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Effects of blends of controlled—release and conventional nitrogen fertilizers on nitrogen utilization efficiency

and gaseous nitrogen loss in summer maize cropland

CAO Bing"*, GAO Wei"**, LI Hongjie’, WANG Xuexia"*, WANG Yuxia®, GU Jialin"*, NI Xiaohui"*, LI Zishuang™

(1. Institute of Plant Nutrition, Resource and Environment, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100097, China;
2. Dezhou Academy of Agricultural Sciences, Dezhou 253015, China; 3. College of Resources and Environmental Sciences, Hebei
Agricultural University, Baoding 071001, China; 4. Beijing Engineering Technology Research Center for Slow / Controlled—Release
Fertilizer, Beijing 100097, China)

Abstract : Summer maize is an important staple food crop in China. The Huanghuaihai Plain is the main production area for summer maize,
and stabilizing the planting area and yield of summer maize is of great significance for ensuring national food security. Adopting high—
efficiency nutrition management practices is critical for maintaining summer maize yields and for sustainable agricultural development.
Controlled-release fertilizer is a novel nutrient—efficient and environment—{riendly fertilizer that can provide available nutrients in the soil
at controlled rates or concentration levels required for crop growth while maintaining the nutrients for a longer period. Controlled-release
fertilizer can promote crop yield, simplify fertilizer application, save labor, improve nitrogen use efficiency (NUE), and reduce reactive

nitrogen losses by better synchronization of nitrogen release and crop uptake. To determine the effects of the blends of controlled-release
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and conventional nitrogen fertilizers on summer maize yield, nitrogen utilization efficiency, and gaseous nitrogen loss, ammonia (NH;)

volatilization was measured using the aeration method and nitrous oxide (N,O) emission was sampled using a static box and measured by gas
chromatography. A field experiment was conducted using the summer maize cultivar Zhengdan 958, and five nitrogen fertilizer management
treatments were established: no nitrogen fertilizer (CK), conventional nitrogen application (FFP), optimized nitrogen application (OPT),
blends of controlled—release and conventional nitrogen fertilizers with 30% coated urea (CRBF30), and blends of controlled—release and
conventional nitrogen fertilizers with 50% coated urea (CRBF50). For the CRBF30 and CRBF50 treatments, total nitrogen was applied
simultaneously as basal fertilization. Summer maize yield, NUE, NH; volatilization, and N,O emissions under different treatments were
compared. The results showed that blends of controlled—release and conventional nitrogen fertilizers (CRBF30 and CRBF50 treatments)
increased the yield of summer maize by 1.4% to 2.9% compared with FFP treatments (P>0.05), and a stable yield of summer maize was
achieved under the conditions of nitrogen reduction and one—time fertilization. Compared with FFP, the nitrogen recovery efficiency (NRE)
of the CRBF30 and CRBF50 treatments increased by 8.4 and 11.1 percentage points, respectively, with a significant difference in the
CRBF50 treatment(P<0.05). Nitrogen partial factor productivity(NPFP) of CRBF30 and CRBF50 treatments increased by 8.87 kg-kg™ and
9.86 kg kg (P<0.05), respectively. Compared with FFP treatment, NH; volatilization intensity and cumulative NH; volatilization loss of the
blends of controlled-release and conventional nitrogen fertilizers (CRBF30 and CRBF50 treatments) were reduced by 71.9%-73.5% (P<
0.05) and 71.59% —72.66% (P<0.05), respectively. The N,O emission intensity and cumulative emission were significantly reduced by
34.5% - 41.4% (P<0.05) and 33.7%—37.5% (P<0.05), respectively. In summary, blends of controlled—release and conventional nitrogen
fertilizers can help ensure stable summer maize yields, improve NUE, and reduce gaseous nitrogen losses.

Keywords: summer maize; blends of controlled-release and conventional N fertilizers; nitrogen utilization efficiency; ammonia

volatilization; N>O emission
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5P/ NE YRl P el = o 1 L TR AE S PR 9 O PN A B
FWELEAAREEE L, EF AR AT
SIS Al A 7 57 Bl e B i Ak () R
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(37.44°N, 116.30°E) , Ja& 5 K b 1 28 R fi, A2
YIURE R 12.9 °C, 453 H BRI A 2 592 h, 4R - 4%
Wk 547.5 mmo. H E KR F W FE N O 468.5
mm , A 58 ST AR o0 A DL A 1 e b -
W11 ,0~20 em BF)ZE T HEFRPROL: THEpH A 8.40, A
ML 5 13.31 g-kg', A & 7 0.80 g- kg, A3 A4k
1R 28.66 mg - kg, HUAH i 170.35 mg - kg, R
A 531 mg-kg'.
1.2 iR¥&& T

FH ()3 36 e 14 5 4 it AL A L, 4 5310 A A it 2% 1
(CK) , A A, Fits i A ; & it &0 (FFP) , Hoip
B 1/3 V8 M AR, 2/3 FHF Ml Wl 38 A8 ; 48 16 it
(OPT) , Horb BUIE 1/3 4F iR e , 2/3 - R M WU 11 38
NE 5 55 30% B IR 2R I FERRAB IR IE (CRBF30) , 5 B A
o7 St LR 1 30% , R — IR PEREIE 5 7 50% ¥R IR
Z A BB IR L (CRBF50) , 45 B 2 o A it 280 1 10
50% , K FH— R PRI o I 3 R ROk PR 2 (3% N
46% ) TP R A BRI IR 2 (5 N 44.7% , W1 BRI
F0.52% , A % Z2FURH80% I i8]y 62 d, Hidb 5t
TR 2B ) 77 5 RIS T i A ) , &4k
PRBEAE (105 kg hm ) FIEFAE (135 kg-hm™) F 2 AH A
Tl B N T ok B PR S (25 P,0s 46%) , B AR M B R A0 (5
Ka0 52%) , i e 4 ik it , it R SR 1. B

F1 HETE(kg-hm™?)
Table 1 Nitrogen application scheme (kg-hm™)

Qb3 Treatment SENE Base fertilizer iB I Topdressing
CK 0 0
FFP 80 160
OPT 70 140
CRBF30 210 0
CRBF50 210 0
401
35¢

S Air temperature/C.

UJM.LU\H

AFR 3 WAL, 15 MEK/NX /MK E AU 42 m?, B4
ANXAPAE 74T EOK CRBENLIX A i1t H E K
202246 1 10 HOLFE (747) ,10 7 13 HIlloik , E oK
il FPA R 958, B HKAE H i I M TRt A AL L 3B
JE PR 2R W0 SR A o B E KR BRATHE R 23 emx60 em,
FFE/ N RE AT A5B30 FH , FH fa)4E E2 Y A R ) ft.
1.3 BEESNERE
1.3.1 BH A7 &

FESE FORWORI, A/ N 38 B (B PR A 7 AT ARk
[ 20 Bk FOK AT TR, K FOKBESE T 5 X
B, I E T KRR SEBR K &L T A oK B i
149% V15 B KK A R f 5 o
1.3.2 W AU A RUIE A R

A BRI BN X K I 5T 3 bR EOK 4
JIT BCHA AR AR 43 R i R (5 S ) AROR P LA 000 2 A PR 5
R, FESLE T HEAE 105 €47 30 min, 75 C R4t
Z R EE PR AR B S BORE 3 A, R A S TR
HLAR 4= BRI 06, P FH /N BB RE AL 20 85 15 5 BURE 2
BT, R LG R e A i A

RIEIR A FH (NRE, %) 355

NRE=(N.-N,)IN (1)
2 NN 2 550 Ay it 280 DX AT it 20 DX B B &R
FUE A kg-hm?, N A 4 )it ZUE kg hm ™,

RIEL AR (NAE) H AR

NAE=(Y.=Y,)IN (2)
2H Y A Y 5350 i S X R B IX =4 kg - hm 2,

BHEM A 77 F1 (NPFP kg-kg )i EAR

NPFP=YIN (3)
AP Y SR kg-hm 2,
1.3.3 &35 % 1 NLO HE R

- 38 NH3 48 & SR B3 A el AR e
1100

@ ¥ Temperature

mmm %7K 45 Precipitation 180

160

140

[# 7K & Precipitation/mm

05-30 06-30 07-30

08-30 09-30

H ] Date
E1 EEREKEFEKRWEEERE

Figure 1 Precipitation and temperature during summer maize growing period
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AR PVCAE (N 16 em, 55 20 em) HIFETI AL, EF
Wi, E AR B A IS om, WE IR P B
JEREEI N2 em  EHAA N 17 em 4RI 512 DIss s H
AW, B TRRE T, N 2B B IS em, b
J A A TR AR, 24 F T W - S 45 2 )
NH;, b JZ 28 H T B 1k 25 S 9 NH fOR 2R HE A S
Jiti NI 7 BV iR A 7 38 NHL 4% & B0 A2 , B U URE it (1]
128 E 1 8:00—9: 00, HURE I {SOHE 256 B 1) )22 T 44
B A B e IR E 5 —PUR R BERR T i T
4, L2 AL TR O 3~5 d B — Uk, PR UETR
Mo FERUAE S 1~2 d BURE— K, Bl S5 A0 W I 31 A
AR ERER3~5 d— IR AEFHRRKET~10d, HE
AR A K R AERFTEARMRACOY 45 R I, 5 5
[ By T 245 5 0] 52 86 28, <7 B2 M 7E 300 mL 1 mol - L™
B KCLE W, k3% 1 h, Bifi s AR 80 40 BT {L (AA3,
Bran+Luebbe, 8 [E ) Il & R IR WS AT &, 115H
i (I

Fa=[ M/(AxD)] x10> (4)
Ko Py B2 L AR kg -hm™-d™ 5 MO AR
BB URINAS A NHG-N i, mg; A Al IR2E B 1Y
R, m® s D N RRUGE LA AR BT ],

AAV = 2( Fi+12+ Fi) X (ti+]_ti) (5)
i=1

AP AAV I E NHs BRHERCE (AN ) kg hm™?;
F SR 585 1 00 5 B NH P HE B B2 5 20— 0 575 £ R IBURE
BN+ 1 IR M) B KR, d o

No O HE I H R FH A5 W5 A0 — R (i e b A TR
AR5 TR AR HE PR AR A RS S A A A A
R EHAR31.5 em, 55 60 cm ¥ PVC [FFEE |, #2546 41
TR R AR, R A FRIAE . F AR I AR B
A A EFRLVE ) SR R A -2 10 em IR,
YA Fsf 80 IV 0 MR K, A A B T /KR TG A Hh
JI 2 P 25 ) B 43 0 A 0B AR F IR 956 0.5.15.30
A3 20 mL 7 S g SCEE AR N SR IF AT A 10 mL FT
ST S RIS & F/INK e /N XSS
AR IR E SR T AW IE IS FF LG U, RSB
IF] 4 S B B E2F 9:00—11: 00, it I 5 ¥4 7 J i 5 %
LB 1~2 d), FiF 7 d— R (FERFE 18 K)o
TEAURE R 1 [R] B 30 57 10 em I8 1 3800 B F H 38 5
K R R R A 3 K R A R R i SR
1 (BS3132, bt WA R A w) ) W | AN b BEAT 3%
—ANKCE 1A IR A E Y. AR
T4 (HP689ON , Agilent 28 ] ) il % T 25 S H A9 NLO

WREE M N2O V& JEE 1 A6 I 25 A HL 7 4 0 A )
(ECD) , 22 I B A 330 °C, i H: R Porpak Q 3H
FekE, FEE 70 °C.
NLO HEBGHE S A
_ VYV AC 273
A R v TET

YRy (6)
s Fyoo 9 NO HERGE 5, pg - (m*-h) ™' 5p Fonbn e
RETARMERE , g-om™; VIRFEFE AT, m*; A N
SFREIE N IR AR, m? 5 Ac/Ar R AR BYHERGHE
R TR RAERTFE I E YR L °C, NLO HERGH & (3
1B 9 B KA N A D 9 S AR S-S50
N.O RFRHE R A

ANE:i(F"”;F")x(tH.—z,»)><24 (7)
i=1

A ANE 30 E N.O REHRICR kg~ hm ™5 F o260
Y 7 B NLO 1 JSC i ot

NHa/N.O % & 8% HE il 5 BE (Elwi,no, kg - ") FIHE
TR T (EF N0, %o , o 280 Y FEA) SR R iR A 5K
.

Elnu, im0 :AENHg/NZO/Y (8)
AEx-AE,

N

o AE w0 245 b B NHL/N,O 19 2R HE R kg -
hm; Y277 5 t-hm 25 AEN R AE, J2 it %8040 3R G &
XF HR AL FE NH/NLO (1 R AR &, kg - hm™; Ry it &
i, kg hm™,
1.4 ¥R IE

K Excel 2013, Origin 8.5 8 {4 47 5004 ik 38 F01
EITE 25l , A7 5546 34032 FH SPSS 22.0 34 i1 7 B[R]
B 250, 25 B EMKT- R 0.05 K-

2 HRESH

2.1 EEREKRFEMRERNAME

fitn R AR R T R OK T, TR A
16.5%~17.1% (P<0.05) , Jifii 2 &b B ] W] JC & 2% 2% 5
(F2), 7] W B TR AL 4L 3 (CRBF30 #11 CRBF50) 7E
IR AR T AT R RS IR

ANt R0 BEAH L it 0 i T B R ORI
L AL 22 AR (R 2) . 5HE A (FFP
Ab B ) A HE , A4k it L (OPT 4 B ) 0 4% B¢ 15 1R B
(CRBF30 #il CRBF50 4b 3 ) B 7E— @ PR B L4 1A
HEF) 2% (F2) . 5 FFP 4L BEAH H , CRBF30 Fil
CRBF50 4b 3 11 0N W ORI FH 238 0 Sl 4 v 1 8.4/~
111N A 43, Herp CRBFS0 40 F 22 53 8 2 (P<0.05),

EFyu, N0 = X 100 (9)
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R A 7= 9143 8 55 T 8.87 kg - kg™ 19.86 kg kg™
(P<0.05),
22 R|IEE

Jiti SENE T, A Ab BRI AESS 1R B2 4 R R
U il ZEU AL 3L A 2 R A I 2 v T A it Uk R (T
2a) , FFP 4b 3% 0 #2 & 3R 2 A ey, 3¢ CK AL 313
150.5%. 1EJiti & 4k B, CRBF30 Fl CRBF50 4k F 45
FEP Qb BRI T 2045 R R (E, T A A 3 ) 24 4%
REBAFLE6 dJG BT VR B RO KM T a e ),
FFP 55 OPT &b 3 [R]AE 7 55 1 %t 90 20 45 & 0 (1A
2b)  JFFEIB B S 5 4 RIF IR & T P42, CK.CRBF30
F1 CRBF50 &b 3 A Hh B0 2 45 % e 0, 5 T I 22 S /N
FUAX AR . &b 380 22 15 % 38 s W (AT 88 LA FFP
b PR N f v L & CK AR PR AY 15.5 4% Hout 25 T CRBF30
FICRBFSOALEE, FFP 1 OPT &b FE7E 8 A 1Y 2 4% &
3 AR = T ARAE I, T 45 BB IR IE AL B (CRBF30
F1 CRBF50) 78 5 1 KA A= 7 A 19 2044 ol 3 34 4

FEAERARAKOT, T B 8l

5 FFP At , CRBF30 il CRBF50 4b F & 2 [ A%
T E FOKRAT N LR (R 3), BEiR 51 R
71.9% #173.5%(P<0.05) . 45 ita A AL B 11 2 15 K RN
1 2 £ % I FFP>OPT>CRBF30>CRBF50>CK ) #
o Hrp FEP AR BEAT OPT Ab # 1%) SRR 4% A 4 2k 3
CKALFE &80 1 11.35~13.59 kg-hm™>(P<0.05) , 1
W 35 317%~379%, T % B 2 18 JIE 4k 3 (CRBF30
CRBF50) 5 CK A FRAH L4 0 i 35 22 7 (P>0.05) . 5
FFP A Et , OPT . CRBF30 il CRBF50 Ab ! (1) B L4 4%
KA IS 43 2 AR T 13.04% . 71.59% 1 72.66%
(P<0.05) . £ Jita 0 Ak 10 2 45 & B 2k R F- 78 0.5%~
5.7% Z A, Horp 4 BB IR AL ALK 0.5%~0.6% , T
AR LU ey, 2 R A S BAR . w] Lt P4
FRABIRNE 0T B S R KA B W 1 Ak
WEF = T RUE A FHR0R Ol /D T 235 & X IR BE 1 %
MIfEH .

F2 FEMARRHRARE

Table 2 Yield and nitrogen use efficiency

= Wt 4 A I Sk
s o VR E T e FURBE™
Treatment Yield/ Nitrogen uptake/ N rec ficiency/% N agronomic efficiency/ N partial factor productivity/
reatmen (t-hm™) (kg-hm™) recovery efficiency/% (ke-ke) (ke-ke)
CK 11.53+0.32b 133.6x14.4h — — —
FFP 13.40+0.32a 212.6x11.1a 32.9+4.6b 7.81x1.33a 55.85+1.33b
OPT 13.50+0.80a 213.0+9.87a 37.8+4.7ab 9.40+3.80a 64.31+3.80a
CRBF30 13.59+0.51a 220.4+6.81a 41.3+3.2ab 9.82+2.42a 64.72+2.42a
CRBF50 13.80+0.35a 236.1+9.93a 48.9+4.7a 10.81+1.69a 65.71+1.69a
W AR NG FRERIRAL B2 B 7E 5% K7 F 22 2. T,
Note : Different lowercase indicates the significant difference among treatments at the 5% level. The same below.
~ 907
2067 (a) T (b)
7 L <75 i
‘TE 0.5 ‘E .
= =
¥ 04 ig & 601
=y 23
KE 03 W 45
& iE
Z% 02 Z 3 30r
o =
< —_ -
< ol s L5
= T
Z oL, . . . . . . Z 0f . . . . . . .
07-05 07-08 07-11 07-14 07-17 07-20 07-23 07-26 07-28 07-31 08-03 08-06 08-09 08-12 08-15 08-18
HIH Date H i Date
-O-CK —& FFP —~~OPT -#® CRBF30 -O- CRBF50

i Sk FOR ML E . R
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Table 3 Ammonia volatilization loss of summer maize

growth period
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Table 4 N,O emission of summer maize growth period
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