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Abstract: The experiment was conducted with the objectives of investigating the yield-limiting nutrients through nutrient
omission trial on upland rice in 2020/2021 cropping season on the vertisols in Fogera District, Northwestern Ethiopia. The
experiment was laid out in randomized complete block design with nine treatments and three replications. The treatments were
Control, Recommended NP, NPKSZnB, PKSZnB (-N), NKSZnB (-P), NPSZnB (-K), NPKZnB (-S), NPKSB (-Zn) and
NPKSZn (-B). Yield attributing characters of biomass yield, plant height, panicle length, effective tillers, grain and straw yields
of rice were significantly influenced by the treatments. The highest grain yield (7.2 ton ha™') was recorded from NPKSZnB
treatment which was not significant with NPKSZn (-B), NPKSB (-Zn) and NPSZnB (-K). The lowest grain yield of 2.2 ton ha’
" was recorded from the control followed by omission of N, P and S nutrients. The omission of N, P and S reduced the grain
and straw yields significantly over the treatment receiving all the nutrients. The omission of N reduced the grain yield by 46%,
omission of P reduced the grain yield by 17% while S omission reduced grain yield by 11% over the treatment that received all
nutrients. Based on percent grain yield reduction, the limiting nutrients were found in the order of N > P > S. Overall, this
result shows that nitrogen phosphorus and sulfur were the most vibrant factors to increase the yield and yield component of
rice.
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maintain soil health and ensures sustainable agriculture.
Improving the yield potential of genotypes and the use of
chemical fertilizer are important determinants to improve its
productivity. Poor soil fertility is among the major factors
limiting rice production in Ethiopia [53].

Rice is an important staple crop that plays an important
economic role and feeds approximately half the world’s
population [20]. Rice (Oryza sativa 1) is one of the most
important staple food for more than 50 percent of the global
population. Now a day, the cultivation of rice in the intensive
subsistence  agriculture  becomes synonymous  with
agriculture. India is the second largest producer of rice in the
world being superseded only by China in the gross annual
output. In South Asia, rice was cultivated on 60 million

1. Introduction

Soils in Africa are typically highly variable in fertility and
their response to inputs. Soil nutrient depletion and likely
degradation have been considered serious threats to
agricultural productivity and which is identified as major
causes of decreased crop yields and per capita food
production in SSA [30]. A World Bank report estimated the
rate of cereal yield increase in Africa over the years at a very
low rate of 0.7% compared to growth rates in other
developing regions of the world of 1.2 - 2.3% [1].

Low soil fertility and inadequate nutrient management are
among the major factors determining its yield level. Balanced
nutrient use ensures a high production level and helps to
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hectares, and production was slightly above 225 million
tonnes of rice, accounting for 37.5 and 32 per cent of global
area and production, respectively.

In Ethiopia, rice production was started three decades ago
in the early 1970's. Although rice is a recent introduction to
the country, its importance is well recognized as the
production area coverage of about 10,000 ha in 2006 has
increased to over 63,000 ha in 2018 [16].

Upland rice is suitably grow in many parts of Ethiopia.
Predominant potential areas include west central highlands of
Amhara Region (Fogera, Gonder Zuria, Dembia, Takusa and
Achefer), Northwest lowland areas of Amhara and
Benshangul Regions (Jawi, Pawi, Metema and Dangur),
Gambella Regional State (Abobo and Etang districts), South
and Southwest low lands of Southern Nations, Nationalities
and Peoples Region (SNNPR) (Beralle, Weyito, Omorate,
Gura Ferda and Menit), Somali Region (Gode), Afar and
South western highlands of Oromia Region [18]. The
Ambhara region takes the lion’s share of producing the crop
and accounted for 65-81% of the area coverage and 78-85%
of the production in the years 2016-2018. The national
average productivity of rice in Ethiopia is still however too
low about 2.8t ha™ [15].

Soil analyses and site-specific studies indicated that elements
such as S, Ca, Mg, and micronutrients were becoming depleted
and deficiency symptoms were observed in major crops in
different parts of Ethiopian soil [6]. The status of micronutrients

in central highlands of Ethiopia soils were low [5].

The site-specific nutrient management (SSNM) strives to
enable farmers to dynamically adjust fertilizer use to
optimally fill the deficit between the nutrient needs of a high-
yielding crop and the nutrient supply from naturally
occurring indigenous sources such as soil, organic
amendments, crop residues, manures, and irrigation water. It
aims to apply nutrients at optimal rates and times to achieve
high yield and high efficiency of nutrient use by the rice
crop, leading to the high cash value of the harvest per unit of
fertilizer invested [9].

Improving the genotype yield capacity and the use of
chemical fertilizer are essential determinants for improving
rice productivity. Balanced fertilizers applications sustain
optimal crop production, better quality product and ensues
profitability. Nutrients such as N, P, K, S, B, Zn and Fe are
plant nutrients found deficient in Ethiopian cultivable land
soil though there are variations among location types. Newly
developed fertilizer formula of the Ethiopian soils comprised
these elements as well. Most soils are deficient in N, P, S, and
B[19].

Therefore, it is indispensable to investigate the actual yield-
limiting nutrients impeding the rice productivity from reaching
its genetic potential. Because of these problems in the study
area, this activity was initiated to identify the limiting nutrients
on yield and yield component of upland rice production on
Vertisols of Fogera District, Northwestern Ethiopia.
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Figure 1. Location map of the study area.
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2. Materials and Methods
2.1. Description of the Study Area

Location: The experiment was conducted on the Vertisols
of Fogera district, South Gondor, Amhara Region, North-
western Ethiopia. Fogera district is situated at 11° 46 to
11°59 latitudes north and 37° 33 to 37° 52 longitudes East.
The district is bordered with Farta woreda in the east, Dera
woreda in the south, Lake Tana in the west and Libokemkem
woreda in the north. The experimental area was
geographically located with altitude of 1815 meters above
sea level. It is located at about 45 km away from Zonal
capital city of Debre Tabor, 60 km from the capital city of
Ambhara Region, Bahir Dar and 625 Km from Addis Ababa.

2.2. Experimental Design and Procedures

The experiment was executed in the Fogera National Rice
Research and Training Center site of Fogera District. Nine
treatments were laid out in a randomized complete block
design with three replications. The experiment gross plot size
was 5m x 5m. Nerica-4 was used as attesting varity of upland
rice. The rice was drill row planted at a spacing of 20 cm
between rows with a seed rate of 100 kg ha™'. The spacing
between block and plots were 1m and 0.5m respectively. The
net plot was formed by disregarding three rows each side of
the plot. Moreover, 0.5 m length from end of each row were

regarded to avoid border effects. Thus, the net plot for data
collection was 3.8 m by 4m. From the 19 rows within the net
plot, after the border effect, the two end rows were used for
destructive sampling of plants for laboratory analysis. The
remaining 15 central rows in the net plot were used for data
gathering for biomass and grain yields.

The rates of fertilizer were 138N kg ha™, 46 P,Os kg ha™,
60 K,0 kg ha™', 30 S kg ha, 5 Zn kg ha" and 2 B kg ha™.
The recommendations for N and P for the study arca were
138 and 46 kg ha'. The experimental treatments were set up
by omitting one of the nutrients. Whenever N (Urea) is
existing, it was added in three splits 1/3 at planting, 1/3 at
tillering and 1/3 at panicle initiation. The application of
nitrogen and phosphorous fertilizer rates of 138 N and 46
P,0Os kg ha was the best recommended for rainfed upland
rice production in Fogera [58]. According to [27], results
depicted that the highest biological yield (straw + grain) and
grain yields were increased with K rates. But the partial
budget analysis revealed that 60 K,O kg/ha is the
economically feasible rate on Vertisols. The highest benefit
to cost ratio of rice was recorded with the application of
Sulphur at 30 kg/ha through gypsum [47]. Borax at 3 kg B
ha™' produced a higher yield than the levels of 1 and 2 kg B
ha' [39]. Growers should apply Zinc at sowing with
recommended rates of 11 kg Zn ha' preferred for Zn-
deficient soils [42].

Table 1. Treatment setup and description.

Treatments Description

Control without any nutrient application.

Recommended. NP to use as a comparison with those treatments.

NPKSZnB to determine the maximum attainable yield with the full dose
PKSZnB (- N) to determine indigenous N supplying

NKSZnB (-P) to determine indigenous P supplying

NPSZnB (-K) to determine indigenous K supplying

NPKZnB (- S) to determine indigenous S supplying

NPKSB (-Zn) to determine indigenous Zn

NPKSZn (-B) to determine indigenous B supplying

2.3. Data Collection

2.3.1. Soil Data

One composite surface (0-20 cm) soil sample was
collected from the experimental site before planting. The soil
collected before planting were analyzed for soil pH, texture,
organic carbon, total N, available P, Available S,
exchangeable K, CEC and micronutrients (Zn and B)
following the standard procedure.

Soil pH was determined using a pH meter in 1:2.5 soil:
H,0 ratio as described by [11]. Soil texture was determined
by the Bouyoucos hydrometer method [12]. Soil organic
carbon was determined by the Walkley—Black wet digestion
method [60]. Total N was determined by the Kjeldahl method
[13]. Available soil P was determined using the Olsen
NaHCO; extraction method [35, 43]. Cation exchange

capacity was determined by the ammonium acetate extraction
method as described by [10]. Exchangeable K was extracted
with ammonium acetate solution.

2.3.2. Yield and Yield Component Data of Rice

All agronomical data including plant height, panicle
length, number of tillers, fertile and unfertile panicles,
thousand seed weight, biomass, straw, yield and other
necessary parameters were collected.

2.4. Statistical Analysis

The collected data were subjected to statistical analysis
with analysis of variance. Analysis of variance (ANOVA)
was performed using SAS version 9.4 statistical software
programs. The significant difference between and among
treatment means was assessed using the least significant
difference (LSD) at 0.05 level of probability [25].
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3. Results and Discussion
3.1. Soil Physico-chemical Properties

Soil is a complex matter and comprises minerals, soil
organic matter, water, and air. These fractions greatly
influence soil texture, structure, and porosity. These
properties subsequently affect air and water movement in the
soil layers, and thus the soil’s ability to function. Therefore,
soil physicochemical properties have a great influence on soil
quality.

The results of particle size analyses are the proportions of
sand, silt and clay were used with the familiar triangular
texture diagram to determine the textural class of the soil.
The Result indicated that the textural class of experimental

site was heavy clay with the textural proportion of clay
(76%), silt (20%) and sand (4%) contents.

The pH of the experimental site was slightly acidic with a
value of 6.23 which is preferable soil pH range for rice
production. The soil was found to be slightly acidic in
reaction with a pH of 6.25 as per the rating of [56, 40].
Cation-exchange capacity (CEC) measurements are
commonly made as part of the overall assessment of the
potential fertility of the soil, and possible response to
fertilizer application. The CEC results can sometimes also be
used as a rough guide to the types of clay minerals present.
The result of soil cation exchange capacity was 57.98
Cmol(+) kg'1 which ranges very high. Cation exchange
capacity (CEC) was high according to the rating of [35, 29].

Table 2. The Soil physicochemical properties of the experimental site before planting.

Soil Properties Unit Value Rating Reference

pH (1:2.5 H,0) - 6.23 Slightly acidic Tekalign, 1991
EC dS/m 0.098 Very Low Landon, 1991
CEC Cmol(;) kg! 57.98 Very high Landon, 1991
TN (%) 0.14 Low Landon, 1991
Avail. P Ppm 16.36 High Olsen et al. (1954
Ex.K Cmol(:) kg! 0.562 Medium FAO, 2006

Zn ppm 1.244 Medium Jones 2003

S ppm 0.512 Low Landon, 1991
B ppm 0.71 Medium Horneck 2011
oC % 1.78 Very Low Landon, 1991
Soil Texture

Sand % 4

Silt % 20

Clay % 76

Soil Textural Class Heavy Clay

Electrical conductivity measurements were used as
indicaters of the total quantities of soluble salts in soils. The
quantities of salts that pass into the solution depend on the
relative amounts of soil and water used. Electrical
conductivity of the experimental site was salt-free with the
value of 0.098 dS/m which was the preferable soil EC range
for most crops [35].

Total nitrogen is the sum of total kjeldahl nitrogen (organic
and reduced nitrogen) and nitrate-nitrite. Total nitrogen exists
organic forms and inorganics (or mineral) forms such as plant
available ammonium (NH,") and nitrate (NO5"). According to
[35], the results of organic carbon and total nitrogen in the
soils were 1.78% and 0.141% which are very low and low,
respectively. The% ranges in OC were classified as > 20 very
high, 10-20 high, 4 — 10 medium, 2 — 4 low and < 2 very low
[35]. For soil to be productive, it needs to have OC content in
the range of 2% to achieve a good soil structural condition
and structural stability [14].

The available phosphorus contents were 16.32 ppm which
is in the high range as stated by [43]. The available
phosphorus contents were classified as > 10 high, 5-10
medium and < 5 low (Olsen ef al. 1954). The exchangeable
K of the experimental site was medium [21] with the value of
0.562 Cmol (;) kg'. The percent ranges in exchangeable K
were classified as < 0.2 very low, 0.2 - 0.3 low, 0.6 — 1.2
high, > 1.2 very low [21]. Zinc contents of the soil were

1.244 ppm which is classified as medium according to [32],
ranging as > 1.5 adequate, 1.0 — 1.5 medium and 0.0 — 0.9
low. The sulfur of the experimental site value was 0.512 ppm
which is classified as low range according to [35]. The
available boron content of soil 0.71 ppm was recorded in the
experimental site. According to [31] ratings the soil boron
content < 0.2 ppm is rated as very low, 0.2-0.5 ppm low, 0.5-
1 ppm medium, 1- 2 ppm high and > 2 ppm excessive.

3.2. Rice Phenology and Growth Parameters

3.2.1. Effect of Nutrient Omission on Heading Date

Nutrient omission had a significant (p < 0.01) effect on the
mean of heading date of rice. Heading date were significantly
affected by different nutrients that the minimum number of
days to heading 91.7, 91.3 and 90.7 was recorded in the
application of NPKSZn, NPKSB and NPKSZnB,
respectively. On the other hand, the maximum number of
days to heading (96.3 and 96) were recorded from PKSZnB
(-N) and control respectively. According to [59], days to
heading were delayed with absence of N. In line with this
nitrogen fertilized plots had faster heading than the plots not
treated with nitrogen and phosphorus [24]. This is consistent
with the suggestion of [57] that N supply promotes the
uptake of other nutrients, enhancing growth and development.
A similar result was also reported by [44] who reported that
it delays heading date.
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Control

Figure 2. Heading date of rice NP, control and NPKSB-Zn.

3.2.2. Effect of Nutrient Omission on the Physiological
Maturity Date of Rice

Nutrient omission had a significant (p < 0.01) effect on the
mean of the physiological maturity date of rice. The
minimum number of days to maturity (124.3) was recorded
after the application of NPKSZnB. On the other hand, the
maximum number of days to maturity (140 and 143) were
recorded from the control and omission of N, respectively.

In line with this nitrogen fertilized plots had faster
maturity date than the plots not treated by N and P fertilizer
[24]. The application of zinc as well decreases the maturity
period of rice [26]. The longest days of Physiological
maturity was recorded from the control [24]. This is
consistent with the suggestion of [57] that N supply promotes
the uptake of other nutrients, enhancing growth and
development.

Figure 3. Physiological maturity of rice with omission of-S, -N and the control.

3.2.3. Effect of Nutrient Omission on Plant Height of Rice
Plant height is one of the most important characteristics
which indicate nutrients absorption capacity as well as the
health of the soil and plant. The combined application of
macro and micronutrients significantly increased plant
height. The omission of different nutrients had a
significant effect on the plant height of rice. The highest

plant height of rice (84.67cm) was recorded from the
application of without zinc but with no statistical
difference with NP, NPKSBZn and NPSKZn. Since N is
an important constituent of amino acids, proteins, its
application had an effect on plant growth and development
through better utilization of photo-synthases and more
vegetative growth.
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Table 3. Omission effect on heading date, maturity date, plant height (cm) and panicle length (cm).

Treatments Heading date Maturity date Plant height (cm) Panicle length (cm)
Control 96.0a 143.0a 54.47d 14.00e
Rec. NP 92.0bc 130.0b 84.53ab 23.13ab
NPKSZnB (All) 90.7¢c 124.3¢ 84.07ab 24.03a
PKSZnB -N 96.3a 140.0a 60.40d 17.07d
NKSZnB -P 93.7b 128.3bc 67.33¢c 18.53d
NPSZnB -K 92.0bc 130.7b 78.27b 22.00bc
NPKZnB -S 92.0bc 130.7b 71.00c 21.53bc
NPKSB -Zn 91.3¢c 129.0b 84.67a 20.53¢
NPKSZn -B 91.7¢c 126.7bc 78.60ab 21.63bc
Mean 92.8 1313 73.7 20.27
LSD (0.05) 1.83 4.1 6.3 1.9

P ke sk ke sk

CV (%) 1.14 1.8 4.9 5.4

Where, LSD=Least Significant Difference at 5% level; CV=Coefficient of Variation. Means in columns followed by the same letters are not significantly

different at 5% level of significance. **=significant at P < 0.01.

Result showed that significantly higher plant heights of
84.67cm, 84.53cm, and 84.07cm were obtained from plots
treated with 138 + 46 + 60 + 30 + 2 kg ha”' NPKSB, 138+46
Rec. NP and 138 + 46 + 60 + 30 +5 + 2 kg ha™ NPKSZnB kg
ha respectively as compared to other treatments, while the
shorter plant heights of 54.47cm and 60.4cm were recorded
from the non-fertilized and N-omitted plots respectively.
Significantly next to control lower plant height were recorded
under the treatments missing N, P and S nutrients
respectively. The significant crop response to P application
was also reported by [2]. These results conform to the
findings of [9]. It is in line with [51] who stated a significant
reduction in plant height of upland rice with omission of S.

3.2.4. Effect of Nutrient Omission on Panicle Length of
Rice

The analysis of data showed that the treatments produced a
significant effect on panicle length. The longest panicle
length (24.03 cm) was recorded from the treatment receiving
all the nutrients at rate of 138 + 46 + 60 + 30 + 5 + 2 kg ha™
NPKSZnB as compared to other treatments. However, it was
not statically different with the recommended NP, while the
shorter panicle lengths (14.00cm, 17.07cm and 18.53cm)
were recorded from non-fertilized, N-omitted and P omitted
plots, respectively. Application of all necessary nutrients
resulted in best performances which increase the growth and
numbers of the panicle. This showed that nitrogen and
phosphorus fertilization had positive roles in increasing the
length of the panicle. The results confirm the findings of [4]
who reported the lowest length of panicle from N and P
omitted treatments. Similar results were also obtained by [34]
who confirmed that nitrogen fertilization had a great role in
increasing the length of the panicle. Nath D. et al. [41] also
reported that N has a great contribution on panicle length.

3.2.5. Effect of Nutrient Omission on Flag Leaf Length of
Rice
Rice flag leaf is the main photosynthetic organ and plays a
key role in grain yield. Rice leaf represents a photosynthetic
organ, in which morphological characters directly affect the
structure of the population, light distribution, and energy

utilization. Flag leaf length of rice did not differ significantly
concerning the application of different treatments in this
study.

3.3. Effect of Nutrient Omission on Yield and Yield
Component of Rice

3.3.1. Effect of Nutrient Omission on Biomass Yield of Rice

Nutrient omission trials were significantly influenced with
biomass yield. The maximum biomass 15750 kg ha" was
recorded from the application of 138 + 46 + 60 + 31 +5 +2
kg ha” NPKSZnB. In contrast, the minimum 722 Kg ha and
9500 Kg ha” biomasses were recorded from non-fertilized
and N-omitted plots, respectively. Significant increases in
plant height, tillering, panicle length and grain yield from the
application of macro and micronutrients have a contribution
to increasing biomass yield of upland rice.

The reduction of rice biomass yield because of omission of
different plant nutrients, from where all the nutrients applied,
were also calculated out. It was noticed that omission of N
reduced the biomass yield by 40% and that of P omission
caused a biomass yield reduction of 21%. Apart from the
omission of N and P, yield reductions due to S and Zn
omission were also noticed. It was observed that S omission
reduced rice yield with 17%. Percent reduction in rice
biomass yields under different nutrient omitted plots as
presented in may be put in the order of N > P > S. Large
reductions in the biomass yield of rice were observed with
the omission of N and P as compared to the other nutrient
omissions. Result indicates that N is the most critical nutrient
that affects the biomass yield followed by P. [48] also
presented that full application of macro and micronutrients
records maximum biomass yield of upland rice.

3.3.2. Effect of Nutrient Omission on Grain Yield and Yield
Reduction of Rice
Macronutrient and micronutrient combinations
significantly increased the grain yield of rice. The omission
of all macro and micronutrients from the experimental plot
drastically decreased yield than plots fertilized with complete
treatments which is NPKSZnB. The rice grain and straw
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yields were significantly affected with the application of
different treatments in Vertisols. The highest grain yield of
7220.7 kg ha was obtained from the NPKSZnB application
which was statistically similar to that obtained from NPKSB
(-Zn), NPKSZn (-B) and NPSZnB (-K) respectively. In
contrast, the lowest grain yield of rice 2229.7 kg ha™ was
obtained from the control followed by PKSZnB (-N),
NKSZnB (-P) all the other fertilization treatments performed
in between.

Kaizzi KC et al. [33] also reported that the application of
Zn, S and B together with nitrogen, phosphorus and
potassium fertilizer (NPK) increased paddy yield by 19%
above the NPK yield. Our result is also in agreement with the
finding of [55] who reported that omission of major N, P and
S nutrients individually from the complete treatment
(NPKSZnB) significantly decreased rice yield and was
significantly higher than the control. Furthermore, the finding
of [17] showed that the highest significant grain yield was
recorded when rice received primary secondary and
micronutrients (NPKSZnB).

The reduction in rice grain yield because of omission of
different plant nutrients, from treatment where all the
nutrients applied, was also calculated. Large reductions in the

Table 4. Effect of nutrient omission on biomass yield (BY),

grain yield of rice were observed with the omission of N and
P as compared to the other nutrient omission treatments. The
yield reductions were more pronounced with N omission.
Result indicates that N is the most critical nutrient that affects
the grain yield considerably in all the soils followed by P.
Omission of N reduced the grain yield by 46%, P omission
caused a yield reduction of 17% and sulfur has yield penality
of with 11%. This indicates that N was the most yield-
limiting nutrients in soils followed by P. The percent
reductions in rice yield under different omitted plots were in
the order of N>P>S.

This result was also in agreement with the findings of
[50] who reported that the long-term omission of major
nutrients individually from the complete treatment
(NPKSZn) significantly decreased rice yield. Furthermore,
the finding of [17] showed that the highest significant
grain yield was recorded when rice received primary,
secondary and micronutrients (NPKSBZn) and yield
decreased by 19.4- 27% due to omission of NPK or PK
and by 17.1- 32.6% in absence of S and Zn both as
combined and individually. The yield reductions were
more pronounced with N and P omission with a magnitude
of 43.2% and 41.7%, respectively [61].

grain yield (GY), straw yield (SY) and yield reduction of rice.

Treatments BY kg ha! SY kg ha™! GY kg ha™! BY reduction (%) SY reduction (%) GY reduction (%)
Control 5555.6f 3361.1d 2229.7¢ 65 61 69
Rec. NP 13555.6bcd 7333.3ab 6225.7bc 14 15 14
NPKSZnB 15750.0a 8666.7a 7220.7a - - -
PKSZnB -N 9500.0e 5666.7¢ 3898.8d 40 35 46
NKSZnB -P 12444.4d 6583.3bc 5959.2¢ 21 24 17
NPSZnB -K 14166.7bc 7750.0ab 6568.6abc 10 11 9
NPKZnB -S 13000.0cd 6694.4bc 6424.7bc 17 23 11
NPKSB -Zn 14166.7bc 7250.0ab 7003.6ab 10 16 3
NPKSZn -B 14277.8b 7527.8ab 6810.3ab 9 13

Mean 12490.74 6759.3 5815.7

LSD (0.05) 1275.5 1500.4 782.07

P sk sk kk

CV (%) 15.9 12.8 7.8

Where, LSD=Least Significant Difference at 5% level; CV=Coefficient of Variation. Means in columns followed by the same letters are not significantly

different at 5% level of significance. **=significant at P < 0.01.

3.3.3. Effect of Nutrient Omission on Straw Yields

Significant response in straw yield was observed due to the
nutrient omission treatments. The highest straw yield was
recorded with application of full of NPKSZnB that was 8667
kg ha™' but statically no difference with the application of
NPSZnB, NPKSB and recommended NP. The lowest straw
yield of 3361 kg ha™ was recorded from control followed by
the omission of N, P and S. The omission of N, P and S
resulted in significantly lower straw yields. Omission of N
reduced the straw yield by 35%, while P omission caused a
straw yield reduction of 24% and omission of S reduced
straw yield by 23%.

The percent reductions in rice straw yield under different
omitted plots were in order of N>P>S. Omission of N, P and
S caused significant reductions in straw yields of rice in

comparison to the treatment receiving all the nutrients. In line
with the current result, the finding of [9] showed that the
mean straw yields of rice were significantly affected by
different nutrient omission treatments. Omission of N, P and
S significantly reduced the straw yield as compared to
treatment which received all the nutrients. Singh SP et al.
[52] also reported a decrease in the straw yield of rice with
the omission of N, P and S.

3.3.4. Effect of Nutrient Omission on Harvest Index

Harvest index is defined as the economical yield (grain
yield) of the crop expressed as a decimal fraction of the total
biological yield, but the meant total aboveground dry matter
production. The harvest index of rice did not differ
significantly concerning the application of different
treatments in this study.
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3.3.5. Effect of Nutrient Omission on Thousand-Grain
Weight

Thousand-grain weight is an important character that
determines the yield per hectare. Analysis of variance
indicated that thousand grains weight was significantly
affected by the nutrient omission treatments. The highest
thousand-grain weight of 27.0 g was recorded at a nutrient
combination of NPKSBZn when the plot received all nutrients,
followed by NPKSZn and NPKSB. In contrast, the lower
values of 22 and 21.67 gm were recorded from non-fertilized
and N-omitted plots followed by P and S omitted plots,
respectively. This showed that nitrogen fertilization had great
role in increasing the weight of grain. The combined
application of primary secondary and micronutrients resulted
in the highest thousand-grain weight, which was significantly
higher than the control and recommended NP.

However, the omission of N and P plots had reduced the
test weight as compared to those of all other treatments. It is
universal truth that N and P are the most important major
nutrients required for tillering, root growth and they affect
ultimately filled grains and test weight. The reduced effective
tillers and thousand-grain weight were recorded in the
present study caused due to omission of N and P treatments.

The present result is in line with the finding of [22] (who
observed that NPKZn combinations significantly increased
1000 grains weight of rice over NPK. Moreover, a significant
increase in thousand grain weight of rice by 13.6% through S
incorporation in NPKBZn combination was reported by [17].
An increase in thousand grains weight of rice upon Zn
fertilization might also be due to its involvement in the
carbonic anhydrase activity and more carbohydrate
accumulation in the seeds [54].

3.3.6. Effect of Nutrient Omission on the Total Number of
Tillers

Applying secondary and micronutrients in combination
with primary macronutrients significantly (p < 0.01) affected
the number of total tillers. The highest total number of tiller
was recorded at NPKSZnB from which all nutrients were
applied which was statically non-significant with
recommended NP and NPKSB treatments. The lowest value
of this parameter (4983333 ha') was obtained from the
control followed by omission of N, P and S. In contrast,
Control and treatment missing N, P and S were observed
significantly lower numbers of tillers of rice as compared to
treatment with application of all nutrients. N plays a key role
in tillers bearing of rice followed by P and S. Many
researchers have also concluded the importance of N and P in
tillering of the crops.

The current result is in line with the finding of [9] who
observed that a significantly higher number of tillers at the
treatment that received all the nutrients. However, N, P and S
nutrients omission treatments showed significantly a smaller
number of tillers in comparison to treatment that receives all
nutrients. Omission of N and P reduced the total number of
tillers as these two nutrients have a major role in tillers of
rice. Similarly, [23] recorded maximum total number of

tillers from the application of NPKSZn and a minimum from
Control.

3.3.7. Effect of Nutrient Omission on Number of Effective
Tillers

The number of effective tillers was significantly (p < 0.01)
influenced by the nutrient omission treatments. The grain
yield of cereals is highly dependent upon the number of
effective tillers. The highest numbers of effective tillers were
observed in NPKSZnB that received all nutrients that were
statistically similar to that obtained from NPKSB and Rec.
NP respectively.

Omission of N, P and S nutrients significantly reduced the
effective tillers of rice, as compared to treatment that
received all nutrients. A similar result was reported by [23]
that the maximum total number of tillers and number of
effective tillers was found from the application of
NPKSCaZn and minimum total and effective tillers were
found from Control. Rana KW et al. [48] also reported
increased effective tiller production with NPKSZn compared
to the recommended NP and NPK. Similarly [45] mentioned
that nutrient omission trial had a significant effect on the
number of effective tillers.

3.3.8. Effect of Nutrient Omission on Number of
Non-Effective Tillers

The number of non-effective tillers was significantly (p <
0.01) responding to nutrient omission treatments. The highest
total number of non-effective tillers (350000 ha™) was
recorded at the control plots and was non-significantly
different from omission of N. The lowest value of this
parameter (50000 ha™) was obtained from the full application
of NPKSZnB, which was statically non-significant with NP
and NKSZnB treatments. However, omission of N, omission
of P and the control plots had the maximum number of the
non-effective tillers as compared to those of all other
treatments. It is universal truth that N is the most yield
limiting nutrients require for tillering and growth purposes.

Table 5. Nutrient omission effect on thousand grains weight (TGW), total
number of tillers (TNT), number of effective tillers (NET), and number of
non-effective tillers (NNT).

Treatments TGW TNT NET NNT
Control 21.67f 4983333¢ 4650000d 350000a
Rec. NP 24.67cd  5550000ab 5433333ab 116667de
NPKSZnB (All) 27.00a 5900000a 5850000a 50000e
PKSZnB -N 22.00f 5033333bc 4766667cd 266667ab
NKSZnB -P 23.67¢ 5316667bc 5083333bcd 233333bc
NPSZnB -K 25.00c 5383333abc  5266667bc 100000de
NPKZnB -S 24.00de  5066667bc 4933333bced 133333de
NPKSB -Zn 26.00b 5583333ab 5466667ab 150000cd
NPKSZn -B 25.33bc  5466667abc  5300000bc 166667cd
Mean 24.4 5364815 5194444 174074
LSD (0.05) 0.95 553844 548686 88133
Sig.level S > S o

CV (%) 12.3 6 6.1 19.2

Where, LSD=Least Significant Difference at 5% level; CV=Coefficient of
Variation. Means in columns followed by the same letters are not
significantly different at 5% level of significance. **=significant at P < 0.01
and *=significant at P < 0.05.
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3.4. Correlation Among Growth, Yield, and Yield
Component of Rice

Yield is a dependable complex entity associated with
several component characters as a result of the interaction of
several contributing factors that may be related or unrelated
[8]. The association of different component characters among
themselves and with yield is important for devising a
selection for yield. The correlations of the investigated
characters are shown in. Yield is a cumulative interaction
effect of all the dependent and independent variables in the
experiment.

The data showed that there was a significant (P < 0.01)
positive and linear relationship among most of the yield and
yield components of rice but negative with non effective
tillers. Accordingly, grain yield was significantly and
positively correlated with biomass yield of r=0.94**, plant
height of r=0.84** total tiller of r=0.52**, effective tiller of
r=0.63**, panicle length r=0.84**, thousand-seed weight
r=0.88** and harvest index r=0.70** at P < 0.01. The
positive direct effect of plant height on grain yield is
supported by [7] Similarly, [46] reported positive
contribution of effective tillers and panicles would likely be

effective in improving the grain yield. The important roles of
productive tiller number and grain number panicle have been
reported by many workers [62]. Moreover, a high and
positive association of grain yield with tiller number was
mainly attributable to indirect effect with productive tiller
number. Panicle length, dry matter yield, harvest index and
1000 grain weight had significant positive associations with
grain yield [3].

Plant height showed a highly significant positive
relationship with effective panicle per plant through the
application of macro and micronutrients. Suprio C. et al.
[55] found effective grains per panicle revealed a
significant positive relationship with plant height. It
indicated that increasing plant height caused to increase in
effective tiller and panicles per plant. The presence of
significant and positive correlation among yield and other
variables indicates the improvements of growth
parameters of rice through the combined application of
macronutrients with micronutrients, which ultimately
increased yield in the study site. This implies that
increased growth parameters and yield components might
contribute to rice yield increment.

Table 6. Correlation coefficients between growth and yield component of rice.

Variable PH PL TT ET NET BY GY HI TGW
PH 1 0.80" 0.60" 0.70" -0.75" 0.86" 0.84" 0.44" 0.87"
PL 1 0.57" 0.68™ -0.86™ 0.86" 0.84™ 0.42° 0.78™
TT 1 0.98™ -0.50™ 0.57" 0.52" 0.16™ 0.66™
ET 1 -0.66™ 0.66" 0.63" 0.28™ 0.74"
NET 1 -0.77" -0.815™ -0.57" -0.724™
BY 1 0.94" 0.44" 0.88"
GY 1 0.70™ 0.86™
HI 1 0.46"
TGW 1

Where, **=significant at P < 0.01, *=significant at P < 0.05, ns=non-significant. PH=Plant Height, PL=Panicle Length, TT=Total Tiller, ET=Effective Tiller,
NET=None Effective Tiller, TGW=Thousand Grain Weight, GY=Grain Yield BY=Biomass Yield; HI=Harvest Index.

4. Conclusion

Soil nutrient deficiencies are among the major yield
limiting factors of the rice production. Balanced nutrient
supply based on limiting nutrients for cereal crops improved
yield and nutrient uptake of rice. The growth, development,
and production of rice depend on the availability of macro
and micro nutrients in the soil.

Depending on the response of indigenous soil nutrients of
N, P, K, S, B and Zn, it can be concluded that nitrogen and
phosphorus are the most limiting factors to increase grain
yield in the Vertisols of Fogera district followed by sulfur.
Omission of one macro nutrient has an impact on growth
and yield parameters of rice. However, the effect of other
micronutrients was low when comparing to those of N and
P. It is concluded that the omission of N, P and S have the
highest yield limiting nutrients in Vertisols of fogera
district.
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