS; 0.702 289.21 16.12




ViS4 0.705 142.86 2431
V1S 0.721 351.93 13.70
VS, 0.726 251.58 20.16
VS, 0.699 205.58 14.18
VaS; 0.741 301.76 17.52
ViS4 0.742 176.31 21.72
VaSs 0.742 402.10 16.99
VS, 0.702 377.20 13.89
VsS, 0.699 289.21 12.99
V3S; 0.740 209.77 21.15
VsS4 0.724 201.40 21.45
V3Ss 0.712 368.65 15.23
SEm () 0.011 40.236 1.005
C.D (0.05) 0.033 NS 2.927

NS — Not Significant
4.4.4 Available Soil K Status of Post Experiment Soil

Results on the effect of varieties, zinc sulphate application and their interaction

on available soil potassium status of post experiment is presented in Table 24 and 25.

The effect of varieties on available K status of post experiment soil was non-

significant.

The effect of zinc sulphate application on available K status of post experiment
soil was found to be significant and it was the highest in Ss (control) and it was
statistically superior to other treatments. Available soil potassium was recorded the
lowest in the treatment Ss(seed priming @ 2g kg™ seed + foliar application @ 0.05 %

at active tillering and panicle initiation stage).

The interaction effect of varieties and zinc sulphate application was found to
be significant and the treatment combination V,Ss recorded the highest available soil
K and was statistically comparable with V,S;. The treatment combination V,S;

recorded the lowest available soil K.



4.4.5 Available Soil Zn Status of Post Experiment Soil

Data pertaining to the effect of varieties, zinc sulphate application and their

interaction on available zinc content of post experiment soil are presented in Table 24

and 25.

The effect of varieties on available zinc status was found significant. Variety
Anna 4 (V) recorded the highest available soil Zn status and the lowest was recorded

in Prathyasa (V3).

The effect of zinc sulphate application was found to be significant on available
zinc content in the soil after the experiment. The available zinc content was the
highest in S4 (soil application @ 20 kg ha™) and the lowest in S; (seed priming @ 2g
kg of seed).

The interaction effect was also significant and the treatment combination
V;Surecorded the highest available soil zinc content and it was significantly superior
over other treatments. The treatment combination V3S; (0.180 mg g') recorded the

lowest available zinc content.

Table 24. Effect of varieties and zinc sulphate application on available potassium and

available zinc content after the experiment.

Treatments Available potassium (kg ha™) Available zinc (mg kg™)
Varieties (V)

Vi 139.54 0.483
\%Z 134.74 0.407
V3 132.51 0.401
SE m (£) 2.424 0.011
C.D (0.05) NS 0.032
Zinc sulphate application (S)

S 166.88 0.226
S> 135.90 0.338
S3 87.04 0.424

S4 112.08 0.892




Ss 176.09 0.272

SEm () 3.130 0.014

C.D (0.05) 9.113 0.042

NS — Not significant

Table 25. Interaction effect of varieties and zinc sulphate application on available

potassium and available zinc content after the experiment.

Treatments Available potassium (kg ha™) Available zinc (mg kg™)
ViS, 167.18 0.283
V1S, 125.36 0.383
ViS; 98.36 0.500
ViS4 122.35 0.970
ViSs 184.47 0.280
VS, 174.70 0.213
V)S, 149.51 0.280
V,S; 73.69 0.373
A\ 110.04 0.903
V1S5 165.76 0.263
V38, 158.75 0.180
Vi3S, 132.82 0.350
V3S; 89.07 0.400
V3S, 103.87 0.803
V;Ss 178.06 0.273
SE m (£) 5.421 0.025
C.D (0.05) 15.784 0.072

4.4.6 Nitrogen Uptake by Crop.

Effect of varieties, zinc sulphate application and their interaction on N uptake

by crop are furnished in Table 26 and 27.

The effect of varieties on N uptake by crop was found to be non-significant.




The effect of zinc sulphate application on nitrogen uptake was found to be
significant and the treatment S, (soil application @ 20 kg ha™) recorded the highest N
uptake by crop and the lowest in Ss (control).

The interaction effect was significant and the treatment combination
V,Ssrecorded the highest nitrogen uptake and it was statistically comparable with

V3S4and V,Ss. The lowest N uptake by crop was recorded in in V,S;,
4.4.7 Phosphorus Uptake by Crop

Results on the effect of varieties, zinc sulphate application and their interaction

on P uptake by crop are presented in Table 26 and 27.

The effect of varieties and zinc sulphate application were found to be

significant on phosphorus uptake.

Among the varieties, Prathyasa (V3) recorded the highest uptake and it was
statistically on par with Anna 4 (V;) and the lowest P uptake was recorded in APO 1
(V2).

Among the zinc sulphate application method, S3 (seed priming @ 2g kg™ seed
+ foliar application @ 0.05 % at active tillering and panicle initiation stage) recorded
the highest P uptake by crop and it was comparable with S, (foliar application @ 0.05
% at active tillering and panicle initiation stage). The lowest P uptake by crop was

recorded in Ss (control).

The interaction effect of varieties and zinc sulphate application was found to
be significant and the treatment combination V;Ssrecorded the highest phosphorus

uptake and it was statistically comparable with V,S3, V,S4 and ViS4,

Table 26. Effect of varieties and zinc sulphate application on total nitrogen uptake and

phosphorus uptake at harvest, kg ha™.

Treatments N uptake P uptake
Varieties (V)

Vi 96.54 80.90
A\ 105.64 65.49




V3 106.60 82.90

SE m (£) 3.651 1.672
C.D (0.05) NS 4.853
Zinc sulphate application (S)

S 80.56 64.62
N 91.86 89.39
S3 125.78 91.84
S4 143.75 83.44
Ss 72.69 55.88
SE m (£) 4.714 2.164
C.D (0.05) 13.725 6.265

NS — Not significant

Table 27. Interaction effect of varieties and zinc sulphate application on total nitrogen

uptake and phosphorus uptake at harvest, kg ha™'.

Treatments N uptake Puptake
V1S, 82.56 67.22
V1S, 101.41 87.58
V1S3 100.57 88.37
ViS4 122.53 89.00
ViSs 75.65 72.36
VS, 74.42 56.05
V.S, 82.25 80.93
V,S; 149.09 91.47
V1S4 159.15 71.50
V,Ss 63.32 27.98
V;S, 84.72 70.60
VsS, 91.93 90.67
V;S;3 127.69 95.67
VS, 149.59 90.27
V3Ss 79.11 67.30




SE m (£) 8.164 3.747

C.D (0.05) 23773 10.852

4.4.8 Potassium Uptake by Crop

Results related to the effect of varieties, zinc sulphate application and their

interaction on uptake of K uptake by crop are presented in Table 28 and 29.

Results revealed that varieties had significant effect on K uptake by crop. The
variety APO 1 (V;) recorded the highest K uptake by crop and it was statistically
superior to other two varieties. Variety V| (Anna 4) recorded the lowest uptake of

potassium.

Among the method of zinc sulphate application, S; (seed priming @ 2g kg™
seed + foliar application @ 0.05 % at active tillering and panicle initiation
stage)recorded the highest K uptake by crop and was statistically comparable with S4
(soil application @ 20 kg ha™). The K uptake by crop was recorded the lowest in Ss

(control).

The interaction effect was also significant and the highest K uptake by crop
was recorded in the treatment combination V,S; and it was statistically comparable
with V,S, and the lowest K uptake by crop was recorded in the treatment combination

V;Ss.
4.4.9 Zinc Uptake by Crop

Results on the effect of varieties, zinc sulphate application and their interaction

on Zn uptake bycropareextended in Table 28 and 29.

The effect of varieties on Zn uptake by crop was found to be significant.
Prathyasa (V3) recorded the highest Zn uptake by crop and it was significantly

superior to others and the lowest Zn uptake by crop was recorded in Anna 4 (V).

The effect of zinc sulphate application was also found to be significant and the

treatment S, (soil application @ 20 kg ha™) recorded the highest Zn uptake and it was



significantly superior to all other treatments. The lowest Zn uptake by crop was

recorded in Ss (control).

The interaction effect of varieties and zinc sulphate application was found to
be significant and it was the highest in the treatment combination VsS4 and it was

significantly superior to others.

Table 28. Effect of varieties and zinc sulphate application on total potassium uptake

and total zinc uptake at harvest stage.

Treatments Potassium uptake (kg ha™) Zinc uptake (kg ha™)
Varieties (V)

Vi 140.93 0.191
V, 171.53 0.236
V3 150.00 0.329
SE m (£) 4.056 0.007
C.D (0.05) 11.809 0.021
Zinc sulphate application (S)

Sy 124.77 0.122
S> 142.55 0.223
S3 199.55 0.377
S4 188.11 0.450
Ss 115.77 0.088
SE m (£) 5.236 0.009
C.D (0.05) 15.246 0.028

Table 29. Interaction effect of varieties and zinc sulphate application on total

potassium uptake and total zinc uptake at harvest stage.

Treatments Potassium uptake (kg ha™) Zinc uptake (kg ha™)
V1S, 123.00 0.081
V1S, 138.00 0.175
V1S3 165.33 0.308




V1S, 157.33 0.315
VSs 121.00 0.075
VS, 133.33 0.139
VS, 152.66 0.148
VS, 238.00 0.336
VoS4 216.66 0.493
VaSs 117.00 0.065
VS, 118.00 0.145
VS, 137.00 0.346
VS, 195.33 0.486
V3S, 190.33 0.541
V3Ss 109.33 0.125
SE m (£) 9.069 0.016
C.D (0.05) 26.406 0.048
4.5 ECONOMIC ANALYSIS

4.5.1 Net Income

Results on the effect of varieties, zinc sulphate application and their interaction

on net return are presented in Table 30 and 31.

Among the varieties, Prathyasa (V3) recorded the highest net return and the

lowest net return was recorded in Anna 4 (V).

Among the different methods of zinc sulphate application S; (seed priming @
2g kg seed + foliar application @ 0.05 % at active tillering and panicle initiation
stage) recorded the highest net return and it was closely followed by S4 (soil

application @ 20 kg ha") and the lowest net return was recorded in Ss (control).

Among the treatment combination ViSsrecorded the highest net return and it

was closely followed by V,S4 and the lowest net return was recorded inV,Ss.

452 B C Ratio



Data pertaining to the effect of varieties, zinc sulphate application and their

interaction on B C ratio are presented in Table 30 and 31.

The effect of varieties and zinc sulphate application on B:C ration were found

to be significant and results followed the same trend of net return.

Among the varieties, Prathyasa (V3) recorded the highest B C ratio and the

lowest was recorded by Anna 4 (V)).

Among the method of zinc sulphate application, S; (Seed priming @ 2g kg™ seed +
foliar application @ 0.05 % at active tillering and panicle initiation stage) recorded the
highest B: C ratio which was closely followed by S4 (soil application of zinc sulphate
@ 20 kg ha™") and the lowest B: C ratio was recorded in Ss (control).

The interaction effect was also found to be significant and the treatment

combination ViSsrecorded the highest B C ratio, and the lowest was in VS5,
4.6 PEST AND DISEASE INCIDENCE
4.6.1 Pest and disease incidence

Incidence of leaf folder attack was observed during the active tillering stage
and rice bug during the flowering stage. It was observed throughout the experiment
field irrespective of the treatments. For controlling the leaf folder attack quinalphos
was sprayed @ 1000 ml of 25 EC per ha and for the control of rice bud malathion @
1000 ml of 50 EC per ha was applied.

Table 30. Effect of varieties and zinc sulphate application on net income and B C

Ratio.

Treatments Net income B C Ratio
Varieties (V)

Vv, 13,750 1.20
V, 25,233 1.38
V; 38,921 1.58
Zinc sulphate application (S)

S 19,103 1.31




Sy 26,430 1.39
S3 47,897 1.71
S4 47,041 1.70
Ss -10,630 0.83

Table 31. Interaction effect of varieties and zinc sulphate application on net returns

and B C Ratio

Treatments Net income B C Ratio
VS, 13,234 1.19
V1S, 21,906 1.32
V1S3 23,809 1.35
ViS4 23,554 1.35
ViSs -13,753 0.78
V.S, 10,297 1.21
VS, 15,791 1.23
V,S;3 58,646 1.87
V1S4 61,177 1.91
Vs,Ss -19,746 0.69
V3S, 33,778 1.51
VsS, 41,591 1.62
V3S; 61,234 1.91
V5S4 56,393 1.84
V3Ss 1,608 1.02







DISCUSSION

5. DISCUSSION

The results of the field experiment “performance evaluation of rice varieties
and their response to zinc nutrition in uplands” carried out at Coconut Research

Station, Balaramapuram are discussed in this chapter.

5.1 EFFECT OF VARIETIES ON GROWTH PARAMETERS OF THE CROP

The varieties have shown significant differences in growth characters like
plant height, tillers per m™, leaf area index, root shoot ratio and dry matter production.
The effect on plant height was significant at 60 and 80 DAS. The variety APO 1 (V)
recorded the highest plant height compared to other two varieties. This is supported by
De Datta et al. (1988); Alam et al. (2009a) and Dessie et al. (2018) who observed that
the plant height was varied among the varieties mainly due to its genetic characters.
The tillers per m™ was recorded the highest in Prathyasa in all the stages of growth
when compared to other two varieties. It might be due to better stand establishment
with good vigour which led to the better expression of tillers. The leaf area index was
also found to be vary with varieties. At 60 DAS, Prathyasa recorded higher LAI,
higher tiller number might have contributed to increased leaf area index. El-Khoby
(2004) and Khalifa et al.(2014) reported that better development of leaf lamina and
better coverage of the ground might be the reason for improved LAI in rice varieties.
Root shoot ratio was also found significantly influenced by the varieties, variety, APO
1 (V) recorded higher root shoot ratio than other varieties. This indicated that the root
growth of APO 1 was better compared to others. Fageria and Moreira (2015) reported

that the root growth and their characteristics are genetically controlled.

The dry matter production was higher in variety V3 (Prathyasa), followed by
variety V, (APO 1). The dry matter recorded by variety V3 was 9479.59 kg ha™'(Table
8) (Fig 3). This might be due to the fact that Viperformed well in terms of growth
characters and also the yield parameters when compared to other two varieties. Alam

et al. (2009a) and Namai et al.(2009) observed that the difference in dry matter



production is due to the difference in growth pattern from seedling stage to harvest

stage and its rate of growth.

Fig 3. Effect of varies and zinc sulphate application on Dry Matter Production (kg ha’
1
)
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5.2 EFFECT OF VARIETIES ON PHYSIOLOGICAL PARAMETERS

The effect of varieties was significant in all physiological parameters except
chlorophyll content. Crop Growth Rate (CGR) was higher in variety V, (APO 1)
followed by V;(Prathyasa). The better crop growth rate observed in APO 1 might be
due better growth pattern of the variety. Relative water content was also found to be
significant and it was the highest in variety V, (APO 1), better root development
enabled the crop to absorb more amount of water from the soil and resulted in higher
relative water content. However, the soluble protein content was found to be higher in
variety Vs (Prathyasa) and it might be due to the better metabolic efficiency of the
variety and also might be due better utilization of micronutrients as they regulate the
process of protein formation as reported by Cakmak,(2000). The proline content was
also found to be significantly affected by the varieties and the variety V, (APO 1)
recorded higher proline content. Since the APO 1 variety released by IRRI for aerobic
condition the proline content of the variety was higher, because the antioxidant
enzymes were produced in a better rate (Kumar et al., 2017). The stomatal
conductance which have influence on photosynthetic rate, the variety Vi(Prathyasa)
showed higher stomatal conductance compared to the other varieties. The variation in
the stomatal conductance might be due to higher number of stomata. Dore et al.
(2018) and Zinzala et al. (2019) reported that varieties showed differences in the

number of stomata.

5.3 EFFECT OF VARITIES ON NUTRIENT AVAILABILITY AFTER THE
EXPERIMENT.

The nutrient status of soil was not much affected by the varieties except zinc
status. The available zinc status was lower than the initial status. Among the varieties,
the available zinc status was higher in variety V; (ANNA 4). It might be due to lower
uptake by the variety (Xie et al., 2008).

5.4 EFFECT OF VARIETIES ON NUTRIENT UPTAKE



Except N, P, K and Zn uptake by crop was significantly influenced by
varieties. The phosphorus uptake was higher in variety V3 (Prathyasa) (Fig 5) might
be better absorption and translocation of phosphorus which led to higher P content in
plant and also due to higher dry matter production. However, the uptake of potassium
uptake was higher with the variety V, (APO 1) (Fig 6) and it might be due to higher K
content of the crop and higher straw yield (Table 28). Dubey and Sharma (1996) and
Gill et al. (2009)have reported that the concentration of K is higher in straw compared
to the grain. The zinc uptake was also found to be significantly affected by the
varieties. It was the highest in variety Vs (Fig 7) followed by variety V, (APO 1). The
better accumulation of zinc can be attributed to higher dry matter production, higher
Zn content and better adaptability to the field environment (Xie et al., 2008). The
genetic makeup also has a big hand in zinc uptake, zinc efficiency of the crop and
tolerance to zinc deficiency in soil. So, the genetic character of the crop also might

have improved the zinc uptake (Graham and Rendel, 1993).
5.5 EFFECT OF VARIETIES ON YILED PARAMETERS AND YIELD

The varieties have shown significant difference in yield parameters and the
yield also. The number of panicle m?was found to be higher in the variety V;
(Prathyasa). The variety have shown higher tillers per m™in all stages of growth,
which might be the reason for higher productive tillers. Better metabolic activity of
the crop in the early stages of growth also contributed to higher tiller and productive
tiller production (Kohli et al., 1997; Khalifa et al., 2014). The panicle length was
found to be significantly affected by varieties and among the varieties, variety V;
(Anna 4) and it might be a genetic character of this variety. The effect of varieties on
panicle weight was also found to be significant, it was the highest in variety V, (APO
1) it can be due to better accumulation of photosynthates in sink (grains), which
increased the weight of the grains and thus the panicle weight. Filled grains per
panicle was also found to be affected by the varieties significantly and it was higher in
the variety Vs (Prathyasa). Higher stomatal conductance improved the photosynthetic
rate which might have improved the production of photosynthates, translocation,
better development of sink and accumulation of photosynthates in sink. This might be

the possible reason behind the improved filled grains per panicle.  Similar



observations were also made by Mobasser et al. (2007). Sterility percentage was also
found to be significantly affected by varieties. Among the varieties, variety V; (Anna
4) recorded the lowest, this can be attributed to the genetic makeup of the variety
(Obaidullah, 2007) and its adaptability to stress conditions (Alam et al., 2009b). The
same variety have shown higher thousand

Fig 4. Effect of varieties and zinc sulphate application on Total Nitrogen uptake (kg
ha™)
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Fig 5. Effect of varieties and zinc sulphate application on Total Phosphorus uptake (kg
ha™).
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Fig 6. Effect of varieties and zinc sulphate application on Total Potassium uptake (kg
ha™).
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Fig 7. Effect of varieties and zinc sulphate application on Total Zinc uptake (kg ha™).
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grain weight compared to other varieties. The grain yield and straw yield was also
found to be significantly affected by the varieties. Grain yield was the highest in V;
(Prathyasa). This was due to the production of among higher number of panicle m’
%and filled grains per panicle (Table 16,18) (Fig 8,9). Sultana et al. (2020) have
observed enhancement in the production of yield attributes contributed to higher grain
yield (Fig 10). This was also supported by Karim et al. (2007); Hasamuzzaman et al.
(2009) and Khalifa et al. (2014). But higher straw yield was recorded in variety V,
(APO 1) (Fig 11) it might be due to better vegetative growth as evident from the data
on plant height. Alam et al. (2009b) have reported that higher straw yield might be

due to better accumulation of biomass by the variety.

5.6 EFFECT OF VARIETIES ON ECONOMICS



The net returns as well as the B C ratio were higher in the variety V;
(Prathyasa) due to higher grain yield registered in the variety. The net return was [
38,921.56 and the B C ratio was 1.58 (Table 30) (Fig 12, 13). The lowest net returns
and B:C ratio was recorded in variety V;(ANNA 4) (] 13,750.33 and B C ratio 1.20,
respectively). This was due to poor performance and the lowest yield recorded by the
variety. Even though the variety recorded higher thousand grain weight, lower sterility
percentage and panicle length, the yield determining factors like number of panicle m’

? filled grains per panicle were less compared to others.

Fig 8. Effect of varieties and zinc sulphate application on Number of panicles per m™
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Fig 9. Effect of varieties and zinc sulphate application on Filled grains per panicle
(No.)
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Fig 10. Effect of varieties and zinc sulphate application on grain yield (kg ha™)
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Fig 11. Effect of varieties and zinc sulphate application on straw yield (kg ha™)
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Fig 12.Effect of varieties and zinc sulphate application on net returns (7] ha™).
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Fig 13. Effect of varieties and zinc sulphate application on B C Ratio.
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5.7 EFFECT OF ZINC SULPHATE APPLICATION ON GROWTH PARAMETERS
OF THE CROP.

Application of zinc sulphate have improved the growth characters. The
parameters like tillers per m™, LAI, root: shoot ratio and the dry matter production
were positively influenced by the application of zinc sulphate. Higher number of
tillers per m™ observed in S; at 60 DAS might be due to better absorption of zinc
through leaves as the foliar application was given during active tillering stage. Similar
observations were also made by Tejasarwana, (1991) and Rana and Kashif,
(2014).Zinc sulphate application increasedthe enzymatic activity and stimulate the
production of Indole Acetic Acid (IAA) which would have resulted in the production
of a greater number of tillers m™. The interaction effect was found to be significant
only during 80 DAS and it was highest in the treatment combination V3S;The
interaction effect was showing significantly only after, when the crop received the

required zinc for its growth.

Leaf area index is an indicator of the photosynthetically active area and the

study conducted revealed that the application of zinc had a favorable impact on leaf



area index. During early stages of growth (40 DAS) the combination of seed priming
and foliar spraying of zinc sulphate had significant effect and it might be due to better
establishment of the crop due to seed priming. However, during 60 DAS the crop
which received zinc sulphate through soil application have recorded higher leaf area
index and it was statistically comparable to other methods of zinc sulphate application
implying the fact that the irrespective of the method of application, zinc sulphate
application favored the crop growth. These findings are in line with the observation of
Nadim et al. (2012), Singh and Singh, (2018) and Nataraja et al. (2006), who reported
that the Zn availability increased the leaf area through improved metabolic activity
and auxin production. The interaction effect was only significant during 40 DAS.
During 40 DAS the treatment combination V,Ssrecorded higher leaf area index, the

differential response of varieties to zinc sulphate application might be the reason

behind this.

Root shoot ratio was significantly improved due to zinc sulphate application
and this can be attributed to the better growth characteristic of the crop. Better growth
and spread of root are a reason for the better root shoot ratio. Increased root dry
weight was observed with the application of Zn in upland rice (Fageria, 2002; Fageria
and Moreira, 2015). Fageria and Moreira, (2015) also reported that adequate amount
of Zn might have improved the root growth which in turn improved the uptake of
water and nutrients. These findings pointing the positive effect of Zn in influencing
the vegetative growth of the crop. The interaction effect was also found to be

significant and it was the highest in V,S,.

Zinc sulphate application had significant impact on Dry matter production.
Among the methods, the soil application of zinc sulphate recorded the highest dry
matter production followed by combined application of seed priming and foliar
application, and the lowest was observed in control. The increased dry matter
production might be due to the overall enhancement of the growth characters observed
in these treatments (Table &) (Fig 3). The interaction effect of varieties and zinc
sulphate application was found to be significant; it was the highest in V,S,4. It might be

due to enhanced accumulation of biomass with soil application of zinc sulphate.



5.8 EFFECT OF ZINC SULPHATE APPLICATION ON PHYSIOLOGICAL
PARAMETERS

The crop growth rate was also influenced by zinc sulphate application in all
stages of growth and it was observed that the soil application of zinc sulphate had
higher influence compared to other methods. Same observation was also made by
Nadim et al. (2012). The improved leaf area index and crop growth rate can be
attributed to the better growth of the crop and also because of the influence of zinc in
cell division and cell elongation processes. Influence of zinc in the production of
auxin can be a contributing factor to this (Hansch and Mendel 2009). The interaction

effect on CGR was significant only at 40 DAS and it was the highest in V,S,.

The chlorophyll content was significantly influenced by zinc sulphate
application, among the different method’s, soil application of zinc sulphate recorded
the highest chlorophyll content, which was followed by combination of seed priming
and foliar application. Higher chlorophyll content observed in zinc sulphate applied
plots might be due to the involvement of zinc in chlorophyll formation through its
regulating action on nutrients homeostasis in cytoplasm(Aravind and Prasad, 2004).
Likewise, the relative Water Content (RWC) was also found to be significantly
affected by zinc application and the RWC was the highest in application of zinc
sulphate sulphate through seed priming and foliar spray and the lowest in control (no
zinc). This indicates that zinc sulphate application has significant effect on RWC, and
the improved RWC might be due improved root growth and root spread which helps
in better absorption of water from soil. These results are in line with Fageria and
Moreira(2015) and Wasaya et al. (2017), they have observed that the root length and
root dry weight are improved with application of zinc which have enabled the crop to

maintain a good water status in the plant.

The soluble protein content was significantly affected by the application of
zinc sulphate application. Among methods of application, foliar application of zinc
sulphate recorded higher soluble protein and the lowest was in control. Zinc is an
important component of protein in plants, so the application of zinc naturally
influences the RNA content which in turn affects the protein content and the total free

amino acid content (Brown et al., 1993; Ashraf et al., 2014). The interaction effect of



varieties and zinc sulphate application was significant and the effect was the highest in
V3S4. The proline content was also found to be significantly influenced by the
application of zinc and this might be due to the role of zinc in increased production of
antioxidant in plants (Bradacova etal., 2016). Among the methods of application,
treatment Sz (Seed priming @ 2g per Kg of seed + Foliar application during active
tillering and panicle initiation @ 0.5 per cent) followed by soil application. Similar
observation was made by Babaeian et al. (2011);Singh et al. (2015) andArough et al.
(2016). The interaction effect was significant and the treatment combination V,S;
recorded the highest. The stomatal conductance was also found to be improved with
the application of zinc sulphate and it might be due to its influence of zinc in the
activity of carbonic anhydrase and ribulose 1-5- bisphosphate carboxylase/oxygenase
(Rubisco). Rubisco is involved in catalysisof diffusion of CO, to the chloroplasts
(Hatch and Slack, 1970). The interaction effect was significant and the treatment

combination VS, recorded higher stomatal conductance.

59 EFFECT OF ZINC SULPHATE APPLICATION ON AVAILABLE
NUTRIENTS IN SOIL AFTER THE EXPERIMENT.

The available soil nutrient status was found to be significantly affected by zinc
sulphate application. Available nitrogen was the highest in Sswhere there was no zinc
application. The high availability of nitrogen might be due to lower uptake. The
availability of zinc was lower in S4(Soil application of zinc sulphate @ 20 kg per ha)
the improved uptake of the nitrogen might be the reason, because positive interaction
exists between nitrogen and zinc (Loneragan and Webb, 1993). The available
phosphorus content was also found to be affected by the zinc sulphate application. The
available phosphorus content was higher in Sy4, it might be due to lower uptake as zinc
and phosphorus have an antagonistic relationship (Loneragan and Webb, 1993). The
uptake of phosphorus was not found to be affected in other treatments.Likewise, the
relationship between potassium and zinc is also antagonistic, but not as prominent as

in the case of phosphorus and zinc (Sadana and Takkar, 1983). The available



potassium was the highest in Sswhere zinc was not applied. The lower uptake might
be due to low dry matter production as presented in table 8. The application of zinc
has improved the zinc status in the soil, the availability was high in S4(soil application
@ 20 kg per ha) similar result was observed by Singh et al.(2012), where they
observed that with application of zinc the zinc status became sufficient from being
deficient. They have also reported that the level of N, P and K was improved with

application of zinc.

5.10EFFECT OF ZINC SULPHATE APPLICATION ON NUTRIENT UPTAKE BY
CROP.

The effect of zinc sulphate application on the uptake of nutrients was found to
be significant. The uptake of nitrogen, phosphorus, potassium and zinc was positively
influenced by application of zinc sulphate compared to control (Ss). The uptake of
nitrogen was higher with soil application of zinc. Zinc application increased the
growth of crop due to its effects on photosynthetic rate, which in turn improved the
nutrient uptake. Similar results were observed by Rahman et al. (2008); Rana and
Kashif (2014). The improved uptake in soil application can also be attributed to
enhanced nutrient recycling and mineralization of organic matter due to enhanced
activity of microorganisms (Lal et al., 2002; Ghoneim, 2016). The interaction effect
was also significant. The treatment combination V,Ssrecorded the highest uptake.
However, the uptake of phosphorus was higher in application of zinc sulphate through
seed priming and foliar spray. The improved uptake through foliar application
compared to soil application can be attributed to the antagonistic relation between
phosphorus and zinc (Loneragan and webb, 1993). The result is in line with Srivastava
et al. (2013) who observed that increased concentration of zinc in the soil affects the
phosphorus uptake. The interaction effect was also found to be significant and it was
the highest in treatment combination V3S;. The uptake of potassium was also
significantly influenced by zinc sulphate application. Uptake was higher with
application of zinc sulphate through seed priming and foliar spray. The better uptake
of potassium in treatment S; might be due to better establishment of crop and better
expression of growth attributes which might have improved the absorption of

potassium which resulted in higher content of potassium in grain and straw. This is in



line with Sieling et al. (2006), Yassen et al. (2011),Tharakan and Gite (2018). The
interaction effect was also found to be significant and the treatment combination
V,Ssrecorded the highest uptake. The uptake of zinc was higher with soil application
of zinc sulphate. This was because of higher availability of zinc in soil application.
Hossain et al. (1989) and Rahman et al. (2008) reported that with the increased
availability of zinc in soil the uptake was also found to be improved. The interaction

effect was also found to be significant and it was highest with V3S,.
5.11EFFECT OF ZINC SULPHATE APPLICATION ON YIELD PARAMETERS

The yield parameters like panicles per m?, filled grains per panicle, sterility
percentage, panicle weight and thousand grain weight were found to be positively
influenced by the application of zinc sulphate. The number of panicles per m™was
found to be the highest in application of zinc sulphate through seed priming and foliar
spray followed by soil application. The increased number of panicles observed in
these treatments might be due to better growth, establishment and increased
production of tillers. Similar observations were made by Dobermann and Fairhurst
(2000), Rana and Kashif (2014) and Sarwar et al. (2017) have reported that zinc
sulphate application improved the productive tillers. The interaction effect was also

found to be significant and the highest number of productive tillers in V3Ss.

Panicle weight was also improved with application of zinc sulphate
application. Among the method of application, the highest panicle weight was noted in
foliar application of zinc sulphate followed by application of zinc sulphate through
seed priming and foliar spray. The higher panicle weight observed in the treatment
might be due to better absorption of zinc by the leaves and better accumulation of
photosynthates in sink and better development of sink. Increase in panicle weight due
to application of zinc sulphate was also reported by Phattarakul et al.(2012); Zou et
al.(2012) and Gupta et al. (2016). The interaction effect was also found to be
significant and the highest in V;S;. It might be due to higher thousand weight and
lower sterility percentage recorded in the variety Anna 4. Filled grains per panicle was
improved with application of zinc sulphate application and it was the lowest in
control. The highest number of filled grains per panicle was observed in application of

zinc sulphate through seed priming and foliar spray of zinc sulphate. This could be



due to better translocation of assimilates from source to sink. The result obtained were
accordance with the findings of Ghoneim, (2016) and Gupta et al. (2016). Higher
values of yield attributes recorded in zinc sulphate applied treatmentscould be due to
the requisitefurnishing of zinc which have improved the uptake and availability of
other essential nutrients.With improved nutrient uptake the plant metabolic process
wasimprovedand finally the crop growth was improved(Naik and Das 2008). The
interaction effect of varieties and zinc sulphate application was also found to be
significant and it was the highest in V3;S;and it might be due to the combined effect of

varieties and zinc sulphate application.

Application of zinc sulphate had significantly reduced the sterility percentage
and it was the lowest in application of zinc sulphate through seed priming and foliar
spray followed by foliar application alone and soil application. Lopes et al.(1985)
have reported the rice crop grown on zinc deficient soil have shown higher sterility
percentage and the same can be reduced with application of zinc through any fertiliser
source, which implies the availability of zinc have an important role in this parameter.
The interaction effect was also found to be effective and the treatment combination
V,S; recorded lesser sterility percentage. The thousand grain weight of the crop was
also found to be influenced by the application of zinc sulphate and it was the highest
with the application of zinc sulphate through seed priming and foliar spraying,
followed by foliar spraying and soil application. The improvement in photosynthesis
might have resulted in the better accumulation of photosynthates in the grain and
might have led to increase in thousand grain weight. Better partitioning of
photosynthates with the application of zinc sulphate application was also reported by
Yin et al. (2016) and Sarwar et al. (2017). The interaction effect was also found to be

effective and it was highest in V;S;,

Grain and straw yields were positively influenced by zinc sulphate application
(Fig 10, 11). The highest grain yield was recorded with the application of zinc
sulphate through seed priming and foliar spraying followed by application of soil
application. Throughout the growth stages crops which received seed priming along
with foliar spray at the stage of active tillering and panicle initiation have performed

the best in growth parameters and in yield parameters. Yield parameters like number



of panicles m?, filled grains per panicle and thousand grain weight were higher with
application of zinc sulphate through seed priming and foliar spray which have finally
contributed to better grain yield. Similar observation was made by Sarwar et al.
(2017). The improved grain yield might be due to better photosynthetic rate, better
uptake of nutrient by the plant, better development of the sink structures and
accumulation of photosynthates in the sink. Zinc act as an essential component of
many enzymes and controls several biochemical processes in the plants which are
essential for growth Dobermann and Fairhurst (2000).These might have improved the
yield parameters which in turn improved the yield (Chhabra and Kumar, 2018;
Zinzala et al., 2019). The interaction effect was also found to be effective and the
treatment combination V3S; recorded the higher grain yield. This was due tohigher
number of panicles m™ and filled grains per panicle. The straw yield was higher with
soil application followed by the combination of seed priming and foliar spray. This
can be attributed to the better expression of growth attributes. The amount of available
zinc was high with soil application, it might have improved the root characteristics,
which might have improved the nutrient uptake and led to increased straw yield as
reported by Karak et al. (2005), Gupta and Potalia (1991) Rahman et al. (2011). The
interaction effect was also found to be effective on straw yield. Among the treatment
combinations, V,Ssrecorded higher straw yield This due to higher crop growth rate

and dry matter production registered in the treatment.

5.12 EFFECT OF ZINC SULPHATE APPLICATION ON ECONOMICS

The net return and B C ratio were higher in S; which was seed priming @ 2g
kg and foliar spraying of zinc sulphate @ 0.5 % at active tillering and panicle
initiation stage when compared to soil application of zinc sulphate @ 20 kg per ha
(S4). The net return and B C ratio recorded in all zinc sulphate application method was
higher than the control (no zinc sulphate application). The highest net return ([
47,897.11) and B:C ratio (1.71) was recorded in S;. This was due to higher grain yield

registered in the treatment. Soil application of zinc sulphate recorded the net returns of



1 47,041.95 and the B C ratio was 1.70. B C ratio (Fig 12, 13). Though yield was less

in soil application of zinc sulphate, the cost involved is less.

The interaction effect was also found to be significant for net returns and B C
ratio. The highest net returns and B C ratio was recorded in the treatment combination
V3Ss. This might be due to higher yield registered in the treatment due to the

production of higher number of panicles m™ and filled grains per panicle.
CONCLUSION:

After considering the performance of varieties and the effect of zinc sulphate
application, it was variety Prathyasa (V3) which have recorded higher yield, higher net
income and B C ratio. Among the zinc sulphate application method, seed priming @ 2
g kg seed + Foliar application @ 0.5 per cent during active tillering and panicle
initiation stage (Ss;) have shown better performance, this treatment recorded the
highest yield, higher net income and B C ratio.

Considering the yield, economics and B:C ratio, variety prathyasa (V3)
performed well with application of NPK @ 90:30:45 kg ha',seed priming with zinc
sulphate 2 g kg seed + foliar application of zinc sulphate 0.5 per cent at active

tillering and panicle initiation stage (S3) for uplands in red loam tracts of Kerala.



PLATES

PLATES

Plate 1: General view of experiment



During tillering stage.



During maturity stage

Plate 2: Performance of Variety V,

During 30 DAS



During tillering stage



During flowering stage

Plate 4: Performance of v3s;at different stages

At 40 Days after sowing



During maturity stage



SUMMARY

6. SUMMARY



Experiment entitled “Performance evaluation of rice varieties and their
response to zinc nutrition in uplands” was carried out at Coconut Research Station,
Balaramapuram during May 2019 to August 2019 to find out a suitable variety and the

best method of zinc sulphate application for the red loam tracts of Kerala.

The soil was low in available nitrogen, high in available phosphorus, medium
in available potassium and deficient in available zinc content. The experiment was
carried out in factorial randomised block design (RBD), with three replications. Two
factors were there, variety (V) with three levels and method of zinc sulphate

application (S) at five levels.

3. Factor A: Variety (V) -3
V : Anna 4
V,: APO 1
V ;: Prathyasa

4. Factor B: ZnSO4 Application (S) — 5
S1: Seed priming with ZnSO, @ 2g kg™ seed
S,: Foliar application with ZnSO4 @ 0.5 percent at active tillering stage and
panicle initiation stage
S3: S+ S,
S4: Soil application of ZnSO, @ 20 kg ha™
Ss: Control

Treatment combination:

ViSi VIS, ViS; ViS4 ViSs
VoS VoS, VaS; VaSs VaSs
Vi3S Vi3S, ViS; ViSy ViSs

Important results obtained and conclusions drawn from the experiment is

presented here:



Among the growth characters, only plant height remained unaffected by zinc
sulphate application.

The growth parameters like tillers m™, Leaf Area Index (LAI) and dry matter
production was higher in variety V3 (Prathyasa) and the variety V,(APO 1)
recorded higher plant height and root shoot ratio.

Likewise, application of zinc sulphate through seed priming @ 2g kg™ seed +
Foliar application @ 0.5 percent at active tillering stage and panicle initiation
stage have recorded higher tillers m™ and Leaf Area Index (LAI). However,
the root shoot ratio and Dry Matter Production (DMP) was higher with soil
application @ 20 kg ha™.

The interaction between the two factors were also found to be significant in all
growth parameters except plant height. So, we can conclude that among the
varieties the growth pattern differs and their response to zinc sulphate
application also varies.

The Crop Growth Rate (CGR), Relative Water Content (RWC) and proline
content was higher in variety V, (APO 1) but soluble protein content and
stomatal conductance was higher in Prathyasa (V3). However, chlorophyll
content was not significantly affected by varieties.

Application of zinc sulphate had significant effect on physiological parameters
and the effect varied between the methods. Soil application of zinc sulphate @
20 kg ha™ have improved the Crop Growth Rate (CGR) and the chlorophyll
content compared to other methods of application.

Among zinc sulphate application method Si(seed priming @ 2g kg™’ seed +
Foliar application @ 0.5 percent at active tillering stage and panicle initiation
stage) recorded higher Relative Water Content (RWC), Soluble protein and
proline content. However, the stomatal conductance was higher with S, (Foliar
application with ZnSO4 @ 0.5 percent at active tillering stage and panicle
initiation stage).

All the varieties recorded significant difference in all yield parameters except

days to 50 per cent flowering.



The yield determining characters like number of panicles per m™ and filled
grains per panicle were higher for variety Vi(Prathyasa) and the highest yield
was recorded by the same variety.

Other parameters like panicle length and thousand grain weight was higher for
variety V; (ANNA 4) and the same variety recorded the lowest sterility
percentage.

Variety V,(APO 1) recorded the highest panicle weight and straw yield

All the three varieties differed in their performance because of the difference
in their genetic makeup and their adaptability to the environment.

The application of zinc sulphate has positively influenced the yield attributing
characters and the yield.

Among the method of application S3(seed priming @ 2g kg seed + Foliar
application @ 0.5 percent at active tillering stage and panicle initiation stage)
recorded the highest number of panicles m>, filled grains per panicle, the
lowest sterility percentage.

The same treatment recorded the highest thousand grain weight and yield.
Panicle length was not influenced by application of zinc sulphate.

Panicle weight was the highest with foliar application with ZnSO4 @ 0.5
percent at active tillering stage and panicle initiation stage.

The highest straw yield was recorded with the soil application of ZnSO4 @ 20
kg ha™.

The available nutrient status of the soil after the experiment was significantly
influenced by the application of zinc sulphate.

The wuptake of nutrients by the crop varied with varieties. Variety
V;(Prathyasa) recorded higher uptake of phosphorus and zinc. Meanwhile
variety V, (APO 1) recorded higher uptake of potassium. Uptake of nitrogen
was not significantly affected by the varieties.

Application of zinc have improved the uptake of all nutrients; the method of
application had a big hand in uptake of phosphorus.

The phosphorus uptake was less with soil application of zinc sulphate, it might
be due to antagonistic relationship of zinc and phosphorus. The lowest uptake

was in control. The highest uptake was recorded in S; (seed priming with



ZnSO,@ 2g kg™ seed + Foliar application with ZnSO4@ 0.5 percent at active
tillering stage and panicle initiation stage).

Uptake of nitrogen and zinc uptake was higher with soil application of
ZnSO,4@ 20 kg ha™'. Uptake of potassium was higher with seed priming with
ZnSO,@ 2g kg seed + Foliar application with ZnSO4@ 0.5 percent at active
tillering stage and panicle initiation stage.

The net returns and B C ratio were higher in variety Prathyasa (V3) and it was
higher in S3(seed priming with ZnSO4@ 2g kg™ seed + Foliar application with
ZnSO4@ 0.5 percent at active tillering stage and panicle initiation stage).
Considering the yield, economics and B:C ratio, variety prathyasa (V)
performed well with application of NPK @ 90:30:45 kg ha™ seed priming with
zinc sulphate 2 g kg seed + foliar application of zinc sulphate 0.5 per cent at
active tillering and panicle initiation stage (S3) for uplands in red loam tracts of

Kerala.
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ABSTRACT




8 ABSTRACT

A field trial entitled “Performance evaluation of rice varieties and their
response to zinc nutrition in uplands” was conducted during Kharif 2019 (May —
August 2019) at Coconut Research Station, Balaramapuram. The objective of the
study was to find out a suitable rice variety for uplands in red loam tracts of Kerala
and to standardize the dose and method of zinc application. The experiment was
conducted in Factorial Randomized Block Design with varieties as first factor and
zinc sulphate application as second factor in three replications. Three varieties were
used for the experiment were Anna 4 (V;), APO 1 (V;), and Prathyasa (V3) and the
zinc sulphate application comprised of seed priming with ZnSO4 @ 2g kg ' seed (S)),
foliar application with ZnSO4 @ 0.5 per cent at active tillering stage and panicle
initiation stage (S,), combination of S; and S; (S3), soil application of ZnSO4 @ 20 Kg
ha (S4), and control (without ZnSOy application) (Ss). Crop was manured with FYM
@ 5 t ha'and N:P:K @ 90:30:45 kg ha” (Suman, 2018). Varieties had significant
effect on plant height, tillers per m’, root shoot ratio and dry matter production
(DMP). Among the varieties V, (APO 1) shown significantly higher plant height and
root shoot ratio. Variety Vs (Prathyasa) shown significantly higher tiller m™ and DMP.
Zinc sulphate application had significant effect on growth attributes viz., tillers m™,
Leaf area index (LAI), root shoot ratio and DMP. Combination of seed priming and
foliar application (S3) recorded significantly higher tillers per m?, Leaf area index,
root shoot ratio and DMP. Interaction of varieties and zinc sulphate application was
significant in tillers m?, LAI root shoot ratio and DMP. The treatment V,S4 recorded
the highest DMP (11732.37 kg ha™). Varieties, zinc sulphate application and their
interaction shown significant effect on crop growth rate (CGR), relative water content,
soluble protein, proline content and stomatal conductance but only zinc sulphate
application had significant effect on chlorophyll content. Varieties, zinc sulphate
application and their interaction had significant effect on nutrient uptake. Among the
varieties phosphorus and Zn uptake was higher in V3 (prathyasa) and potassium
uptake was higher in V, (APO 1). Among the method of zinc sulphate application
higher uptake was noted in soil application (S4). Varieties had significant effect on
available potassium and zinc. Zinc sulphate application had significant effect on

available nutrients after the experiment. Varieties had significant effect on yield



attributes viz., panicle length, panicle weight, panicles m?, filled grains per panicle,
sterility percentage and thousand grain weight. However, zinc sulphate application
had significant effect only on panicle weight, filled grains per panicle, sterility
percentage and thousand grain weight. Among the varieties, the highest number of
panicles m™ and the highest number of filled grains per panicle were recorded in the
V3 (Prathyasa). The highest panicle weight was recorded in V, (APO 1) and the
highest panicle length, the highest thousand seed weight and the lowest sterility
percentage were recorded in V; (Anna 4). Among the method of zinc sulphate
application, foliar application (S;) recorded the highest panicle weight, combination of
seed priming and foliar application (Ss3) recorded higher number of panicles m?, filled
grains per panicle, the lowest sterility percentage and grains with higher thousand
grain weight. Grain yield was also significantly influenced by varieties and zinc
sulphate application. Among the varieties, V3 (Prathyasa) recorded significantly
higher grain yield among the varieties (3,524.03 kg ha™). Compared to control, all
method of zinc application recorded higher grain yield. Combined application of seed
priming and foliar application (S3) recorded the highest grain yield (3,877.71 kg ha™)
among the different methods of zinc sulphate application. The interaction between
varieties and zinc sulphate application also had significant effect. Among the varieties,
APO 1 (V) recorded the highest straw yield and it was significantly superior to other
treatments. Soil application of ZnSO4 @ 20 kg ha™ recorded the highest straw yield.
Among the varieties, prathyasa (V3) recorded the highest net returns (38,921 [ ha-1)
and B C ratio (1.58). Among zinc sulphate application, S; (seed priming with zinc
sulphate 2 g kg seed + foliar application of zinc sulphate 0.5 per cent at active
tillering and panicle initiation stage) recorded highest net returns (47,897 [J ha™") and
B C ratio (1.71). Considering the yield, economics and B:C ratio, variety prathyasa
(V3) performed well with application of NPK @ 90:30:45 kg ha™',seed priming with
zinc sulphate 2 g kg seed + foliar application of zinc sulphate 0.5 per cent at active

tillering and panicle initiation stage (Ss3) for uplands in red loam tracts of Kerala.






