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Abstract

The rice transplantation method is still the predominant cultivation practice. However, with 
increasing water scarcity, high-cost production, and adverse effects on soil health and the surrounding 
environment, alternative crop production methods should be practiced for sustainable rice production. 
In the current study, we evaluated the transplantation and direct seeding rice cultivation methods under 
different nitrogen (N) and zinc (Zn) fertilization rates. We used four different input rates for both N  
(i.e., N0 = 0 kg ha-1, N1 = 90 kg ha-1, N2 = 120 kg ha-1, and N3 = 150 kg ha-1) and Zn (Zn0 = 0 kgha-1, 
Zn1 = 5 kg ha-1, Zn2 = 10 kg ha-1, and Zn3 = 15 kg ha-1). The results showed that the transplantation 
rice method coupling with N3 and Zn2 substantially improved yield and yield-related components 
compared to the direct seeded method and other fertilizer treatments. Considering weed density and  
non-productive tillers, the transplantation rice method coupled with N3 and Zn2 recorded lower weed 
density and non-productive tillers as compared to the direct seeded rice method coupled with nitrogen 
and zinc fertilization treatments. The transplantation method with N3 and Zn2 significantly improved 
leaf area index, leaf area duration, net assimilation rate, and photosynthetically active radiation in 
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Introduction

Rice (Oryza sativa L.) is the second most important 
cereal crop and is grown in more than 100 countries 
across the globe. Approximately, 3.5 billion people 
depend on rice for nourishment and as an income source 
globally, and it plays a key role in food security [1].  
The low yield of rice might be due to traditional culturing 
techniques and mismanagement of agronomic factors, 
such as sowing methods and fertilizer application [2]. 
In the present world, water scarcity is the biggest threat 
that will affect rice cultivation in the near future, as rice 
consumes 2 to 3 times more water in comparison to 
other cereal crops [3]. One of the possible solutions to 
overcome this problem is the introduction of alternative 
practices for rice cropping.

Transplanting rice seedlings from nursery to 
puddled soil is the primary and traditional approach 
to rice cultivation. However, a significant quantity 
of water is required as it loses due to percolation and 
evaporation. Studies reported that the transplantation 
(TP) rice method requires 3000 to 5000 liters of water 
for the production of 1 kg of rice [4]. The transplantation 
rice method is also a major source of greenhouse gas 
emissions, causing global climate change [5]. Along 
with higher water usage and greenhouse gases, TP 
rice production also deteriorates soil physiochemical 
properties [6, 7]. Among the nutrient elements, nitrogen 
(N) plays a crucial role in the growth and development 
process of rice, leading to an increase in the total 
yield. The application of higher N fertilizer for getting 
the desired yield can cause a negative effect on the 
sustainability of the production and total cost. The high 
rate of N fertilizer not only affects yield and quality but 
also makes rice plants susceptible to lodging, insect 
pests, and disease attacks [8]. While applying N to rice, 
a valuable amount enters the surrounding environment, 
which pollutes both the surrounding atmosphere and 
water system.

Like N, zinc (Zn) has also a major role in the yield 
and quality of rice. Zn deficiency is common in flooded 
soils due to the formation of insoluble Zn-phosphate. 
Under anaerobic conditions, an increase in the organic 
acid concentration reduces the Zn uptake by the rice, 
which affects its development, yield, and quality [9]. The 
frequency of Zn deficiency in rice is higher as compared 
to other cereal crops, which results in nutritional 

disorders affecting more than 50% of the crop.  
The reduced Zn concentration in grains not only 
diminishes its bioavailability in humans but also 
contributes to Zn deficiency in the susceptible human 
population. Application of Zn to soil is a general 
strategy to address the Zn deficiency and improve 
Zn grain concentration [10]. Zn is also important for 
several physiological processes in plants, such as 
carbohydrate metabolism, nucleic acids, and auxins, 
as well as enzyme activation and protein synthesis.  
It is also important for gene expression, regulation, and 
reproductive development [9]. Our research aim is to 
modify the present cultivation and agronomic techniques 
to reduce production costs and to manage fertilizers in a 
better way.

To address the problem, efforts were made to shift 
transplantation rice cropping to direct seeded cropping 
(DS). The DS rice method is an eco-friendly production 
method that not only reduces the loss of resources, but 
also mitigates the emission of greenhouse gases from 
paddy fields. However, there is a dearth of studies on 
direct-seeded rice methods and their impact on yield, 
water scarcity, and economic stability. Therefore, we 
designed the current study to evaluate the effect of 
different cropping methods (TP and DS) coupled with 
the application of N and Zn fertilizers on the growth, 
yield, and economics of rice production.

Materials and Methods

Research Site and Weather Conditions

The two field trials with different sowing methods 
were conducted at Agricultural Research Institute 
(North) Mingora Swat during summer, located at 
34°46’60”N latitude and  72°22’0”E longitude with an 
altitude of 905 meters above sea level. The experimental 
site has finely textured silt loam and well-drained soil. 
The soil analysis revealed that the soil has pH 8.1,  
EC 1.9 d S m-1, organic matter 0.56%, total N 0.02%, 
available P 6.1 ppm, and available K 118 ppm.  
The research site has semi-arid subtropical climatic 
conditions with an average annual rainfall of about 800 
mm. In combination with precipitation, the crop water 
requirements were achieved by supplying water through 
surface irrigation via water channels when needed.

comparison to other treatments applied. Furthermore, the transplantation rice method recorded higher 
economic returns compared to the direct seeded rice method. It was concluded from the findings of this 
study that the transplantation rice method, along with a suitable amount of N and Zn fertilizers, could 
enhance yield-related components, leading to higher production and substantially higher net income. 
While the transplantation method showed promising results, future research should explore ways to 
address the challenges of the direct seeding method, such as managing weed density and non-productive 
tillers, to make it a viable alternative for sustainable rice production.

Keywords: Rice, sowing methods, nitrogen, zinc, yield



Impact of Different Cropping Methods... 3

Research Design and Management

In this study, we used 10 treatments with three 
replicates each, utilizing a randomized complete block 
design (RCBD). Two sowing methods were used, i.e., the 
TP rice method and the DS rice method. Additionally, 
different combinations of N fertilizer (0, 90, 120, and 
150 kg ha-1) and Zn levels (0, 5, 10, and 15 kg ha-1) were 
also applied in both rice growing methods. Each plot 
consists of six rows (length = 4 m), while the row-to-
row distance was 30 cm. The coarse variety SWATAI 
2014 was used as a test variety. N was applied in the 
form of urea to the nursery, and the remaining N was 
applied in two equal splits, half at seedbed preparation 
and the remaining half at the tillering stage for both the 
TP and DS of rice. Zn (33%) was applied in the form 
of ZnSO4 after 12 days of TP and DS of rice [10]. Five 
irrigations were applied in the DS rice cultivation, i.e., 
1 day after sowing, at tillering (25), during panicle 
initiation (PI) (45), grain filling stage (65), and 20 days 
before harvesting. All the agronomic practices were 
carried out equally for all the trials throughout the life 
span of the crop.

Sampling and Data Collection

Different growth parameters like plant height, days 
to maturity, weed dry matter, harvest index (HI), straw 
yield, and hulling (%) were measured. For plant height 
measurement, 10 tillers were selected from each plot 
and measured from the base to the top of the plant, and 
then the average was calculated. Data relating days to 
physiological maturity was recorded when more than 
50% of plants in every treatment became yellowish. 
Weed dry matter was recorded after drying the fresh 
in the sun. To calculate the HI, we calculated the ratio 
of paddy yield to biological yield, and then the HI was 
expressed in percentage. The straw yield of rice was 
computed by subtracting the paddy yield from the 
biological yield. Hulling (%) of rice was calculated by 
dividing the grain weight without hull (rice) by the grain 
weight with hull. Additionally, data on leaf area index 
(LAI), leaf area duration (LAD), crop growth rate (CGR), 
net assimilation rate (NAR), and photosynthetically 
active radiation (PAR) were also determined [11].

Economic and Statistical Analysis

Total expenditures like seeding costs, field 
preparation costs etc., were computed. After calculating 
the total operating costs and profits, the net profit 
was determined. The profitability of rice and income 
received in terms of increased grain yield were assessed 
according to the methodology explained by CIMMYT. 
Data collected was analyzed using Statistix 8.1. The 
means were compared at the 0.05 level of probability 
using the LSD test. Figures were generated using 
GraphPad Prism version 8.0 and R version 3.6.1.

Results

Growth Parameters

Data related to LAI, LAD, CGR, NAR, and 
PAR are presented in  Table 1. Different sowing 
methods significantly affected the crop growth-related 
parameters. Among TP and DS, the TP rice crop 
attained the highest values of LAI, LAD, CGR, NAR, 
and PAR. The N fertilizer application also significantly 
affected the aforementioned parameters. N application at 
the rate of 150 kg ha-1 (N3) was observed to be more 
effective as compared to other N levels in relation to 
growth parameters. Similarly, Zn application also had a 
notable effect on growth attributes, and the results are 
presented in Table 1. Higher indices for growth-related 
parameters were observed in the case of Zn2 (10 kg ha–1) 
and the minimum values were observed in Zn0, where 
no Zn was applied. The interactive effect between 
different sowing methods, N and Zn, was non-significant 
for LAD and CGR, while interaction between N and Zn 
levels in the case of LAI was significant.

Effects of different sowing methods and fertilizer 
treatments (N and Zn) on days to panicle initiation (PI) 
are displayed in Fig. 1(c, d). The statistical findings show 
that all the treatments used in the experiment recorded 
significant effects on the PI of the rice crop. An average 
of 60 days was noted to reach the PI stage in the TP rice 
method, which is comparatively higher than the DS rice 
(56 days). Among different N treatments, maximum days 
to PI (67 days) were observed for N3, followed by N2 (62 
days) and N1 (55 days), while the N0 treatment depicted 
the least days to PI. Different Zn applications had a non-
significant effect on the days to PI, as maximum days 
for PI (59 days) were observed in the Zn3 treatment, 
followed by Zn2 and Zn1, and minimum numbers (57 
days) were obtained in the Zn0 treatment.

The result of the present study indicated that 
maximum days (111 days) to physiological maturity 
(PM) were observed in the rice grown under the TP 
method, while the least days (101 days) were recorded in 
the DS rice method (Fig. 1a, b). Within N applications, 
the highest days to PM (114 days) were recorded in N3, 
followed by N2 (110 days) and N1 (104 days) treatments. 
Considering Zn input rates, the greater number of 
days to PM was perceived with the application of Zn3, 
followed by Zn2 and Zn1, respectively. In both N and 
Zn treatments, the plots without application of N and Zn 
(N0 and Zn0) depicted the least time to attain PM.

Yield Related Attributes

Data related to yield parameters of rice grown in 
both TP and DS rice methods is presented in Fig. 2. We 
found that both the rice growing methods significantly 
affected plant height (Figs. 2 a and b). The results 
showed that maximum plant height was observed in the 
TP method as compared to the DS rice method. Plant 
height showed a positive response to different levels of 
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Table 1. Effect of different sowing methods, N and Zn levels on LAI, LAD, CGR, NAR and PAR of rice.

Treatments LAI LAD CGR NAR PAR

N0 4.31 d 281.21 d 7.32 d 4.88 c 801 c

N1 5.41 c 295.32 c 10.81 c 5.11 b 875 b

N2 5.54 b 300.32 b 11.17 b 5.16 b 881 b

N3 5.57 a 307.11 a 11.82 a 5.36 a 905 a

Zn0 4.42 d 285.21 d 8.22 d 4.09 d 790 d

Zn1 5.38 c 293.31 c 10.57 c 5.03 c 814 c

Zn2 5.60 a 308.45 a 12.21 a 5.45 a 855 a

Zn3 5.50 b 303.68 b 11.17 b 5.21 b 840 ab

TPR 5.62 a 310.71 a 12.33 a 5.13 a 901 a

DSR 4.92 b 288.35 b 10.12 b 5.01 b 870 b

F-value significance

SM x Nitrogen ns ns ns ns ns

SM x Zn ns ns ns ns ns

N x Zn *** ns ns ns ns

SM x Nitrogen x 
Zn ns ns ns ns ns

Note: SM indicate different sowing methods. TPR: Transplantation rice method, DSR: Direct seeded rice method. N0, N1, N2 
and N3 indicates different N levels and Zn0, Zn1, Zn2 and Zn3 represents different Zn levels. Different letters in a single column 
indicate significant difference between treatments at the 0.05 probability level. ns represent non-significant and asterisks indicate  
a significant difference at *P<0.05, **P<0.01 and ***P<0.001 level.

Fig. 1. Effect of different sowing methods, N and Zn levels on days to panicle initiation and physiological maturity. N0, N1, N2 and N3 
indicate different N levels and Zn0, Zn1, Zn2 and Zn3 represent different Zn levels.  The vertical bars represent the standard deviation 
of the means.
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methods coupled with N and Zn levels (Figs. 3c and 
d). Maximum grains panicle-1 was recorded in the TP 
rice method, while DS observed a minimum number 
of grains panicle-1 (i.e., 120 grains). Among different N 
levels, N3 produced a higher number of grains panicle-1 
(124) followed by N2 and N1 treatments. Whereas the N0 
plot perceived the least number of grains panicle-1, i.e.,  
118 grains. Among Zn treatments, higher grains  
panicle-1 (124) were noted with Zn2, followed by 
Zn3 (123) and Zn1 (121). The lower number of grains 
panicle-1 118 was achieved in Zn0.

Fresh and Dry Biomass of Weeds

Our results depicted a significant effect of different 
sowing methods on weed density in rice crops, as DS 
rice production recorded higher weed fresh weight as 
compared to TP rice (Fig. 4a and b). Maximum weed 
fresh weight noted in direct-seeded rice was 445.4 g, 
while in the transplantation rice method, it was 198.5 g. 
The different N applications also showed a positive effect 
on weed fresh weight. A maximum weed fresh weight 
of 339.1 g was noted for N1 treatment, followed by N3 
(332.6 g) and N2 (311.7 g), respectively. Considering 
different Zn treatments, no significant effect was 
observed on weed fresh weight. Among Zn treatments, 
the highest weed fresh weight of 329.8g was obtained 
from the Zn3 treatment, which was on par with Zn2 
(325g) and Zn1 (320.9g). The lowest weed fresh weight 
of 312.1g was observed with no application of zinc.

N fertilizer rates. Among N treatments, N3 recorded 
higher plant height, while the least was noted in the 
N0 treatment. However, considering Zn treatments, the 
maximum plant height was recorded in Zn2, followed 
by Zn1 and Zn3. A visible number of non-productive 
tillers were noted in the DS rice method in comparison 
to the TP rice method (Fig. 2c and d). N application to 
paddy reduced the number of non-productive tillers. We 
found that N0 treatment produced a higher number of 
non-productive tillers, while this number decreased 
from N1 to N3. Similarly, among Zn treatments, Zn0 
produced higher non-productive tillers, while treatment 
Zn3 produced the least number of non-productive tillers.

The data related to panicles m-2 and grains panicle-1 
is presented in Fig. 3. Investigation of the data showed 
that the sowing methods and N fertilizer levels had 
a significant effect on the rice panicle m-2, while 
no significant differences were observed among Zn 
treatments (Fig 3a and b). The TP rice method produced 
a significantly higher panicle m-2 as compared to the 
DS rice method. Among N rates, maximum panicles 
m-2 (327) were observed in treatment N3, followed by 
N2 and N1, respectively. Considering Zn amendments, 
the maximum number of panicles m-2 was obtained in 
Zn3 treatment, followed by Zn2 and Zn1, respectively. 
While the lowest number of panicles m-2 (317) were 
recorded in treatment where no Zn was applied. All 
interactions were found non-significant. The results 
of the present study indicate that the number of grains 
panicle-1 was significantly affected by different sowing 

Fig. 2. Effect of different sowing methods, N and Zn levels on plant height and non-productive tillers. N0, N1, N2 and N3 indicates 
different N levels and Zn0, Zn1, Zn2 and Zn3 represent different Zn levels. The vertical bars represent the standard deviation of the 
means.
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Results obtained showed that weed dry weight was 
notably affected by the sowing methods and N levels. 
While Zn application levels showed no significant effect 

on weed dry weight (Fig. 4c and d). The weed dry 
weight of 148.5 g was significantly higher in the DS rice 
method as compared to the weed dry weight (66.2 g) 

Fig. 4. Effect of different sowing methods, N and Zn levels on fresh and dry weight of weeds. N0, N1, N2 and N3 indicate different N 
levels and Zn0, Zn1, Zn2 and Zn3 represent different Zn levels. The vertical bars represent the standard deviation of the means.

Fig. 3. Effect of different sowing methods, N and Zn levels on panicles m-2 and grains panicle-1. N0, N1, N2 and N3 indicate different N 
levels and Zn0, Zn1, Zn2 and Zn3 represent different Zn levels. The vertical bars represent the standard deviation of the means.
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in the TP rice cropping method. A maximum weed dry 
weight of 113g was noted with the application of N2 
treatment, followed by 110.9g and 103g for N3 and N1 
treatments. A minimum weed dry weight of 101.5 g was 
noted from no application of N. With Zn application, 
the highest weed dry weight of 109.9 g was obtained 
from Zn3 followed by 108.3g and 107g for Zn2 and Zn1, 
respectively. The lowest weed dry weight was observed 
with no zinc application.

Hulling Percentage and Biological Yield

The effect of different sowing techniques and N 
and Zn applications on the hulling percentage of rice 
is presented in Fig. 5(a and b). Investigation of the data 
indicated that hulling (%) was not significantly affected 
by the different sowing methods, while different N and 
Zn levels had a significant effect on the hulling (%) of 
rice. The hulling of 75.9% was recorded in the TP rice 
method, which is comparable to that of the DS rice 
method, i.e., 75.8%. Among various N applications, 
the maximum hulling of 77.6% was recorded for N3, 
followed by N2 (76.3%) and N1 (75.3%) treatments, 
respectively. The lowest hulling of 74.2% was shown 
with no application of N. In Zn treatments, Zn3 exhibited 
the maximum hulling % of 76.2% while Zn2 and Zn1 
treatments showed 75.9% and 75.8%, respectively.  
The Zn0 treatment recorded a hulling % of 75.4%. 

The biological yield of rice was significantly affected 
by the sowing methods, N fertilizer, and Zn application 

levels (Fig. 5c and d). A maximum biological yield of 
15057 kg ha-1 was recorded in the TP rice method, which 
was significantly higher than the DS rice method’s 
biological yield of 12113 kg ha-1. Regarding N application, 
higher biological yield (15213 kg ha-1) was observed in 
treatments with a higher N input rate N3, (150 kg ha-1), 
which was followed by N2 and N1, where biological 
yield obtained was 14573 kg ha-1 and 13206 kg ha-1, 
respectively. The least biological yield of 11347 kg ha-1 
was revealed from treatment without N application.  
In the case of Zn input levels, the highest biological 
yield of 13954 kg ha-1 was perceived with the use of  
10 kg Zn ha-1 (Zn2), followed by 15 kg Zn ha-1 (Zn3)  
and 5 kg Zn ha-1 (Zn1), where biological yield was 
13823 kg ha-1 and 13499 kg ha-1, respectively. The Zn0 
treatment produced a minimum biological yield of 
13062 kg ha-1. All interactions, including SM x N, SM 
x Zn, and SM x N x Zn, were found non-significant 
except N x Zn. The interaction N x Zn indicates that at 
0 kg N ha-1, the biological yield was minimal no matter 
how much the Zn level was increased. Biological yield 
improved with the use of Zn up to 10 kg ha-1 but slightly 
declined at 15 kg Zn ha-1. At 90 kg N ha-1, an increase 
in biological yield was observed with an increase in Zn 
level up to 10 kg ha-1, then a slight decrease was observed 
with 15 kg Zn ha-1. However, with 120 kg N ha-1, 
a slight increase was observed with an increase in Zn 
level. At 150 kg N ha-1, a higher increase was noted in 
biological yield with the rise in Zn input up to 10 kg ha-1, 
which slightly decreased at 15 kg Zn ha-1.

Fig. 5. Effect of different sowing methods, N and Zn levels on hulling % and biological yield of rice. N0, N1, N2 and N3 indicate different 
N levels and Zn0, Zn1, Zn2 and Zn3 represent different Zn levels.  The vertical bars represent the standard deviation of the means.
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Grain Yield

In the present study, the grain weight of the rice 
was significantly influenced by all the treatments 
(Table 2). The comparison of the two rice-growing 
methods showed that the TP rice recorded a higher 
1000-grain weight as compared to the DS rice. Different 
N application rates also produced a significant effect 
on grain weight, as the maximum 1000-grain weight 
was noted in the N3 treatment and the minimum was 
observed for N0. Similarly, in Zn treatments, 1000-grain 
weight also varied with input rates; Zn2 produced the 
highest grain weight, followed by Zn3 and Zn1, while 
the minimum resulted from Zn0. Results of the current 
study showed that different sowing methods and N and 
Zn input levels considerably influenced the grain yield of 
rice (Table 2). The highest grain output of 4489 kg ha-1 
was revealed by the transplantation rice method, while 
the direct seeded rice yielded 2741 kg ha-1. Regarding the 
N application, the highest grain output of 4162 kg ha-1 

was noted in the N3 treatment, followed by the N2 and 
N1 having grain yields of 3937 kg ha-1 and 3512 kg ha-1, 
respectively. Within the Zn application treatments,  
the treatment Zn2 revealed the highest grain yield of 
3757 kg ha-1, followed by Zn3 and Zn1 treatments, which 
perceived grain yields of 3686 kg ha-1 and 3581 kg ha-1, 
respectively. The Zn0 treatment produced the least grain 
yield of 3436 kg ha-1 among Zn input levels. 

The results related to the straw yield of rice were also 
varied significantly among the different sowing methods 
and N and Zn application treatments. TP rice produced 
the highest straw yield of 10546 kg ha-1, which was 
significantly higher than that of DS rice (9371 kg ha-1). 
Comparing different N levels, the N3 treatment revealed 
the highest straw yield (11050 kg ha-1) followed by N2 
(10635 kg ha-1) and N1 (9693 kg ha-1), and the least  
(8456 kg ha-1) was observed in the N0 treatment. Zn 
application also significantly influenced the straw  
yield of rice, as Zn2 produced a higher straw yield  
(10197 kg ha-1) as compared to Z1 (9918 kg ha-1), while 
less increase was noted in Zn3 (10137 kg ha-1) as 
compared to Zn2. The Zn0 produced the least straw yield 
(9584 kg ha-1) among Zn treatments. The results of the 
study indicate that HI was significantly affected by the 
sowing methods and N fertilizer input rates. While Zn 
application exhibited a non-significant effect on the HI 
of rice. HI of 29.9% was recorded in the TP rice method 
as compared to the 22.5% in the DS rice method. With 
the application of N, greater HI (27.2%) was obtained 
from the N3 plot, and the lowest (24.6%) was observed 
in treatment with no N application. Considering Zn 
application levels, Zn2 treatment showed the highest HI 
(26.5%) and the minimum (25.9%) was obtained in Zn0.

Table 2. Yield and yield components of rice in response to different sowing methods, N and Zn levels.

Treatments Straw yield
(kg ha-1) HI (%) 1000 grain wt. (g) Grain yield

(kg ha-1)

N0 8457 c 24.6 c 19.7 d 2848 d

N1 9693 b 26.2 b 21.0 c 3513 c

N2 10635 a 26.8 ab 22.0 b 3937 b

N3 11050 a 27.2 a 22.6 a 4163 a

Zn0 9584 b 25.9 21.0 c 3436 d

Zn1 9918 ab 26.1 21.2 bc 3581 c

Zn2 10197 a 26.5 21.6 a 3757 a

Zn3 10137 a 26.3 21.5 ab 3686 b

TPR 10547 a 29.9 a 21.8 a 4489 a

DSR 9371 b 22.5 b 20.9 b 2742 b

F-value significance

SM x N ns ns ns ns

SM x Zn ns ns ns ns

N x Zn ns ns ns ***

SM x N x Zn ns ns ns ns

Note: SM indicated different sowing methods. TPR: Transplantation rice method, DSR: Direct seeded rice method. N0, N1, N2 and 
N3 indicate different N levels and Zn0, Zn1, Zn2 and Zn3 represent different Zn levels. Different letters in a single column indicate 
a significant difference between treatments at the 0.05 probability level. NS represents non-significant and asterisks indicate a 
significant difference at *P<0.05, **P<0.01 and ***P<0.001 level.
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Economic Comparison

Economic analysis of the TP rice method and DS  
rice method is presented in Table 3. It showed that 
the total expenses in Pakistani rupees (Rs) for the 
experimental area of the TP rice were higher as 
compared to the DS rice. The total production costs per 
hectare for the TP rice method were greater as compared 
to the DS rice method. Whereas, the total income per 
hectare that comes from grain yield and straw yield 
was higher for TP rice compared to the direct seeded 
rice. Conclusively, the net income of the TP rice method 
was higher (Rs: 109,483) than the DS rice method (Rs: 
96,945).

Correlation Analysis

The mutual relationship between morphological 
indices, yield, and yield-related attributes of rice in TP 
(Fig. 6a) and DS rice systems (Fig. 6b) was investigated 
by performing Pearson correlation analysis. Results 
depict that weed density was negatively correlated 
with the grain yield of the rice. The TP rice system 
significantly improved the rice yield and its related 
components as compared to the DS rice method. The 
result of these positive correlation coefficients among 
the yield-related parameters and morphological indices 
suggested that the use of N along with Zn fertilizers in 

the TP rice system gives optimum yield and its related 
components.

Discussion

Plant height is one of the main vegetative growth 
parameters of rice, which represents the effect of 
different agronomic practices in rice fields (Fig. 1a, b). 
The current study reveals higher plant length in the TP 
rice method compared to the DS rice method, which 
was due to the better establishment of rice seedlings, 
proper plant-to-plant distance, nutrient availability, and 
optimum availability of water. These factors reduced 
the competition among plants and led to an increase in 
plant height in the TP rice method [12]. The different 
levels of N fertilizers also showed a significant effect on 
plant height in this study. The increase in plant height 
might be due to enhanced cell growth in rice plants due 
to N application. Similar results of an increase in plant 
height due to N application were also reported by [13]. 
The increase in plant height of the rice crop with Zn 
application is attributed to the sufficient Zn availability, 
which contributes to speeding up the activity of enzymes 
and the breakdown of auxin in the plant body [14].

In DS rice, the germination is generally depressed, 
and as a result, it affects crop establishment due to 
less root-soil contact to exploit the soil resources fully 

Experimental Plot area 345.6 m
-2

345.6 m
-2

Activity Transplanted rice Direct seeded rice

Field preparation 2000 1500

Nursery cost 1000 …..

Seeding cost …… 1000

Transplantation cost 3000 ….. 

Weeding cost (manual) 250 250

Weedicides 600 1600

Irrigation cost 3600 1800

Total expenses experimental area 10450 5850

Total expenses in hectare (Rs.) 302372/-- 169270/--

Rate of grains (Rs. kg-1) 80 80

Average grain yield (kg ha-1) 4489 2742

Grain yield income (Rs.) 359120/-- 219360/--

Straw yield (kg ha-1) 10547 9371

Rate of straw (Rs. kg-1) 5 5

Straw yield income ha-1 (Rs.) 52735/-- 46855/-

Total income ha-1 (Rs.) 411855/-- 266215/--

Net income in hectare (Rs.) 109,483/-- 96,945/--

Table 3. Economic comparison of transplanted rice vs direct seeded rice
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and ultimately lowers the productivity of the crop [15]. 
Similarly, a previous study reported that the TP rice 
method increases all growth and yield attributes over the 
DS rice method. The lower number of non-productive 
tillers in the N treatments may be attributed to the 
fact that when there were maximum  plants m-2, there 
would be more productive tillers [14]. Zn application 
treatments produced a lower number of non-productive 
tillers as it may enhance the accessibility and absorption 
of other vital nutrients, leading to improvement in the 
plant metabolic process, and finally, the crop growth and 
panicle-bearing capacity of the rice were increased. 

Grains panicle-1 is among the major components that 
determine the yield of the crop. The DS method recorded 
lower grains panicle-1 due to the higher density of plants, 
increasing the competition among the plants for nutrient 
uptake [16]. Unlike this, TP rice production gives a high 
number of grains panicle-1. The increase in N input rates 
increases grains panicle-1 as the treatment receiving 
higher N rates had better N status of the plants during 
the panicle growth period and as a result, more grains 
panicle-1 were obtained [17]. Higher grains panicle-1 were 
observed with the input of 10 kg Zn ha-1 as it fulfills the 
soil Zn requirements and also increases the availability 
of other nutrients such as N and improves metabolic 
activities [18]. Panicles m-2 in the TP rice method were 
higher due to the greater quantity of productive tillers, 
while in DS rice, the number of productive tillers was 
less due to no proper plant-to-plant distance and higher 
weed density. Similar results were also reported by [19] 
while working on rice cultivation methods. The increase 

in panicles m-2 with an increase in the N rates shows 
that N takes active participation in different structural 
functions of the plants.

Weeds are one of the major problems of DS rice 
production that seriously affect the yield of rice. The 
main reason for higher weed infestation in the DS 
rice method is the absence of standing water that can 
suppress the weeds at the time of crop emergence and 
the absence of seedlings [20]. N is one of the most 
important components of crop-weed interaction. This 
is because some weeds consume more N than rice, thus 
reducing N uptake by rice crops [12]. The increase in 
weed density in lower N rate treatments as compared 
to higher N rates indicates that higher doses of N gave 
more advantages to rice crops as compared to weeds, 
and due to the suitable growth of the crop, the weeds 
were less responsive to N. 

The rice grown under the DS rice method takes fewer 
days to PI than the rice grown under the TP rice method, 
which might be due to the earlier stand establishment 
of rice plants [21]. The longer time for PI may also be 
caused by the removal of tillers from the mother hill 
and their subsequent transplantation [2]. The delayed 
days for PI receiving higher N doses might be due to 
the longer vegetative growth period, as shown by plant 
height, which hindered the panicle from coming out and 
also the maturity [22]. The Zn application to rice fields 
increases the uptake of N by the crop and thus affects 
the growth period yield of the crop. The maximum days 
to PM noted in the TP rice might be due to the enhanced 
growth period [23]. Rice crops grown under DS matured 

Fig. 6. Correlation coefficients between grain yield, yield-related components and morphological indices of rice in both sowing methods. 
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8 to 10 days earlier than rice grown under the TP 
method. The results obtained from this study confirm 
the fact that the maximum supply of N delays PM by 
promoting vigorous vegetative growth of the plant [24]. 
Zn was the only micronutrient that was significantly 
correlated with the pH of the rhizosphere. Due to the 
higher availability of Zn in the soil rhizosphere, it 
decreases the soil pH and increases N absorption, thus 
resulting in crop PM [25].

An increase in the hulling % could be attributed 
to N and Zn levels, which enhanced grain filling, and 
as a result, hull thickness was decreased. The present 
research outcomes are in line with the results of [26], 
who reported a marked increase in the hulling and 
milling % by the use of N. Biological yield was higher in 
the TP due to shallow roots and heavy weed infestation. 
The increase in biological yield due to Zn application 
indicates the need for Zn application to rice plants.  
The Zn application is co-related with all growth 
parameters as well as photosynthesis and production of 
fully filled grains up to a certain rate, as beyond that 
rate it will negatively affect the crop yield [27].

We found higher LAI in the TP rice system due to 
the better seedling establishment with an extensive root 
system. This allows the rice plants to have a higher 
leaf area in comparison to DS rice in which plants 
start growing from zero [28]. Proper application of N 
and Zn to rice fields enhances the chlorophyll content, 
which encourages leaf growth and expansion. The well-
established seedlings in the TP rice system maintain 
their leaves for a longer period of time, resulting in a 
higher LAD compared to the DS rice method [29]. Zn 
application enhances the uptake of N, P, and K, which 
are essential for leaf growth and function, leading to 
healthier and longer-lasting leaves with an extended 
LAD [30].

CGR is a measure of the increase in crop biomass 
over time. The higher CGR in TP rice was due to 
the initial growth and established root system of the 
seedlings [22]. Both N and Zn also play a pivotal role in 
CGR as they designate more assets for the development 
and advancement of rice plants. The NAR and PAR 
of the TP rice method are higher than those of the DS 
approach. This is mostly attributable to the benefits 
of transferring young rice seedlings from nurseries 
to the main field [31]. Rice seedlings that have been 
transplanted can access available resources more 
effectively because of the reduced competition caused 
by the spaced-out planting, which raises NAR and PAR 
[32]. Additionally, more effective weed management 
prior to transplantation enables the rice to make the 
best use of its new environment, resulting in increased 
growth and photosynthetic activity.

To achieve proper plant growth, more area is 
required around them to capture more nutrients and 
absorb more solar radiation for better photosynthesis 
[33]. Previous research studies reported that the TP 
rice method gave higher straw yield as compared 
to the direct seeded rice method due to better 

growth establishment of rice [34, 35]. The increased 
straw yield at a higher N rate is the result of the 
maximum availability of N to plants. The higher HI  
in the TP rice method determines the partitioning of 
photo assimilates to the grain. The optimum plant 
spacing and row-to-row distance between plants 
improves the uptake of nutrients from the soil, as well 
as the ability to harvest the most sunlight and create 
the ideal environment for each plant to translocate its 
maximum assimilates towards the grain, increasing 
grain yield and HI of rice, whereas, in the DS rice, there 
is maximum competition for nutrients as a result of the 
lack of a proper plant spacing [36].

Grain weight is an essential yield component and has 
a major contribution to rice yield. In TP, the 1000-grain 
weight was higher due to the minimum competition 
among the plants for nutrients, which is attributed to 
the optimum plant spacing in the TP rice cultivation as 
compared to the DS rice production [37]. The increase 
in grain weight at higher N rates is primarily due to 
improvements in chlorophyll contents in leaves, which 
led to improved photosynthetic activity. Economic 
comparison is also an important aspect that determines 
the interest of the farmer in growing the crop. Economic 
analysis reveals that the cost of production for the TP 
system was higher as compared to the DS system.  
The main cause of high-cost production in TP rice 
cultivation is the shortage of labor at peak times, 
and as a result, the production costs increase due to 
expensive labor. The expenditures were also high for 
raising the nursery, its uprooting, transportation, and 
transplantation, while for DS rice, only two men were 
required for two hours to sow in the same area.

Conclusions

The findings of the current study indicated that the 
DS cultivation system in rice recorded lower yield and 
yield-related components as compared to the TP rice 
cultivation. Higher weed infestation, non-productive 
tillers, and earlier PI and PM led to a decrease in 
yield and yield-related components. Considering N 
application, N3 treatments noted maximum yield and 
yield-related attributes. In comparison, the higher weed 
density was recorded in N2 treatments. Regarding Zn 
application, Zn2 treatments gave higher yield while 
Zn3 recorded higher panicles m-2, weed infestation, 
days to PI, PM, and non-productive tillers. To achieve a 
comparable yield with the TP rice method, an integrated 
set of management technologies should be used to 
reduce major constraints of the DS rice method. In 
light of the impending worldwide water shortage and 
labor deficit, our findings suggest DS rice as a feasible 
alternative planting strategy. Nevertheless, further work 
has to be implement suitable management techniques 
and breeding advances.
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