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Abstract: [ Objective ] Azolla has a highly biological nitrogen fixation ability, however, the growth of Azolla is 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
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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 4zo/la 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-hm®
(calculated by nitrogen), which were 96% lower than surface application of nitrogen fertilizer for the three types of paddy soil, and
Azolla-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.

Key words: Azolla; Azolla-rice co-culture; Ammonia volatilization; Root zone fertilization

Pt AR 2 g1, B EEEHE S 4
EREUIE FHEAY 30%, B8 A AL S — AU 98 A
AR 95% K [ AN TE Zh P, fh2 Uit A 1 45
Ji s VEPIR SR B4 1 it A B A 30%~35%0,
FEKFEA =, IR Z R 40%~50%, F
REEREW, EAEMTRERNEFMET, Bl
KRBT RMEARER 10%~60%, B AR
M EZEEP ., KENEELEAKRK, EHAR
1Y, W ASEER R EE RS KA A AL
Gy RAERNIG, MR K SRR T, W KA
wRIE AR AES R, B RBUKEE SRk
ot e e SN L S S ARMMCI LV E AW BB K f A
A ERY, FEAY S RESM, KRR
RN, BRI, R EKREE
FE, P D AR R IR SR e, S
Al B i 7 v AR HE AN 25 22 T

LI AR AEY RGeS, LTV
AW TREM , LU R 0 A [ R
30~100 kghm > (AN i) B s, F85 5
SRR, B2 | FEAR, HZEEL,
W HE R, A B TOKAEE O, LR N A
SRR AR b2 A, b E L. K
LR FH 39 LA e v ) A 500 o (B L e Ak AR A 25
R, R SR SREIN 2T A KA A
HAMARK S 2K pH B5E0 , AS [R) RRE Ag 1
BEFLARARFGAE R, RIS B A RE
T A A R K R P AR, BT

FIE Rk £ v it 2 K RUIE it A £ R DL — 2 IR
B, AT E R LD A ER, R A
HEFI 00 F AR s R0, JE AR n]
I R AR AR P K pHL, 7 R SRR H v R A
SRR TR P R S AR L] 78.2%~ 85. 2% & HE Tl i .
TAWTE R, AEREE R ) 3 A B
R . RIERIHRCR R . 7oA T T B KR
R R TN R 2T R A A e 2 R M
U, KRS R R, 0P AE R
RE Ty RS o EARHEE v % it T A A AR AT FE T K 5 S R
WRE, (HARRME PR T A IR R S HAA W
Gr e PR, HETARM

SR A AT ek A v it S TS e P R X AN [ TR
B A FH - 0 ke UK R = s, ASHIFGE SR
FAAEAR S, V3 Pl B AL R 0 3 B0 3 1) /K AR (21
oot B, BANER = (EAEEE AR
BHE PR ) RS ORELME, 3 1 W I 2
(R EA% 2 Bl R R | KR kR R
B 7 PR A A A Hh Rt A4S 2 A FH 7 39X AN [ R ik
JE - S R ROK RS P R S A R B, ROk
KR S (AR A 7 B LR A AR A

1 MRSk

1.1 REEEt
RIET 2014 A ERBR25 B H ARl A 2550

http://pedologica.issas.ac.cn



13] g FEAE ERBHARNGE . ZL3EF1 3 pH XA FH 25 % 1 225

VIR, LR AR YT = AR, R A
R R KA X, EEA R 155 ¢, R
PIRERIE 1038 mm, 4 HIE 2203 h, oA 242 d.

P O VT I3 B SR KRS - A TP
AL, USRI /R R 1, SR L
1.

F1 IR

Table 1 The physicochemical properties of tested soil

T+ e 3 LR e AR
Soil type Soil organic carbon/ ( g-kg ') Total nitrogen/ ( gkg ') Available phosphorus / ( mg-kg™") ot
5+ Wushan soil 34.2 2.0 23.6 7.36
£13% Red soil 25.7 L5 28.5 6.03
M + Black soil 344 2.0 38.5 8.05

AR I E 15 MEH (R 2), 3ANEE., &
AT 15 cm. B4R 30 cm, %+ 12 kg, KRS
PO ERE 46, (R EIE IR E, ZAEMHE N N
300 kg-hm 2 (AR A 12 kg 45 0 7 5 8 B B4R
A28 em, AL EEANATRIARYT SR o X T HEEHE
TRHLAL B, BN IR E — kP fE +F 10 cm,

F2 BABMIIRER. AEKFIER. KEARXSHE

Table 2 Soil type, Azolla culture, fertilization method and N
application amount of each treatment

IR ML TT K
bR ez

Azolla  Fertilization N application
Treatment Soil type
culture method amount/g
WHO S+ 7w i 1.85
WHoA S+ Wk Fiit 1.85
WHI S+ A ERHE R 1.85
WHIA Gt e ACRHE PR 1.85
CKW S+ 5 — 0
RHO AR w it 1.85
RHOA £ € it 1.85
RHI AR 1 w IERHE PR 1.85
RHIA  Z04 R R R 1.85
CKR AR i — 0
BHO Bt i i 1.85
BHOA B i i 1.85
BH1 B % RS RE 1.85
BHIA %+ WegE R R 1.85
CKB Bt = — 0

TR FEf 5 cm. FNERMELH, 7 18 H. 7 H 25
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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)

Ak 3 BF/ T1/ T2/ SuM/ o B e HUAE
Treatment (kg-hm?) (kg'hm™) (kghm™) (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%
WHI1 0.7¢ 0.5¢ 0.3c 1.4c 0.5%
WHIA 0.5¢ 0.3c 0.4c 1.2¢ 0.4%
CKW 0.2¢ 0.2¢ 0.2¢ 0.7¢c

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¢ 0.1c l.4c 0.5%
RHIA 0.7¢ 0.2¢ 0.2¢ 1.0c 0.3%
CKR 0.3¢ 0.2¢ 0.2¢ 0.7¢c

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¢c 0.6%
BHI1A 0.7¢ 0.2¢ 0.3¢ 1.1c 0.4%
CKB 0.2¢ 0.1c 0.2¢ 0.5¢

2.2 HEKESRRE

dntEl 2, it A 5 O A 2 T T K B A SRR 1Y
R, SRS EEERGAA L, LRES
TR MR R AR 1 i A i — ] By P T 7 e 2 SRR
FE Ak B v i Ak 55 AN it FES £ X BRAR B ( CKW
CKR. CKB) FHHI 7K 25 2 B Ui A 25 A2 B K
o RIEFMERCT, BUGEILE, HHEKESR
e S BEI [A] S BN MRS, R L0 PR T T
IS RATL RGN, (EA% A

23 KEEWE. FERRRE

mF 5, =AhgErh, BRI AR
s, YR ERTHAL (P<0.05), 45084 A
TG Fe it FAEA TN AR BREY 1.40 £i5 (S ).
118 £ (£188) M 1.30 £i5 (B4 ); XFHRALFFRL™
wIRAG, HA = A BRADRR S B JC o 22 5 .
TEIE LT MR, B B KRR R i 2 8 T
fhwiFp+3E (P<0.05), 3SR 1.14 £,
ZIHERY 1.28 f%.
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Table 4 Multivariate analysis of variance of ammonia volatilization in rice season

EHO BB

o2 R S

Total ammonia volatilization in rice season

The main effect or interaction

( P-value )
+ 325 A Soil type 0.87
JUFRLL T Stocking Azolla <0.01
Jita i J7 =X, Fertilization method <0.01
R A G SR LI Soil typexStocking Azolla <0.01
it AL J5 3 Soil typexFertilization method 0.89
TSR XA 773X Stocking AzollaxFertilization method <0.01
A IEIEADGR IR T EAE 772 Soil typexStocking AzollaxFertilization method <0.01

. BF: MEFEAR; T1. SH—WGBAE; T2: 55 “UGAAE; SUM: MEEM A ME . Hata—fh -3k, [W—3)d, NEFE:
AR AFREAAAE B EZESR (P<0.05); R—%, WNEERAME . AP EE®2ZS (P>0.05), T, 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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_5]1) a) S+ Wushan soil b) ZL4E Red soil ¢) 2+ Black soil

=

z % —— WHO0 —— RHO —— BHO0

= —— WHOA —— RHOA —— BHOA
WS 50 —— WHI1 —— RHI —— BHI
X B —— WHIA —— RHIA —— BHIA
® g —— CKW —— CKR —— CKB
P 3 40
N5
%5 30
=
EZ 2

5

©

= 10 2

=l

g

Q b Q
ANACAVACACAGAC
H 1 Date

B2 A%k PHA R 2= K B AR R

(3 Q Q ™ o Q o Q Q X b Q
RO A PPV IR R AP IS

o Q
& P

Fig. 2 Ammonium nitrogen concentration in surface water of rice field under different treatments

WCHRAEE L, £ A 3HZH ] A WSCERH B i 2 22
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H R NEFREE R PR B, gL Af b
XFREANINELPRAL, WORTEEOE Y 5 LTHERE 7K RS 4
W, ORINZLERT, BRMELLAR HLX e htid, WidkFs sl
W, LI, GO Hoxd I SRl Wik gk
WEERI (P<0.05); S -FAE KRG, Anar
PR, G LA, WORTE AR, LT sEnt,
URHEZHAH L BB, ORI HE Y s 2B AR /KRS
i, AINLLFFSMET AN BRRT , TRAELHAH X %

AL, WORHE U E S (P<0.05 ),

AR RUK R R A L, S AR TR
TNELHEAH B2 T HALA 4 ( P<0.05), 51653
T RNEA LA L, ARt @A 37.5%, WA
R 52.7%; £ 3R RL A v it b B 4% 20 1 A
Py et FK AR i 2 v T A2 ( P<0.05), S51%
GRMAIAIMLFAM L, YRR 19.7%,
WA IR 77.5%; A RERME PRGN A
) A e 8 3 v T A A (P<0.05), &S Rt A
NEAINELFEA b, AR AR 2 41.5%; —Fh 14
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Hh G HE 2 AR e ROKORS IR R 3 K T A A
( P<0.05). —Fh 14855 1Y e A8 W ik 2 Rl e s /K
FEEWR R 2 35 0 A TR IRt I £ b B, Jrp
BHIA>WHIA>RHIA, ZMEAIHZ [, =Fh 1585
BIKRE PRI REREAE TP R N 21 ¥ 4L &
B F O % 2 F 4 4 (P<0.05 ), Horp
BHIA>RHIA>WHIA,

m 6, WiAE 2P RER = L R
K AE WA N RNEH R A B2 5 m (P<0.05);
FRLL X FPRL ™ . A KRR T AR
FI A W0 ( P<0.05 ); T3 RkERE 7=

x5 ML RZLERYKFEITR~E .

A KRR WG R N RUIE R R I B R
( P<0.05); - HE2AY 5l 200 W0 1Y) 58 T AW %
FRpor=ig . A it KRR W R A EUIE I Fe3h 0
AR (P>0.05); 3 5t it )y L 38
HRUN X AR i TG R R ( P>0.05 ), X AR
K R 2R o AN RUIE I FH A 5% (P<0.05 ); i
FRLLH 5 IE T = 35 1 28 BN X R AR o AR
Prak . KRS WA R AR R R A R E
(P<0.05); TIHERA | JHFRLLHFEAENIC X = #1
3 H AN X FRRL . A KRR I R AR
FIFH TR E#m (P>0.05 ),

SME. WikEH. KEREEMREIRAE

Table 5 Rice yield, biomass, harvestindex, total N uptake and NRE for tested soil

posil FPRL™ EEL7/ by LLEIN =51 KRR I A AL
Treatment Grain yield/g Biomass/g Harvest index N uptake/g NRE/%*
WHO 83.4b 1414 ¢ 0.59a 131¢c 42 ¢
WHOA 88.3b 150.2 be 0.59a 1.57b 56 be
WHI 90.1b 164.8 b 0.55a 1.45 be 50b
WHIA 1169 a 1944 a 0.60 a 2.00a 79 a
CKW 524c 91.9d 0.57a 0.53d —
RHO 78.8 ¢ 146.7 b 0.54 ¢ 1.23d 44 d
RHOA 82.4 be 150.1b 0.55 be 142¢ S4c¢
RHI 92.6b 164.3 ab 0.56 abc 145b 56b
RHIA 104.1a 175.6a 0.59 a 193 a 82a
CKR 41.1d 71.4c¢ 0.58 a 042e —
BHO 1023 b 1623 ¢ 0.63 a 1.29¢ 38¢
BHOA 112.1b 172.6 ¢ 0.65a 1.52b 50b
BH1 115.0b 203.1b 0.57b 1.81b 66 b
BHI1A 133.6a 229.6 a 0.58b 229a 92 a
CKB 539c¢ 94.9d 0.57b 0.59d —

#7E AU R 3R e AU e, B0 (i 204 B 1 7 e R 4R — N it A B ) K R Ui ) /i (2 . F [H] o 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.

24 AHEMEYERER

mE 3, s 26 d (8 A 11 H), fEEHtA
Bt R KAED, AERME RN EE (WHIA il
BHIA ) AYLL P [ R0 553 30 b 25 v T 19 AU 3R it
1 (WHOA Fl1 BHOA ), 435l A ENEREAL R 1.39
RN 2.0 A5 2D PAPEAL Ty =CAR BT A 210 [ AU

RWAREZES . FNRE T, S+ Ak
P [ £ P [ R 2 s TLLEAL I, 290 1.63
fis. MHERUS 71 d (9 A 25 H), 20EME R IEE
fEAbEE (RHOA Al BHOA ) RYZLPERE AR B E ST
AERHE AL B (RHIA FI BHIA ), Z#lf 4 Wifhik
PRAY LT [ R R W 25 57
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Table 6 The multivariate analysis of variance for rice yield, biomass, total N uptake and NRE
E RN 532 HAE KPR AP VI EL R AR ZE
Grain yield Biomass N uptake NRE
The main effect or interaction
( P-value ) ( P-value ) ( P-value ) ( P-value )
+-HEJM Soil type <0.01 <0.01 <0.01 <0.05
JUFRLL I Stocking Azolla <0.01 <0.01 <0.01 <0.01
Jifi At J7 X Fertilization method <0.01 <0.01 <0.01 <0.01
IR RDGLIRLLEE Soil
0.4 0.32 0.23 0.23
typexStocking Azolla
TR AT 72X Soil
0.99 <0.05 <0.01 <0.01
typexFertilization method
IR M xiti J7 =X Stocking
<0.05 <0.05 <0.01 <0.01
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