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Ammonia volatilization in soil and grain yield of the spring maize under different water—nitrogen management
regimes

LI Zhen, SHI Hai-bin", LI Xian-yue, YAN Jian—wen

(Department of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China )

Abstract: To alleviate the nitrogen loss and non—point source pollution from ammonia volatilization, this research analyzed the response of
ammonia volatilization law and grain yield of spring maize to the different water—nitrogen management regimes. It is needed to seek a kind of
water—nitrogen management regime to save water, fertilizer and produce stable yield. A split plot design method is used in the experiment.

The main plot was irrigation quota with three levels(525, 750, 975 m*-hm™). The split plot was nitrogen application with five levels (0, 80,
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160, 240, 320 kg+-hm™2). Every irrigation quota had five treatments with different nitrogen application rate. There were fifteen treatments in

total. The field experiment was carried out in 2014 and 2015. The venting method is adopted to measure ammonia volatilization in soil and
calculate the ammonia volatilization rate, ammonia volatilization loss and loss rate. The results show that the peaks of ammonia volatilization
rate after dressing fertilization of the same treatment are larger than the peaks of ammonia volatilization rate after sowing fertilization in the
year of 2014 and 2015. The peaks of ammonia volatilization rate after dressing fertilization are 63.31% and 62.06% respectively higher than
the peaks of ammonia volatilization rate after sowing fertilization. The nitrogen application, irrigation quota, and the interaction of those two
elements all have highly significant influence on ammonia volatilization loss. And the influence of the three factors on ammonia volatilization
loss shows is the regime of nitrogen application>irrigation quota>interaction of those two elements. The average ammonia volatilization loss
of all nitrogen treatments after sowing fertilization are 5.71~13.95 kg+hm™ in the year of 2014 and 2015. The average ammonia volatilization
loss of all nitrogen treatments after dressing fertilization are 8.70~18.66 kg+hm™ in the year of 2014 and 2015. The total ammonia volatiliza—
tion loss of all nitrogen treatments are 13.90~32.21 kg -hm™ in the year of 2014. The total ammonia volatilization loss of all nitrogen treat—
ments are 15.45~32.99 kg-hm™ in the year of 2015. The treatment of W2N3 (W2.750 m*-hm=, N3:240 kg-hm™) can not only save water
and nitrogen but also can obtain high yield. And it can reduce the ammonia volatilization loss significantly. Considering the aspects above,
this research recommends the treatment of W2N3 as the best water—nitrogen management regime for experimental district.

Keywords: water —nitrogen management regime; nitrogen application; irrigation quota; ammonia volatilization rate; ammonia volatilization

loss; spring maize; grain yield
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Table 1 Initial soil properties of experimental plots

MR /mg kg

BHYUR/g kg HEEKER%  AERBU%  HPHR/mS-om’

H /g ke Wl fi A /mg - kg™ B3 mg - kg™
0.76 26.32 11.18 82.39

11.6 23.26 7.36 0.32
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Figure 1 The change of maximum temperature and minimum temperature in 2014 and 2015 in experimental plots
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Table 2 The design of experimental treatments

HEZKE#/m* - hm™

A g b

e o P L A SE g b B /kg-hm
2014-06-19 2014-07-08 2014-08-11 2014-04-17 2014-06-18
2015-06-26 2015-07-17 2015-08-15 2015-04-29 2015-06-25
WINO 525 525 525 0 0
WIN1 525 525 525 40 40
WIN2 525 525 525 80 80
WIN3 525 525 525 120 120
WIN4 525 525 525 160 160
W2NO 750 750 750 0 0
W2N1 750 750 750 40 40
W2N2 750 750 750 80 80
W2N3 750 750 750 120 120
W2N4 750 750 750 160 160
W3NO 975 975 975 0 0
W3N1 975 975 975 40 40
W3N2 975 975 975 80 80
W3N3 975 975 975 120 120
W3N4 975 975 975 160 160
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Figure 2 The influence of different water—nitrogen management
regimes on dynamic change of ammonia volatilization rate after

sowing fertilization in soil
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Figure 3 The influence of different water—nitrogen management regimes on dynamic change of ammonia volatilization rate

after dressing fertilization in soil
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Table 3 The variance analysis for ammonia volatilization loss with different water—nitrogen management regimes in 2014 and 2015

A SRR SS df MS F P-value F crit I
2014 it 3 374.10 4 843.52 1 640.81 1.18x10™* 4.02 o
KB 45.88 2 22.94 44.63 1.02x10° 5.39 o
it R e < R A 18.75 8 2.34 4.56 1.04x107 3.17 o
PR 15.42 30 0.51
SRS 3 454.15 44
2015 it 2R 3 484.84 4 871.21 4 682.31 1.83x10™ 4.02 ok
KB 40.69 20.34 109.34 1.67x10™ 5.39 o
it e < VR A A 13.87 6 173 9.32 2.34x10° 3.17 o
R 5.58 24 0.19
el 3 544.99 35

T % FORA R BRI 22 574 B35 (P<0.01).

Note: **Indicates highly significant differences among treatments(P<0.01).

& 42014 2015 FARARKREERA THARZRTMEREEERRIBRIMAR
Table 4 The ammonia volatilization loss and losing rate with different water—nitrogen management regimes after sowing fertilizer and

dressing fertilizer in 2014 and 2015

fhg BRI kg hm™ 2%
2014 FEHE 2014 B 2015 FEAE 2015 B0 2014 FEHE 2014 B8 2015 FEAE 2015 3B HE
WINO 2.25+0.19¢ 1.560.35j 2.13+0.17h 2.10£0.21m — — — —
WINI 5.55+0.31d 8.35+0.36i 6.41:+0.35f 9.04+0.18k 8.25b 16.98c¢ 10.70a 17.35b
WIN2 7.49+0.27¢ 9.94+0.46g 8.27+0.39d 10.42+0.37j 6.55¢ 10.48f 7.68c¢d 10.40ef
WIN3  10.32+0.42b 11.65+0.49¢ 10.70+0.44h 12.51+0.34¢ 6.73efg 8.41g 7.14ef 8.68h
WIN4  13.67+0.38a 14.030.45¢ 14.11£0.47a 14.64+0.31d 7.14cdef 7.79h 7.49cde 7.84i
W2NO 2.10+0.42¢ 1.66+0.11j 2.15+0.24h 1.7840.17m — — — —
W2N1 5.56+0.33d 9.15£0.1%h 6.32+0.25(g 10.300.28; 8.65b 18.73b 10.43a 21.30a
W2N2 7.55+0.35¢ 10.58+0.47fg 8.55+0.36d 11.71£0.32h 6.81defg 11.15¢ 8.00c 12.41d
W2N3 10.11£.61b 12.15+0.49¢ 9.6620.31¢ 14.050.41e 6.68fg 8.74¢ 6.26g 10.23f
W2N4  13.88+0.49a 15.52+0.43b 13.96+0.52a 16.49+0.31b 7.36¢d 8.66g 7.38de 9.19g
W3NO 1.85+0.20e 1.73£0.15j 2.19+0.25h 2.83+0.201 — — — —
W3N1 5.69+0.41d 10.74+0.23f 5.73+0.33g 11.17£0.17i 9.60a 22.53a 8.85b 20.85a
W3N2 7.65+0.34¢ 12.80+0.55d 7.52+0.32¢ 13.42+0.29f 7.25¢cde 13.84d 6.66fg 13.24¢
W3N3 9.94+0.39h 14.21+0.47¢ 10.26+0.36h 15.79+0.42¢ 6.74efg 10.40f 6.73fg 10.80e
W3N4  13.7520.49a 18.4620.20a 14.1420.44a 18.8520.26a 7.44¢ 10.46f 7.47de 10.01f

T ARV NE FRER R A R A 8] 22 57 . 35 (P<0.05) . 3 6 [Fl.

Note : Different lowercase letters indicate significant differences(P<0.05) among different treatments. The same as table 6.
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Table 5 The ammonia volatilization loss and losing rate with different water—nitrogen management regimes in 2014 and 2015

b 2014 ZHE LA K Filkg-hm™ 2014 S HE R HI% 2015 ZHE LA K Filkg-hm™ 2015 S H#E R I%
WINO 3.81£0.43]j — 4.2320.33H;j —
WINI 13.9020.651i 12.61Cc 15.4520.48Gi 14.03Cc
WIN2 17.4320.63GHg 8.51EFef 18.69+0.40Fg 9.04Fe
WIN3 21.97+0.75Ee 7.57Ggh 23.21+0.56De 7.91GHgh
W1N4 27.7020.70Ce 747Ggh 28.75+0.62Bc 7.66Hh
W2NO 3.7620.35]] — 3.93+0.33Hj —
W2NI 14.7120.631i 13.69Bb 16.6220.31Ghi 15.86Aa
W2N2 18.13+0.83Gg 8.98Ee 20.26+0.45EFf 10.21Dd
W2N3 22.26+0.73Ee 7.71Ggh 23.7120.37De 8.24Gfg
W2N4 29.40+0.79Bb 8.01FGfg 30.45+0.38Bb 8.29FGf
W3NO 3.58+0.45]j — 5.02+0.47H; —
W3N1 16.4320.60Hh 16.06Aa 16.90+0.37Gh 14.85Bb
W3N2 20.45+0.82Ff 10.54Dd 20.94+0.28Ef 9.95Dd
W3N3 24.15+0.93Dd 8.57EFe 26.05+0.43Cd 8.76Ee
W3N4 32.21%1.10Aa 8.95Fe 32.99+0.54Aa 8.74EFe

1 AN FERE FRERVNG FB:43 3 7R AN [a] A #8225 554 8. 35 (P<0.01) AL 2% (P<0.05)

Note: Different capital letters and lowercase letters indicate highly significant differences(P<0.01) and significant differences(P<0.05) among different

treatments.
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Table 6 The influence of different water—nitrogen management regimes on grain yield of spring maize and rate of grain increase

sl 2014 4FAFRL i /kg - hm™ 2014 4EHE 77K % 2015 4F AR B /kg - hm™ 2015 4E14 77 %/%
WINO 6 388.20h — 6 558.75( —
WINI 7 460.40fg 16.78 7 198.20e 9.75
WIN2 7 897.95¢ 23.63 7 703.40d 17.45
WIN3 8 688.60bc 36.01 8 428.80c 28.51
WIN4 9 035.10b 41.43 8 905.05b 35.77
W2NO 7 228.95g — 7 094.40e —
W2N1 7 953.45de 10.02 7 835.85d 10.45
W2N2 8 451.15¢ 1691 8 337.30c 17.52
W2N3 9 851.85a 36.28 9 551.70a 34.64
W2N4 9 744.30a 34.80 9 452.55a 33.24
W3NO 7 797.75¢f — 7 846.65d —
W3N1 8 344.80cd 7.02 8 361.00c 6.56
W3N2 8 809.65hc 12.98 8 944.50b 13.99
W3N3 9 572.40a 2276 9 599.70a 2234
W3N4 9917.85a 27.19 9 567.30a 21.93




YIEINCR RS Y 5 36 5% 4 H

806

,—-—,Aﬁ fg‘ y E\ "'A:[:/O S
R ' sn
3 itig

AT T 20142015 4 SLAE 2 B 5L 1
P AT A . FAE T2 FORIE RS A BT
FHRATWIHEAKET 1 d A, PR R AR BFSE 4
SRR, [ —AbFHIE AR IK 5 A0 2835 % BRI (E R
Tz A Bt A SENE 5 1 2 & iR, IF BB LS
AR S R AR TESS 2 d BRI, B
B AR AP B o 35 JR AN [R] 5 K S0 bR
RS LR M98 45 R — B0, G & V(L) H B R
KRR TR ET o A X RIS Y SR R — T
T2 T KPR B AR 5 37 B K, 4338 5 /K Rt T
1R, I AR T 1 3 T K 3 el SRR A 1
12.56%3 54 5] 19.68% , 38 it 1) AUNE LI 3 K i, 5
HHE T ENESR S BT, O R T
B0 S 45 AP o8 4 A 3ol 23R sk K ) WA {1, 1T e o )
] ) S, - B 7K 431 A ) W A Bl e ) A%, S 3R
JZ G IR MREAR , i A0 2 i o, Rt
DA AR, 15 2 AR, D)
— 7T, MEAKEIESE 10 d B SIRACH 13.71 °C,
B AR 24 0 B TR 23.62 °C, AR A T 3G
T I IR BGPTSR DT £
U IR SRR RS T A R ik
AR Tt A SRR AR K, I B SR I,
FOR T AR G 55 55 , SRUIE AR i o R A8, S e il R
I TR Z5 AR 20 it A SRR I 45 it 2 Ak B ) 3
KRR T AL S B2 R

R R E R RN SRR, EaE
RS R S A AR D RN it o T R
R R BR ™, AR, &l AP R
SR i B A il S ARG I | 453 % 3 0 B it
SR A 33 2 P TR e ROAE 1 EA R XS
S RN G | ) A R & IBREREK)E , A —jis
R A K E B B A A R A0 e TR B AR AR
Y T HARHE A B P X 2 B T K 2 B
PRE T R R, MG A AR, St K 2
TR G5 R AR o 2438 sl DU K e B it R )
ALK E 28 HAE AT B 2 R 3 R Pk i
A AN 23 ™ o X 541 P AN K AUV
PHT FH 25 R A0 R R AE A IF I 5 AL , 45 4 VR Tk
A R FRAETT K TR B 1 [R5 25 FAIR
T & RIR

(1)2014,2015 4 [F]— it 20 Ab BEIE BB 5 1Y 24045 &
TR R 48] 5 it ARG 1) 2 T 0 45 it 2
A P AR S5 Y- 359 B2 A0 R B e 45 it LA B A
FENE G WP S R R A

(2) it A TR A R 5 LA B R o 1R 52 B A VT
V1) - 98 S 2 A8 2 J (18 2 T 2 0 it 2R > T K
B>PIE ML HAEH; S E A E 3 LRk £
By it it 260 e (K B — ) P /K 0 Gt e e —
SE ) PR 07T 22 24 5 T 45l 2R Ak L A K 4 2 R it
SR A it 2 9 (K E B — ), BETE /K 2 A0 34
T i 3 it 20— ) o

(3)2014 2015 4K i A AL PR 1 T K AR 7 1
7 25 it SR A B T T MR AR T (K e B —E ) , Bl
HEACE B HE A MR RR OlA R — ) o SRR
IR F] 750 m*-hm, i &5 F 240 kg-hm™ B, 4k
SEE I K B Kt R B AU AN B

(D) ZEA B A PR UK & PR PR
R AR RN RN, HEAKE & 750 m*-hm i
AR 240 kg-hm™? (K Z AR A A BEAE REAR 2445 K 46
SR, R RESEER T K I AR RS B Am . i
TEZAL AT FH T 24 4 ) fe /K Ris B

S

(1] I R B RS 4R, 2008, 45(5):778-783.
ZHU Zhao-liang. Research on soil nitrogen in Chinal[J]. Acta Pedologica
Snica, 2008, 45(5) .778-783.

[2] B3, X242, AR [T, 5. &/ NE/H ERBIEER T RR IR
ARSI HEAOP R, 2002, 35(12): 1493-1499.

JU Xiao—tang, LIU Xue—jun, ZOU Guo—-yuan, et al. Evaluation of nitro—
gen loss way in winter wheat and summer maize rotation system|[J]. Sci—
entia A gricultura Sinica, 2002, 35(12) ; 1493-1499.

BIARIE R, G:4kis. PRI E A 22 AR LR R RE[T]. A4 755 IR
24,2012, 19(2) . 259-273.

ZHU Zhao-liang, JIN Ji—yun. Fertilizer use and food security in China
[J]. Plant Nutrition Fertilizer Science, 2012, 19(2):259-273.

[4] Asman W A H, Van Jarrsveld J A. A variable resolution transport model
applied for NHx in Europe[J]. Atmospheric Environment, 1992, 26(A ).
445-464.

[SIB/NRG FIEAR, i 48, 5. SRR G IEAEATR 1K 5 T &
PERFFERFSE ()], BRI E, 2010, 31(8):1937-1943.

HU Xiao—feng, WANG Zheng—yin, YOU Yuan, et al. Ammonia volatiliza—
tion of slow release compound fertilizer in different soils water condi-
tions[J]. Environmental Science, 2010, 31(8):1937-1943.

[6]5Kk Hi 2EME, 95 I7, & AT ME AN RO B TR
LBIER BT AL FRGERL A2, 2016, 35(6) - 1194-1201.



BB A R RS Z A FH 1] R R B KPR I B 807

ZHANG Chong, LI Xue—qian, SU Fang, et al. Effects of different fertil-
ization and measurement methods on ammonia volatilization of summer
maize in purple soil[J]. Journal of A gro—Environment Science, 2016, 35
(6):1194-1201.

(71 WNRG IR, IMELE, 5. ZERE G NERTEAIR pH 5 6 L h

FUR SRR A TAEAAR, 2009, 25(6): 100-103.
HU Xiao—feng, WANG Zheng—-yin, SUN Qian—qian, et al. Characteris—
tics of ammonia volatilization of slow release compound fertilizer in dif-
ferent pH values of purple soil[J]. Transactions of the CSAE, 2009, 25
(6):100-103.

[8] Li H, Liang X L, Chen Y X, et al. Ammonia volatilization from urea in
rice fields with zero—drainage water management[J]. A griculiural Water
Management, 2008, 95(8 ) : 887-894.

[9] Das P, Sa J H, Kim K H, et al. Effect of fertilizer application on ammonia
emission and concentration levels of ammonium, nitrate, and nitrite ions
in a rice field[J]. Environmental Monitoring and Assessment, 2009, 154
(1):275-282.

[10] AT, BEAIZL, AmAR T, R XA AN i) BUIE A8 A = U4

FAFFEREFT]. Al PR 240, 2013, 32(8) : 1682-1689.

YU Ying-liang, XUE Li-hong, YANG Lin-zhang. Ammonia volatiliza—
tion from paddy fields under different nitrogen schemes in Tai Lake re—
gion[J]. Journal of Agro—Environment Science, 2013, 32(8):1682—
1689.

(] Sk, FEREE, £ 25, S, PR B F K ik B (] G35 &
REMHRAFZ]. A 24, 2009, 20(11):2678-2684.
ZHAO Bin, DONG Shu-ting, WANG Kong—jun, et al. Effects of con—
trolled release fertilizers on summer maize grain yield, field ammonia
volatilization, and fertilizer nitrogen use efficiency[J]. Chinese Journal
of Applied Ecology, 2009, 20(11):2678-2684.

(1238 55, 2R, sk RF, 45 SRR UL T T X F ok LI N0
HERCFIZ 5 R RSN T]. A FREEREA 241, 2016, 35(3) : 596-603.
XIE Yong, RONG Xiang—min, ZHANG Yu-—ping, et al. Effects of re—
duced CRNF applications on N,O emissions and ammonia volatilization
in spring maize soil[J]. Journal of Agro—Environment Science, 2016,
35(3):596-603.

[13] JERR . BRI 116 5. % o) U B B A A XY 5 K 1

SRR R AR SE AT AL E IR SRR, 2016, 22(6)
1449-1457.
ZHOU Li-ping, YANG Li-ping, BAI You-lu, et al. Comparison of sev—
eral slow—released nitrogen fertilizers in ammonia volatilization and ni—
trogen utilization in summer maize field[J]. Plant Nutrition Fertilizer
Science, 2016, 22(6) : 1449-1457.

[14] TAAAL, EAEL B 52, 55 OB AE X B oK T3 R 1Y
S]] A0k TAREHR, 2009, 25(4) :41-46.

LEI Yang-li, WANG Lin—-quan, XUE Liang, et al. Effect of altemative
irrigation and fertilization on soil ammonia volatilization of summer
maize[]]. Transactions of the CSAE, 2009, 25(4 ) : 41-46.

[15] LR, AL, AREI. 1 KHEMERR FH 35 R PR S K 2R ().
Alb TR, 2009, 25(8) : 35-39.

PENG Shi-zhang, YANG Shi-hong, XU Jun-zeng. Ammonia volatiliza—
tion and its influence factors of paddy field under water—saving irriga—
tion[J]. Transactions of the CSAE, 2009, 25(8):35-39.

[16] £ A&, T3, T30, 55, fiEUKP-xt 7= 22 H 3l s g
ARG AR R IR AT DL AEAS 4R, 2006, 17(9) :1593-1598.
WANG Dong, YU Zhen-wen, YU Wen-ming, et al. Effects of nitrogen
application level on soil nitrate accumulation and ammonia volatiliza—
tion in high—yielding wheat field[J]. Chinese Journal of Applied Ecolo—-
gy, 2006, 17(9):1593-1598.

[17] Wang G L, Chen X P, Cui Z L, et al. Estimated reactive nitrogen losses
for intensive maize production in China[J]. Agriculiure, Ecosystems &
Environment, 2014, 197 :293-300.

(18] B, X2, ELbest, 45, HiR] L ea & i s Anil e . 8k
[J]. P E SR SR, 2002, 8(2):205-209.

WANG Zhao-hui, LIU Xue—jun, JU Xiao—tang, et al. Field in situ de—
termination of ammonia volatilization from soil : Venting method[]].
Plant Nutrition Fertilizer Science, 2002, 8(2):205-2009.

(191w & 8 F 8 AR E KRR IR E ]
14, 2008, 40(6):930-933.

ZHOU Jing, CUI Jian, WANG Xia, Effects of red soil moisture on am—
monia volatilization of urea[J]. Soils, 2008, 40(6):930-933.

[20] B o, BEaVe, HEETR, 55 ASFIRAEAL BN /N2 20 + 2 HE K 3

R S HSE AR Z BT A 3R SR 244l 2016, 35(10):2011~
2018.
XIAO Jiao, FAN Jian-ling, YE Gui—ping, et al. Ammonia volatilization
from fluvo —aquic clay soil and its influencing factors during wheat
growing season under different fertilization|J]. Journal of A gro—Envi-
ronment Science, 2016, 35(10):2011-2018.

[21] 2538, D, XUIT B, 5. AR B 3 K H (6] L iesd %
R A 40, 2000, 19(1):307-314.

LI Zong—xin, WANG Qing—cheng, LIU Kai—chang, et al. Law of field
soil ammonia volatilization in summer maize under different fertilizer
patterns[J]. A cta Ecologica Sinica, 2009, 19(1):307-314.

[22] B L2L, IR, IR, 55, NRDKEUE BT RS 25 R I R Rk
KA. Aol TREEHR, 2012, 28(11):99-104.

YANG Shi-hong, PENG Shi-zhang, XU Jun-zeng, et al. Characteris—
tics and simulation of ammonia volatilization from paddy fields under
different water and nitrogen management|[J]. Transactions of the CSAE,

2012, 28(11):99-104.



