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Responses of ammonia volatilization and grain yield to nitrogen reduction with synergistic compound

fertilizer in a paddy field

ZHU Rong, LIU Lili, QI Yongbo, MU Jing, JIANG Dong, ZHANG Ligan", GAO Hongjian

(Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention/School of Resources and Environment,
Anhui Agricultural University, Hefei 230036, China)

Abstract: A field experiment was performed to explore the effects of nitrogen reduction application of three compound fertilizers (humic
acid, amino acid, and alginic acid synergistic compound fertilizer) on ammonia volatilization, nitrogen use efficiency, and grain yield to
provide a scientific basis for exploring the efficient utilization of compound fertilizer and evaluating its environmental effects. The field
experiment was performed in a paddy field located in Zhenjiang Institute of Agricultural Sciences. Six treatments were set up, namely
without fertilization (CK), conventional fertilization (CF), conventional fertilization with 20% nitrogen reduction (CR), humic acid
synergistic compound fertilizer with 20% nitrogen reduction (HR ), amino acid synergistic compound fertilizer with 20% nitrogen reduction
(AR), and alginic acid synergistic compound fertilizer with 20% nitrogen reduction(SR). The ammonia volatilization flux after fertilization

was measured by the closed intermittent ventilation method. Rice yield, nitrogen uptake, and nitrogen use efficiency were measured at the
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rice maturity stage. The results showed that ammonia volatilization mainly occurred after the application of basal fertilizer and tillering

fertilizer. Compared with the CF treatment, the CR, HR, AR, and SR treatments significantly reduced the total ammonia volatilization loss
by 38.9%~54.7%. Compared with that of the CR treatment, the total ammonia volatilization loss of the AR and SR treatments decreased by
20.5% and 25.8%, respectively. The concentration of NH;=N in the surface water was an important factor in ammonia volatilization, which
was significantly reduced by the nitrogen reduction fertilization treatments. The average NHi—=N concentration in the surface water of the
three synergistic compound fertilizer treatments decreased by 5.5%~18.7% compared with that of the CR treatment. Under the nitrogen
reduction conditions, the plant nitrogen uptake under the synergistic compound fertilizer treatments (HR, AR, and SR) was significantly
increased by 20.0%~31.8% compared with that in the CR treatment. Moreover, the nitrogen use efficiencies of the HR, AR, and SR
treatments were significantly higher than those of the CF and CR treatments. The grain yields of the three synergistic compound fertilizer
treatments (HR, AR, and SR) were not significantly reduced compared with that of the CF treatment. Under the same nitrogen reduction
level, the yields of the three synergistic compound fertilizer treatments (HR, AR, and SR) were significantly higher than that of the CR
treatment (increased by 4.4%~4.8%). These findings show that ammonia volatilization is significantly decreased by the treatments of
synergistic compound fertilizer combined with nitrogen reduction application, whereas the grain yield is not differentially affected,

especially by the treatment of amino acid and alginic acid synergistic compound fertilizer combined with nitrogen reduction application.

Keywords : ammonia volatilization; synergistic compound fertilizer; nitrogen reduction; yield; paddy field
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Figure 1 Dynamic changes of ammonia volatilization flux in different fertilization periods
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Table 1 Ammonia volatilization , total ammonia volatilization loss and ammonia volatilization loss rate in different fertilization periods

Jb3 FNUI YRR MACH = 4R AR B BRI A
Treatment Basal stage/(kg-hm™)  Tillering dressing stage/(kg-hm™)  Panicle dressing stage/(kg-hm™)  Total NH; loss/(kg-hm™) NH;loss rate/%
CF 33.57+1.89a 37.88+1.74a 2.39+0.12a 73.84+3.53a 30.50
CR 21.10+1.67b 23.10+0.55b 0.93+0.19b 45.12+2.16b 23.16
HR 18.13+1.63¢ 22.83+0.71b 0.92+0.13b 41.88+1.78b 21.47
AR 14.24+1.04d 20.68+0.74¢ 0.94+0.05b 35.86+1.19¢ 18.34
SR 14.09+0.88d 18.47+0.68d 0.91+0.17b 33.46+0.97¢ 17.09

T CK AR AL A 43 B T I0 1 0 2 R R 2 R 401 2R i 43 591 8 (0.18+0.01) L (0.25+0.01) . (0.22+0.01) . (0.65+0.18) kg-hm™, [ —4]

AR ING TR FIR AR BT 22 57 2 3 (P<0.05) 0 T Il

Note: Ammonia volatilization and total ammonia volatilization loss of blank treatment (CK) at basal fertilizer stage, tillering stage and panicle fertilizer
stage are (0.18+0.01) , (0.25+0.01) , (0.22+0.01) , (0.65+0.18) kg - hm™. Different letters in the same column indicate significant differences among

different treatments at P<0.05 levels. The same below.
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Figure 3 Correlation analysis of ammonia volatilization flux and

NHi-N concentration in the surface water of paddy field
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Figure 2 Dynamic changes of NHi=N concentration in the surface water of paddy field
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Table 2 Yield,shoot N uptake and N use efficiency under different fertilization treatments

b FFT Straw FFHEL Grain T Lk i)

Treatment =4 Yield/(1-hm™) W% N uptake/(kg-hm™) 74 Yield/(t-hm™®) WU N uptake/(kg-hm™) Total N uptake/(kg+-hm™)  NUE/%
CK 7.22+0.17b 23.63+0.56¢ 6.38+0.41c 50.31+2.50d 73.94+2.50¢ —

CF 8.81+0.39a 66.60+1.86a 9.39+0.22a 83.66+2.49b 150.26+2.50a 31.80b
CR 8.31+0.41a 52.78+1.32b 8.65+0.01b 71.50+2.83¢ 124.28+3.83b 26.22b
HR 8.32+0.38a 66.18+2.21a 9.03+0.02a 82.96+2.29h 149.13+3.29a 39.16a
AR 8.34+0.23a 66.07+2.15a 9.07+0.08a 89.98+1.11ab 156.04+2.75a 42.76a
SR 8.34+0.44a 60.07+1.81a 9.05+0.09a 94.65+2.49a 154.72+3.49a 42.07a

R A T EEN ; WA AL B 2 6], 3 R e A R HR .
AR.SR A HE /) B A B CR A B 42 & T
20.0%~31.8% (P<0.05) . #5jifti A Ak B 20 28 A1 % 1)
70 Bl 26.229%~42.76% , 3 Fli# 5% 42 4 I HR . AR SR
AL BRI R R R R B 3 = F CF Al CR AR
LEA AU ISR AR , CF Ab BRI e 5>

21 891 JG-hm™(F3) . WAFM T, 3FMIERE A
AbEEHR (AR SR A Y & F CR AR B, H fy 5 3]
e AR>SR>HR. [Ht, Nak Rl kR AER ,
Jiti FH 385 A REAAARAIE T 255 3028, TR Btk 1
AR IR IREE A

R3 AEIMEEAENEZFME(T -hm™?)
Table 3 Economic benefits of different fertilization treatments
(yuan+hm™)
CEREY EINTRITES

Environments loss

3] P AERLAR

Treatment  Output Fertilizers cost

ERLON

Net income

M, M,
CK 15957 1 6 15950
CF 23483 866 18 708 21 891
CR 21624 693 11 433 20487
HR 22 576 1278 11 407 20 880
AR 22 667 995 9 344 21319
SR 22 631 1113 8 321 21189

3 g

3.1 AEENEAIEMEASELNFME

Tt 2 % 41 2 2 22 32 it Ut L T K NHG-N
WeEE R LR R pH SR R W
M 357381 AR 2% B - U RE AT K R IR A R
i FEE I, 3G A AL G IE AL FE HR VAR (SR Y24
P2 R (B CR AR PR3 R T 1.8% .20.2% .44.7%,
FLr SR Kb B R AV T R e A S 2 A A WG (LT A

1% WHART]

Jiti A A9 1~3 d B0, B R N 4 BERE S5 B 24 45 &
i AR S (E 1),

AN [r) it JEE B 1 7y 220 ki T DA (R 1), B
JIES 00 4 A PR R A0 R AR T 40 BE I T R A D R S
B8 )7 v L S ST a2 I WA =0
FERHET, B4y BEM SR T e i T 23 R R
FEARIA ) 2045 A HE R 22 5 B 3, mT BB I it DR R Y
SRR AR R I R R, X6 R0 3R 1 5 SR A R, T
b BRI ARG T N R BE B A A T 24 R R i
SFAE IR AR N H CRARH 345350 5 AR I
SR Ab B I 2 ARG 1 6 AR ST A0 4 e 30 %) e T 4
K (P<0.05) , #014k i E AR B R AL . HR
R B S v RS T 2L R B B & % I B B 451
HIREZEERIL N T BRE b 2# sl i 7 + 3k
it 6 1 ARG T R W RR G , T A K R 1 NHG
B 22 Ml A S S A TR B, DACTR 65 R T K NV
P02 LR SRR I BEIR AT O T S A
YA A VR, AT E AR R AR Bk
R W AR R, B R A, o
JBE B - S 2R Y [ RERE 7172, DA T 5 3 ik
ARG H R RIVR AT RE . S5 4, i XA H H K
NH:-N ¥ B2 sf 25748 Ak W I 2 B, 45 it AE Ah 31 HH T8 7K
NHG-N ¥ 15 % FH 204 % 0 o 5L B — S0 AR TR B
o RETARE G 7ENREOVE R KgAK i
) NH: . SRR A IS, 3 a2 A L AL 3 HR (AR .
SR H 1H 7K B NH:—N - 35 9 B 8¢ CR Ab BRREAIL T
5.5%~18.7%, VI RE (1) JEL PR J 3 RG34 52 A e 43 A
P JES AR B2 IR VA S5 I V6 P 0 o, L v g 7 B
B NHTE B RS A2 A 0 R I e &, DA e 380 4 4010 1
FHE S 58 12 6 0% B A HH 17 7K 2+ 38 pHL, £ NHEAS 5)
BEAL A 2R U R BB RS A 9 R K MY B, BRAIK
AT 7K R NV BER ) DT s A HE 2 i 0k o TR) B
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