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Abstract: [Objective] This study investigated the effect of optimal fertilization on NH; volatilization

and nitrogen use efficiency in rice fields in three paddy rice-upland crop rotation systems. [Method] The
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farmer’s fertilizer practice (FFP),optimal fertilization (OPT) and control (CK) were established in three
cropping systems including rice-wheat (RW) ,rice-vegetable (RV) and rice-fallow (RF) cropping systems.
The application ratio of basal and tiller was 5 ¢ 5 under FFP and the application ratio of basal, tiller and
panicle was 5 ¢ 3 ¢ 2 under OPT. Through insitu monitoring,the effects of different treatments and envi-
ronmental factors (NH/ -N concentration, water layer pH, water layer temperature and water depth) on
NH,volatilization were studied using a continuous airflow enclosure method under different crop rotation
systems from 2015 to 2016. The correlation between four environmental factors and NH; volatiles was also
analyzed. Finally, the rice yield,nitrogen utilization efficiency,nitrogen recovery efficiency and nitrogen par-
tial productivity were evaluated. [Result) Due to the rapid decomposition of urea in water, NH; emission
fluxes peaked on the second day after nitrogen fertilizer was used as basal and tillering fertilizer in the pad-
dy field,and then decreased sharply to zero in the tenth day. After the application of panicle fertilizer, be-
cause of the less fertilizer and increased nitrogen utilization,the NH; emission flux of OPT was close to ze-
ro. The total NH; volatilization amount was significantly affected by fertilization method (P<C0. 05),and
insignificantly affected by rotation and its interaction with fertilization. The ratio of NH; volatilization to
total N application under FFP was 25. 9% — 27. 6%, which was significantly higher than that under OPT
(22.6%—23.0%). Significant positive correlation was observed between NH; flux and NH, -N concentration in
surface water under all three rotations. The temperature of water layer and pH had no significant effects on NH;
flux. Negative correlation was observed between NH; flux and water depth, with significant correlation in
partial treatments. There was no significant difference in rice yield between FFP (8. 9—10. 2 t/hm*) and
OPT (9.0—10. 2 t/hm®), while the nitrogen agronomy efficiency (21.3—26. 1 kg/kg) ,nitrogen recovery
efficiency (55.6% —60.3%) and nitrogen partial factor productively (50. 0—56. 8 kg/kg) under OPT were
higher than those under FFP (12.6—15. 6 kg/kg.35.0% —37.6% and 29. 8—34. 1 kg/kg). [Conclusion]
Fertilization method was the main factor influencing NH; volatilization. OPT reduced NH; volatilization
loss and increased nitrogen agronomy efficiency on the basis of reducing fertilizer and ensuring yield.
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trogen utilization rate
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Fig. 1 Variations of temperature and rainfall during the rice season from 2015 to 2016
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Table 1 Fertilizer application rates of different rotation systems kg/hm?*
R EMEY) Fore crop 7K #E Rice
-l Jiti JIE T = =) AT i
E AR Fertilizati it AE HEHE SrBEAL b9l
. ertilization . L . . T . .

Rotation system method Fertilizer application Basal fertilizer Tiller fertilizer ~ Panicle fertilizer
N P,0s K.0O N P05 K,0O N N K;0

RW FFP 300 120 45 150 120 75 150 — -

OPT 120 60 45 90 60 45 54 36 30

RF FFP 0 0 0 150 120 75 150 — —

OPT 0 0 0 90 60 45 54 36 30

RV FFP 750 180 120 150 120 75 150 — —

OPT 250 90 120 90 60 45 54 36 30

£ :RW-FFP,RW-OPT ,RV-FFP RV-OPT RF-FFP il RE-OPT 43 5|3 7% 7K Ff -/ 22 56 5 A [ S 400 M8 07 =X L K -/ 32 46 76 1R £ 1t HE Oy
2R -5 SR A A 1 T UG NE 7 =X K -8 3 4 1 0 At NS T 3K 7 - 46 TR PR 8 7 A R~ Bt S =X A K -4 TR P 8 1 8 A e

k. TR

Note: RW-FFP,RW-OPT, RV-FFP, RV-OPT, RF-FFP and RF-OPT represent the rice-wheat rotation system (farmer’s fertilizer prac-

tices) , the rice-wheat rotation system (optimal fertilization) , the rice-vegetable rotation system (farmer’s fertilizer practices), the

rice-vegetable rotation system (optimal fertilization) , the rice-fallow rotation system (farmer’s fertilizer practices) and the rice-fallow

rotation system (optimal fertilization). The same follow.
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RW-FFP,RW-OPT,RV-FFP,RV-OPT,RF-FFP and RF-OPT represent the rice-wheat rotation system (farmer’s fertilizer practices) ,

the rice-wheat rotation system (optimal fertilization) , the rice-vegetable rotation system (farmer’s fertilizer practices) ,the rice-vegetable

rotation system (optimal fertilization) ,the rice-fallow rotation system (farmer’s fertilizer practices) and the rice-fallow rotation system

(optimal fertilization). The same follow
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Fig.2 Variations of ammonia volatilization fluxes after fertilizer application during the rice

growing period under different treatments from 2015 to 2016
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Table 2 Cumulative amounts and ratios of ammonia volatilization during the

rice season under different treatments in 2016

L)

Rotation system

Jife HE 75 =

Fertilization method

jiti & K/ (kg » hm™ ?)

Fertilizer application

NH; # R R/ o7 RUIE it =
(kg * hm ?) "t/ %
Cumulative amounts of Ratio of NH;

NH; volatilization volatilization

RW FFP
OPT
RF FFP
OPT
RV FFP
OPT

300
180
300
180
300
180

80.443.8 a 26.8+1.3 a
40.8+4.3 b 22.6+2.4b
77.6+4.8 a 25.9%+1.6a
41.3x2.6 b 23.0E1.5b
82.9+4.3 a 27.6+1.4a
40.7+£2.0b 22.6x1.1b

TE « 7 5Bl 5 n A [ /NG 5 6 375 [/] — o AN [ 4 B ) P<<0. 05 RFZ SRR . £ 4.

Note: Different small letters in each period mean significant difference at P<C0. 05 level among different N treatments. The same in table 4.
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Influencing factors of ammonia volatilization during rice growing season under different treatments
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Table 3 Partial correlations between NHj volatilization {luxes and ammonium (NH, ) content,pH,

temperature in floodwater,and water depth during rice growing season under different treatments

H 7K NHy -N 5 o B2

N . = = H Ry — 9 1
f{e({faﬁij(f Fi%i?iztlfm NHI} N concentration pH i;kf)l—lxooI()inatcr Wat:i(t}fn(ln}l)k;aturc \K;ft}i(jc%th
in flood water
system method 2015 2016 2015 2016 2015 2016 2015 2016

RW FFP 0.933"**  0.780"**  —0.159 0.011 0.181 0.021 —0.343  —0.267
OPT 0.785%**  0.829* ** 0.151 0.066 0.197 0.049 —0.352*  —0.238

RF FFP 0.934* ** 0,776 ** 0. 248 0.175 —0.166 —0.137 —0.532%  —0.474" "
OPT 0.706* **  0.804" ** 0. 245 0.008 0.279 0. 201 —0.379*  —0.350"

RV FFP 0.933%** 0,837 0.129 0.046 0.055 0.045 —0.242  —0.542% %"
OPT 0.704***  0.850" ** 0.171 0.400**  0.001 0.011 —0.186  —0.204

22015 4F 1 =241 =39;2016 4F 0y =36, =48, Herf my g AR R JBUINE J5 20T RAEIF oo HARACHENE Ty 20T RAEI A . < = 7% %
® PRI e x TR IRTE P<C0. 05, P<C0. 01 il P<C0. 001 7K 5 3 H%

Note:In 2015,n7; =24 and n, =39 and in 2016,7; =36 and n, =48. n; represents sample number of FFP and n, represent sample number of

OPT. * *”,“% %x” and “ % * x” indicate significant correlation at P<C0. 05, P<C0. 01 and P<C0. 001, respectively.
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PEJ5 AR 2015—2016 48 - X 7K e 7 it AORUR &R J
Br &5 3R WY 56 A 1 B2 XK R ™ i 22 57 B35 (P <
0. 05) , Mt B 77 & (P=0. 495, P=0. 496) } H 5%
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Table 4  Grain yield and nitrogen use efficiency from 2015 to 2016 under different treatments

KA B Jite 2 2 S ,2 =28/ 0% ARSI R/ T R A7 1/
Rotation Fertilization F’:m‘/i[t. 'l:m ) Yield (kg » kg™ 1) %H%Eﬁﬁ/ % (kg *« kg™ 1)
system method e increase rate AEN N PFPy

RW FFP 9.440.2 be 74.6+3.0b 13.34+0.5d 35.8+1.7d 31.2+0.5 e

OPT 9.5+£0.2b 77.6+3.9 ab 23.2+1.2b 57.2+1.0 ab 53.0+1.2b

RF FFP 8.94+0.2 ¢ 73.5+£4.6 b 12.640.8 d 35.0+£1.2d 29.8+0.8 e

OPT 9.040.3 ¢ 74.7+6.6 b 21.3+1.9b 55.6+1.6 b 50.0+1.9 ¢

RV FFP 10.240.2 a 84.7+2.8 a 15.64+0.5 ¢ 37.6x2.2d 34.1£0.5d

OPT 10.2£0.3 a 84.8+5.5a 26.1+1.7 a 60.3+4.5a 56.8+1.7 a
s W WA, 7E 3 R EAE T AT L A IR 2T T Ab B 5 AR
c b N b FOF- 35 NH, 4 % B 443 3% 80. 3 A
3.1 AEKBERERZETRUEEI NH, LK 40.9 kg/hm*, H ¥ 3 B 4 4 R > 46 i 12 4k 38 1
7 1 NH; #% % 2 W% m T 00 Akt 2 40 31, 1 0 v] 3k

ABETRW FER A R G AT POGR R 1Y
B AT S S b R B BT M R SR A R L 5
NH; #2258  FREA K . 20 AT i A )
LARRIERSE T NH, A REERALE,
XS ETN B IEAE RA— B, X Rl 22 5
JEUDH T B AR BF 5 1Y) B A AR BR B JE, 2015 & 2016
AN T i RE AR RO S A L B2 3 O 20. 27
20.19 g/kg, A AEVE 4y 09 B I R X + e B E
SRR M R B R R — KA NH, 5%

96. 3%, [FlEF, NH; # & F 2 5 BT o5 it AT & i H
AR I NH, # % B3 AR ) 1 3, 3k 2% W
TR WA MR R O NH, 4% % 325 5 5UIE f 4 R 3t
JIES L4 BE RIES 14 4 T B 091 56 it E ) 5 8 00 A O L LA SR
IR oAy 6 AR B A A e A i Bk OK, NHL, 5 % 8 = 5
NH, B2t 5y o 30t e 5 S0 2008 2 2% 1 17

AHFFE L e A B D AR Ak B e, fl A Ol 2
JIE 5 43 B JIE 1) R0 N8 FH it AR TRD S 3k 2 it AR )5 . e H
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NH, % % i it 54 JC 22 5 5 16 0 Ak it JE &b 28 v, &
NEAE o 568t J5 i NH, 4% % 38 & B g & F AR
oy BENE it L 3X 32 B0 e A i U8 e & (54
kg/hm Ik T A& (90 kg/hm”) frE. &AL AE N
HEJiti FH (36 kg/hm®) Ji5 th 3 & H B 45 it AE & (4 24
TFIHAEAY 40 %0, /- BEAL Y 67 Y0) 45 Hu i) NH, 5 &
AR L X S T, — T AR KRR E
AR X FH TR A — R A 5 BELAR A A<
AFIF NH; 8 % 5 55— J7 i AH AR & a0 i & Bl
JIES it D st 0 ) A e AR 2R AR X A 2 3 o R 2R IR I
I FH R b s TR AIS 17 NHL 48 & iR
3.2 EmREHANH, #XEENRHERE

VFZ W3R B, | R K2 NH -N i ik 2
S ARG NH, # % 58 5 i de ] XS AR
W 7e v NH, # % 8 & 5 H A K2 NH-N F ik
JE SR R IE A DG A 45 SR A — B, ARHIF S TR I 50 A
W% B, B A DE) K 2 NHL-NJT & v R 1 1
NH, # & i 2 AR K a8 e UR EA1E N
FUIE B HT ] K 29 NHY-N E 2ok 5 T IR Z 1K
fift s DA BG4 A NH, # K& IS 40 » B I 55 e 1 B J) K )23
NH, -N J5i 5 4 B T B8 55 R 28 10 it A o A ) )y 3
ARKKR, [F B, AT 45 R 2 W], [ Ak
2 NH-N ik 5 NH, $5 % 8 & 22 #—
B0, Uk B PG Ak it A Ak 230 AT 3 o o A 32 S it D o AT
Jiti AE 32 %, B AEG IR K A9 NHL -N o e 38 3 i 0
/> NH, 45 % % .

— AN pH ORFE RS O ONH, 5 48 &1 5
—ANEEHNER, EHARZE. i TREEK W
IR AL B pH LSS T S A AR
i pH T+ 5 24 i 8 B ) 2 U ik, 51k NH,
FE A BRI . ARFIE R, 2016 4R RUIEAE Ry 3
JIEite FF U - KA pHL 7 H S T S B AR 1 R 4
RIEAE N BERE i 5 7655 1 REDIA B0, ™
ANAE BETE K R i 43 BEAE JG 55 6 K (2015 4F) (45 8 K
(2016 4F) 3 pH B B T+ & B4 W2 iy F
T AR 2 BB H X I R L NH, 45 % i Y B
L T ek P iR K2 B9 NHL N R e
FR AR A 6

JK 2 U B R B [ AR R W 5 R D NH K Gl
N HEEZENARERE., CAMREERA. miRE
3 o R DR O 3 P ER PR 2 1 KA L b ]
P NH, F1 NH p 4w 5, e F NHT #46h
NH,M AR o, K2 EE S NH, # 48 52
[ A A DG 56 R L H AR A B KOF . XA RE

BT EA I v SR 2 kA TR R S 2 4~5
K MRS R & O A A i R NH, 8 & 52 7K 5%
WA . ABFE T KZRE S NH, #4000 & 2
R AR . —BORUL IRKZE NH, 5 & #
FEE T ROKIZ X EEIE T HOKZE B A X
F ) NH-N & R ok R . R K 2
2 30 L AR BERION ) B e B L DA K NH-N
FNH; i) 3 B A 1R A ROW P 40 NH,
ERGEE AR
3.3 MR AEFERREZFAENZIN
— R L A A = AR e R S AR
W B 2 3N AHJR 22 it R A B B R 7
M5 RRHRARAILE, S AR AR F &
il AR A R R MR IE RS T KRR
>J 5 it IS Ak B 6 7 e 2 AT T O Ak it I A 3 IR
WELBE Sk 1.4 0%, ELAG Ak it A Ak P 1 40 28 A 2 R %
(] WSO8 Al A= 7 g 1 0 i A Ak RS 2 A it T Ak R
9.3 kg/kg.21. 6 %1 21. 6 kg/kg. A] 134 I & it
JH 3 IETCAH N3 =200 ik = S EA R AR T
R . CA IR SE . K e S 5% 4 A 3 bl A IR ) M5
Jiti B 7 24 7= 5.0 26 28 A7 L a3k Uk W A B P RUIE
AT FE AR 1 0 St b DR AR, SE b
AR AE 3 R AE R G KA B SR FeAE
R Z T KRG E 3 72 8 (10, 2 t/hm?) & IR & F K
Fe-/NERAE RS9 5 t/hm®) FMUKAF-4 F HAEAE &
4:(9.0 t/hm®) . B KG9 77 5 5 3 7 28 1 XA
R AR B I8 i B 5 22 3 Br 45 R AT ok
JEZ BN R RS AR (R 52 (P<<0. 05) . 3 B IxX Fh BE
G0 Ji IR AT BRI R TR A RO AR i T RUIE R
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W DA Kl ok 45 Ok A R AR 40 R B R B v Ah  iE AR K
— oy sk B A R R UOIR I AR B i e R
AT i b R 15 % ~30 % Fe l ik 48 %61 L X
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5 B8 RARZS Ty Bl Ja FEAE W W SOR] T DT 1 7
.

4 5 B

AN T 2 T =X B NH, 448 % 3 1 1 32 22 )
o GAET A GE IR AR AN A K B A AR
gl o A A AU 180 kg/hm”, 3 R A %
JIE Ay BEAE IR BT & b 5 ¢ 3 ¢ 2 $EATAUIEIE Z ik
ARt AE 7 =X, T 78 9/ I it FH 1 5 A 1 B DR IE 7K
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