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Effects of Azolla Incorporation During Paddy Cultivation on Weed Control, Nitrogen

Supply and Rice Yield

Jong-Hee Shin"', Chae-Min Han', Jung—Bae Kwon? and Jong-Gun Won?

ABSTRACT Azolla is a genus of small aquatic ferns native to Asia, Africa, and America. Azolla is potentially significant as a
nitrogen source in agriculture, particularly in conjunction with rice (Oryza sativa L.) cultivation. In addition, Azolla may either
control weeds or act as a weed depending on management; therefore, we aimed to determine the effect of 4zolla incorporation on
weed (e.g., Monochoria vaginalis, Rotala indica, Aeschynomene indica, and Cyperus amuricus) control and its other benefits
during rice cultivation. The effects of Azolla on weed emergence were evaluated based on plot area coverage by the Azolla mat,
which appears as a green sheet over water, and the rate of weed emergence in paddy field. Weed occurrence was investigated 40
days after Azolla inoculation. Soil samples from the experimental plots were collected following harvest in 2014-2015, and
analyzed. Moreover, rice growth, yield, and grain quality were measured. Azolla suppressed weed growth by 72%. Azolla mat
incorporation in rice fields suppressed weed growth by over 60%. In addition, Azolla promoted nitrogen fixation. Compared with
nitrogen management using chemical fertilizers, Azolla incorporation showed the potential for various positive effects, including
the improvement of soil fertility by increasing total nitrogen, and organic matter content. Rice grown with Azolla maintained its
yield without additional herbicide treatment. Moreover, the palatability of cooked rice was better when grown with 4zolla.
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Fig. 1. Two floating aquatic plants species (A, Lemna minor; B, Azolla pinnata) selected in the present study.
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L. minor A. pinnata

Fig. 2. Changes in plot area coverage by Lemna minor and Azolla pinnata in paddy field from 30 to 90 days after the inoculation
(DAI) of duckweed species.
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Fig. 3. Changes in plot area coverage by Lemna minor and Azolla pinnata over 60 days from inoculation in a paddy field
with or without the application of chemical N-P-K fertilizers.

Table 1. Effects of Lemna minor and Azolla pinnata incorporation on weed species and their emergence rate in a paddy field.

Total number of weeds Fresh weight of weeds

Fertilization Weed control Weed species (ea/m?) (e m?)
No-weeding MV', SJ, EK 90 b* 341 ¢
Fertilizer free Covering with L. minor MV, SJ 85 b 178 d
Covering with A. pinnata MV 64 b 124 d
No-weeding MV, SJ, EK, RI, Al, CA 170 a 1,372 a
f;’ j.CS)f-51.<72((1)< o/10ay Covering with L. minor MV, SJ, EK, RI 92 b 614 b
Covering with 4. pinnata MV, SJ, EK, RI 89 b 343 ¢

Y MV: Monochoria vaginalis, SJ: Scirpus juncoides, EK: Eleocharis kuroguwai, RI: Rotala indica, Al: Aeschynomene indica,
CA: Cyperus amuricus
¥ The same letters indicate no difference at 5% significance level using Duncan’s multiple range test.
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Table 2. Changes in soil chemical properties after the harvest of rice with Azolla pinnata incorporation.
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H EC Organic P.Os Exchangeable Total-N

Treatment (l]) 5)  (dS/m) 1(112;11‘[(te§ (mgke) cation (SI:OIC/kg) (e/ke)
Before transplanting 6.1 0.29 16.93 77 0.24 4.03 0.74 0.13
No weeding 5.7 0.45 253 102 0.26 437 0.76 0.21
Herbicide 5.6 0.65 28.0 72 0.42 5.34 0.90 0.22
After Covering with A. pinnata 5.6 1.28 31.1 71 0.42 5.08 0.99 0.24
harvest NPK" + No weeding 5.6 0.57 24.8 90 0.30 4.50 0.77 0.19
NPK + Herbicide 5.5 0.48 26.6 85 0.28 4.16 0.79 0.21
NPK + Covering with A. pinnata 5.8 0.74 35.0 92 0.31 4.57 0.84 0.25

" Chemical fertilizer formula (N-P,05-K,0) = 9 - 4.5 - 5.7 kg/10a
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Fig. 4. Effects of Azolla pinnata incorporation on rice yield.

Table 3. Head rice ratio, protein content and amylose content of rice grown with or without chemical fertilizers and Azolla
pinnata in a paddy field.

Treatment Head rice (%) Protein (%) Amylose (%)
No weeding 89.7 a 6.3 a 18.4 ns
Herbicide 90.2 a 58 ¢ 18.5
Covering with A. pinnata 852 b 59 ¢ 18.3
NPK* + No weeding 87.9 ab 58 ¢ 18.4
NPK + Herbicide 89.3 a 58 ¢ 18.5
NPK + Covering with A. pinnata 86.3 ab 57 c 18.3

"The same letters indicate no difference at 5% significance level using Duncan’s multiple range test.
* Chemical fertilizer formula (N-P,05-K,0) = 9 - 4.5 - 5.7 kg/10a

85 7 = Control(Herbicide) m Azolla co-culture
ns

80 | [ -t

75
o
=
© J
= 70

65

60

Fertilizer free N-P-K=9-4.5-5.7kg/10a Fertilizer free N-P-K=9-4.5-5.7kg/10a
TOYO value Cooking quality*®

’LCooking quality is the value of the texture, external characteristics, and balance of boiled rice evaluated using a rice taste analyzer (SATAKE, Japan).
*, ** Significant at 5% and 1% significance levels compared with the other values.

Fig. 5. Palatability of cooked rice grown with A4zolla in a paddy field.
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