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	ABSTRACT	
Nutrients	and	weeds	are	two	important	factors	that	in�luence	the	productivity	of	the	rice.	Azolla	and	BGA	have	ability	to	replace	N	
fertilizers	by	25%	of	the	total	crop	requirement	through	biological	N	�ixation.	The	Azolla	covert	may	significantly	inhibit	weed	
infestation	without	harming	the	rice	yield.	A	2-year	�ield	experiment	was	conducted	to	study	the	in�luence	of	nitrogen	(N)	levels	and	
weed	management	practices	(WMP)	on	nutrient	content,	uptake,	and	grain	quality	of	wetland	rice	during	Kharif	2018	and	2019.	The	

-1experiment	was	laid	out	in	a	split	plot	design	having	�ive	nitrogen	levels	viz.	control,	60,	90	&120	kg	N	ha 	through	inorganic	source	
-1 -1and	60	kg	N	ha 	as	farmyard	manure	(FYM)	in	main	plots	and	four	weed	management	practices	viz.	Azolla	(2	t	ha ),	blue-green	algae	

-1(BGA),	two-hand	weeding	(2HW),	and	weedy	in	sub	plots	replicated	thrice.	Results	indicated	that	the	use	of	more	N	(120	kg	N	ha )	
recorded	the	highest	N	content	in	rice	grain	and	straw	while	phosphorous	(P)	&	potassium	(K)	content	was	noticed	higher	with	the	

-1 -1use	of	60	kg	N	ha 	as	FYM.	Higher	nitrogen	application	(120	kg	N	ha )	improved	NPK	uptake	by	grain	and	straw.	Dual	cropping	of	
-1Azolla	@	2	t	ha 	leads	to	maximum	nutrient	(N,	P,	K)	content	and	uptake	by	rice	grain	and	straw.	Quality	parameters	viz.	kernel	

length	&	breadth	before	and	after	cooking	were	signi�icantly	in�luenced	by	N	levels	and	maximum	values	were	noted	with	the	use	of	
-1120	kg	N	ha .	The	WMP	fails	to	exhibit	any	signi�icant	effect	on	the	quality	parameters	of	rice	viz.	kernel	length	&	breadth	before	and	

after	cooking.	Length:	breadth	ratio	before	and	after	cooking,	elongation	ratio,	and	expansion	ratio	were	also	noted	unaffected	by	N	
levels	and	WMP	during	the	study	period.

Keywords:	Azolla,	BGA,	FYM,	Nutrients,	Quality,	Weed

1.	INTRODUCTION
Rice (Oryza	sativa	L.) is one of the most popular cereal crops in 
the world cultivated in diverse climatic conditions and holds a 
promising place in food grain production, and consumption and 
is a staple food for the world's half of the population [1]. Rice 
occupies about one-third of the world's total area of cereals 
which provides 35 to 60% of the calories consumed by 2.7 
billion people. The kernels of rice contain about 6-12% protein, 
70-80% carbohydrate, 1.2-2.0% mineral matter, and a 
signi�icant amount of fat and vitamins. It supplies 23% of global 
human per capita energy and 16% of per capita protein 
requirement [2], [3], [4]. In India, the area under rice cultivation 
is around 43.78 m ha with 118.87 million tonnes of production 
during 2019-2020 [5]. Therefore, sustainable rice production is 
necessary to meet the increasing demands of global population.
Nutrients and weeds are two important factors that in�luence 
the productivity of the rice. Nitrogen is a most yield-limiting 
nutrient in rice production [6], [7] essential for the growth, 
yield, and quality of rice; plays a key role in grain �illing, 
photosynthetic capacity, and promotes carbohydrate 
accumulation in culms and leaf sheaths [8]. Nitrogen is an 
integral part of protoplasm, protein and chlorophyll plays a 
remarkable role in increasing the yield and quality of rice.

Excessive use of nitrogenous fertilizer may cause lodging, 
delayed maturity, susceptibility to insect-pests and ultimately 
reduce yield [9]. Therefore, understanding of nitrogen rates is 
essential for optimizing rice production and quality besides 
protecting the environment. Ten years of study suggested better 
prospects for biofertilizers and emphasized the need for core 
strategy for its technological adoption by farmers [10].
Weeds are an integral part of the agricultural systems and are 
the major constraint to achieving high yield of rice [11]. Weeds 

-1remove about 21-42 kg N, 10-13.5 kg P and 17-27 kg K ha  in 
transplanted rice however, these losses depends upon soil, 
condition of cropping and location [12]. There is no doubt that 
the maximum bene�it from inputs like fertilizers in rice can be 
fully derived when the crop is kept free from weed. 
The Azolla covert may significantly inhibit weed infestation 
without harming the rice yield [13]. The suppressive effect of 
Azolla on weeds depends on the thickness of the mat and the 
density of weed �lora present in a �ield. Therefore, Azolla	may be 
considered a biological control agent of paddy weeds. The 
suppressive effect of BGA (algal blooms) on weeds is often 
advocated in literature but information on the effect of BGA on 
weeds is lacking [14]. Both, BGA and Azolla multiply fast, 
decompose easily and have ability to replace N fertilizers by 
25% of the total crop requirement [15] through biological N 
�ixation. Besides, there are several bene�its of biofertilizers 
which generates much interest to improve the ef�iciency of 
applied urea fertilizer. Thus, the present study was undertaken 
to �ind out the suitable dose of nitrogen along with appropriate 
weed management practices for improvement in nutrient 
content, their uptake, and grain quality of wetland rice. 
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Table	1:	Treatment	details

2.	MATERIALS	AND	METHODS
2.1	Description	of	the	experimental	site	
The experiment was carried out at the Agricultural Research 
Farm, Institute of Agricultural Sciences, Banaras Hindu 
University, Varanasi (U.P) during the kharif season for two 
consecutive years (2018 and 2019). Geographically the 
experimental area was located at 2532' N latitude and 8297' E 
longitudes in the Northern Gangetic alluvial plains of Varanasi. 
The experimental soil was well drained, homogeneous in soil 
fertility with even topography, assured irrigation facilities, and 
other required conveniences. Random soil samples were taken 
from a depth of 0-15 cm of soil depth to judge the mechanical 
composition, initial fertility status, and physicochemical 
properties of experimental soil with the help of a screw auger 
before starting experimentation each year. The collected soil 
samples were analyzed with prescribed methods. The results of 
analysis for soil parameters showed that the soil of the 
experimental site was sandy clay loam in texture, well-drained, 
slightly alkaline in reaction (pH 4.41 and 7.46), low in available 

-1nitrogen (240.55 and 252.70 kg ha ) and organic carbon

(0.462 and 0.491 %), medium in available phosphorus (18.24 
-1 -1and 19.12 ka ha ), potassium (181.85 and 197.24 kg ha ) and 

-1zinc (0.51 and 0.57 mg kg ) in respective years of 2018 and 
2019.

2.2	Planting	materials
The cultivar used in the experiment was Malaviya Basmati Dhan 
10-9 (HUBR 10-9) developed at Banaras Hindu University, 
Varanasi (U.P.). Variety HUBR 10-9 is semi-dwarf in height, 
aromatic, long �ine grains, and medium duration. The average 

-1yield of the test cultivar ranged from 55-60 q ha . The nursery 
-1was raised adopting the seed rate 30 kg ha  broadcasted 

uniformly over well-prepared seed beds during both seasons. 

2.3	Experimental	design	and	treatments	details
The experiment was laid out in a split-plot design consisting of 
twenty treatments replicated thrice, where N levels were 
allocated in main plots and WMP in sub-plots. Treatments were 
randomly allocated to each main and subplots. Details of 
treatments with corresponding symbols used during 
experimentation are given in Table: 1.

DAT=	days	after	transplanting

2.4	Manure	and	fertilizer	application
Well-decomposed FYM having 0.51-0.19-0.50 % and 0.49-0.18-
0.48 % N-P-K content determined on dry weight basis used in 

-12018 and 2019, respectively. To supply 60 kg N ha  the quantity 
of FYM was calculated based on its N content and applied before 
transplanting during each season. Nitrogen through an 
inorganic source was applied as per treatments (60, 90, and 120 

-1kg ha ). The full dose of FYM and the recommended dose of 
-1 -1phosphorus (60 kg ha ), potassium (60 kg ha ), and zinc (5 kg 

-1ha ) were applied as basal. The nitrogen was applied in three 
splits i.e. half (50%) basal, 25 % at active tillering, and 25 % at 
the panicle initiation stage.The sources used for N, P, K, and zinc 
urea, single super phosphate, muriate of potash, and zinc sulfate 
monohydrate, respectively. 

2.5	Bio-inoculants	(Azolla	and	BGA)	application	
	The fresh inoculums of Azolla	microphylla	were collected from 
IARI, New Delhi and to obtain the required quantity of Azolla it 
was multiplied in pits before the layout of an experiment. Azolla 

-1 was applied @ 2 t ha in respective treatments in standing water 
at seven DAT followed by incorporation at 30 DAT. The dried and 
powdered composite algal culture (Calotherix,	 Anabaena	 &	
Aulosira) collected from IARI, New Delhi was applied @ 1.25 kg 

-1ha  as per treatment in standing water seven DAT.

2.6	Soil	preparation	and	transplanting
The experimental area was deeply and plowed with a 
moldboard plow in summer and left open to expose weed seeds, 
eggs, and larvae of harmful insects and diseases. The �ield was 
again plowed in the �irst week of July and dry weeds and 
stubbles were removed. Thereafter, puddling was done twice by 
cross with a cultivator and once with a rotovator in about 10 cm 
standing water and �inally, the experiment was laid out to meet 
the experimental design.

2.7	Data	collection
2.7.1	Plant	sample	analysis
At harvest, plant samples were collected for nutrient (NPK) 
content and their uptake by the crop. The collected samples 
were separated into grains and straw, dried under shade for 2-3 
days, and thereafter transferred into a hot air oven at 60°C and 
dried till constant weight. The dried samples (grain and straw) 
were ground separately into �ine powder in a Willey mill, passed 
through a 2 mm sieve, and stored in butter paper envelops. 
Nitrogen, phosphorus, and potassium content in rice plants 
(grain and straw) were analyzed separately by the Micro 
Kjeldahl method [16], Vanadomolybdo phosphoric acid yellow 
color method, and Flame photometer method [17], respectively. 
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-1Nutrient	uptake	by	rice	grain	and	straw	was	calculated	in	kg	ha 	
by	using	the	following	formula.

100

2.7.2	Grain	Quality	Analysis
After milling ten heads of rice grains were taken from each 
experimental unit to record the kernel length breadth before 
cooking with graph	paper.	Kernels were pre-soaked in a 100 ml 
test tube with 20 ml distilled water for 15 minutes and heated at 

098 C for 10 minutes (optimum cooking time). Cooked kernels 
were separated from water and transferred into Petri plates 
covered with �ilter paper and put on graph paper to record the 
kernel length and breadth after cooking. The recorded values of 
all kernels were averaged and expressed in millimeters (mm).

The	length:	breadth	ratio	(L:	B	ratio)	before	and	after	cooking	of	
rice	kernel	were	computed	with	the	following	equations.

To	calculate	the	elongation	ratio	and	expansion	ratio	of	kernels	
following	formula	was	used

2.7.3	Statistical	Analysis	
Statistical analysis (ANOVA) was performed on the data 
collected by applying the procedure of split-plot design (SPD) as 
described by Gomez and Gomez (1984) to assess the 
signi�icance of the treatments [18]. The treatment means are 
compared based on the least signi�icant difference (LSD). The 
standard error of the mean (SEm ) and least signi�icant +

difference (LSD) were calculated if the F-test was found to be 
signi�icant at a 5% level of signi�icance.

2.3	Result	and	Discussion
Nutrient (NPK) content varied signi�icantly due to various N 
levels and weed management practices (Table 2). The highest N 
content in grain and straw measured with the highest level of 

-1 -1nitrogen (120 kg N ha ) remained on par with 60 kg N ha  
-1through inorganic and 90 kg N ha . The highest N level resulted 

in greater N content in grain and straw which might be due to 
increasing N levels considerably enhancing its availability and 
uptake by crop. Malav and Ramani (2016) and Shivay et	 al.	
(2016) also noted the highest nitrogen content due to the use of 
enhanced N levels [19], [20]. Nevertheless, higher P and K 
content in grain and straw was found with the application of 60 

-1 -1kg N ha  through FYM being at par with 90 kg N ha  and 120 kg N 
-1ha  during both experimental years. The higher content of P & K 

-1in grain and straw was noted with 60 kg N ha  through FYM. The 
addition of 0.19 & 0.18 % P and 0.50 & 0.48 % K content by FYM 
in respective years (2018 & 2019) improved availability and 
uptake was mainly responsible for higher P and K accumulation 
in grain and straw of test crop. The results are in close 
agreement with the �indings of [21]. Weed management 
practices signi�icantly varied with respect to NPK content in 
grain and straw at harvest. The highest nutrient (NPK) content 

-1in grain and straw resulted in the application of Azolla @ 2 t ha

during both experimental years. Nevertheless, it was found at 
-1par with BGA @ 1.25 kg ha  with respect to P & K content only. 

The higher nutrients content with Azolla treated plots might be 
due to the fact that Azolla had 2.09 and 2.17 % N, 0.33-0.39 % P 
and 0.95-0.98 % K on a dry weight basis during 2018 and 2019, 
respectively which after decomposition readily released and 
improved availability of nutrients to plants. It was expected that 
the treatment with higher availability of these nutrients may 
exhibit higher content in grain and straw. Similar �indings were 
reported by Setiawati et	al. [22].
The maximum NPK uptake by both grain and straw achieved 

-1 -1with the use of 120 kg N ha  remained on par with 90 kg N ha  
with respect to potassium (K) removal only (Table 3). The 
nutrient (NPK) uptake by straw was also highest with a 

-1maximum dose (120 kg N ha ) of N however; it was comparable 
-1with 90 kg N ha  during both experimental years. The nutrient 

removal by the crop is the multiplicative function of total dry 
weight and respective nutrient content. Thus, variations in dry 
weight and their nutrient content caused differences among N 
levels for nutrient uptake. The �indings of Mannan and Kumar 
con�irm the above results [23], [24]. Among WMP, Azolla @ 2 t 

-1ha  exhibits maximum uptake of nutrients (NPK) by grains and 
straw. This might be due to the increased availability of 
nutrients associated with incorporated Azolla [25], [26]. 
Application of Azolla improves nutrient (NPK) uptake that was 
duly supported by earlier workers [27], [26].
The quality parameters like kernel length & breadth before and 
after cooking were signi�icantly affected with N levels and 

-1maximum value was noted with 120 kg N ha  that was found to 
-1be at par with 90 kg N ha  (Table 4). The WMP fails to exhibit any 

signi�icant effect on kernel length & breadth before and after 
cooking. Other quality parameters of rice viz. length: breadth 
ratio before and after cooking, elongation ratio, and expansion 
ratio did not vary by N levels and WMP in successive years (Table 
4). Shravan and Singh also noted that N levels and bio-inoculants 
could not affect the quality parameters like length: breadth ratio 
before and after cooking, elongation ratio, and expansion ratio 
of rice [28]. 

2.4	Conclusion
 It may be concluded from the above investigation that rice crops 
harvested maximum nutrients (NPK) by grains as well as straw 

-1with application of 120 kg N ha . Similarly, amongst weed 
-1management practices use of Azolla @ 2 t ha  resulted in higher 

NPK content and uptake by wetland rice. 

2.5	Future	prospects
	Nitrogen levels and weed management in wetland rice holds 
signi�icant potential to improve not only the yield and quality of 
rice but also to enhance environmental sustainability and socio-
economic bene�its for farmers. Developing farmer-friendly 
guidelines and policies to encourage the adoption of optimized 
nitrogen use and integrated weed management practices, 
thereby improving farm productivity and pro�itability.
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Table	2:	Effect	of	nitrogen	levels	and	weed	management	practices	on	NPK	content	(%)	in	grain	and	straw	of	wetland	rice.

Note:	2HW:	2	hands	weeding	at	20-25	and	40-45	DAT

Table	3:	Effect	of	nitrogen	levels	and	weed	management	practices	on	NPK	uptake	(kg	ha-1)	by	grain	and	straw	of	wetland	rice.

Note:	2HW:	2	hands	weeding	at	20-25	and	40-45	DAT
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Table	4:	Effect	of	nitrogen	levels	and	weed	management	practices	on	grain	quality	of	wetland	rice

Note:	2HW:	2	hands	weeding	at	20-25	and	40-45	T
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