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To study the effect of season-long weed management using encapsulated herbicides on weed control, productivity and nutrient uptake of rice.

Field experiment was carried out with 
oxadiargyl encapsulated / loaded in zeolite, biochar, 
starch, water soluble polymer. It was compared with 
commercial formulation of oxadiargyl, butachlor, 
weed free check and weedy check. The experiments 
were laid out in randomized complete block design 
and replicated thrice. The physico-chemical 
properties of the experimental sites was sandy clay 
loam to clay loam in texture with pH ranging from 6.9 
to 7.3, low organic carbon content, low available 
nitrogen, medium available phosphorus and 
potassium.      

The lowest weed density and weed dry 
-2matter production of 47.3, 28.0 m  and 96.2, 32.8 kg 

-1ha  was observed in 2016 and 2017 respectively with 
the application of oxadiargyl loaded with zeolite at 20 

-1DAT. Application of butachlor at 1.25 kg ha  fb hand 
weeding on 40 DAT and application of oxadiargyl 
loaded with zeolite recorded 86.7, 76.9 and 81.3, 
72.8 percent higher grain yield in 2016 and 2017, 

-1respectively, as compared to weedy check. Higher N, P, K uptake was observed with application of butachlor at 1.25 kg ha  fb hand weeding on 40 DAT, 
which was comparable with oxadiargyl loaded with zeolite and oxadiargyl loaded with biochar during both the year.       

It can be concluded that oxadiargyl loaded with zeolite was more efficient in controlling weeds coupled with maximum growth and 
productivity under the constrained situation of manual weeding.   
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Hence, development of economical ly viable 
encapsulated herbicide necessitates for slow release of their 
active ingredient for effective weed control. Encapsulation is an 
emerging technology in recent agriculture for achieving season 
long control, and reduces the residual effect of herbicide for 
succeeding season. In this background, the present study was 
carried out to investigate the effect of season-long weed 
management using encapsulated herbicides on weed control, 
growth, productivity and nutrient uptake of rice.

Materials and Methods

Study site: Field experiments were conducted at two locations 
viz., Agricultural College and Research Institute, Tamil Nadu 
Agricultural University, Madurai and ICAR-Central Island 
Agricultural Research Institute, Port Blair, Andaman and Nicobar 
Islands during kharif season 2016 and 2017, respectively. The 
soil of the experimental sites was sandy clay loam to clay loam in 
texture with pH ranging between 6.9 to 7.3, 0.32 to 0.38% organic 

-1carbon content, 246.6 to 263.4 kg ha  of available nitrogen, 16.1 
-1 -1to 19.5 kg ha  of available phosphorus and 249.0 to 284.0 kg ha  

available potassium. The experiments were laid out in 
randomized block design with eight treatments and replicated 
thrice. The treatments consist of T -Oxadiargyl loaded with 1 

biochar; T  - Oxadiargyl loaded with zeolite; T  - Oxadiargyl 2 3

encapsulated with starch; T -Oxadiargyl encapsulated with water 4
-1soluble polymer; T - Oxadiargyl at 100 g ha ; T  - Butachlor at 5 6

-11.25 kg ha  fb hand weeding on 40 DAT; T  - Weed free check 7

(completely weed free by manual weeding’s during 10, 25, 40, 55, 
70, 85 DAT) and T  – Weedy check. As per treatment schedule, 8

herbicides were applied three days after transplanting. 

Herbicide encapsulation/loaded procedure: Encapsulation 
was prepared by altering layer by layer adsorption of opposite 
charge polyelectrolyte onto the herbicide molecules. Prepared 
polyelectrolyte solution viz., Poly (allylamine hydrochloride) and 
Sodium poly (styrene sulfonate) weighing 20 mg each was added 
to 20 ml of 0.5 N NaCl solution in separate beakers and dissolved 
it completely. Then pH was adjusted for the solution to 6.5-7.0 by 
using HCl and NaOH. Typically, 20 ml of polyelectrolyte solution 
was added to 10 mg of dry oxadiargyl and the suspension was 
gently stirred in magnetic stirrer for 15 min. The suspension was 
then centrifuged at 1000 rpm for 15 min. Later the centrifuged 
particles were rinsed three times with 0.1 N NaCl to remove the 
unbounded particles. The same procedure was repeated with 
oppositely charged polyelectrolyte. Alternate layer was formed 
using PAH and PSS. Finally, the suspension was centrifuged and 
allowed to dry overnight and the encapsulated particles were 
used for soil application. Twenty mg of biochar/zeolite was added 
to 25 ml of 20 ppm oxadiargyl and stirred for 15 min in magnetic 
stirrer. The suspension was then allowed to dry overnight. This 
enabled oxadiargyl to adsorb the biochar/zeolite. Dried herbicide 
loaded particles were used for application.

Experimental details and data collection: Rice variety TKM -13 
was used with 130 days’ duration and 30 days old seedlings were 
transplanted with the spacing of 20 cm x 10 cm and fertilized with 

-1recommended dose of 150:50:50 kg NPK ha  in the form of urea, 
single super phosphate and muriate of potash. Nitrogen was 
applied as top dressing with four equal split doses one week after 

Introduction

Rice (Oryza sativa) is the world’s most important food 
crop, grown for more than 600 decades in South Asia. It is a staple 
food for more than 50 and 70 percent of world and Indian 
population, respectively. Rice is the only crop that holds key for 
food and nutritional security. However, rice productivity is declining 
day by day due to biotic stress such as weeds, pest and disease. 
Among these factors, weeds have been found to reduce rice 
productivity upto 33-45 percent in transplanted rice (Singh et al., 
2007; Manhas et al., 2012; Rao and Chauhan, 2015). Manual 
method of weeding is an expensive, labour intensive and 
sometimes ineffective and inaccessible owing to frequent weed 
flushes during rainy season (Reddy et al., 2003). Moreover, some 
grassy weeds like Echinochloa colonum and E. crus-galli resembles 
rice plant during initial stages and therefore, escape manual 
removal. Hence, selection of suitable herbicides which offers 
effective and economical weed control right from the initial stage of 
crop. During last few decades, continuous use of herbicides for weed 
control in transplanted rice condition has not resulted in satisfactory 
control of sedges and broad-leaved weeds. Of late increased 
emphasis has also been witnessed on the use of low-dose high 
efficacy herbicide capable of controlling mixed flora of weeds. 

The latest low dose formulations of oxadiargyl are found 
to be more promising for effective weed management in rice 
(Shekhar et al., 2009). Conventional formulations are unsafe for 
handling, suffer from movement of herbicide in surface run-off 
and leaching in soil, which is undesired in majority applications 
except where soil erosion results. These aforementioned 
problems need over application of herbicide in the case of routine 
formulations that may increase the latent pollution of soil and 
ground water. Soil applied herbicides generally disturb the natural 
eco-system through their effects on soil microbial and enzymatic 
activities, which exhibited detrimental influence on soil microflora. 
Most of the research works targete only critical crop weed 
competition. Very few study was carried out weed control 
throughout the crop season which has more scope to enhance 
rice productivity. Nano-encapsulated pesticide formulation has 
slow releasing mode of action with higher solubility, specificity, 
permeability and stability which has led to reduced, pesticide 
dosage with higher pesticide efficiency, enhancing productivity of 
crop (Bhattacharyya et al., 2016; Nuruzzaman et al., 2016, 
Tabana et al., 2020). Encapsulation of herbicide molecules with 
biodegradable polymers resulted in enhanced weed control by 
controlled release of herbicide.

However, encapsulated nanomaterials reduce 
environmental toxicity, non-target plant and over usage of 
herbicide (Faria et al., 2017; Kumar et al., 2017). Kumar and 
Chinnamuthu (2017) reported that pendimethalin encapsulated 
with starch releases active ingredient consistently upto 40 days 
under controlled environmental condition. Bommayasamy et al. 
(2018) reported that weeds can be effectively controlled by slow 
release herbicide formulations with reduced doses selectively 
non-toxic to crops, which remain in the soil for a long period to 
take care of frequently germinating weeds without leaving any 
residue at the end of crop season. Leaching of tebuthiuron 
herbicide encapsulated with calcium alginate microparticle was 
only to a shallow depth which resulted in minimal contamination of 
soil (Macedo et al., 2019; Xie et al., 2019).
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oxadiargyl loaded with biochar. It might be due to zeolite and 
biochar entrapped herbicides have increased sorption and 
decreased the dissipation of herbicide in soil which helps to 
release herbicide slowly through entire season which destroy 
food reserve of weed seeds and caused lesser regeneration of 
weeds. Similarly, Govindan and Chinnusamy (2014); Kailkhura 
et al. (2015); Bommayasamy and Chinnamuthu (2018b) 
reported that slow release of herbicide formulations reduced 
leaching loss of active ingredients, which affects late emerging 
o f  weeds and b iomass accumulat ion o f  weeds.  
Microencapsulation of metazachlor with terpolymer (PLAGA-
PEG-PLAGA) protected degradation rate of microparticle which 
led to the prolong release of herbicides and reduced excess 
leaching into soil (Rychter et al., 2019; Lewicka et al., 2020). 
Throughout the crop cycle, weedy check treatment registered 
higher weed density and accumulated weed dry matter 
production. Similar trend was observed in weed dry matter 
production at harvest stage. Uncontrolled weeds showed 
reduced rice plant growth and chlorophyll content which led to 
poor photosynthesis capacity of crop (Hakim et al., 2015).

Weed control treatment significantly influenced the plant 
height, total number of tillers hill , dry matter production. 

-1Application of butachlor @ 1.25 kg ha  fb HW on 40 DAT recorded 
15.0 and 10.7 percent higher plant height as compared to weedy 

-1check and application of oxadiargyl at 100 g ha , respectively. 
Payman and Singh (2008) reported that the tallest plant height 

-1was registered in pertilachlor (@ 0.75kg ha ) applied plot which 
was 8.18 percent higher than weedy check. The highest number of 
total tillers hill  was recorded by the weed free check which was at 

-1par with the application of butachlor @ 1.25 kg ha  fb HW on 40 DAT 
and oxadiargyl loaded with zeolite. This might be due to minimum 
competition with weeds which creates congenial environment for 
effective utilization of nutrients, moisture and solar radiation 
results in better photosynthesis and ultimately produced higher 
number of tillers hill . Chinnusamy et al. (2012) reported that 
herbicide application reduced weed seed germination during 
initial growth stage of crop which minimized nutrient depletion by 
weeds resulting in superior growth attributes of rice. Li et al. 
(2019) and Rao et al. (2020) observed that application of polyurea 
encapsulated oxyfluorfen showed superior crop growth than 
commercial products. 

 The least number of total tillers hill was registered under 
weedy check. Which might be due to severe weed competition 
throughout the crop growth. The reduction of DMP to the tune of 
39.8, 33.7 and 30.6 percent was recorded with the weedy check 

-1as compared to application of butachlor @ 1.25 kg ha  fb HW on 
40 DAT, oxadiargyl loaded with zeolite and oxadiargyl loaded with 
biochar, respectively. It might be due to the fact that minimum weed 
competition recorded maximum DMP, due to higher plant height, 
more number of tillers and leaf area index, which are the deciding 
parameters for dry matter production. Nano-encapsulated 
chemicals provide higher penetration through cuticle and slow 
release active ingredients resulting in effective control of weeds 
(Shan et al., 2012; Dhillon and Mukhopadhyay, 2015). Weed 
control treatments exerted significant influence in productive 

-1tillers hill , panicle length, panicle weight, total no of grains 
-1panicle  (Table 2). Weed free check recorded higher yield 

attributes and yield. Among the weed control treatments, 
application of oxadiargyl loaded with zeolite (34.9 percent) and 

-1

-1

-1

-1

planting, tillering, panicle initiation and flowering stage. The 
recommended dose of P and half dose of K were applied as basal 
while remaining dose of K was applied at panicle initiation stage. 

-1Profenophos 50 EC 1000 ml ha  was applied on active tillering 
stage against leaf folder control as a prophylactic measure. 
Observation on crop growth and yield parameters were registered 
stage wise as per standard procedure suggested by Yoshida 
(1972). The weed density and dry weight were recorded at 20, 60 

-2 -1DAT, harvest and expressed in nos. m  and kg ha , respectively. 
Data pertaining to weeds were transformed to square root of √X+2 
and analyzed as suggested by Gomez and Gomez (2010).

Results and Discussion

In field experiment, the observed population of weeds 
consisted of four grasses, three sedges and six broad leaved 
weeds. Among the grasses, Echinochloa colonum, Leptochloa 
chinensis, Cynodon dactylon, Schoenoplectus juncdes, among 
the sedges, Cyperus rotundus, Fimbristylis miliacea, Cyperus 
difformis and among the broad leaved weeds Eclipta alba, 
Ammannia baccifera, Convolvulus arvensis, Aeschynomene 
indica, Bergia capensis, Sphenoclea zeylanica grew through 
entire crop growth period. Weed control treatments showed 
significant difference in weed density and weed dry matter 
production at 20, 60 DAT and harvest. Weed free check 
registered significantly the least weed density and weed dry 
matter at all stages of crop growth. Among the weed control 
treatments, at 20 DAT, application of oxadiargyl loaded with 

-2zeolite recorded mean lower weed density of 37.7 m , which was 
at par with oxadiargyl loaded with biochar and oxadiargyl 
encapsulated with starch. These treatments recorded 40.5, 39.2 
and 32.4 percent reduced weed density, respectively, as 

-1compared to application of butachlor @ 1.25 kg ha  fb HW on 40 
DAT. Similar finding have earlier been reported (Ahmed and 
Chauhan, 2015; Oliveira et al., 2015; Bommayasamy and of 
Chinnamuthu, 2018a) where slow release of herbicide 
formulations released the active ingredient continuously resulting 
in reduced weed density effectively. At 60 DAT, application of 
oxadiargyl loaded with zeolite and application of butachlor @ 1.25 

-1kg ha  fb HW on 40 DAT recorded 68.1 and 60.9 percent 
significantly lower weed density as compared to weedy check. It 
might be due to the combination of herbicide followed by hand 
weeding drastically reduced weed density leading to reduced 
built up of soil weed seed bank. Similarly, Vimalrajiv et al. (2019) 
reported that application of hydrogen peroxide might have 
reduced the germination and viability of weed seeds in turn 
reduced the total dry weight of weeds. Same trend was 
observed at harvest stage also. Weed dry matter is the most 
important parameter to measure the competition by weeds 
rather than weed number since, it precisely measures the 
quantity of growth related factors utilized by weeds 
(Bhanumurthy and Subramanian, 1989; Bommayasamy et al., 
2019). 

Application of oxadiargyl loaded with zeolite and 
oxadiargyl loaded with biochar recorded 2.16 and 1.64 times 
lower weed dry matter production as compared to application of 

-1butachlor @ 1.25 kg ha  fb HW on 40 DAT. Whereas at 60 DAT, 
the lowest weed dry matter production was observed with the 

-1application of butachlor @ 1.25 kg ha  fb HW on 40 DAT which 
was comparable with oxadiargyl loaded with zeolite and 
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oxadiargyl loaded with biochar (31.1 percent) produced higher 
tillers than weedy check in 2016. Whereas, in 2017, application of 

-1butachlor at 1.25 kg ha  fb hand weeding on 40 DAT and 
oxadiargyl loaded with zeolite produced 31.0 and 20.8 percent 
more tillers, respectively, over weedy check. It might be owing to 
better control of weeds and dry weight which might have facilitated 
the crop for better uptake of essential nutrients and ultimately 
development of more sources to sink relationship. These results are 
in conformity with the findings of Parthipan et al. (2013) who 
reported that effective weed control creates better environment for 
plant growth and increases uptake of both macro and micro 
nutrients. Panicle length and panicle weight were significantly 
influenced by various weed control treatments. Application of 
oxadiargyl loaded with zeolite significantly increased the panicle 
length to 22.1 and 23.5 cm in 2016 and 2017, respectively, which 
was 4.1 and 3.7 cm lengthier than weedy check. 

This was comparable with the application of butachlor at 
-11.25 kg ha  fb hand weeding on 40 DAT and application of 

oxadiargyl loaded with biochar. Whereas, heavier panicle was 
recorded in application of oxadiargyl loaded with zeolite and 

-1butachlor @ 1.25 kg ha  fb hand weeding on 40 DAT which was 0.37 
and 0.69 g higher than weedy check in 2016 and 2017, respectively. 

-1Higher total number of grains panicle  of 23.1, 18.8 and 8.5, 9.5 
percent were registered under application of oxadiargyl loaded with 

-1zeolite and butachlor at 1.25 kg ha  fb HW on 40 DAT in 2016 and 
2017, respectively, as compared to weedy check. Encapsulated 

herbicide effectively controlled weed dry matter production which 
facilitated the crop to extract more amount of nutrient to produce 
higher fertile spikelet’s. Similar finding was reported by Singh and 
Singh (2006); Maruyama et al. (2016) who suggested that 
encapsulation of imazapic and imazapyr herbicides using 
chitosan/alginate provided control release and lesser cellular 
damage over a period of time as compared to other formulations. 
Happiness et al. (2020), encapsulation of herbicides in copper 
polymers nanoparticle reduced negative impact on environment, 
non target organisms, ground water and surface water 
contaminations.

Weed control treatments significantly influenced grain 
yield during both the years (Table 3). Grain yield varied from 2860 

-1to 5830 kg ha  and 3270 to 6420 kg ha  in 2016 and 2017, 
respectively. Weed free check recorded superiorly higher grain 
yield as compared to all other weed control treatments. 

-1Application of butachlor @ 1.25 kg ha  fb HW on 40 DAT and 
oxadiargyl loaded with zeolite recorded 86.7 and 76.9 percent 
higher grain yield as compared to weedy check in 2016. Whereas, 
in 2017, higher grain yield of 81.3, 72.8 and 67.0 percent recorded 

-1under the application of butachlor @ 1.25 kg ha  fb HW on 40 
DAT, oxadiargyl loaded with zeolite and oxadiargyl loaded with 
biochar, as compared to weedy check. These treatments were at 
par with one another. Due to slow release of encapsulated 
herbicide significantly reduced weed dry matter production which 
led to synthesize more food materials through effective 

-1

Table 1: Effect of encapsulated/loaded herbicide oxadiargyl on total weed density, dry weight and weed control efficiency of rice

-2 -1        Weed density (Nos. m )                                             Weed dry matter production (kg ha )

Treatments        20 DAT        60 DAT       Harvest       20 DAT       60 DAT     Harvest

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

T -Oxadiargyl 7.4 5.9 10.8 8.9 12.6 9.9 10.1 8.3 21.9 22.2 27.4 25.21

loaded with biochar (53.3) (32.3) (115.3) (76.3) (157.3) (96.3) (99.2) (67.2) (479.2) (491.4) (749.4) (635.3)
T -Oxadiargyl loaded 7.0 5.5 10.2 8.4 11.5 9.5 9.9 5.9 21.2 20.9 27.0 24.12

with zeolite (47.3) (28.0) (102.0) (69.3) (130.3) (88.7) (96.2) (32.8) (449.4) (436.8) (728.7) (577.7)
T -Oxadiargyl 6.3 6.4 11.6 9.2 12.5 10.1 10.6 8.4 22.7 22.1 28.6 25.23

encapsulated (37.7) (39.3) (133.7) (81.7) (154.0) (100.0) (109.9) (68.8) (514.7) (485.7) (814.4) (634.9)
with starch
T -Oxadiargyl 8.2 6.2 11.8 9.5 13.2 10.5 11.2 8.1 23.0 22.6 29.6 26.34

encapsulated with (65.3) (36.3) (138.0) (88.3) (173.3) (107.7) (123.5) (64.1) (526.7) (510.5) (872.8) (687.4)
water soluble polymer
T -Oxadiargyl at 8.8 6.9 12.4 11.3 13.8 13.3 11.4 9.7 24.5 24.0 30.3 29.05

-1100 g ha (75.7) (45.0) (151.7) (123.7) (188.7) (174.0) (128.4) (92.7) (605.7) (574.2) (918.5) (840.2)
T -Butachlor at 6.4 9.5 8.0 8.9 9.0 9.5 10.8 12.7 20.2 20.6 24.4 23.96

-11.25 kg ha  fb HW (38.7) (88.0) (62.3) (77.7) (79.7) (87.7) (114.0) (158.5) (408.3) (424.0) (593.0) (569.5)
on 40 DAT
T -Weed free check 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.47

(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
T -Weedy check 10.0 11.4 14.6 15.0 16.8 16.5 18.1 21.1 33.2 35.1 39.0 38.18

(98.7) (128.3) (213.3) (225.0) (279.7) (270.3) (327.9) (441.8) (1103.3) (1231.8) (1524.8) (1457.6)
SEm± 0.2 0.2 0.4 0.3 0.3 0.3 0.4 0.2 0.8 0.5 0.6 0.8
LSD (P=0.05) 0.7 0.7 1.1 0.8 1.0 0.9 1.1 0.7 2.3 1.6 1.9 2.4

Figures in parentheses are mean of original values; Data subjected to √x+2 transformation
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