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Recent reports indicated that more than 80 per-cent of soils in 
Nizamabad, Kamareddy, Rajanna Siricilla, Karimnagar, Siddipet, 
Jagtiyal and Peddapalli districts of Telangana state have high P 
soils. Hence, the above study was conducted as there was little 
information on the impact of various sulphur levels on sesamum 
grown in high P soils.

MATERIALS	and	METHODS
Initially, soils were screened for available phosphorus in and 
around Ranga Reddy district. Based on available phosphorus 
status, two soils were selected for conducting pot culture 

-1 -1experiment S1 (67.29 kg P2O5 ha ) and S2 (83.46 kg P2O5 ha ). 
In the above- selected soils (S  and S ) pot culture experiment 1 2

was conducted with sesamum as test crop (JCS 1020) during 
summer 2022-23 at the Agricultural Research Institute, 
Rajendranagar and Hyderabad. Initial soil characteristics of the 
experimental soil was done by following standard procedures 
and are presented in table 1. 
 Treatments mainly comprise of �ive levels of phosphorus (P0-0, 

-1P - 5, P -10, P -15 and P -20 kg P2O5 ha  of soil), four levels of 1 2 3 4
-1sulphur (S₀-0, S₁-₁0, S₂-20 and S₃-30 kg S ha  of soil) with a total 

of twenty treatmental combinations with four replications laid 
out in Factorial Completely Randomized Design. The 
recommended dose of fertilizers for sesamum is 60-20-20 kg N, 
P2O5 & K2O ha-¹. Nitrogen, phosphorus, potassium and sulphur 
nutrient requirements were met through Urea, diammonium 
hydrogen phosphate, potassium chloride and potassium 
sulphate respectively. Entire dose of phosphorus, potassium 
and sulphur were applied as basally for all the pots as per the 
treatments while �ifty percent of nitrogen was applied as basal. 
The remaining �ifty percent of nitrogen was applied at 30 DAS. 
All the prophylactic plant protection measures were adopted as 
and when needed during the crop growth period. Statistical 
analysis was carried out as per the procedures [16]. 

	ABSTRACT	
A	pot	culture	experiment	was	conducted	on	“In�luence	of	Phosphorus	and	Sulphur	Application	on	Nutrient	Content	and	Uptake	by	
Sesamum	in	High	Phosphorus	soils	of	Telangana”.	In	this	experiment,	two	high	phosphorus	status	soils	were	selected	consisting	of	

-167.29	kg	P2O5	ha 	and	83.46	kg	P2O5	ha-1.	Treatments	mainly	include	�ive	levels	of	phosphorus	(P0-0,	P1-	5,	P2-10,	P3-15	&	P4-20	kg	
ha-1	of	 soil)	and	 four	 levels	of	 sulphur	 (S0-0,	S1-10,	S2-20	&	S3-30	kg	ha-1	of	 soil)	and	 it	was	conducted	 factorial	completely	
randomized	design.	Results	indicated	that	a	signi�icant	increase	in	nutrient	content	and	uptake	by	sesamum	crop	could	be	achieved	

-1 -1by	combined	application	of	15	kg	P2O5	ha 	(75	%	RDP)	+	20	kg	S	ha 	in	both	high	available	phosphorus	soils.	Among	the	various	
treatments	tested,	the	highest	nutrient	content	and	uptake	by	sesamum	crop	was	recorded	with	a	combined	application	of	75	per	

-1 -1 -1 -1cent	RDP	(15	kg	P2O5	ha )	+	20	kg	S	ha 	in	soil	1	and	50	per	cent	RDP	(10	kg	P2O5	ha )	+	20	kg	S	ha 	in	soil	2.

Keywords:	Sesamum,	high	P	soil,	nitrogen,	phosphorus,	potassium,	and	sulphur	content	and	their	uptake

INTRODUCTION
In intensively cultivated areas, the indiscriminate application of 
phosphorus was leading to phosphorus accumulation in the top 
layers of soil. In some studies, it was revealed that at high 
phosphorus status in soils, the recommended dose of 
phosphorus can be reduced without any reduction in the 
economic yield of the crop. It was observed that P dose could be 
skipped in either of any crop or reduced to 50 per cent under the 
rice-wheat sequence, if the soil contains high available 
phosphorus [7]. Reduced P application by 25-50 per-cent from 
the current RDP in high P soils is reported to be a possible saving 
measure without sacri�icing the yields in crops like rice, 
sun�lower and in rice-rice and rice-sun�lower-cropping 
sequences [1; 12; 18 and 22]. 
Sulphur plays a key role in plant metabolism, synthesis of 
essential oils, chlorophyll formation, and development of cells. It 
also increases cold resistance and drought hardiness of oilseed 
crops. Use of sulphur free fertilizers, heavy sulphur removal by 
the crops under intensive cultivation and neglect of sulphur 
replenishment contributed to widespread sulphur de�iciencies 
in arable soils. In recent years sulphur has become one of the 
major limiting nutrients for oilseeds. In crop sequences 
involving oilseeds, sulphur application was found to be 
pro�itable. 
In Telangana State, the occurrence of high- P soils as evidenced 
by the recording of > 70 per-cent of soils having high P status. 
Thus, in intensively cultivated areas where fertilizer use has 
been rampant, the reports of high P soils are coming into light.
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Table	1	Physico-chemical	and	chemical	properties	of	the	experimental	soil	
Particulars

RESULTS	AND	DISCUSSION
Effect	 of	 different	 levels	 of	 phosphorus	 and	 sulphur	 on	
nitrogen	content	and	uptake	by	sesamum	seed	
Phosphorus application at varied levels has signi�icantly 
in�luenced the nitrogen content of sesamum seed in high native 
phosphorus status soils and was tabulated in Tables 2 and 3. 
Maximum nitrogen content (3.69 per cent) and uptake (424 mg 
pot⁻¹) by sesamum seed was recorded in treatment receiving 
P100 (20 kg P2O5 ha⁻¹) but it was statistically on par with P75 (3.65 
per cent and 416 mg pot⁻¹). In high native phosphorus soils, 
improvement in the nitrogen content of sesamum seed was not 
signi�icantly in�luenced when phosphorus application was 
raised from P75 to P100. Phosphorus application has raised the 
seed nitrogen content and uptake in high native phosphorus 
status soils due to the fact that phosphorus stimulates the early 
development of root growth which in turn might have facilitated 
ef�icient utilization of nutrients from deeper layers of soil. The 
above �indings were in concurrence [5] and [23] in low to 
medium P- status soils. In high native phosphorus status soils 
also, similar results were seen. 
Among various sulphur levels, treatment receiving S30 (30 kg S 
ha⁻¹) has recorded signi�icantly highest nitrogen content (3.57 
per-cent) and uptake (407 mg pot⁻¹) in seed over other sulphur 
doses but at par with S20 (3.55 per-cent and 401 mg pot⁻¹). 
Sulphur application might have resulted in profuse vegetative 
and root growth, thereby activating the absorption of nutrients, 
which in turn enhanced nutrient concentration and dry matter s 
accumulation. Similar �indings were reported [19] and [17]. 
From the above �indings we can conclude that the crop requires 
suf�icient amounts of phosphorus along with sulphur to meet 
the crop requirements in high P soils. 
A signi�icant interaction effect was observed between different 
doses of phosphorus and sulphur on nitrogen content and 
uptake by sesamum seed in high P soils. The highest nitrogen 
content (3.84 per cent) in sesamum seed was seen in the 
treatment receiving P100 S30 (20 kg P2O5 ha⁻¹ + 30 kg S ha⁻¹) and it 
is on par with the 
treatments receiving P100 either with S20 or S10 and P75 either 
with S30 or S20 or S10 respectively. It was opined that there was the 
synergistic effect of phosphorus and sulphur on nitrogen uptake 
by sesamum seed at lower levels of application (13). 
The overall interaction between soils, phosphorus, and suphur 
was found to be statistically signi�icant. Maximum nitrogen 
(3.76 per cent) content was attained in the treatments receiving 
the combined application of P100 @ 20 kg P2O5 ha⁻¹ and sulphur 
(30 kg S ha⁻¹) but on par with treatments P100 S20, P100 S10, P75 S30, 
P75 S20 and P75 S10 in soils pertaining to S1 (67.29 kg P2O5 ha⁻¹). In 
S2 soils (83.46 kg P2O5 ha⁻¹), seed nitrogen content in sesamum 
was highest (3.92 per cent) in treatment applied with P100 @ 20 
kg P2O5 ha⁻¹ and sulphur (30 kg S ha⁻¹) but at par with P100 S20, P100 

S10, P75 S30, P75 S20, P75 S10, P50S30 and P50S20. 

Effect	of	different	levels	of	P	and	S	on	nitrogen	content	and	
uptake	by	sesamum	stalk	
Nitrogen content and uptake by sesamum stalk were 
signi�icantly in�luenced by phosphorus application in high 
native phosphorus status soils and given in Tables 4 and 5. The 
highest nitrogen content (1.49 per-cent) and uptake (322 mg 
pot⁻¹) by sesamum stalk was recorded in the treatment receiving 
P100 (20 kg P2O5 ha⁻¹) but it is statistically on par with P75 (1.47 
per cent & 316 mg pot⁻¹). Among various sulphur levels, 
treatment receiving S30 (30 kg S ha⁻¹) has recorded signi�icantly 
highest nitrogen content (1.46 per-cent) and uptake (314 mg 
pot⁻¹) by stalk over other sulphur doses but at par with S20 (1.43 
per-cent and 304 mg pot⁻¹). 
A signi�icant interaction effect was observed between different 
doses of phosphorus and sulphur on nitrogen content and 
uptake by sesamum stalk in high P soils. The highest nitrogen 
content 1.58 per-cent and uptake 348 mg pot⁻¹ by stalk was 
recorded in P100S30 (20 kg P2O5 ha⁻¹ & 30 kg S ha⁻¹) but on par with 
P75S20. 
Interaction effect among two selected soils, phosphorus and 
sulphur on the nitrogen content of sesamum stalk was found to 
be statistically signi�icant. In both S1 (67.29 kg P2O5 ha⁻¹) & S2 

(83.46 kg P2O5 ha⁻¹) soils, highest nitrogen content (1.55 & 1.60 
per cent) in sesamum stalk was noted in the P100S30 

combination. Phosphorus application has signi�icantly raised 
the nitrogen content in sesamum stalk [5] and [23]. 

Effect	of	different	levels	of	P	and	S	on	phosphorus	content	
and	uptake	by	sesamum	seed	
Phosphorus application has signi�icantly in�luenced 
phosphorus content in sesamum seed in high native 
phosphorus status soils as presented in table 6 and 7. Maximum 
phosphorus content (0.46 per cent) and uptake (53 mg pot⁻¹) by 
sesamum seed was recorded with the treatment receiving P100 

(20 kg P2O5 ha⁻¹) but on par with P75. It might be due to the 
availability of more phosphorus in the initial stages which might 
have led to stronger root growth. As the root growth was 
ampli�ied more phosphorus was absorbed from soil and 
resulted in increased phosphorus content in seed. The above 
�indings are in accordance with [23]. 
Phosphorus content and uptake by sesamum seed was 
signi�icantly increased with application of varied sulphur levels. 
Sulphur applied @ 30 kg S ha⁻¹ has recorded signi�icantly higher 
phosphorus content (0.43 per cent) and uptake (49 mg pot⁻¹) by 
sesamum seed but on par with S20 (0.41 per-cent and 46 mg 
pot⁻¹). [26] observed that phosphorus content in sesamum seed 
was increased with the addition of sulphur. It may be due to the 
mobilization of soil phosphorus into an accessible form by the 
action of the acid produced due to the application of sulphur. It 
resulted in the availability of more phosphorus in soil and later 
more absorption. An enhancement in phosphorus uptake with 
sulphur addition was reported in sun�lower [10]. Similar 
�indings were also accorded by [14] in sesamum at low and 
medium P-status soils. 
A signi�icant interaction was observed between phosphorus 
and sulphur on phosphorus content and uptake by sesamum 
seed. The highest phosphorus content (0.49 per cent) and 
uptake (59 mg pot⁻¹) by sesamum seed was recorded in the 
treatmental combination of P100S30 which is on par with P100 S20, 
P75S30 and P75 S20. Synergistic interaction was seen between 
phosphorus and sulphur on phosphorus content and uptake in 
toria crop at lower levels of application [4]. Similarly, [13] and 
[8] has reported phosphorus uptake was enhanced with 
combined application of phosphorus and sulphur in soybean. 
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The interaction impact between phosphorus, sulphur and two , 
high P soils on phosphorus concentration of sesame seed was 
found to be statistically signi�icant. Maximum phosphorus 
content (0.47 per-cent) in sesamum seed was attained in the 
treatment combination P100S30 which is on par with P100S20, 
P75S30 and P75S20 in soils. , 

Effect	of	different	levels	of	P	and	S	on	phosphorus	content	
and	uptake	by	sesamum	stalk	
Different levels of phosphorus application have signi�icantly 
in�luenced phosphorus content and uptake by sesamum stalk in 
high native phosphorus status soils as shown in Table 8 and 9. 
The highest phosphorus content (0.31 per-cent) and uptake (66 
mg pot⁻¹) by sesamum stalk was recorded in treatment receiving 
P100 

(20 kg P2O5 ha⁻¹) but it was found to be at par with treatment 
receiving phosphorus application @ 15 kg P2O5 ha⁻¹. 
Phosphorus content and uptake by sesamum stalk were 
signi�icantly increased with varied sulphur levels. Application of 
sulphur @ 30 kg S ha⁻¹ has recorded signi�icantly higher 
phosphorus content (0.28 per-cent) and uptake (60 mg pot⁻¹) by 
sesamum stalk but on par with S20 while the lowest phosphorus 
content and uptake by sesamum stalk were seen in control. 
Signi�icant interaction between phosphorus and sulphur doses 
was observed on phosphorus content and uptake by sesamum 
stalk. Highest phosphorus content (0.33 per-cent) and uptake 
(73 mg pot⁻¹) by sesamum stalk was recorded in the treatmental 
combination of P100S30 which is on par with P100 S20, P75S30 and 
P75 S20. 
Interaction impact of high P soils, phosphorus and sulphur on 
phosphorus concentration and uptake by sesamum stalk was 
found to be statistically signi�icant. In Sun�lower [1] phosphorus 
contents in plant parts were boosted in high native phosphorus 
status soils. Similar �indings were also observed in soybeans 
[11]. They have also opined that signi�icant enhancement in 
phosphorus content in both seed and stover might be due to 
increased root growth which in turn intensi�ied roots foraging 
capacity and allowed them to absorb more of less mobile 
phosphorus. Phosphorus application in high P soils has elevated 
phosphorus uptake by sesamum [20] and [9]. The availability of 
more solution phosphorus in soils might have led to increased 
phosphorus content in plant parts in high P soils. 

Effect	of	different	levels	of	P	and	S	on	potassium	content	and	
uptake	by	sesamum	seed	
Potassium content and uptake by sesamum seed were not 
in�luenced by various doses of phosphorus in high inherent 
phosphorus status soils and was given in Table 10 and 11. The 
overall potassium content in sesamum seed was extended from 
0.84 to 0.96 per cent with the average value of 0.91 per cent. 
Potassium uptake by sesamum seed increased signi�icantly 
raised with phosphorus application from control (P0) to 5 kg 
P2O5 ha⁻¹ (P25) while higher doses of phosphorus application had 
resulted in a non-signi�icant increase. Potassium uptake by 
sesamum seed was ranged between 84 to 111 mg pot⁻¹ with a 
mean of 100 mg pot⁻¹. 
Potassium content and uptake by sesamum seed were 
signi�icantly increased with increasing sulphur levels from 10 to 
30 kg S ha⁻¹. Signi�icantly higher potassium content (0.97 per 
cent) and uptake (110 mg pot⁻¹) by sesamum seed was seen in 
S30 (30 kg S ha⁻¹) treatment but at par with 20 kg S ha⁻¹. The 
interaction effect of phosphorus and sulphur on potassium 
content and uptake by sesamum seed was found to be 
statistically signi�icant. 

The treatment receiving P100S30 has attained the highest 
potassium content (1.03 per-cent) and uptake (124 mg pot⁻¹) by 
sesamum seed but on par with P100S20, P75S30 and P75S20. The 
interaction effect of phosphorus, sulphur and two high P soils , 
was found to be statistically signi�icant on potassium content of 
sesamum seed. 

Effect	of	different	levels	of	P	and	S	on	potassium	content	and	
uptake	by	sesamum	stalk	
Application of phosphorus in various amounts had a non-
signi�icant in�luence on potassium content in sesamum stalk in 
high native available phosphorus status soils (Tables 12 and 13). 
Potassium uptake by the sesamum stalk was signi�icantly 
increased from 278 to 309 mg pot⁻¹ as the phosphorus dose was 
enhanced from P0 (control) to P25 (5 kg P2O5 ha⁻¹) while at higher 
doses of phosphorus had a non-signi�icant in�luence. Similarly, 
sulphur application also not signi�icantly in�luence the 
potassium content in sesamum stalk. Application of S10 (10 kg S 
ha⁻¹) sulphur recorded signi�icantly higher potassium uptake by 
sesamum stalk (311 mg pot⁻¹) compared to control with 285 mg 
pot⁻¹ while at higher doses of sulphur there was the non-
signi�icant effect on potassium uptake by sesamum stalk. 
Interaction between different levels of phosphorus and sulphur 
on potassium content in sesamum stalk was found to be 
statistically non-signi�icant. Maximum potassium content (1.63 
per cent) in sesamum stalk with combined application of P100S30 

but on par with all other combinations in this study. The 
interaction effect has shown statistically signi�icant results on 
potassium uptake by sesamum stalk. The highest potassium 
uptake (360 mg pot⁻¹) by sesamum stalk was obtained with 
combined application of P100S30. Positive enhancement in 
potassium uptake by sesamum with phosphorus application to 
the crop [2]. Increase in uptake of potassium by seed and stalk 
with sulphur might be due to differences in yield at various 
levels. Similar �indings were also observed by [17] and [23]. 

Effect	of	different	levels	of	P	and	S	on	sulphur	content	and	
uptake	by	sesamum	seed	
Application of phosphorus in various levels has signi�icantly 
in�luenced the sulphur content and uptake by sesamum seed 
and is given in Tables 14 and 15. The highest sulphur content 
(0.40 per cent) and uptake (46 
mg pot⁻¹) by sesamum seed was recorded in the treatment 
receiving P100 (20 kg P2O5 ha⁻¹) but it was at par with P75 

treatment. Sulphur content and uptake by sesamum seed was 
signi�icantly improved with increasing sulphur levels. Sulphur 
applied treatment S30 (30 kg S ha⁻¹) has recorded signi�icantly 
higher sulphur content (0.38 per cent) and uptake (43 mg pot⁻¹) 
by sesamum seed but on par with S20 treatment while the lowest 
sulphur content and uptake was seen in control. 
Application of varied levels of phosphorus and sulphur has 
shown a signi�icant interaction effect on sulphur content and 
uptake by sesamum seed. Maximum sulphur content (0.43 per 
cent) and uptake (52 mg pot⁻¹) by sesamum seed was attained in 
the treatment receiving P100 S30 while it was on par with the 
treatments P100S20, P100S10, P75S30 and P75S20 respectively. 
Interaction among phosphorus, sulphur and soils selected was , 
found to be statistically signi�icant on sulphur content and 
uptake by sesame seed. Improvement in sulphur concentration 
with phosphorus application was also reported by [6] and [24] 
in sesamum. According to the above workers sulphur uptake 
was increased due to synergistic interaction between 
phosphorus and sulphur. 
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Higher availability of sulphur at higher concentrations has 
resulted in rapid absorption due to its high mobility. It may also 
be attributed to desorption of sulphate from the exchange 
complex by phosphate ions, which increased the concentration 
of sulphate in the soil solution and made easy absorption of 
sulphur. Phosphorus and sulphur had shown the synergistic 
effect on these two elements at lower levels of application [8]. 
Similar trend was observed in high P soils. 

Effect	of	different	levels	of	P	and	S	on	sulphur	content	and	
uptake	by	sesamum	stalk	
Phosphorus applied in various doses has signi�icantly 
in�luenced the sulphur content and uptake by sesamum stalk in 
high phosphorus status soils (Table 16 and 17). The highest 
sulphur content (0.18 per cent) and uptake (38 mg pot ) by ⁻¹

sesamum stalk was recorded with the treatment receiving 20 kg 
P O ha but on par with P . 2 5 ⁻¹ 75

Sulphur content and uptake by sesamum stalk was signi�icantly 
increased as the sulphur dose was raised from 0 to 30 kg S ha . ⁻¹

Sulphur application @ 30 kg S ha has recorded signi�icantly ⁻¹ 

higher sulphur content (0.17 per cent) and uptake (37 mg pot ) ⁻¹

by sesamum stalk but on par with S . Phosphorus and sulphur 20

had shown statistically signi�icant interaction on sulphur 
content and uptake by sesamum stalk. Highest sulphur content 
(0.20 per cent) and uptake (43 mg pot ) by sesamum stalk was ⁻¹

recorded in P S (20 kg P O ha + 30 kg S ha ) but on par with 100 30 2 5 ⁻¹ ⁻¹

P S , P S , P S and P S . 100 20 75 30 75 20 50 30

Sulphur uptake in sesamum stalk has followed a similar trend as 
that of sulphur content. The increase in sulphate uptake may be 
attributed partially because of priming impact of nutrients. 
These results are corroborated with the �indings of [3], [15] and 
[25] in non-high P soil, the present investigation with high P soil 
has also shown a similar trend. 

CONCLUSION	
In the above experiment, we can conclude that sesamum yield 
can be enhanced through combined application of phosphorus 
and sulphur. Synergistic effect of phosphorus and sulphur was 
seen on sesamum seed yield. The optimum doses of phosphorus 
and sulphur needed to obtain higher sesamum yields, nutrient 
content and uptake in high P soils was P S (15 kg P O ha + 20 75 20 2 5 ⁻¹ 

kg S ha ) and P S (10 kg P O ha + 20 kg S ha ). ⁻¹ 50 20 2 5 ⁻¹ ⁻¹

Future	Scope	of	Study	
The amount of phosphorus and sulphur required to increase 
sesamum yields in high phosphorus status soils has to be 
investigated at �ield level under various climatic conditions. It 
will enable in saving of phosphorus fertilizer in high 
phosphorus status soils (>150 kg P O ha ). 2 5 ⁻¹
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Table	2:	Effect	of	different	levels	of	P	and	S	on	nitrogen	content	(%)	of	sesamum	seed	in	high	P	soils
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-1Table	3.	Effect	of	different	levels	of	P	and	S	on	nitrogen	uptake	(mg	pot )	by	sesamum	seed	in	high	P	soils

Table	4.	Effect	of	different	levels	of	P	and	S	on	nitrogen	content	(%)	of	sesamum	stalk	in	high	P	soils
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-1Table	5.	Effect	of	different	levels	of	P	and	S	on	nitrogen	uptake	(mg	pot )	by	sesamum	stalk	in	high	P	soils

Table	6.	Effect	of	different	levels	of	P	and	S	on	phosphorus	content	(%)	of	sesamum	seed	in	high	P	soils
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-1Table	7.	Effect	of	different	levels	of	P	and	S	on	phosphorus	uptake	(mg	pot )	by	sesamum	seed	in	high	P	soils

Table	8.	Effect	of	different	levels	of	P	and	S	on	phosphorus	content	(%)	of	sesamum	stalk	in	high	P	soils
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-1Table	9.	Effect	of	different	levels	of	P	and	S	on	phosphorus	uptake	(mg	pot )	by	sesamum	stalk	in	high	P	soils

Table	10.	Effect	of	different	levels	of	P	and	S	on	potassium	content	(%)	of	sesamum	seed	in	high	P	soils
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-1Table	11.	Effect	of	different	levels	of	P	and	S	on	potassium	uptake	(mg	pot )	by	sesamum	seed	in	high	P	soils

Table	12.	Effect	of	different	levels	of	P	and	S	on	potassium	content	(%)	of	sesamum	stalk	in	high	P	soils
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-1Table	13.	Effect	of	different	levels	of	P	and	S	on	potassium	uptake	(mg	pot )	by	sesamum	stalk	in	high	P	soils

Table	14.	Effect	of	different	levels	of	P	and	S	on	sulphur	content	(%)	of	sesamum	seed	in	high	P	soils
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-1Table	15.	Effect	of	different	levels	of	P	and	S	on	sulphur	uptake	(mg	pot )	by	sesamum	seed	in	high	P	soils

Table	16.	Effect	of	different	levels	of	P	and	S	on	sulphur	content	(%)	of	sesamum	stalk	in	high	P	soils
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-1Table	17.	Effect	of	different	levels	of	P	and	S	on	sulphur	uptake	(mg	pot )	by	sesamum	stalk	in	high	P	soils
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