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Abstract: [ Objective] Azolla has a highly biological nitrogen fixation ability, however, the growth of 4zolla is
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sensitive to ammonium nitrogen in water and is easily affected by water pH. Research suggests that root zone
fertilization of fertilizers can effectively reduce the concentration of ammonium nitrogen in floodwater. However, it
is unknown whether culturing Azolla under root zone fertilization of fertilizers can stably inhibit ammonia
volatilization and increase yield for paddy soils with different pH values. This study aimed to determine the effect
of root zone fertilization of fertilizers in combination with Azolla on ammonia volatilization and rice yield in paddy
soils with different pH values. [ Method] A pot experiment was conducted with three types of paddy soil (acid,
neutral, alkaline), two methods of fertilization (broadcasting and root zone fertilization of fertilizers), and two modes
of rice cultivation (with or without Azolla). The ammonia volatilization potential and grain yields of rice were
determined for these 15 treatments. [Result] The results showed that: (1) Under the same nitrogen application rate,
root zone fertilization of fertilizers treatments only volatilized NH3-N 1.0-1.8 kg-hm2(calculated by nitrogen), which
were 96% lower than surface application of nitrogen fertilizer for the three types of paddy soil, and 4zolla-rice co-
culture treatments lowered the ammonia volatilization by 17%-50% when compared with those of rice mono-culture
treatments; (2) Compared with rice mono-culture treatments, Azolla-rice co-culture treatments produced higher rice
yield. Moreover, root zone fertilization of fertilizers combined with Azolla reached the highest rice yield in black
soil, increased by 41% compared with the grain yield of black soil surface application without Azolla. [ Conclusion]
In conclusion, root zone fertilization of fertilizers can significantly reduce ammonia volatilization for paddy soils
with different initial pHs while root zone fertilization of fertilizers combined with Azolla has greater potential for
increasing rice yield.
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Table 1 The physicochemical properties of tested soil

R S0 ALK ER R
Soil type Soil organic carbon/(g-kg!)  Total nitrogen/(g-kg!)  Available phosphorus /(mg-kg™')
i1 Wushan soil 342 2.0 23.6 7.36
£13% Red soil 25.7 15 285 6.03
%1 Black soil 34.4 20 385 8.05
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Table 2 Soil type, Azolla culture, fertilization method and N application amount of each treatment

st IR BERAN JtAE T =X i
Treatment  Soil type  Azolla culture  Fertilization method N application amount/g
WHO S+ B £330} 1.85
WHOA S+ e Rt 1.85
WHI S+ & N PR 1.85
WHIA S+ e N PR it 1.85
CKW S+ B — 0
RHO ARz & Rt 1.85
RHOA 4% e Rt 1.85
RHI1 2138 & NERLEE A 1.85
RHIA gk e JNERLEE A 1.85
CKR pARE & — 0
BHO mt & it 1.85
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BHOA A R Fhti 1.85
BH1 Ht i RERLEE A 1.85
BHIA mt € RERLEE i 1.85
CKB LE & — 0
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Fig. 1 Ammonia volatilization dynamics in rice season under different treatments
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Table 3 Ammonia volatilization value of each treatment in rice season (Calculated by N)

AACAVAL

3 BF/ T1/ T2/ SUM/ AL b
Treatment  (kg-hm?) (kg-hm?) (kg-hm?) (kg'hm?)  Ratio to total fertilization amount
WHO 21.2a 11.3a 5.8b 38.2a 12.7%
WHOA 14.3b 9.7b 7.9a 31.9b 10.6%
WHI 0.7¢ 0.5¢ 0.3¢ 1.4c 0.5%
WHIA 0.5¢ 0.3c 0.4c 1.2¢ 0.4%
CKW 0.2¢ 0.2¢ 0.2¢ 0.7¢
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RHO 21.9a 11.2a 7.9a 40.6a 13.5%
RHOA 12.8b 9.0b 5.6b 27.4b 9.1%
RH1 1.0c 0.3¢c 0.1c 1.4c 0.5%
RHIA 0.7¢ 0.2¢ 0.2¢ 1.0c 0.3%
CKR 0.3¢ 0.2¢ 0.2¢ 0.7¢

BHO 30.6a 9.0a 6.1b 45.7a 15.2%
BHOA 10.3b 4.6b 8.0a 22.9b 7.6%
BH1 1.0c 0.5¢ 0.2¢ 1.8¢ 0.6%
BHIA 0.7¢ 0.2¢ 0.3c l.1c 0.4%
CKB 0.2¢ 0.1c 0.2¢ 0.5¢

*4 BERELRENZERAESN
Table 4 Multivariate analysis of variance of ammonia volatilization in rice season

Total ammonia volatilization in rice season

FERN A H AR

The main effect or interaction

(P-value)
1 Soil type 0.87
JFFLLH: Stocking Azolla <0.01
e 755X Fertilization method <0.01
- IERADGUFRLLH: Soil typexStocking Azolla <0.01
IR 773X Soil typexFertilization method 0.89
TRFRLFEX T 77 3 Stocking AzollaxFertilization method <0.01
IR IR ML /73X Soil typexStocking AzollaxFertilization method <0.01

W BF: JEFEAL; T1: 5B—VCBAE; T2: 3B SUM: RBFERIERLSE. dxfd—fh g, [—4d,
INGFREANE: SEBRITAAERENEER (P<0.05) 5 [F—FI, NGEREE: ABETEEEZER (P>0.05) o TIH,
Note: BF: base fertilizer application; T1: the first topdressing; T2: the second topdressing; SUM: Total ammonia volatilization in
rice season. For each type of soil, in the same column, the lowercase letters were different: there were significant differences among
treatments (P<0.05); otherwise, there was no significant difference between treatments (P>0.05). The same below.
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Fig. 2 Ammonium nitrogen concentration in surface water of rice field under different treatments
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AP EAKIER R R L, SRR PRI 2L A R i T R AL (P<0.05)
SEGRRERNCA MR, LR SZ) 37.5%, WEBIRMLA 52.7%; ZHLRHE
Hh R it A B % L 0 A B AT KRR R 3 e T A (P<0.05) , SRRt RUIEANINAL
AL, VRIS 19.7%, WEREREL 77.5%: B IR T R L0 20 1) AL Y
BERMTIAMA (P<0.05) , SEGRGEEAMANEML, EVERGL 41.5%; =L
P IR A E AR R B BT HARA (P<0.05) « =M EHEmEEDE
A R KRR R A BN IR MR TR N2 e L L 2H, b BHIA>WHIA>RHIA. %UIE
ML, =M T KR h BRI JERHR RN 2L S M RUER I R B2 & T
Hh#H (P<0.05) , Hr BHIA>RHIA>WHIA.

% 6, ML AR R H EEAEYE . KRG E A R R A 2
(P<0.05) ; JEERLLFERSFPRL B L AL L KA R AN BUIE A ] 24 1835 R0 (P<0.05)
TR SRAIIR R B A KRR R A G R (P<0.05) 5 3%k
B 5 TRR LLHE W9 2 A8 ELAUSIARFRE ™ B AR L KRS R R AN U A F 2 1 06 s 35 S )
(P>0.05) ; 4 5t L 77 i (058 ELAN G KPR B R E I (P>0.05) , Xf4:
Ve AKREREEMEER R BE 20 (P<0.05) 5 JAFRLLME ST P& 58 B
REXPEFRL B AR KRR E M EUEF 2 B2 50 (P<0.05) ; L3RR, Ji5R
ZLPE A AL 7 = B AE BRSO i AR L KRS R AN U A F 3R 1 T s 2 5
Mg (P>0.05) .

x5 I DIRRALIBROKFEIFR 2. £E. BORIER. KEREEMREFAER
Table 5 Rice yield, biomass, harvest index, total N uptake and NRE for tested soil

hb3 KR ER71 ek AL el RS
Treatment  Grain yield /g Biomass /g Harvest index N uptake /g NRE /%*

WHO 83.4b 1414 ¢ 0.59a 131c 42c
WHOA 883 b 150.2 be 0.59a 1.57b 56 be
WH1 90.1b 164.8b 0.55a 1.45 be 50b
WHIA 1169 a 1944 a 0.60 a 2.00 a 79a
CKW 524c¢ 91.9d 0.57a 0.53d

RHO 788 ¢ 146.7b 0.54 ¢ 1.23d 44d
RHOA 82.4bc 150.1b 0.55bc 142¢ S4c
RHI1 92.6b 164.3 ab 0.56 abc 1.45b 56b
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RHIA 104.1a
CKR 41.1d
BHO 102.3b
BHOA 112.1b
BH1 1150b
BHIA 133.6a
CKB 539c¢
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175.6 a 0.59 a
T14c¢ 0.58 a
1623 ¢ 0.63 a
172.6 ¢ 0.65 a
203.1b 0.57b
229.6a 0.58b
94.9d 0.57b

1.93a
042e
1.29¢
1.52b
1.81b
229a

0.59d

82a

38¢c
50b
66b
92a

s RUIEFHIFOVRUARCR, B

O FAC B R T R E - AR A B KR R ) AR, TIH,

Note: NRE is apparent N recovery efficiency, the difference in the total N uptake between the N treatment and the control

treatment as a percentage of the total fertilizer N input. The same below.

xo6 FRTE. £ME. KRERERESERMARNSERLEST

Table 6 The multivariate analysis of variance for rice yield, biomass, total N uptake and NRE

TR B HAER KPR 5 GEY/)cs IKAER A ZAEF 2
Grain yield Biomass N uptake NRE
The main effect or interaction
(P-value) (P-value) (P-value) (P-value)
13287 Soil type <0.01 <0.01 <0.01 <0.05
JUFFELTE Stocking Azolla <0.01 <0.01 <0.01 <0.01
JitiiE 7 3\ Fertilization method <0.01 <0.01 <0.01 <0.01
TIERRDGUFRLLHE Soil
0.4 0.32 0.23 0.23
typexStocking Azolla
LR T 3 Soil
0.99 <0.05 <0.01 <0.01
typexFertilization method
TR MEAE I 2% Stocking
<0.05 <0.05 <0.01 <0.01
AzollaxFertilization method
ISR IR AL < AT 7 2
Soil typexStocking 0.49 0.75 0.81 0.79

AzollaxFertilization method

2.4 EAEYERIRE

w3, s 26d (8 H 11 H) , fESMEAE+ ERER KRS, JERE SRl
L (WHIA F1 BHIA) (WM RGE R 3 53 m T EER AL EE (WHOA F1 BHOA)
SN RBER AL 1.39 £5F1 2.1 % Z03 PRt AE 7 AR B R B 20 35 ] 20 R % I
HET . [FNAERIE PR A FE, - A (1 20 ] R R R e T A, 2o
1.63 %, 4G fE 71d (9 H 25 H) , AR LKL (RHOA A1 BHOA) (L3
[ SR o 2 e T IR R TR AL FE (RHIA A BHIA) |, S5 6 795 o A 51 f8) 2 3592 [ 203K

REHREZER.

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

-0

°

o 0.8

] 0.75a

=

2 7

& 063
% o0ehk 0.59ab 0.59ab
E;S ‘g 0.54b is
- i
ﬂé{ S 0.46bc
= 5 0.4
tH = : 0 0.35bq

1y 0.32¢ 7

=]

£ E 0.25¢

=

S o2t

B

=

2

2

0.0 .
8/11 9/25

H 1 Date

B 3 203 A M ] R

Fig. 3 Biological nitrogen fixation rate of Azolla
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