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Effect of controlled—release fertilizer on the yield and soil ammonia volatilization of spring maize in northeast
China

SONG Zi—xuan', LI Hu', LI Jian—zheng’, YIN Cai—xia’, WANG Ying—chun', SHAN Nan*, WANG Li-gang"

(1.Institude of Agricultural Resources and Regional Planning, Chinese Academic of Agricultural Sciences/Key Laboratory of Non—point
Sources Pollution Control, Ministry of Agriculture/CAAS-UNH Joint Laboratory for Sustainable Agro—ecosystem Research, Beijing 100081,
China; 2.Agricultural Information Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3.Institute of Agricultural Re-
sources and Environment, Jilin Academic of Agricultural Sciences, Changchun 130033; 4.College of Resources and Environmental Science,
China Agricultural University, Beijing 100193, China)

Abstract: The impacts of applying nitrogen controlled—release fertilizer (CRF) on crop yield and ammonia volatilization from spring maize
systems are unclear. To provide clarity to this issue, we investigated the impacts of different fertilization treatments, i.e., conventional farm-
er’s practices (FP) (180 kg N+hm™), CRF180(180 kg N+hm™), and CRF144 (144 kg N +hm™), on maize yield of and ammonia volatil-
ization from spring maize systems in northeast China by using the Drager—Tube Method (DTM). The results showed that the characteristics
of ammonia volatilization were primarily controlled via fertilization and rainfall and were similar across different treatments. Peaks of ammo-

nia volatilization were observed on days 1~2 and 11~12 following base and top fertilization, respectively. The peaks gradually decreased to
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zero 12~14 days following the fertilization events under FP. However, there was a small amount of ammonia volatilization under CRF180

and CRF144 14 days after the fertilization events. The annual total ammonia emissions were 19.9, 23.8, and 19.6 kg-hm™, respectively, un-

der FP, CRF180, and CRF144 and were not significantly (P>0.05) different across the treatments. The ammonia loss rates accounted for
11.06%, 13.22%, and 13.61% of the nitrogen applied, respectively, for FP, CRF180, and CRF144. The maize yields were higher than 12 t-

hm™ for both FP and CRF144. There was no significant difference in agronomic efficiency between CRF180 and FP and in maize yield be-

tween CRF144 and FP. However, the CRF144 treatment significantly improved agricultural efficiency and the partial productivity of nitro-

gen fertilizer (P<0.05) and had a positive effect on reducing the labor cost. Therefore, the practice of reducing the nitrogen application by

20% in combination with applying CRF is a suitable technology for increasing crop yield of and reducing ammonia volatilization from spring

maize fields in this area.

Keywords: controlled-release fertilizer; northeast China spring maize; ammonia volatilization
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Figure 1 Nitrogen release rate of controlled release fertilizer
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Figure 2 Experimental set—up of DTM for ammonia volatilization
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Table 1 Nitrogen rates for different treatments

FEAEHBICA-H)  NOEREE)/kg N-hm™

AL H T - H )

NCGEAE ) /kg N+hm™ P,0s/ K0/

HEERTreatment i ation date(m—d)  Basic fertilization  Fertilization date(m—d) Top fertilization ke+hm™ ke+hm™
CK 04-25 0 06-27 0 75 90
FP 04-25 45 06-27 135 75 90
CRF180 04-25 180 06-27 0 75 90
CRF144 04-25 144 06-27 0 75 90
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PR AR R B, 43 3R 0.64~3.18.0.32~3.01
kg+hm™-d™, FP b 3 24 4% & 3 2 A8 AV I 7E 0~3.46
kg-hm™?-d" Z[A], FP.CRF180.CRF144 [ 34 4 #5
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Table 2 Cumulative NH; volatilization and loss ratio under

different fertilization treatments

Kb AR E/N kg-hm™ S Mat/kg N-hm™ fhi 2 R

Treatment

Fertilization Cumulative emissions  Loss rate/%

CK 0 40.07b —

FP 180 59.97a 11.06
CRF180 180 63.87a 13.22
CRF144 144 59.67a 13.61

T RAPRGIARNG FHFOR 258 5% RE K, T,
Note: Different lowercase letters in the same column indicate signifi-

cance of difference at 5% level. The same below.

22 EREMNEEXRFTERREIERMN M
2013—2017 4, 4% it 20 M8 Ak 38 i) K ™ 8 WA
i 225 5% (B 5 R it AR 4 #1 (CK) 22 5 2 3 (P<
0.05), W33, MULAH BRI AT e r
BEAEY ™ . M AR ZOok R S RRIE AL FE R
K FERATH AR B FP AL FRA 24 , CRF144 40 FRERE
$om T LA AL PR, (A TR FE I F FPARFE . CRF180
b R RUIEAR 2 B8R FP AR FRAR Y (£ 4) , {8 HAUIE I
He 7 SIS T FP AR FE ; CRF 144 4b FEEUIE AR 22 508 F
RN A7 T ¥ W 8 1 FP AL R, 22 Sk 31 B K
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Table 3 Effects of different fertilizer treatments on yield and its component of maize

b3 AT

Treatment  Rows per ear

Tk FERLEL

Kernels per row  Kernels per ear

THRLE /g
1000-kernel weight

AR hm FERE 7 B Grain yield/t-hm™

Shoot biomass 2013 2014 2015 2016 2017

CK — — — 315.33 7.92 9.60b 9.43b 4.77b 4.36b 3.22b
FP 17.4 344 598.6 351.33 24.41 12.76a 10.75a 7.84a 13.11a 12.73a
CRF180 17.6 34.1 598.8 349.67 25.17 12.78a 10.38a 7.72a 12.88a 12.57a
CRF144 17.6 34.7 609.8 343.00 24.06 12.73a 10.01ab 7.96a 13.31a 12.70a
R4 EREXNERBRRUENZIG
Table 4 Effects of different controlled—release fertilizer treatments on nitrogen efficiency of maize
i FHL R RIEAFRCE SR )
Treatment Grain yield/t-hm™ Agronomic N use efficiency/kg-kg™ N Soil N dependent rate/kg-kg™' N
CK 3.22 — —
FP 12.73 52.83b 70.71b
CRF180 12.57 51.94b 69.82b
CRF144 12.70 65.83a 88.18a

PRI ) LA 2 il 80 A 1Y 10%~60%", 1435 Hh 75
Tk A H AW FPL.CRF180.CRF144 4 FH 3K F A
NE 3% R MR 19.9.23.8.19.6 kg-hm ™, 12 R Ny
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T ) e P 4 K R L A RS AR LR R O
S R 2 5 AR R 16%~22% 045 5 WA T 95 05
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AT REAZ 45 ROR 950 S it e ot = T AN i o
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B K AT DA G R P R 2R RS R R, TR
FE FP 22 K Fa ik TR0 S RRIEA A Fra D i ik,
S B A i KO T 48 R I A 4 kw5 T FP Ak
B, 3 5 P S B A SRR IR A A P X .
[l it SR K T 2 & A R I 2 B it 2R A b 2
TR R SRR, SARR R A S8, A
TR A PO BRAL A A7 A — 8 W 2 R AR 3xX AT
fiE FH T 25 Ak P B AT B el 32 S 1L it A Ak B
AR A e A 3 A5 R 2R
3.3 FEEREXN HIESIEL T
RNEHEA K L AR, 5 5 | IR Rk,
]} 22 A AR BE PR 2R A5 . AEAS IR IG I ], Bt o Hof

] P 4R 26 )2 - K BB T REAIR , B BB K G 2
AR IE T, 52 A R B B — B .
BTN it A 25 A 0 K i 4 2 81 2k BT LARE
K E 29%~8%, [RIB, WM B ELWEHEL. FE
Kot AR B AE A 2, 32 )2 R R B AE 15~19 CZ [A] 5
FRAK T FP B R R I B 2 SRR IR 25~
35 Co I BE TR N B ) 24 (NH) 4k, {2 ik 2
SRR A 1) KA, YT EE AR, DR TS A, AN
FIF PR ZE KA, PRI = A NHL AP

T AU g B (R 4, B8 e e DL S AR
R 28 X6 24 R g A oY, AT e Je el ge rh , i — 25
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14.7%~20% , A< 36 CRF144 Ab B Ry 58 8 T H:
Zi L i W 1 = W N 7 N 1 = W G L S R
CRF180 b B S A AR 243508 Fl FP AL BEAH 24 | A [] it 6
IR P B AR I AL 20% Y CRF 144 4b B AR A& 2454
RGN A 7 135900 S T PP AL B, 22 7k ) g



2348

YREINCX ity 3755 108

FIKF-(P<0.05) , 3X 54T 4 A2 2R RY,
AT Y FAR AT 55 8 e = R &R R VED it e H afa
b, — MR AR Y8 . H AT A o ek
FEAR 1A HORK i R R A A N A7 7 T U 8 0
NE A IR o T RRAE AT DATE — R R4 AE R AR
YEPI A ZET R, IR R o B O SR
FRATW O AL ) — 2, W] LR P B — I it A
7R ECRBRAE Y = i DR 3R R BB R R
T HAT — B

4 it

(1) AR B0 45 4 B2 it JES AR5 T 5, 24
U ) 17 B it A S5 (R AR RSB AE ) 55 1~2 d V56 11~
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