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ABSTRACT 
 

The experiment was carried out  in a Pongamia pinnata-based agroforestry system to assess the 
impact of land use systems, sowing dates, and wheat varieties on wheat cultivation at the Forestry 
Research Farm, JNKVV, Jabalpur during the Rabi season of 2021-22 The experiment followed a 
three-factor double split plot design with two systems (open system and agroforestry system) as the 
main plot, three sowing dates (12th November, 27th November, and 12th December) as subplots, 
and two wheat varieties (MP-3336 and GW-322) as sub-sub plots. The results showed that the 
open system outperformed the agroforestry system in terms of plant population, plant height at 
harvest, grain yield, straw yield, biological yield, and harvest index. Early-sown wheat consistently 
showed better performance in most parameters compared to timely-sown and late-sown varieties. 
Among the wheat varieties, the MP-3336 variety exhibited higher plant population, while the GW-
322 variety showed taller plants at harvest, longer spikes, higher grain yield, and better harvest 
index. These findings provide valuable insights into optimizing wheat cultivation in agroforestry 
systems and emphasize the importance of considering land use systems, sowing dates, and wheat 
varieties to maximize crop productivity.  
 

 
Keywords: Agroforestry system; wheat varieties; Pongamia pinnata and yield.    
 

1. INTRODUCTION 
 

The global challenge of achieving food security 
while preserving environmental quality has 
become increasingly urgent, especially in light of 
projections indicating that the global population 
will reach 11 billion by 2050 [1]. This challenge 
has prompted researchers to explore sustainable 
agricultural practices that can mitigate the 
adverse effects of climate change and enhance 
agricultural productivity. One such practice is 
agroforestry, a discipline that integrates woody 
perennials with crops and/or animals on the 
same land, providing a practical approach for soil 
carbon sequestration and climate change 
mitigation [2-4]. Climate and soil conditions play 
a vital role in agricultural productivity, profitability, 
and human well-being [5,6]. However, climate 
adversities, such as extreme weather events, 
have had detrimental effects on crop productivity, 
natural resources, food security, and 
environmental health [7-9]. In this context, 
agroforestry emerges as a significant contributor 
to environmental services, moderating 
microclimates in the short term and sequestering 
carbon in the long term, thereby mitigating the 
impacts of climate change [10]. Wheat (Triticum 
aestivum L., Poaceae), being one of the most 
important and widely cultivated crops globally, 
plays a crucial role in meeting the protein and 
calorie needs of billions of people [11]. However, 
the production of wheat is highly vulnerable to 
climate change, as it increases both abiotic 
pressures (such as cold, drought, heat, salinity, 
and waterlogging) and biotic stresses (such as 
diseases and insect pests) [12,13]. Researchers 

have been studying global climate changes, 
including the rise in atmospheric carbon dioxide 
(CO2) and ozone levels, and exploring measures 
to mitigate the adverse effects of these changes 
on wheat cultivation [14,15]. Amidst these 
challenges, the utilization of alternative crops 
with unique characteristics becomes crucial. 
Pongamia pinnata, commonly known as 
pongamia or Indian beech tree, is a non-food 
legume indigenous to northern Australia, 
Southeast Asia, and India. Pongamia possesses 
remarkable attributes that make it a promising 
candidate for various applications. It exhibits 
rapid growth, can symbiotically fix biological 
nitrogen, and thrives in agriculturally 
unproductive soils characterized by water 
scarcity, nutrient deficiency, and high salinity 
[16,17]. Moreover, pongamia offers medicinal 
properties and potential insecticidal and 
nematicidal activities, diversifying its usefulness 
[18]. Its seeds, with a significant oil content of 30-
40% by volume, hold promise as a sustainable 
source for biodiesel and aviation fuel production, 
while other parts of the plant can be utilized for 
electricity cogeneration or fermentation 
processes [19,20]. Given its versatility, pongamia 
presents an opportunity to address the global 
challenge of sustainable agriculture, particularly 
in marginal lands, and contribute to energy and 
pharmaceutical sectors. This paper aims to 
explore the potential of pongamia as a valuable 
crop in addressing food security, environmental 
sustainability, and economic diversification, 
taking into account its unique characteristics and 
applications. 
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2. MATERIALS AND METHODS 
 

2.1 Experimental Location, Topography 
and Climate  

 
The experiment was conducted in Pongamia 
pinnata based 14 years old agroforestry model 
during Rabi season of 2021-22 at Forestry 
Research Farm, Jawaharlal Nehru Krishi                 
Vishwa Vidyalaya, Jabalpur (MP), located at 23° 
12’ 50” North latitude and 79° 57’ 56” East 
longitude. This location is part of the Kymore 
Plateau and Satpura hill agro-climatic zone, with 
a subtropical climate with hot, dry summers and 
cold, dry winters. In May and June, the 
temperature reaches 46°C, while in                      
December and January, it drops to 2°C. The 
average annual rainfall in the area is 1350 mm, 
with most of it falling between June and 
September. The soil is reasonably black in 
colour, and the region is simple to softly sloppy 
(0-1 percent). 
 

2.2 Experimental Details  
 
The experiment was performed in three factor 
double split plot design which consist of two 
system viz., S1 (Open system) and S2 
(Agroforestry system) as main plot, three sowing 
dates viz., D1 (12th November), D2 (27th 
November), D3 (12th December) as subplot and 
two wheat varieties viz., V1 (MP-3336) and V2 
(GW-322) as sub-sub plot each treatments had 
three replications. The field was ploughed two 
times with cultivator and one-time rotavator and 
levelled by labour. The Crop was line sowed with 
distance of 20 cm apart at three sowing dates 
i.e., 12th November, 27th November and 12th 
December using the seed rate of 100 kg ha

-1
 

following a manual hand hoeing method. The 
recommended doses of fertilizers Nitrogen, 
Phosphorus and Potassium were applied at the 
rate of 120:60:40 kg ha

-1
 using urea, Single 

Super Phosphate (SSP), and muriate of potash 
(MOP), respectively. All fertilizers were applied at 
the time of sowing as basal doses, while 
remaining 50% nitrogen was applied in split 
doses. Weeds were controlled through herbicide 
spray of VESTA (Clodinafop Propargyl 15% + 
Metsulfuron Methyl 1% WP) at 30 days after 
sowing. Irrigations were provided five times 
during the crop duration at proper interval. The 
information gathered was submitted to statistical 
analysis of variance, as Gomez and Gomez [21] 
recommended.  
 

3. RESULTS AND DISCUSSION 
 
3.1 Plant Population of Wheat Varieties 

Influenced by Sowing Dates and 
Systems  

 
The observations presented in Table 1 and Fig. 1 
highlight the impact of different factors such as 
land use systems, sowing dates, and wheat 
varieties on wheat plant population under the 
Pongamia pinnata-based agri-silviculture system. 
The findings clearly indicate that these factors 
significantly influence the plant population of 
wheat. In terms of land use systems, the open 
system outperformed the agroforestry system at 
20 days after sowing (DAS), with a significantly 
higher plant population of 217.17 compared to 
204.65. Similarly, at harvest, the open system 
continued to exhibit a significantly higher plant 
population of 206.43, while the agroforestry 
system recorded 196.09. When considering 
different sowing dates, early-sown wheat 
displayed the highest plant population at 20 DAS, 
significantly surpassing both timely-sown and 
late-sown varieties. The early-sown wheat 
maintained its superiority at harvest as well, with 
a maximum plant population of 207.51, followed 
by timely-sown (199.78) and late-sown (196.49) 
varieties. Among the different wheat varieties, 
the MP-3336 variety consistently performed 
better in terms of plant population. It exhibited 
higher plant population at both 20 DAS (214.80) 
and harvest (205.18) compared to the GW-322 
variety, which recorded 207.02 and 197.32, 
respectively. The presented observations on the 
effects of land use systems, sowing dates, and 
wheat varieties on wheat plant population under 
the Pongamia pinnata-based Agri-silviculture 
system provide valuable insights for optimizing 
wheat cultivation. The study reveals that the 
open system, early sowing, and the MP-3336 
variety consistently resulted in higher plant 
populations. The superiority of the open system 
in terms of plant population at both 20 DAS and 
harvest can be attributed to factors such as 
increased sunlight availability and reduced 
competition for resources compared to the 
agroforestry system. This finding aligns with 
previous research indicating that open systems 
tend to promote better plant growth and 
productivity [22]. Early sowing proved beneficial 
for achieving higher plant populations, likely due 
to the plants having a longer growth period, 
favourable climatic conditions, and reduced 
competition from weeds. These results are in line 
with studies that have highlighted the advantages 
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of early sowing in terms of crop establishment 
and yield potential [23,24]. The MP-3336 variety 
consistently outperforming the GW-322 variety in 
plant population suggests genetic differences 
between the two varieties. Varietal 
characteristics, such as early vigor, tillering 
capacity, and adaptability, can contribute to 
variations in plant population. Previous studies 
have also reported varietal differences in wheat 
plant population and growth parameters [25,26]. 

Overall, these findings emphasize the 
importance of considering land use systems, 
sowing dates, and wheat varieties for optimizing 
wheat plant population in the Pongamia pinnata-
based Agri-silviculture system. The open system, 
early sowing, and the MP-3336 variety have 
shown promise in achieving higher plant 
populations, which can contribute to improved 
crop productivity and yield. 

 
Table 1. Plant population and plant height (cm) of wheat varieties as influenced by sowing 

dates and different systems 
 

Treatments Plant population Plant height (cm) 

20 DAS At harvest 30 DAS At harvest 

Systems 
S1- Open  217.17 206.43 42.72 98.99 
S2- Agroforestry  204.66 196.09 46.56 85.30 
SEm±  0.89 0.98 0.52 2.44 
CD (P = 0.05) 5.39 5.96 3.16 14.82 

Date of sowing 
D1- Nov. 12 218.55 207.51 49.75 95.83 
D2- Nov. 27 209.16 199.78 43.98 92.83 
D3- Dec. 12 205.03 196.49 40.18 87.77 
SEm±  2.07 2.10 1.13 1.15 
CD (P = 0.05) 6.74 6.86 3.68 3.76 

Varieties 
V1- MP-3336 214.81 205.19 45.33 89.07 
V2- GW-322 207.02 197.33 43.94 95.22 
SEm±  0.87 0.76 0.30 1.05 
CD (P = 0.05) 2.68 2.35 0.93 3.22 

 

 
 

Fig. 1. Plant population and plant height (cm) of wheat varieties as influenced by sowing dates 
and different systems 
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3.2 Plant Height (cm) of Wheat Varieties 
Influenced by Sowing Dates and 
Systems  

 

The findings presented in Table 1 and Fig. 1 
shed light on the profound impact of different 
factors, such as land use systems, sowing dates, 
and wheat varieties, on plant height in the 
Pongamia pinnata-based Agri-silviculture 
system. The results unequivocally demonstrate 
that these factors play a crucial role in shaping 
plant height. Among the various land use 
systems, the agroforestry system exhibited the 
highest plant height (46.56 cm) at 30 days after 
sowing (DAS), surpassing the open system 
(42.72 cm) with statistical significance. However, 
at harvest, the open system recorded the 
maximum plant height (98.99 cm), which was 
significantly greater than the plant height in the 
agroforestry system (85.30 cm). Importantly, 
there was no statistically significant difference in 
plant height between the two land use systems at 
harvest. In terms of sowing dates, early-sown 
wheat showcased the tallest plant height (49.75 
cm) at 30 DAS, significantly outperforming both 
the timely-sown (43.98 cm) and late-sown (40.18 
cm) varieties. At harvest, the early-sown variety 
maintained its dominance by displaying the 
highest plant height (95.83 cm), significantly 
surpassing the late-sown variety (87.76 cm) 
while showing no statistical difference compared 
to the timely-sown variety (92.83 cm). Regarding 
the wheat varieties, the MP-3336 variety 
exhibited superior plant height (45.33 cm) 
compared to the GW-322 variety (43.93 cm) at 
30 DAS. However, at harvest, the GW-322 
variety took the lead with the highest plant height 
(95.22 cm), significantly surpassing the MP-3336 
variety (89.07 cm). The observed differences in 
plant height between the agroforestry system 
and the open system indicate the influence of 
canopy structure and light availability. Similar 
findings have been reported in previous studies, 
where the agroforestry system resulted in taller 
plants due to increased light interception and 
reduced competition for resources [27,28]. On 
the other hand, the taller plant height observed in 
the open system at harvest may be attributed to 
enhanced access to sunlight and reduced 
shading from surrounding vegetation [29]. The 
influence of sowing dates on plant height is 
evident, with early-sown wheat displaying taller 
plants compared to timely and late-sown 
varieties. These results align with previous 
research highlighting the positive impact of early 
sowing on crop growth and development, which 
can lead to increased plant height [30,31]. The 

superior plant height observed in the early-sown 
variety at harvest suggests the importance of 
optimizing sowing timing for maximizing crop 
performance. Varietal differences in plant height 
were also observed, with the MP-3336 variety 
exhibiting greater height than the GW-322 variety 
at 30 DAS. However, at harvest, the GW-322 
variety surpassed the MP-3336 variety in terms 
of plant height. These findings highlight the 
genetic variation and phenotypic plasticity of 
different wheat varieties in response to 
environmental conditions, including nutrient 
availability, temperature, and moisture [32,33].  
 

3.3 Yield Contributing Attributes of Wheat 
Varieties as Influenced by Sowing 
Dates and Different Systems 

 

The presented observations in Table 2 and Fig. 2 
provide insights into the impact of land use 
systems, sowing dates, and wheat varieties on 
yield-contributing characteristics, including 
effective tillers m

-2
, spike length (cm), grains 

spike
-1

, and test weight (g), within the Pongamia 
pinnata-based Agri-silviculture system. The 
findings clearly indicate that these attributes are 
significantly influenced by the different factors. 
 
3.3.1 Effective tillers m

-2 
of wheat varieties 

influenced by sowing dates and 
systems  

 
Among the different land use systems, the open 
system exhibited the highest number of effective 
tillers (435.27 m

-2
), which was significantly 

superior to the agroforestry system (320 m
-2

). 
This finding suggests that the open system 
provides more favourable conditions for the 
development of tillers, leading to increased 
potential for grain production. Similar results 
have been reported in previous studies, where 
open systems with reduced competition and 
better light penetration promoted higher tiller 
numbers [34,35]. Regarding different sowing 
dates, the early-sown wheat displayed the 
maximum number of effective tillers (397.50 m

-2
), 

significantly surpassing both the timely-sown 
(374.58 m

-2
) and late-sown (360.83 m

-2
) 

varieties. This observation aligns with research 
indicating that early sowing promotes better tiller 
initiation and subsequent tiller development, 
contributing to higher tiller numbers [36,37]. Early 
sowing provides a longer duration for tiller 
establishment and growth, resulting in increased 
tiller production. Among the varieties, the MP-
3336 variety exhibited the highest number of 
effective tillers (389.67 m

-2
), significantly 
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surpassing the GW-322 variety (365.60 m
-2

). 
These findings highlight the genetic variation in 
wheat varieties, with some varieties inherently 
possessing traits that promote higher tiller 
production [38,39]. The MP-3336 variety's 
superior tiller production suggests its potential for 
higher grain yield. 
 
3.3.2 Spike length (cm) of wheat varieties 

influenced by sowing dates and 
systems  

 
Among the different land use systems, the open 
system exhibited the longest spike length (7.64 
cm), which was significantly greater than the 
spike length in the agroforestry system (7.03 
cm). This finding suggests that the open system 
provides more favourable conditions for spike 
development, leading to longer spikes. Previous 
studies have also reported similar results, with 
open systems promoting increased spike length 
due to better light interception and reduced 
competition [40,41]. In terms of different sowing 
dates, the early-sown wheat displayed the 
maximum spike length (7.61 cm), significantly 
surpassing both the timely-sown (7.20 cm) and 
late-sown (7.19 cm) varieties. This observation 
aligns with research indicating that early sowing 
allows for longer grain filling duration and 
promotes spike elongation, resulting in longer 
spikes [42,43]. The early-sown wheat benefits 
from extended growth and development periods, 
contributing to enhanced spike length. Regarding 
the wheat varieties, the GW-322 variety 
demonstrated superior spike length (8.02 cm), 
significantly surpassing the MP-3336 variety 

(6.65 cm). These findings indicate genetic 
variations between the varieties, with some 
varieties inherently possessing traits that 
promote longer spikes [44,43]. The GW-322 
variety's performance in spike length suggests its 
potential for enhanced grain yield due to 
increased floret development and potential grain 
production. 
 
3.3.3 Grains spike

-1
 of wheat varieties 

influenced by sowing dates and 
systems  

 
Among the different land use systems, the open 
system demonstrated the highest number of 
grains spike

-1
 (50.98), which was significantly 

greater than the agroforestry system (45.89). 
This finding suggests that the open system 
provides more favourable conditions for grain 
development, resulting in a higher grain count 
spike

-1
. Previous studies have also reported 

similar results, with open systems promoting 
increased grain production due to improved light 
interception and reduced competition [45,46]. 
Regarding different sowing dates, the early-sown 
wheat exhibited the maximum number of grains 
spike

-1
 (50.19), significantly surpassing the late-

sown variety (46.13) but statistically similar to the 
timely-sown variety (48.98). This observation 
aligns with research indicating that early sowing 
promotes better grain filling and increased grain 
formation, leading to a higher number of grains 
per spike [47,48]. Early sowing provides a longer 
grain filling period, allowing for more grain 
development. In terms of wheat varieties, the 
GW-322 variety recorded the highest number of 

 
Table 2.  Yield contributing parameters of wheat varieties as influenced by sowing dates and 

different systems 
 

Treatments Effective tillers m
-2

 Spike length (cm) Grains spike
-1 

Test weight (g) 

Systems 
S1- Open  435.27 7.64 50.98 41.55 
S2- Agroforestry  320 7.03 45.89 39.46 
SEm±  2.53 0.05 0.55 0.19 
CD (P = 0.05) 15.37 0.28 3.35 1.18 

Date of sowing 
D1- Nov. 12 397.50 7.61 50.19 41.23 
D2- Nov. 27 374.58 7.20 48.98 40.66 
D3- Dec. 12 360.83 7.19 46.13 39.62 
SEm±  6.02 0.10 0.93 0.32 
CD (P = 0.05) 19.62 0.33 3.03 1.03 

Varieties 
V1- MP-3336 389.67 6.65 44.98 40.01 
V2- GW-322 365.60 8.02 51.89 41.00 
SEm±  2.50 0.10 0.38 0.26 
CD (P = 0.05) 7.70 0.31 1.16 0.81 
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Fig. 2. Yield contributing parameters of wheat varieties as influenced by sowing dates and 
different systems 

 
grains spike

-1
 (51.89), significantly surpassing 

the MP-3336 variety (44.98). These findings 
highlight the genetic variations among wheat 
varieties, with some varieties possessing 
inherent traits that promote higher grain 
production [49,50]. The GW-322 variety's 
performance in terms of grains per spike 
suggests its potential for enhanced grain yield. 
 
3.3.4 Test weight (g) of wheat varieties 

influenced by sowing dates and 
systems 

 
Among the different land use systems, the open 
system exhibited the highest test weight (41.55 
g), which was significantly greater than the test 
weight in the agroforestry system (39.46 g). This 
finding suggests that the open system provides 
more favourable conditions for grain filling and 
development, resulting in higher test weights. 
Previous studies have also reported similar 
results, with open systems promoting improved 
grain quality characteristics, including higher test 
weights [51,52]. Regarding different sowing 
dates, the early-sown wheat displayed the 
maximum test weight (41.23 g), significantly 
surpassing the late-sown variety (39.62 g) but 
statistically similar to the timely-sown variety 
(40.66 g). This observation aligns with research 
indicating that early sowing facilitates longer 
grain filling duration, allowing for improved grain 
filling and higher test weights [53,54]. Early 
sowing provides favourable conditions for grain 

development, leading to better grain quality 
attributes. In terms of wheat varieties, the GW-
322 variety demonstrated better test weight 
(41.01 g) compared to the MP-3336 variety (40 
g). These findings highlight the genetic variations 
among wheat varieties, with some varieties 
inherently possessing traits that promote higher 
test weights [55,56]. The superior test weight 
observed in the GW-322 variety indicates its 
potential for enhanced grain quality. 
 

3.4 Yield Parameters of Wheat Varieties 
Influenced by Sowing Dates and 
Different Systems  

 
The findings presented in Table 3 and Fig. 3 
highlight the significant impact of different 
factors, including land use systems, sowing 
dates, and wheat varieties, on yield parameters 
such as grain yield (q ha

-1
), straw yield (q ha

-1
), 

biological yield (q ha
-1

), and harvest index (%) 
within the Pongamia pinnata-based Agri-
silviculture system. The results clearly indicate 
that these factors play a crucial role in 
determining the yield potential and distribution of 
biomass within the system. 
 

3.4.1 Grain yield q ha
-1

 of wheat varieties 
influenced by sowing dates and 
systems  

 

Among the different land use systems, the open 
system exhibited the highest grain yield (53.47 q 
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ha
-1

), which was significantly greater than the 
grain yield in the agroforestry system (44.21 q 
ha

-1
). This finding indicates that the open system 

provides more favourable conditions for 
maximizing grain production. Previous studies 
have also reported similar results, with open 
systems promoting higher crop yields due to 
improved light interception, reduced competition, 
and enhanced nutrient availability [57,58]. 
Regarding different sowing dates, early-sown 
wheat demonstrated the maximum grain yield 
(51.18 q ha

-1
), significantly surpassing both the 

timely-sown (49.16 q ha
-1

) and late-sown (46.18 
q ha-1) varieties. This observation aligns with 
research indicating that early sowing leads to 
better crop establishment, increased 
photosynthetic activity, and improved grain filling, 
resulting in higher grain yields [59,35]. Early 
sowing allows for a longer growing period, 
optimizing the crop's yield potential. Among the 
wheat varieties, the GW-322 variety exhibited the 
highest grain yield (51.49 q ha

-1
), significantly 

surpassing the MP-3336 variety (46.19 q ha
-1

). 
These findings highlight the genetic variability 
among wheat varieties, with some varieties 
possessing traits that contribute to higher grain 
yields [60,61]. The superior performance of the 
GW-322 variety indicates its potential for 
maximizing grain yield in the specific agri-
silviculture system. 
 
3.4.2 Straw yield q ha

-1 
of wheat varieties 

influenced by sowing dates and 
systems  

 
When comparing different land use systems, the 
open system exhibited the highest straw yield 
(67.64 q ha

-1
), which was significantly greater 

than the straw yield in the agroforestry system 
(64.28 q ha

-1
). This finding suggests that the 

open system provides more favourable 
conditions for biomass accumulation and straw 
production. Previous studies have also reported 
similar results, with open systems allowing for 
better light penetration and airflow, promoting 
higher biomass production [34,55]. Regarding 
different sowing dates, early-sown wheat 
demonstrated the maximum straw yield (69.40 q 
ha

-1
), significantly surpassing both the timely-

sown (66.27 q ha
-1

) and late-sown (62.21 q ha
-1

) 
varieties. Early sowing provides the crop with a 
longer growth period, allowing for increased 
tillering and higher biomass accumulation 
[62,63]. These results highlight the importance of 
timely sowing in optimizing straw yield in wheat 
cultivation. Among the wheat varieties, the GW-
322 variety exhibited the highest straw yield 

(67.75 q ha
-1

), significantly surpassing the MP-
3336 variety (64.17 q ha

-1
). This indicates that 

the genetic characteristics of the GW-322 variety 
contribute to higher biomass production and 
straw yield. Varietal differences in straw yield can 
be attributed to variations in canopy architecture, 
tillering capacity, and overall growth and 
development [64,65]. The superior performance 
of the GW-322 variety in terms of straw yield 
suggests its potential for maximizing biomass 
production in the specific agri-silviculture system. 
 
3.4.3 Biological yield q ha

-1 
of wheat varieties 

influenced by sowing dates and 
systems  

 
In terms of biological yield, the open system 
exhibited the highest yield of 121.11 q ha

-1
, 

which was significantly superior to the 
agroforestry system's yield of 108.49 q ha

-1
. This 

suggests that the open system was more 
effective in achieving a higher overall crop yield 
compared to the agroforestry system. Among the 
different sowing dates, the early sown period 
resulted in the highest biological yield of 120.58 q 
ha

-1
. This yield was significantly higher than the 

timely sown yield of 115.42 q ha
-1

and the late 
sown yield of 108.39 q ha

-1
. These differences 

were found to be statistically significant, 
indicating that the choice of sowing date has a 
significant impact on the biological yield. 
Specifically, early sowing resulted in the highest 
yield, followed by timely sowing and then late 
sowing. When comparing the varieties, GW-322 
demonstrated the maximum biological yield of 
119.23 q ha

-1
. This yield was significantly higher 

than the yield of the MP-3336 variety, which was 
110.36 q ha

-1
. This indicates that GW-322 

outperformed MP-3336 in terms of achieving a 
higher biological yield. The results presented in 
the given information provide valuable insights 
into the impact of different factors on the 
biological yield in agricultural systems. The 
findings suggest that the open land use system 
outperformed the agroforestry system in terms of 
achieving a higher biological yield. This is 
consistent with previous studies that have 
reported higher yields in open systems compared 
to agroforestry systems [66,67]. The open 
system allows for greater access to sunlight and 
reduces competition for resources, resulting in 
improved crop productivity [68]. Furthermore, the 
influence of sowing dates on biological yield was 
evident, with early sowing demonstrating the 
highest yield, followed by timely sowing and late 
sowing. These findings align with the general 
understanding that early sowing provides crops 
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with favourable conditions for growth and 
development, resulting in higher yields [59]. 
Timely sowing ensures optimal plant 
establishment and minimizes exposure to 
adverse environmental conditions, contributing to 
a respectable yield. Late sowing, on the other 
hand, may lead to reduced crop performance 
due to suboptimal conditions during crucial 
growth stages [69]. Varietal selection also played 
a significant role in determining the biological 
yield. The GW-322 variety exhibited superior 
performance in terms of achieving a higher yield 
compared to the MP-3336 variety. This finding 
highlights the importance of selecting suitable 

varieties that are well-adapted to the local 
agroecological conditions. Selecting high-yielding 
and resilient varieties can significantly contribute 
to maximizing crop productivity [70]. 
 
3.4.4 Harvest Index (%) of wheat varieties 

influenced by sowing dates and 
systems  

 

Among the various land use systems assessed, 
the open system exhibited the highest harvest 
index (44.10%), which was significantly superior 
to the harvest index observed under the 
agroforestry system (40.76%). This finding

 
Table 3.  Yield parameters of wheat varieties as influenced by sowing dates and different 

systems during 2021-22 
 

Treatments Grain yield q ha
-1 

Straw yield q 
ha

-1
 

Biological yield q 
ha

-1
 

Harvest 
Index (%) 

Systems 
S1- Open  53.47 67.64 121.11 44.10 
S2- Agroforestry  44.21 64.28 108.49 40.76 
SEm±  0.02 0.64 0.64 0.22 
CD (P = 0.05) 0.09 3.86 3.88 1.36 

Date of sowing 
D1- Nov. 12 51.18 69.40 120.58 42.31 
D2- Nov. 27 49.16 66.27 115.42 42.45 
D3- Dec. 12 46.18 62.21 108.39 42.53 
SEm±  0.20 0.31 0.35 0.15 
CD (P = 0.05) 0.65 1.00 1.15 0.50 

Varieties 
V1- MP-3336 46.19 64.17 110.36 41.78 
V2- GW-322 51.48 67.75 119.23 43.08 
SEm±  0.20 0.27 0.39 0.10 
CD (P = 0.05) 0.60 0.84 1.21 0.32 

 

 
 

Fig. 3. Yield parameters of wheat varieties as influenced by sowing dates and different 
systems during 2021-22 
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indicates that the open system was more 
effective in maximizing crop yield compared to 
the agroforestry system. In terms of sowing 
dates, the maximum harvest index was observed 
for late-sown crops (42.53%), followed by timely-
sown crops (45.45%) and early-sown crops 
(42.31%). However, statistical analysis revealed 
that there were no significant differences in 
harvest index among the different sowing dates. 
Therefore, while slight variations in harvest index 
were observed, they were not statistically 
significant. Regarding the varieties, the GW-322 
variety displayed the highest harvest index 
(43.08%), which was significantly superior to the 
harvest index of the MP-3336 variety (41.78%). 
This indicates that GW-322 outperformed MP-
3336 in terms of maximizing crop yield. The 
results indicate that the open system achieved a 
significantly higher harvest index compared to 
the agroforestry system, indicating its superiority 
in maximizing crop yield. This is in line with 
previous research indicating that open systems 
generally exhibit higher productivity compared to 
agroforestry systems [66,67]. When considering 
the influence of sowing dates on the harvest 
index, it was observed that late-sown crops 
achieved the highest harvest index, followed by 
timely-sown and early-sown crops. However, 
statistical analysis revealed no significant 
differences in the harvest index among the 
different sowing dates. While slight variations in 
the harvest index were observed, they were not 
statistically significant in this particular study. It is 
important to note that the effect of sowing dates 
on crop yield can vary depending on the specific 
crop, growing conditions, and geographical 
location [71]. Regarding the varieties, the GW-
322 variety demonstrated a significantly higher 
harvest index compared to the MP-3336 variety. 
This indicates that GW-322 outperformed MP-
3336 in terms of maximizing crop yield. The 
choice of high-yielding varieties is crucial for 
enhancing crop productivity and meeting the 
demands of food production [71].  
 

4. CONCLUSION  
 
In conclusion, the findings from this study 
highlight the importance of considering land use 
systems, sowing dates, and wheat varieties for 
optimizing wheat cultivation in the Pongamia 
pinnata-based Agri-silviculture system. The open 
system outperformed the agroforestry system in 
terms of higher plant populations, longer plant 
height at harvest, and improved yield-contributing 
characteristics. This can be attributed to 
increased sunlight availability and reduced 

competition for resources in the open system. 
Early sowing demonstrated significant benefits, 
resulting in higher plant populations, taller plant 
height at harvest, and improved yield-contributing 
characteristics. Early-sown wheat consistently 
outperformed the timely-sown and late-sown 
varieties, emphasizing the importance of 
optimizing sowing timing for maximizing crop 
performance. The choice of wheat varieties also 
played a crucial role, with the MP-3336 and GW-
322 varieties exhibiting superior performance in 
terms of plant populations, plant height, and 
yield-contributing attributes. These varietal 
differences highlight the importance of selecting 
high-yielding and well-adapted varieties for 
maximizing crop productivity. Overall, the open 
system, early sowing, and the MP-3336 and GW-
322 varieties consistently demonstrated promise 
in achieving higher plant populations, taller plant 
height, and improved yield-contributing 
characteristics. These insights can inform 
farmers and agronomists in making informed 
decisions to optimize wheat cultivation and 
enhance crop productivity and yield in the 
Pongamia pinnata-based Agri-silviculture 
system. By considering these factors, farmers 
can maximize their crop's potential and 
contribute to sustainable and efficient agricultural 
practices. 
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