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Abstract | Partitioning of dry matter is an essential process for obtaining optimum yield in sunflower.
Allocation of assimilates to different parts of plant at various growth stages not only enhance crop growth
but also contribute in the final yield and quality of sunflower. This research investigates the influence of green
manuring and nutrients management on pre and post-anthesis dry matter partitioning and its relation with
yield. With this aim a two-year research study was conducted with two levels of green manuring, i.e., no green
manuring and green manuring with berseem, nitrogen (0, 60, 90 and 120 kg ha™) and sulfur (0, 15, 30 and 45
kg ha) levels. The findings revealed that total dry matter partitioning at both stages was significantly affected
by green manuring, nitrogen and sulfur levels. Dry matter partitioning to stem, leaves and heads at both
pre- and post-anthesis stages were higher in the plots incorporated with berseem crop as green manuring as
compared to no green manuring. Higher values of dry matter partitioned to leaves, stem and heads at both
stages were higher with addition of 120 kg N ha. Among difterent sulphur levels dry matter partitioned
to various plant parts were higher with addition of 45 kg S ha'. Similarly total yield was also significantly
affected by green manuring and varying levels of nitrogen and sulphur. Green manured plots produced higher
yield as compared to no green manuring. Nitrogen application at the rate of 120 kg ha™ produced higher yield.
Application of 45 kg S ha™ produced maximum yield of sunflower. These findings suggested that addition of
nitrogen at the rate of 120 kg ha™ along with green manuring and sulphur application at the rate of 45 kg ha™
improved crop growth and dry matter production and contributed to higher yield.
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Introduction (Adeleke and Babalola, 2020). Specific portion of

cultivable land reserved for cultivation of sunflower

he sunflower is an important and widely grown
oilseed crop having various nutritional benefits.
It occupied most of the cultivated land and have
higher production than any other oilseed crop

and which contribute about 9% of the total arable
land. Approximately, 25 million hectares of land
is being cultivated with sunflower crop with a
production of 48 million tonnes (Debacke ez al.,
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2023).1t has exceptional benefits in terms of nutrition
as its oil contains higher amount of linoleic acid
which has various beneficial effects on health (Asif
et al., 2023). Edible oil is the key commodity in
agriculture economy after food crops. In Pakistan,
large quantity of required edible oil is imported
because domestic production of edible oil is very low
(MNFSR, 2023). It was grown on 141254 hectares
and total production was 168625 tons in Pakistan. In
Khyber Pakhtunkhwa, it was grown on 242 hectares
with a total production of about 387 tons (Sher ez
al., 2022). Sunflower crop has the potential to reduce
the import bill of edible oil by enhancing domestic
oil production. As sunflower is photo-insensitive and
short duration crop as well as have higher adoptability
to various agro-climatic conditions. However, besides
the potentiality of the sunflower still its production
is very low in the country (Javaid ez al, 2024).

Numerous factors are responsible for obtaining
potential production of crop. Fertilizer management
is an important factor among them which can boost
crop growth and production by supplying sufficient
amount of nutrients required (Adeleke and Babalola,
2020). Nutrients availability is a key factors that
govern sunflower yield (Ren ez 4/, 2025). Addition of
fertilizer boosts crop yield by enhancing soil fertility
and nutrients uptake by plants (Kalaiyarasan ez al.,
2020). Nitrogen is one of the important nutrient that
determine sunflower yield in intensive agriculture
(Javaid ez al., 2024). Nitrogen plays a key part in
crop growth and development as it is the constituent
of different types of proteins, nucleic acids and
chlorophyll, still it is the most deficient nutrient
in our soils (Mahboob e al, 2023). Nitrogen is
one of the momentous supplements that boost the
metabolic pathways that is prompts increments in
vegetative, light of protein, conceptive development
and production of the harvest as it has a vital role in
improvement and development of product (Chen ez

al.,2025).

Sulphur is another nutrient required by the crop in
large amount and its demand is higher in oilseed
crop. It is ranked fourth after nitrogen, phosphorus
and potassium in nutrients required for crop (Indu
and Singh, 2020). It plays a predominant part in
enhancing quality of grain and efficiency of other
nutrients like N and P (Hussain ez a/, 2025). It
also boosts crop yield and oil quality of oilseed crop
(Rahangdale e# al., 2024). Pakistan soils are mostly

deficient in available sulfur and this is the reason for
lower yield of sunflower crop (Javaid ez a/., 2024).
Sulfur application to sunflower crop improves yield
and vyield related traits like capitulum size, seed
weight, dry matter (Asif ef al., 2023). To maximize
crop yield, particularly for sunflower, effective fertilizer
management is crucial as it ensures the availability of
essential nutrients, being especially vital for boosting
plant growth, development, and overall production.

Another factor for lower crop productivity is the
availability of nutrients to plant. Most of the growers
use huge amount of synthetic fertilizer and rarely
apply organic manures, which causes soil degradation
and health problems. Green manuring may contribute
to soil nutrient dynamics and improve soil health
(Fanish, 2018). It is nowadays an important practices
which is environmental friendly and contribute
towards soil fertility, retention of organic matter and
overall improving soil health (Zhao er al, 2024).
Green manuring significantly improves bioavailability
of nutrients and soil nutrient dynamics (Acs ez al.,
2025) as well as reduces leaching of certain nutrients
including nitrogen and improved soil carbon and
physical properties (Nguyen ez al.,2024). Legume crop
cultivation reduced the required amount of nitrogen
fertilizer and is an environmental friendly practice by
lowering greenhouse gases emission (Kamran ez a/.,

2025).

Although the documented benefits of these practices,
a comprehensive study is still needed to find out
the optimal levels and combinations of sulphur and
nitrogen along with green manuring to improve
sunflower growth and yield. This study was investigated
with objectives to individual and combined effects of
these factors on dry matter partitioning as well as
yield of sunflower in the study area.

Materials and Methods

Experimental site and design

The research was carried out at research farms of
the department of Agronomy, The University of
Agriculture Peshawar, Pakistan, during spring 2019
and 2020. The experiment was established using
randomized complete block design in factorial
arrangements with three replications. The average
temperature of the experimental site is from 24-32°C
and average monthly rainfall is about 20mm during
the spring season.
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Treatment details

The research was consisted of three factors including
nitrogen, sulphur and green manuring. Nitrogen was
applied at three levels, i.e. 0, 60,90 and 120 kg N ha™.
Sulphur was applied at the rate of 0,15,30 and 45 kg S
ha. Green manuring was consisted of two levels, i.e.,
with green manuring and without green manuring.
Berseem crop was used as green manure at the rate
of 10 ton ha’. Nitrogen was applied from urea and
sulphur in the form of ‘Kumulus DF’, a product of
FMC company contains 80 % sulfur by weight.

Crop management

A fine seedbed was prepared by thoroughly
ploughing the field with cultivator followed by
rotavator. Sunflower hybrid ‘HySun 33’ was sown in
February, 2019 and 2020 at the seed rate of 10 kg
ha’. Nitrogen was applied in two splits ,i.e., half at
seedbed preparation and half nitrogen was applied
30 days after sowing. Phosphorus and potassium
tertilizers were applied at the time of seedbed
preparation at the rate of 60 kg ha' from single
super phosphate and muriate of potash, respectively.
All sulphur fertilizer was applied at sowing time as
single dose. Four irrigations were applied at 15 days
interval (however, weather conditions and crop water
requirement were kept in mind and irrigation interval
was managed accordingly). All other agronomic
practices (like hoeing, weeding, etc.) were kept
constant for successful crop production. Weeding was
practiced manually using hand hoe and at the same
time manual hoeing was practiced.

Green manuring

Berseem crop was grown in winter season (last week
of November) at seed rate of 8 kg ha' in standing
water and was incorporated as green manure at the
rate of 10 tons ha™ (12.6 kg plot?) three weeks before
sowing of sunflower. The green manure crop was
mixed in soil with the help of rotavator.

Observations

Data was recorded on pre- and post-anthesis dry
matter partitioning. Data were recorded on weighing
dry samples obtained randomly form the plots side
rows and the different plant parts were separately
weighed at two stages, i.e., pre-anthesis stage and
post-harvest (at maturity). For recording total yield
data, four central rows were harvested and sun dried
and weighed with digital balance. Data were then
converted to standard units.

Statistical analysis

The data were analyzed following the randomized
complete block (RCB) design. Treatment means were
compared using the Least Significant Difference
(LSD) test at a 5% level of probability if the F-test
was significant (Jan ez a/., 2009).

Results

Dry matter (DM) partitioning at pre-anthesis stage
Total DM at pre-anthesis stage was significantly
influenced by green manuring (G), nitrogen (N) and
sulfur (S) levels (Table 1). The interaction GMxN
was the only significant interaction and the rest of
the interactions were insignificant. Green manuring
with berseem crop produced higher dry matter (1002
g m?) as compared to no green manuring (895 g
m™). Increasing nitrogen from 0 to 120 kg linearly
increased pre-anthesis dry matter. Greater dry matter
(1025 g m™) was produced with addition of 120 kg
nitrogen per hectare. Lowest dry matter (874 g m?)
was produced with no N application. Increasing sulfur
dose from 0 to 45 kg ha! improved DM production.
Using 45 kg sulfur ha™ produced greater dry matter
(1015 g m?). Minimum dry matter (880 g m?) was
accumulated in control plots. The GMxN interaction
depicted that increasing nitrogen levels increased dry
matter production with or without green manuring,
however the increase was more prominent with green
manuring (Figure 1).
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Figure 1: Interactive effect of green manuring and
nitrogen on fotal dry matter at pre-anthesis stage

Dry matter partitioning to stem was considerably
affected by green manuring and various levels of
nitrogen and sulphur (Table 1). No interaction was
found significant. Mean values revealed that green
manuring with berseem crop have higher stem dry
matter (421 g m™) as compared to no green manuring
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(377 g m™?). Stem dry matter was elevated with each
increment in N dose. Stem DM was maximum (432 g
m™) with addition of 120 kg N ha™. Allocation of dry
matter to stem was lower (367 g m™) with no nitrogen
application. Similarly increasing sulfur level increased
stem dry matter at pre-anthesis stage consistently.
Addition of 45 kg S ha! allocated more dry matter
(426 g m™?) to stem. No sulfur application produced
minimum stem dry matter (369 g m™).

Table 1: Dry matter production and partitioning to
various plant parts (g m?) at pre-anthesis of sunflower
as influenced by green manuring, nitrogen and sulfur.

Green manuring (GM) Dry matter production at

Pre-anthesis (g m?)

Total Stem Leaves Head
No green manuring 895b 377b 326b 190b
Berseem green manuring  1002a 421a 365a 216a
Significance = o o o
Nitrogen (N) (kg ha)
0 874d 367d 319d 186d
60 918c 386c 337c 198c
90 978b 410b 356b 208b
120 1025a 432a 371a 220a
LSD s 28 12 11 8
Sulfur (S) (kg ha')
0 880d 369d 323d 189c
15 925¢ 392c 336c¢c 202b
30 974b 409b 354b 205D
45 1015a 426a 370a 216a
LSD s 28 12 11 8
Interactions Significance
GMxN * NS * NS
GMx S NS NS NS NS
NxS NS NS NS NS
GM=xNxS NS NS NS NS

Means of each category followed by same letters are statistically at par
with each other at 5% level of probability . = significant at 5% lev-
el of probability, ** = significant at 1% level of probability, “NS” =

Non-significant

Significant effect of green manuring, N and S
doses on leaf dry matter production at pre-anthesis.
The interaction GMxN was found significant and
the rest were insignificant. Green manuring with
berseem crop produced higher leaf DM (365 g m™)
as compared to no green manuring (326 g m™).
Among different nitrogen levels, increasing nitrogen
trom 0 to 120 kg linearly increased pre-anthesis leaf

dry matter. Higher leaf dry matter (371 g m™) was
produced with addition of 120 kg N ha™. Minimum
leaf dry matter (319 g m™) was produced in control
plots. Mean values regarding sulfur levels revealed
that increasing sulfur application from 0 to 45 kg
ha increased leaf dry matter production. Application
of 45 kg sulfur ha™ produced higher leaf dry matter
(370 g m™). Minimum leaf dry matter (323 g m™) was
attained from plots received no sulfur. The interaction
between GMxN indicated that increasing nitrogen
levels increased leaf dry matter production with or
without green manuring, however the increase was
more prominent with green manuring (Figure 2).
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Figure 2: Interactive effect of green manuring and ni-
trogen on leaf dry matter at pre-anthesis stage

Head dry matter accumulation at pre-anthesis of
sunflower was profoundly varied by green manuring,
nitrogen and sulfur. The interactive effect of these
factors were not significant. Green manuring with
berseem crop have higher head dry matter (216 g m™)
as compared to no green manuring (190 g m?). Dry
matter in head was accumulated at elevated rate with
rise in each dose of N. Head dry matter was greater
(220 g m™) with application of 120 kg N ha™. Head
dry matter was lower (186 g m™) with no nitrogen
application. Similarly increasing sulfur level increased
head dry matter at pre-anthesis stage consistently.
Addition of 45 kg sulfur accumulated more dry matter
(216 g m™?) to head. No sulfur application produced

minimum head dry matter (189 g m?).

Dry matter (DM) partitioning at post-harvest stage

Data on total dry matter at post-harvest stage with
respect to various green manuring, nitrogen and sulfur
levels are computed in Table 2. Statistical perusal of
the data shown significant effect of green manuring,
nitrogen and sulfur doses on total dry matter
production at post-harvest. The interaction GMxN
was profound while the rest were insignificant.
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Green manuring increased dry matter production at
post-harvest (1175 g m™) as compared to no green
manuring (1033 g m™). Increasing nitrogen levels
linearly increased dry matter production at post-
harvest. Higher dry matter at post-harvest (1197 g
m™) was recorded with 120 kg N ha'. Minimum dry
matter at post-harvest (1005 g m™) was observed
with no N application. Sulfur application increased
dry matter production at post-harvest. Higher dry
matter at post-anthesis (1196 g m™) was produced
with addition of 45 kg S ha!, which was followed
by (1141 g m?) 30 kg S ha™. Lower dry matter at
post-anthesis (1012 g m™) was produced with no
sulfur application. The interaction between GMxN
shown that increasing nitrogen level increased dry
matter production at post-anthesis regardless of
green manuring, however the increased was more
prominent with increasing nitrogen along with green
manuring (Figure 3).

Table 2: Dry matter production and partitioning to
various plant parts (g m?) at post-harvest of sunflower
as influenced by green manuring, nitrogen and sulfur.

Green manuring (GM)  Dry matter production at

Post-anthesis (g m™)

Total  Stem Leaves Head
No green manuring 1033b 423b 256b 354b
Berseem green manuring 11752 479a 296a 401a
Significance o o o o
Nitrogen (N) (kg ha™)
0 1005d 412d 250c 342d
60 1066 ¢ 436c 265b 365c¢
90 1149b 467b 292a 390b
120 1197a 489a 295a 413a
LSD, 4, 42 17 15 14
Sulfur (S) (kg ha™)
0 1012d 413d 252d 347d
15 1068 c 438c 264c¢ 366¢
30 1141b 468b 283b 390b
45 1196a 485a 304a 407a
LSD, ., 2 17 15 14
Interactions Significance
GM=x N * NS = *
GM«x S NS NS NS NS
NxS NS NS NS NS
GMxNxS NS NS NS NS

Means of each category followed by same letters are statistically at par
with each other at 5% level of probability . “” = significant at 5% level
of probability, “* = significant at 1% level of probability, “NS” = Non-

significant
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Figure 3: Interactive effect of green manuring and
nitrogen on total dry matter accumulation at post-harvest

Green manuring, nitrogen and sulfur revealed
substantial effect on stem dry matter at post-harvest
All the interactions were insignificant for stem
dry matter at post-harvest. Green manuring with
berseem improved stem dry matter at post-harvest
(479 g m™) as compared to no green manuring (423
g m?). Increasing nitrogen levels increased stem dry
matter at post-harvest. Higher stem dry matter (489
g m?) was produced with 120 kg N ha™. Minimum
(412 g m™?) stem dry matter was recorded with no
N application. Similar to nitrogen, increasing sulfur
levels also increased stem dry matter at post-harvest.
Higher stem dry matter at post-harvest (485 g m™)
was obtained with addition of 45 kg S ha!. Minimum
stem dry matter (413 g m™) was produced with no
sulfur application.

Green manuring, nitrogen and sulfur levels had
noteworthy impact on leaf dry matter production
at post-harvest. The GMxN interaction was found
significant only. Green manuring with berseem
crop produced higher leaf dry matter (296 g m™) as
compared to no green manuring (256 g m?). Among
different nitrogen levels, increasing nitrogen from 0 to
90 kgha™ linearly increased dry matter accumulation
in leaves at post-harvest. Greater dry matter (295 g
m™) was accumulated in leaves with using 120 kg
N ha; statistically alike results were obtained with
leaf dry matter (292 g m™) produced with 90 kg
N ha'. Minimum leaf dry matter at post-harvest
(250 g m?) was produced with no N application.
Application of 45 kg sulfur ha' accumulated more
dry matter (304 g m™) to leaves. Minimum leaf dry
matter (252 g m?) was produced by control. The
interaction between GMxN indicated that raising
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N levels upto 120 kg ha™ increased leaf dry matter
production with or without green manuring, however
with green manuring a slight decreased was observed
with increasing nitrogen beyond 90 kg ha! (Figure 4).
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Figure 4: Interactive effect of green manuring and ni-
trogen on dry matter accumulation in [eaf at post-harvest
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Figure 5: Interactive effect of green manuring and
nitrogen on head dry matter at post-harvest

Head dry matter accumulation was meaningfully
affected by green manuring, nitrogen and sulfur.
GMxN interaction was found significant and the
remaining were non-significant. Green manuring
with berseem produced higher head dry matter (401
g m™) as compared to no green manuring (354 g m?).
Head dry matter was increased with each increment
in nitrogen level. Dry matter accumulation in heads
(413 g m™?) was greater with using 120 kg N ha
1. Dry weight of heads were lower (342 g m™) with
no nitrogen application. Similarly increasing sulfur
level increased head dry matter at post-harvest stage
consistently. Addition of 45 kg S ha™ accumulated
more (407 g m) head dry matter. No sulfur application
produced minimum head dry matter (347 g m™). The
interaction between GMxN exhibits that increasing
nitrogen level from 0 to 90 kg ha™ increased head

dry matter irrespective of green manuring, however
further increase in nitrogen did not increase head dry
matter with green manuring and increase head dry
matter with no green manuring (Figure 5).

Table 3: Biological yield (kg ha™) of sunflower as affected

by green manuring, nitrogen and sulfur levels.

Green manuring Year Means
2019 2020
No green manur- 9017 9907 9462 b
ing
Berseem green 10437 11385 10911 a
manuring
Significance o
Nitrogen (N) (kg ha?)
0 8738 9632 9185 d
60 9341 10243 9792 ¢
90 10146 11082 10614 b
120 10685 11629 11157 a
LSD s 368
Sulfur (S) (kg ha)
0 8814 9702 9258 d
15 9410 10324 9867 ¢
30 10082 11031 10556 b
45 10604 11528 11066 a
LSD s 368
Year means 9727 10646 o
Interactions Significance Interactions Significance
GMxN * GMxNxS NS
GMxS NS YxT NS
NxS NS

Means of each category followed by same letters are statistically at par
with each other at 5% level of probability . “” = significant at 5% level
of probability, “*” = significant at 1% level of probability, ‘NS’ = Non-

significant

Total yield (kg ha™)

Total yield of sunflower as influenced by different
green manuring, nitrogen and sulfur levels is shown
in Table 3. Statistical analysis of the recorded data
showed that total yield of sunflower was considerably
affected by different green manuring, nitrogen and
sulfur levels. The interaction between green manuring
and nitrogen (GMxN) was the only significant
interaction among all the possible interactions. Green
manuring of berseem crop produced higher total yield
(10911 kg ha') as compared to no green manuring
(9462 kg ha). In case of nitrogen levels, total yield
was increased linearly with increasing nitrogen level

up to 120 kg ha'. Highest total yield (11157 kg ha™!)

2025 | Volume 41 | Issue 5 | Page 243

o -0
Qols Links
“*@Researchers



OPEN aACCESS

Sarhad Journal of Agriculture

was recorded with 120 kg nitrogen ha™, which was
followed by 90 kg ha™ (10614 kg ha?). Minimum
total yield (9185 kg ha') was obtained with no
nitrogen application. Among difterent levels of sulfur,
sulfur application at the rate of 45 kg ha™' produced
greater total yield (11066 kg ha™), followed by 30 kg
S ha? (10656 kg ha?). Minimum total yield (9258
kg ha'') was obtained with no sulfur application. The
interaction between GIMxN indicated that increasing
nitrogen level linearly increased total yield with no
green manuring, however the increase was linear up
to 90 kg N ha™ and beyond that no further increase
was found (Figure 6).
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Figure 6: Interactive effect of green manuring and ni-
trogen on biological yield of sunflower

Discussion

Green manuring significantly improved crop
growth rate and dry matter (DM) accumulation and
assimilates partitioning. Assimilates partitioning
was significantly different at different stages. Higher
dry matter accumulation in vegetative parts at pre-
anthesis stage and at maturity stages as assimilates
partitioning were higher to reproductive parts.
Green manuring improved stem, leaves and head
dry matter as compared to no green manuring. The
improvement in dry matter production with green
manuring might be due to the ability of green
manures to provide sufficient nutrients to the plants
and improve soil properties. Baiyeri and Tenkouano
(2007) reported similar trend and stated that green
manuring enhanced properties of soil and soil fertility
which lead to improvement in photosynthetic
efficiency and assimilates partitioning. Moreover,
Ayeni and Adetunji (2010) also stated that green
manuring supply essential nutrients to crop which
enhanced the DM production that lead to higher

DM accumulation. Application of green manuring

together with nitrogen fertilizer will balance carbon
and nitrogen in soil and plants can uptake nitrogen
requirement and other nutrients from soil (Mosavi
et al., 2009). Amanullah ez a/. (2006) described that
green manuring and harmonization of nutrients
release at appropriate stage of crop growth resulted in
improvement in growth rate, dry matter production as
well as leaf area. These results are in line with Lenka

and Gulati (2005) and Ronanki ez a/. (2017).

Nitrogen application improve crop growth rate
(CGR) and dry matter (DM) production. The
probable reason for improvement in DM production
and CGR with nitrogen fertilization is the ability of
nitrogen to increase light interception, photosynthetic
efficiency and transfer of assimilates (Shekhawat and
Shivay, 2012). In contrast poor nitrogen availability to
plants resulted in reduced photosynthetic ability, and
decrease in assimilates production which leads to lower
crop growth and dry matter production (Osterhuis
and Zhao, 2006). Current findings are in line with
findings described by Dordas and Siolas (2009) who
reported higher crop growth rate, photosynthates and
dry matter with increasing level of nitrogen rates.
Dreccer e al. (2000) also resulted in an increase in
dry matter yield with application of nitrogen.

Sulfur levels significantly varied CGR and DM
production. Increasing sulfur levels increased
CGR and dry matter production. Which could be
attributed to boost photosynthesis accumulation.
Sulfur is constituent of enzymes which is involved in
chlorophyll production and activating cellular level
of accelerated photosynthesis (Deepika ez al., 2022).
'Thus resulting in more dry matter accumulation. Our
findings are alike with the results mentioned by Ramu
and Reddy (2003) and Sarkar and Mallick (2009)
who reported increased dry matter with application
of sulfur. Moreover Daniela e a/. (2008) stated that
sulfur application significantly increased crop growth
rate.

Yield of sunflower was considerably affected by green
manuring, nitrogen and sulfur levels. Green manuring
with berseem crop improved yield as compared to no
green manuring. Theimprovementinyield due to green
manuring might be due to the nutrient supply and
soil fertility executed by green manuring. Hemalatha
et al. (2000) observed a profound increment in yield
with green manuring of legumes. The reason for rise
in various growth traits might be enhanced nutrients
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uptake and making the nutrients translocated to
plant body, sufficient nutrient supply increased
photosynthates production and translocation to
the sink, which resulted in higher plant growth and
growth attributes (Dambale ez a/., 2018). Nitrogen
application increased yield of sunflower. Application
of 120 kg N ha™ improves all the growth attributes.
This is the ability of the plants to access the soil
nitrogen more frequently which resulted in higher
reproductive growth and production of plant parts,
hence increased nitrogen consumption by absorbing
more nutrients. Utilization of greater quantity
of nitrogen under optimum growing conditions
is essential to flourish crop, which increase yield.
Increasing nitrogen fertilizer leads to increase in yield
(Zubillaga ez al., 2002; Wajid ez al., 2010; Zahoor ef
al., 2010). Significant effect of nitrogen was observed
on yield and oil content (Abbadi and Gerendas, 2009;
Wiajid ef al., 2010; Ahmad e al., 2020).

Sulfur application increase yield of sunflower and
higher yield were obtained with addition of 45 kg S
ha'. Parallel results were earlier reported regarding the
effect of sulfur on yield by Ullah and Akmal (2018)
who reported profound effects of sulfur application
when combined with nitrogen on plant parameters.
Saleem ez al. (2019) reported in a similar study on
response of sulfur on sunflower that addition of 20 kg
S ha along with zinc increased the yield of sunflower.

Conclusions and Recommendatoins

'The research demonstrates that nitrogen sulphur and
green manuring play a critical part in improving dry
matter production and partitioning to various plant
as well as total yield of sunflower. Green manuring
with berseem crop significantly improved dry matter
partitioning and yield of sunflower. Nitrogen and
sulphur levels significantly enhanced dry matter
partitioning and yield. Application of 30 kg S and 120
kg N ha! improved dry matter partitioning and yield.
'Therefore, is recommended as a balanced approach to
nutrient management along with green manuring to
improve sunflower growth and yield.

Novelty Statement

'The novelty of the study lies in elucidating the
influence of integrated green manuring and nutrient
management on pre and post anthesis dry matter
partitioning in sunflower, offering new understanding

of biomass allocation patterns under sustainable
fertility practices.
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