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	ABSTRACT	
Iron	de�iciency	 is	a	 signi�icant	constraint	 to	 rice	production,	particularly	 in	aerobic	 systems.	A	 two-year	 �ield	 experiment	was	
conducted	at	Professor	Jayashankar	Telangana	State	Agricultural	University,	Hyderabad,	India	to	evaluate	the	iron	uptake	of	three	
aerobic	rice	cultivars	(M1,	M2,	and	M3)	under	twelve	different	iron	fertilization	strategies	in	sandy	clay	loam	soil.	The	experiment	
laid	out	in	a	split-plot	design,	examined	the	ef�icacy	of	iron	sulphate	and	iron	chelate	applied	through	foliar	and	soil	applications,	as	
well	as	their	combinations.	Iron	content	and	uptake	were	measured	at	various	growth	stages	(seedling,	maximum	tillering,	panicle	
initiation	and	harvest).	Results	revealed	signi�icant	differences	in	iron	uptake	among	cultivars	and	fertilization	treatments.	Cultivar	
M3	(KRH	2)	consistently	demonstrated	the	highest	iron	uptake	in	both	grain	and	straw.	The	most	effective	fertilization	strategy	
involved	the	basal	application	of	iron	chelate	@	25	kg	ha⁻¹	followed	by	three	foliar	sprays	of	iron	sulphate	starting	from	21	days	after	
sowing	at	7-day	intervals.	These	�indings	suggest	that	the	judicious	selection	of	rice	cultivars	and	application	of	a	combined	soil	and	
foliar	iron	fertilization	strategy	can	signi�icantly	enhance	iron	uptake	and	potentially	improve	yields	in	aerobic	rice	cultivation.
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Iron	chelate,	Iron	harvest	index.

1.	INTRODUCTION
Rice holds a prominent position among the world's food crops, 
serving as a primary source of carbohydrates for over half of the 
global population [16]. However, they often lack essential 
micronutrients, such as iron, zinc, and vitamin A [15, 24] making 
rice-based diets a leading cause of micronutrient de�iciencies, 
particularly in developing countries [2, 3, 4]. These 
micronutrients, although needed in small quantities, are crucial 
for vital plant processes, such as photosynthesis, respiration, 
protein synthesis, and reproduction, impacting both grain and 
straw yield [13]. Traditional rice cultivation methods, such as 
puddled transplanted rice, create anaerobic conditions by 
submerging �ields [19], which has drawbacks such as soil 
degradation, methane emissions, and inef�icient water use [5, 
29]. 
Aerobic rice systems offer an alternative, growing rice in non-
�looded, non-saturated soil, similar to other upland crops [18, 
25]. This method reduces water usage and labour requirements 
but faces challenges such as the lack of suitable varieties, weed 
and nematode infestations, and iron de�iciency [9, 12, 23]. This 
shift in cultivation has brought about an increase in Fe 
de�iciency in rice, especially at the vegetative and reproductive 
stages of growth, depressing iron availability and reducing Fe 
supplies to humans. Iron de�iciency is one of the most prevalent 
micronutrient de�iciencies in humans, causing 0.8 million

deaths annually and affecting approximately 2 billion people 
[27]. Iron, despite being abundant in the Earth's crust, is a 
limiting nutrient because of the low solubility of its oxidized 
form (Fe3+) in aerobic environments [8, 30, 26].
Iron fertilization can be achieved through soil application, foliar 
application, or a combination of both. Soil application provides a 
sustained release of iron, while foliar application offers a rapid 
correction of de�iciency symptoms. Chelated iron fertilizers are 
often preferred for soil application due to their higher solubility 
and availability compared to inorganic iron sources like iron 
sulphate. However, the effectiveness of iron fertilization 
depends on factors like the type of iron fertilizer, application 
rate, timing, and method of application [21].
However, the majority of research on alleviating Fe de�iciency in 
rice has been limited to transplanted rice in lowland 
environments, with a notable lack of information on aerobic rice 
systems [14]. To address this knowledge gap, the current study 
aimed to investigate the impact of various iron fertilization 
approaches on the iron content and uptake in aerobic rice 
cultivars across different growth stages.

2.	MATERIALS	AND	METHODS
2.1.	Experimental	Site	and	Design
The �ield experiment was conducted over two consecutive years 
at the experimental farm of Professor Jayashankar Telangana 
State Agricultural University, Hyderabad, India. The site is 
located at a latitude of 17°19' N and longitude of 78°28' E, with 
an altitude of 542.3 meters above sea level. The soil at the 
experimental site is sandy clay loam in texture, with a slightly 
alkaline pH of 7.2. The site has low organic carbon content 

-1(0.45%), low available nitrogen (210 kg ha ), medium levels of 
-1available phosphorus (22.6 kg ha ), and available potassium
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-1 -1(250 kg ha ). Iron content is adequate, measured at 4.18 mg kg .

2.2.	Treatments
The experiment comprised twelve treatment combinations of 
iron fertilization (S1 to S12) and three rice cultivars (M1, M2, 
and M3) and was laid out in a split-plot design with three 
replications. The detailed description of the treatments is given 
below:
Cultivars (M):
M1: Tellahamsa (Local variety)
M2: KRH 2 (Hybrid variety)
M3: MTU 1010 (Improved variety)
Iron Fertilization Treatments (S): 
S1: Control (No iron fertilization)
S2: Soil application of iron sulphate @ 25 kg ha⁻¹ (Basal)
S3: Soil application of iron chelate @ 25 kg ha⁻¹ (Basal)
S4: Foliar application of iron sulphate @ 2% at 21, 28, and 35 
days after sowing (DAS)
S5: Foliar application of iron sulphate @ 2% at 21, 31, and 41 
DAS up to maximum tillering
S6: Foliar application of iron sulphate @ 2% at 21, 36, and 51 
DAS up to the panicle initiation stage
S7: Soil application of iron sulphate @ 25 kg ha⁻¹ (Basal) + Foliar 
application of iron sulphate @ 2% at 21, 28, and 35 DAS
S8: Soil application of iron sulphate @ 25 kg ha⁻¹ (Basal) + Foliar 
application of iron sulphate @ 2% at 21, 31, and 41 DAS up to 
maximum tillering
S9: Soil application of iron sulphate @ 25 kg ha⁻¹ (Basal) + Foliar 
application of iron sulphate @ 2% at 21, 36, and 51 DAS up to the 
panicle initiation stage
S10: Soil application of iron chelate @ 25 kg ha⁻¹ (Basal) + Foliar 
application of iron sulphate @ 2% at 21, 28, and 35 DAS
S11: Soil application of iron chelate @ 25 kg ha⁻¹ (Basal) + Foliar 
application of iron sulphate @ 2% at 21, 31, and 41 DAS up to 
maximum tillering
S12: Soil application of iron chelate @ 25kg ha⁻¹ (Basal) + Foliar 
application of iron sulphate @ 2% at 21, 36, and 51 DAS up to the 
panicle initiation stage

2.3.	Crop	Management
-1 Recommended nitrogen @ 120 kg ha was applied in three equal 

splits i.e.,	at sowing, maximum tillering and panicle initiation 
stage of the crop, in the form of urea. Phosphorus and potassium 
were applied basally as per the recommended dose of 60 kg each 

-1 of P O  and K O ha in the form of SSP and MOP respectively. Iron 2 5 2
-1 sulphate and chelate @ 25 kg FeSO4 ha were applied at the time 

of sowing as per the treatments. These fertilizers were applied 
as bands in the seed furrow. Three foliar sprays of iron sulphate 

-1@ 2% + citric acid 2.0 g l  of water were sprayed starting from 21 
DAS at weekly, 10-day intervals and 15 day intervals as per the 
treatments. 

2.4.	Data	Collection
Plant samples were collected at seedling, maximum tillering, 
panicle initiation, and harvest stages. Iron content in plant 
samples (grain and straw at harvest) was determined using 
atomic absorption spectrophotometry with results expressed in 

-1milligrams per kilogram (mg kg ) [17]. 

2.5.	Statistical	Analysis
The data were statistically analysed using the F-test as per the 
procedure cited [6]. The signi�icance of differences between 
treatments was determined using the least signi�icant 
difference (LSD) test at a 5% probability level (p < 0.05).

3.	RESULTS	AND	DISCUSSION
3.1.	Effect	of	Cultivar	on	Iron	content	and	uptake
The study revealed signi�icant differences in iron content among 
the three rice cultivars (KRH 2, MTU 1010 and Tellahamsa) 
throughout their growth stages (Table 1). Iron content in 
seedlings of all the cultivars under study was low and among 
them, KRH 2 exhibited a slight advantage over MTU 1010 and 
Tellahamsa. Iron content increased signi�icantly at the 
maximum tillering stage, with KRH 2 demonstrating the highest 
values, on par with MTU 1010, and signi�icantly higher than 
Tellahamsa. The peak iron content occurred at panicle initiation, 
with KRH 2 again leading, followed closely by MTU 1010, and 
then Tellahamsa. As the plants matured to harvest, iron levels 
decreased across all cultivars, though KRH 2 maintained the 
highest iron concentration in both grain and straw, signi�icantly 
exceeding MTU 1010 and Tellahamsa. Overall, iron content 
tended to decrease as the crop progressed through its growth 
stages, likely due to a dilution effect from increasing dry matter 
production. This difference in iron content among cultivars can 
be attributed to their genetic makeup, root morphology, and 
physiological mechanisms for iron acquisition [7]. KRH 2, being 
a hybrid variety, potentially possesses superior root growth and 
nutrient uptake ef�iciency compared to the other two varieties. 
These �indings are consistent with previous studies that have 
reported signi�icant genotypic variation in iron uptake among 
rice cultivars [1, 10]. Initially, iron uptake was low at the seedling 
stage due to limited dry matter production in the stem, sheath, 
and leaf blade, which was compounded by low iron content. 
However, as the crop matured, dry matter production increased, 
particularly leading up to the harvest 0tage, resulting in higher 
iron content. Consequently, the levels of iron uptake in the rice 
crop peaked during the maximum tillering and panicle initiation 
stages, followed by a gradual decline at harvest due to reduced 
iron content. KRH 2 cultivar exhibited superior iron uptake, 
followed by MTU 1010 and Tellahamsa. This pattern re�lects the 
inherent characteristics of the varieties, as KRH 2 produced 
signi�icantly greater dry matter and possessed higher iron 
content in its shoots compared to the other cultivars, leading to 
its markedly higher iron uptake. Several scientisits also 
reported similar difference in cultivars [21, 10]. 

The iron uptake was calculated by multiplying the iron 
concentration with the dry weight of the respective plant part 

−1and was expressed as mg plant . Other traits, such as the Iron 
Harvest Index (FeHI) were computed using the following 
formulae and expressed in terms of percentage [22, 31].

-1 -1Iron uptake (g ha ) = Iron content (mg kg ) x Weight of the dry 
-1matter (kg ha ) 1000

-1 -1Total uptake (kg ha org ha ) = Uptake in grain + Uptake in straw
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-1Table	1.	Iron	content	(mg	kg )	of	aerobic	rice	as	in�luenced	by	cultivars	and	iron	fertilization	at	Sedling,	Maximum	tillering	and	Panicle	initiation	stages

BA-Basal	application,	IS-	Iron	Sulphate,	IC-	Iron	Chelate,	FS-Foliar	spray,	DI-Days	interval.

-1Table	2.	Iron	content	(mg	kg )	of	aerobic	rice	as	in�luenced	by	cultivars	and	iron	fertilization	at	harvesting	stage

BA-Basal	application,	IS-	Iron	Sulphate,	IC-	Iron	Chelate,	FS-Foliar	spray,	DI-Days	interval
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3.2.	Effect	of	Iron	Fertilization	on	Iron	Content	and	Uptake
The study investigated the impact of different iron fertilization 
strategies on iron content in rice plants across various growth 
stages. At the seedling stage, a combination of basal iron 
fertilization with foliar sprays of iron sulphate resulted in the 
highest iron content, with no signi�icant differences observed 
among these treatments. Notably, treatments involving basal 
applications of iron chelate (S3, S10, S11, S12) exhibited 
comparatively higher iron content than those with basal iron 
sulphate (S2) or basal iron sulphate combined with foliar iron 
sulphate sprays (S7, S8, S9). Treatments relying solely on foliar 
iron sulphate application (S4-S6) and the control group (S1), 
lacking any iron supplementation, displayed the lowest iron 
content. At maximum tillering and panicle initiation, the highest 
iron content was consistently found in treatments combining 
basal iron chelate with foliar sprays of iron sulphate (S10, S11, 
S12), followed by those combining basal and foliar applications 
of iron sulphate (S7, S8, S9). Treatments with only foliar iron 
sprays (S4, S5, S6) showed lower iron content, while plots with 
only basal application of iron chelate (S3) followed by (S2) and 
(S1) exhibited signi�icantly the lowest iron content. 
Furthermore, Treatments involving a combined soil and foliar 
application of iron (S10, S11, S12) resulted in higher iron 
content in both grain and straw. The observed lower 
effectiveness of basal iron application alone, particularly under 
alkaline conditions with high bicarbonate levels, likely stems 

3+from reduced Fe solubility and subsequent limited uptake by 
plant roots, as supported by previous research [11]. These 
�indings highlight the advantage of combining soil and foliar 
application methods for optimizing iron nutrition in rice [32]. 

-1Figure	1.	Iron	uptake	(g	ha )	of	aerobic	rice	as	in�luenced	by	cultivars	during	
2012	and	2013

The study revealed signi�icant variations in iron uptake among 
different iron fertilization treatments at the seedling stage. 
Notably, treatments combining basal iron fertilization with 
foliar sprays of iron sulphate showed the highest iron uptake. 

-1Speci�ically, basal application of iron chelate at 25 kg ha , 
coupled with three foliar sprays of 2.0% FeSO  at 15-day 4

intervals (S12), resulted in iron uptake comparable to the basal 
application of iron chelate along with foliar sprays of iron 
sulphate at 10 days interval (S10) and 7 days interval (S11). 
Foliar sprays of iron sulphate, 7 days interval sprays i.e.,	(S4), 10 
days interval (S5), 15 days interval sprays (S6) and control i.e.,	
(S1) recorded the lowest iron uptake and signi�icant difference 
among them was not found. While iron uptake generally 
increased with crop growth, peaking at harvest, the application 
method signi�icantly in�luenced �inal grain iron uptake. The 
highest grain iron uptake was observed with basal iron chelate 
combined with foliar iron sulphate sprays at 7, 10, and 15-day 
intervals (S10, S11, S12), respectively, with no signi�icant 
difference between the 10 and 15-day interval treatments. 
Despite these variations, the interaction effect between 
cultivars and iron nutrition on iron uptake was non-signi�icant. 

Ultimately, the highest iron uptake at harvest, encompassing 
both grain and straw, resulted from combining basal and foliar 
iron application strategies, likely due to their positive impact on 
grain and straw yields, which subsequently in�luenced overall 
iron content [28].

Figure	 2.	 Iron	 uptake	 (g	 ha-1)	 of	 aerobic	 rice	 as	 in�luenced	 by	 iron	
fertilization	during	2012	and	2013

3.3.	Iron	harvest	index
In aerobic rice iron harvest index was signi�icantly in�luenced by 
cultivars and iron fertilization strategies during the two years of 
study. Among the cultivars, maximum values registered by KRH 
2 were on par with MTU 1010 and signi�icantly superior to 
Tellahamsa. In the case of iron fertilization maximum iron 
harvest index was recorded with basal application of iron 
chelate and iron sulphate in combination with foliar sprays of 
iron sulphate @ 7 DI, 10 DI and 15 DI i.e, S , S S  S S and 10 11, 12 7, 8 

S signi�icant difference among these treatments was not found. 9

The next descent order was with foliar sprays of IS @ 7 DI, 10 DI 
and 15 DI i.e., S S and S . A signi�icantly lower iron harvest index 4, 5 6

was noticed in treatments without foliar sprays of iron sulphate 
i.e.,	S S and S .3, 2 1

3.4.	 Correlation	 between	 grain	 yield,	 straw	 yield	 and	 Fe	
uptake
Fe uptake was positively correlated with grain and straw yield 
during both years (Figures 1 to 4). Grain yield showed a linear 
relation with Fe uptake (R2 = 0.9849, 0.9825) and similarly 
straw yield also showed a linear relation with Fe uptake (R2 = 
0.9402, 0.9446).

Figure	 3.	 Fe	 uptake	 and	 its	 relationship	with	 rice	 grain	 and	 straw	 yield	
during	2012&2013.

4.	CONCLUSION
The investigation strongly suggests that rice cultivar KRH 2 
exhibits a greater capacity for iron uptake compared to the other 
two cultivars tested. 
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Furthermore, the study highlights the effectiveness of the 
combined application of iron through basal and foliar methods. 

-Notably, the basal application of iron chelate at a rate of 25 kg ha
1 combined with three foliar sprays of iron sulphate beginning 
from 21 days after sowing (DAS) and applied at 7-day intervals 
(S10) consistently resulted in the highest iron uptake. 
Treatments S11 and S12 also demonstrated substantial 
improvements in iron uptake, positioning them as viable 
alternatives to enhance iron nutrition in aerobic rice cultivation. 
These �indings were consistent across both years of the study, 
strengthening the reliability of the conclusions.
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