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Effects of controlled release fertilizer combined with rice straw on ammonia volatilization from double—
cropping rice fields

XTAO Qiliang', ZHU Jian***’, PENG Hua™*’, JIAN Yan™*’, JI Xionghui'****

(1. Longping Branch of Graduate School of Hunan University, Changsha 410125, China; 2. Hunan Institute of Agri-Environment and
Ecology, Changsha 410125, China; 3. Ministry of Agriculture Key Laboratory of Agri—Environment in the Middle Reach Plain of Yangtze
River, Changsha 410125, China; 4. Hunan Province Key Laboratory of Prevention, Control and Remediation of Soil Heavy Metal Pollution,
Changsha 410125, China; 5. Hunan Dongting Lake Basin Engineering Research Center for Agricultural Non—point Source Pollution
Control, Changsha 410125, China)

Abstract: This study evaluated seven treatments to reduce ammonia (NH;3) volatilization in double—cropping rice fields. These included
two straw utilization methods [straw returning (R,) and straw removal (Ro)] and three deep fertilization modes [conventional urea (CU),
coated urea reduction(PU), and controlled urea reduction (LU )]. Conventional fertilization [surface application of urea(CF)] was used as a

control. The effects of deep fertilization, straw utilization, and fertilization modes on surface water nitrogen concentrations, pH, and NH;
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volatilization dynamics were investigated. Results of the study show that NH; volatilization from early and late rice fields occurred primarily

within one week of fertilization. Moreover, late rice fields exhibited considerably large NH; volatilization than early rice fields. Total NH;
volatilization rates from treatment combinations of CF, CUR,, CUR,, PUR,, PUR,, LUR,, and LUR; in double—cropping rice fields are: CF>
CUR>CUR>LURo>LUR;> PUR¢>PUR;. Straw returning significantly affected NH3 volatilization, but had a negligible effect on nitrogen
concentrations in field water. Compared to the R, treatment, the NH; volatilization with the R, treatment was measurably reduced (by
8.67%). The fertilization mode significantly affects NH; volatilization and nitrogen concentration in field water. Compared with the CU
treatment, the NH; volatilization from the PU and LU treatments was substantially reduced (by 75.68% and 39.14%, respectively).
Moreover, there was a significant interaction between the straw returning method and fertilization mode. The combination of R and PU
produced the best results. Compared to the PUR, treatment, the PUR, treatment reduced NH; volatilization by 15.07%. Results suggested
that the combination of reduced nitrogen fertilizer, deep fertilization of coated urea, and straw returning is an effective and environmentally
friendly strategy for nitrogen management in double—cropping rice production.

Keywords: straw returning; slow—release fertilizer; controlled release fertilizer; double—cropping rice; ammonia volatilization; field water
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FL AR 43 9 L LUR, F PUR, Ab BRGCS f% 1, % LUR,
1 PURo AL B 53 51| B 13.88% F125.00% -
2.2.2 NH: ¥R IR o g

HH % 1 AT B AR ENE S , CF AL BE NH, 44 A& 65
e i CR) ¥, WRG R 39.87 kg-hm2(22.15%) ,
MaAE 4 63.31 kg-hm2(35.17%) , ¥ & T H A6 -
4 CURy.CUR, .PUR,.PUR, .LUR, 1 LUR, Zb 2l NH; 4
K CF 4b 34y 5] B 3 B AR 13.16%~18.61% .
18.53%~26.59% . 76.50%~79.85% . 78.95%~83.57% .
47.99%~48.54% K1 52.58%~52.31% . F& FF #| F J5 3
S B AR X 2 52 ) B MRS NH 45k (R D). 5 Ro

AbPEAR FE , B OBERS R AL BE NH 5 R 7 B E AR T
8.129%~9.57% (P<0.05) , H:r KL Wi %F CUR, . PUR, I
LUR, &b P %5 %t [ Ro &b BE 43 51 B A% 6.18%~9.80%
10.41%~18.49% F1 8.82%~7.32% , - Fi & PU 4b B 4p
PR BB 2 5T A PU A 3K 5 i 2 2%
K. 5 CULLFAR L, 5 BaF PU FILU AL 22535 i
AR 71.229%~78.27% 1 35.77%~41.09% (P<0.05) ,
PU Kb B HERCR 0 T LU AL B, #EFFR XS
Jit A A =X 19 58 B A P S 2 5 ) R R R R e R L
NH 3% % , Hod DL PU FI R, 2H A ROR Bt
TG RE 25 A NH #2248 v Tt N T i
HEJS 7 d P9 NH: 4% & SRAH 435 8 5.35~26.80 kg hm ™
H15.42~40.62 kg - hm™, /5 NH, # & & 5 19 60.08%~
67.24% F152.08%~64.16% (& 7) . [RIEF, GeitH (B
T NH % & S a] 441, 5 CF AL PEAY 103.18 kg - hm™4H
It , CUR,. CUR,.PUR,.PUR,,LUR, #il LUR, &t ¥ NH,
R B B AR T 15.27% . 21.64% . 78.55% .
81.78% .48.33% F152.41%(P<0.05) . 5 RoALFEAHLL,
R Ak # NH, #5 & S i 1 3 B 1IK 8.67% (P<0.05) . 5

WWW.Qes.019.CN




m@g 2794

VBRI R Rt Y F40EF 128

F1 AEBEFMAAXSHEEEXTEENHELZREEEZ BAIELE (kg-hm™)

Table 1 Changes in cumulative NH; volatilization from paddy fields under different straw utilization and fertilization methods (kg+hm™)

FEFFH) F 5 2K Straw utilization method

JitiAE 75 3 Fertilization method FLF Early rice HifE Late rice 411 Total
CF CF 39.87+2.11 63.31£2.98 103.18+2.67
Ro CU 32.45+5.16 54.98+4.79 87.42+0.88
PU 9.37+1.06 12.76+1.85 22.1320.11
LU 20.73+2.01 32.58+1.85 53.31+0.36
Sy 22.15+10.73a 33.44+18.32a 54.33+30.19a
Ri CU 29.27+3.09 51.58+6.62 80.85+0.37
PU 8.39+0.86 10.40+1.84 18.79+0.46
LU 18.90+0.27 30.19+0.55 49.10+0.21
Ty 17.70+8.18b 30.73+17.87a 45.49+25.51b
ANOVA
FEAF A5 =X i i i
ENERE o o o
RAT A 5 2o LA o ns o

TE R P RGIARNG FRERIRTE0.05 KF B2 5 3 “ns" ORI B35 ; " RIRTE 0.0 K- EREIi 3%

Note : Different lowercase letters in a row mean significant differences at 5% level. “ns”,not significant; ** indicates significant correlation at 0.01.
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Figure 7 Changes in cumulative NH; volatilization from paddy
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fields within 7 days after fertilization under different treatments
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CU ZbFEAH EE , PU A1 LU &b 23 4351 &8 2 B AIK T 75.68%
139.14% , Forb PU b BRI/ NHs #5 % HEHOBOR 3%
HEF LU AL BR 42 LU Ab B & 3 B T 60.04% (P<
0.05)
2.2.3 WA RIE S A 2 S pH AHAE

WE 8 R, 44 B A NHI-N LK NO:-N & it
B NHL % % - 35 BB SR 8 3 15 A 56 (P<0.01),
FHOE R AR5 0.90 £ 47, 3R B 460 Ay FH T ZK AL
NH;-N HINO;—N 75 5 (1 4b B AR AT v] 68 HLAT 5 1
NH:# & R (H AR AR A b B A S 15 d
PR NHL 4 % H 3 o 55 6 1 TTZK R0 o s oG
PECEI9) & B, FLAR H E K Hh NHE-N FINO:-N 5 &5t 5
NH:# % H i 1 A1 5 R B X AR, A NHI-N 5 8 3

W NH 3% %
Late rice NH; volatilization/
(kg-hm™-d™")
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R FE M E Nitrogen concentration
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8 NH.#E% 2R ES5HME/KE R NH;-N F NO:-N BIHE X E 247 (P<0.01)

Figure 8 Correlation analysis between the NH; volatilization accumulation and total nitrogen , NH;=N and NO3-N in field water(<0.01)
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NH:A%E%  BA AR AR pH NH:#% k& BA AR AR pH £
NH; volatilization TN NH:-N NO;-N NH; volatilization TN NH:-N NO;-N « 2
& Z | N % 0.376* 0.290 | NHIER =
z i £
3 z
[\t
¥e BA -0.120 K g BAE 0990 EE
2 2 2
g
b S bido
| 0.376% AR | -0270 | 0.076 0.99%% | HAA | K
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1.0
Bz 06 , &=
¥z |/0290 | -0.120 || -0270 | fHERE | -0.140 04 SR Bz
g2z 8.2 gz
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-04
- VY - = - HVONNe
-1.0
FF Early rice M7 Late rice
fURAE0.01 KT F B A, #fURAE 0.05 ACF F 1 E AR
**indicates significant correlation at 0.01, *indicates significant correlation at 0.05
9 NH.#£% HEE5HEK SR NH-N NO:-N# pH K8 X 5347
Figure 9 Correlation analysis of total nitrogen, NHi=N,NO;=N, pH and NHj volatilization rate
1EAH G (P<0.05) - AT AR NH 5 5 503 [ I 48 NHL 4% o A< E

9 PR, B MRS 2R S 15 d YA H TR K
pH 5% NH: 4% % H i 524 5 5 U DG . X e
H T A S, 5 B RE FH T /IR EURT NHE=N 8 347 3R
I, 38 B 0 (R 5 S RGN 42 4 3 2
P[RR ) sh A AR, T H T K pH ARG TS —
HA TR IR e, IR = A . b
BT K PR RTE A R R Z A B A DG 2 B, 7
e FH T ZK R A HONHE-N 500 0 B 2 AR 5 2 1 A
56, Ud B IE S B e K P R LAY T S NHE-N,
i FH AT ZK A NOS—N 75 8 R A —F, KR K
NO;-N 7 5 B A& M NH-N & 534908 fR 56, 1 i
FEH MM B 2 IE A 9C . FH /K b NHE-N il i A A fE
FHEEAE 3 NO3=N, NO;-N A b Ve i R E R & ™
Py, BRI 55 NHE-N S DG T B e 2 A S 3
TEARDE, AT BB SR 1 T B A 0% e e T - g R
2 () ZK AR A 32 B AN K A FR NHE-N [ NH, 55 25 (1) 52 24
T AR, B R A T T K NHG-N 9 s | s Ak T
R F PR AR I S Ak R NOS—N A v o iy
3 iTig
3.1 BENH:ELZNETHESR

NH: % % 52 it 5 3K U TR 2 A = e B Ak otk
2 Z R R B3 ZHONG 255 CAO 252071 [H
BN AE IS L FIE G RS FF I A% 5 BR A

L, N ITTREAR NHaHE . A58 2 B, . A A (]
b3 2 8] NHs #5836 22 S 80K, Uit R 3 HE A
PN A AT S A NHL 4 & (977 4 (H NH, 3% &
HARWEAR T BRI [R] 5 5 AR PR — B, 5 FaR i oE 4
RAFAE2E 5, T RE AL R S B R A R R i T4
FHOLHEIR NH# K (AR 32 R, K 6 AT LA
FHLRE MBESNT4A29H SH1IHMSA4H .8
H 8 H B 3l , PR b B (E , JH o i A g A o
KA, R REIE(E A B R R R T4 H 28 HAERE
55 S8 R A TR IR, AR T NHL & e A i S A L H
TR DR T R T NH 3L = A . iR A Ig (i
() B AT B S &5 F F D G, MO P Ol R A e, 2K R i
BRI AR 8 1 4 HAG A 8 HK)ZH# %k, HITE
NH: 4% & W 58 BE J5 25 B AN /N HEA T T K BRI
K )Z AT BEHE 5 T AT 7K NHL A ¥ B, 78 i T H
UL NH: B R . AR OCHIF ST 21, 4 R AR TG ]
WL FBERPE AR A SR O RR g +
S e A N 1 W B, 45 BB 38 o FH T K R 3
KR, T AR S35 80/ VH T 7K NG BE | ] P
R P K i A R RO g 2 B A
b NH, 094785, 22530 T NHa g &>,
T 2L KRR AN [R) A Z2 71 1 NHs 35 & 452K
FL AT AR IR, WA 45 A P 137 NHL HE R 45 o AU A
SV 63.54% , Tt 5 TR AR 9 36.46% (£ 1), 1X 8L
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R F T W A s A AR s v ELRSE R A D A A TR R
TR, S B TH K NHR FE R pH B R, [R] s i
N — 20 B NHs 5 &7, NHs #5 & 15 #& NH:Hl
OH™, fifi pH #4T F [, 1t 0] LA fif B W A HH 1 7K NH
FpH _EFHFEP, VB P IR . R FNH;
P 7 A ) AT LUK B, R RS 45 Ab B NH,
R FKR AR, LS 7 d N NHE K
B MR 64.52% M1 61.79% (K 4), XAl figleh T
Jit L S — JR AK R AR IR 4 /0N, W SO R 2R i T A BRI,
[ 5 6 %) 7K e e S22 0 38 AU R 58 8 1 NH 4
R,
32 ¥MBHAREARANWXERF

NH, #4582 AE AR Bk 1 F 8R4, 20 5 il A
1 9%~40%' . AR I, AN [ Ak 3 22 [A] B i
oS NH 4 & B0 o i 22 SRk, G Rk o o i S
1 6.26%~28.66% , Ho 1 H B AL ASE T B A
NH, & K, 20 512 39.87 F163.31 kg-hm™, 5 2k 3%
53 0R 22.15% F135.17% , 5 A R SEIH H B 28T R A
UM o BOH HUMENE , TRt AT 38 H RN 245 B
HE X5 B BRI TR NH 8 % (R 1) o SR HR R 2
AL T7 18 ST T AR R B IR KA S5
3% NH: % B sl 4% 48 NH R H B S R E L IR T
- 398 7 i/ HE T K R NHGHR BE AT k2D T NH [ 5
Ko A B IO AE M AR AR, DR A H If
K38 L ONHE-N LK NOS-N He FE 3 5 NHL 3% %
SRR 2 A i IE A DG R, SR A5 45
FABRIS, A, A0 W5 R W, PR 2K M 5 500)
309 FH T 7K pH TG TR, NHL 4% 8 R ALV F 4 pH 2
YT 400 RN R e A 7 R T LRI T R K fi
WA ARG T HIRIK pH AR ZL T B 4K pH
SRS R R — 2, BB R R
o 5 ERFFREE AR A0 e W 45 it
JE 4k 3 K pH B TH G B TR, IR IR AR Bl
. A5 it I A5 R it 5 A 3 2 ) pH G B 2 2%
5o GUILIE R F B0 R WS Dy 1 — 7 T AT A
AbFREE SR FH — U i A it A Ty X, pH B TR
LR 2 A0 B EOK A B H NH#2  RI ZUTHAE T K
i OH, A AbH pH 25 55 R 8 2, IRl I B i ok
i NHEAP 5 3 A T iz [, OH- 0 BA A6 F i K o
Il FH R 7K pH RELE BT 55— T, A3 e 4
WAL R K 2R A K AR, K & 0E
FEY A R T RO A E AT, 51 H K pH
Frgk Bt M i /b 7 45 4b 31 2 ] pH Ay 225

1% WHART]

Mz, HRIZK pH 32 Z 0 R R LR 5200, R RN
VTR A K A SR A R34 0T DA TR K pHE T,

W52 22 WY, 2600 R it 185 o 20N 0k 15 - 3 1 42
fil, e ARG ZRUNES A ik 23 fofF - B o6 O 22 1 N0,
FER R R A SO LI ENE A 28 R AL , 18 FAAE H 1T 7K
HNHEHR B R pHe ABEFE4E ), DRl — 8 7 B B AR
T HTE K NHEVR B2, B RS NH #5445 2% 58 45 1l Bk
iK1 18.61% F115.30% , % H Ti 7K pH A REARJC A S A
FH 33 5 8 SF-38 229 F 0 ZHONG 25500 BIF 5 25 S AE AL,
{H5 YAO" 'R PAN S5 A IR HFRCR Y25 R 22 K .
DR T 1 2R R B R[] DT o - 45/
FH T 7K NHEV€ BE K pH 52 i A [] it B % B B %, NH
P 3 ) 200 A e, R 0T R JES 28 it 8 4% it R0 SR
I, T AILAR AN R it T BE S BT 25 SRR, Ah TR
T DS 2 i 28 4 RN 2 A1, et 5 R TR e K
T 7= B IR AR R [l R 9 ke BR, 28 4 R A A
TRt T 2 R AR R T 13 NHL 5 %, LA I A0 i — i
P S it R e T R R A 43 VR i A Ak 3 RT 9 HE
84.77%"%, & TR V- SE I 5T A B, 4 Fh G2 45 B —
UM SL Tt 55 5 FPR ZAH EER 1 AR RN SR 2 4 ] 4y Sl sk />
21.7%~64.6% F1 17.3%~57.2% 1) NH ¥4 % , Forh it
WIER R SERIREZ M ZEF AR, AP s R
FEH, R WA AR AR K ZE I R A R PR 28 0k et 45 R
PR 2 U e A BR A DR 2 A B A E A R 0K R AR
75.68% F139.14% , W i dub 2, FLrb A R PR 22 Dl HE SR
TEAE FHBIRE . 8% NH % & 510 5 5 AU 2
B P8 BOR S (H AR 56 2 45 B IR AU AL 20%
Il NH 72 & 32 SR, 2 SR A SO DAL 1 it 1
B, L 3 R AR i B B N . LR PR R
ST A AL PTG A5 BE L - 35K oy DRI P R
R EEEM, KR R KR, i T2 5
NH:#E R R (R ESRQ) ' R IRE
(4 B L R 2 2% IR 2544 , T 5 A 3R 500K R Ak 141
A, 7= A R A5, U R R ) I W
TR, DT ] NH (9 45 855, A0 ) i £ A PR
2R B PR 25 FH T 7K NHG-N He R 22 SRk, vl HE %
REFER, 5 ECR R 85 A . Hr L
Ji DRI T R 55 AN [] bt DX ) A= L R it A o it A
BAEA & NN B B B B R SCR 2 % +
K A3 R BE (1) B 157381

YR, A Rt e P NHL 4% % 0 5% I AR TR RS
25 B A REL BRI . AW R IR FF L H
AT LA A ML 2 2 R P 8 7 e 4 i, 19 in 3 1k
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XF N B0 [R] s, s e 2k o 5 - e L
P KR A RN AE S 1 2R R RS AR AR A
AL e A sk 4 48 NG B, 41 i) NH
MI¥ER o ABWAWEFENN  FEFF AL A rh ™ A 1A
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AR RSP BN B WEY 06 152 2K R
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LN

4 ZEig

FE RS T A ZERE AR T, TRt RS #F R =X
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