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HEBRANBIRILE, WREREE IR AR

IS
w

#z1

BRI

1.1 AREXER

AWFFE T2009—20 1 14F B 7E 75 bR b3 £ ok
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FA A B BB, 20104F4 K58 430 5 7E 28
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J7 EHEAE2010120 1 13% 22 P 4F A4 56 T 40 [ HH B
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Table 1 Air temperature and precipitation of the field experiments during spring maize growing season

A& Air temperature ( °C)

[#%7K Precipitation ( mm )

AEy s
Year Site 5H 6 7H 8 94 104 51 61 A 8 9”4  10H A
May  Jun. Jul. Aug. Sep. Oct. May Jun. Jul. Aug. Sep. Oct.  Total
2009 JEZK dFanjiatun 182 19.0 223 23.0 162 8.4 28.5 1252 1232 64.5 142 20.2 426.6
P K diTaojiatun  18.2 19.0 223 23.0 162 8.4 28.5 1252 1232 64.5 142 20.2 426.6
ZUB Lishu 18.7 19.7 227 234 167 9.0 32.0 85.0 121.0 49.0 3.0 350 374.0
2010  BgZKdiTaojiatun  16.0 23.6 23.1 21.8 168 6.8 162.0 30.5 276.3  205.9 7.9 41.0 765.8
4R Lishu 16.3 242 23.6 223 15.1 7.4 104.0 19.0 235.0 214.0 2.0 58.0 667.0
2P Xinglong 159 239 23.0 216 152 63 122.3 50.5 233.8 131.6 5.6 303 6153
J7 & Wanchang 15,5 23.1 228 214 144 6.4 107.0 36.0 386.0 220.0 8.0 50.0 877.0
2011 M Xinglong 153 209 243 229 155 9.7 61.1 82.3 1943 69.1 10.0  16.2 4445
77 & Wanchang 143 20.1 239 21.8 14.4 8.8 109.0 127.0 258.0 98.0 21.0 30.0 665.0
B> 201047 . 8 H M B ERZ . X (CK) , (2) 100%%i#IRE (CRNO% ) ,

A SRR 35 R 24 b AR R OK R R, R Y
H76.0 x 10%khm ™, AR FEAESH LAaHER, 10
A EAWOR, EEMAE150 ~ 160 dA 4. #5385 H
ety Jeml ek . EOK SRR AR F I TR 2,
1.2 Rt

MR 23 SRR B, 35 (1) AR

(3) 15%EBAMN+85% W #EIKE (CRN15% ) ,
(4) 30%EBRAM+70%EEIRE (CRN30% ) ,
(5) 45% ¥ BAN+55% %@ JR £ (CRN45% )
25 il 280 A 3 O it R B AR R) o SR O EL AR AR O
R EERANEREBR LG, &5 55%
SRR B RIRE X F KR AR5
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Table 2 Initial soil properties, maize variety and growth period of the experiment fields

A LB L B — — AEM
Ay 5 + gAY Organic Alkali— A Growth
pH Total N Available P Available K
Year Site Soil type matter _, . hydrolysable N » » Variety period
B (gkg . (mgkg") (mgkg)
(gke™) (mgkg™") (d)
WHRL At 4Hg
2009 6.50 22.3 1.70 135.9 14.6 130.6 157
Fanjiatun  Black soil Jundan 8
M R Bt g
6.32 19.8 1.63 124.8 17.3 124.5 157
Taojiatun  Black soil Jundan 8
ES ) et 5958
5.71 20.1 1.23 110.1 21.6 99.8 155
Lishu Black soil Zhengdan 958
W R et 62
2010 4.85 22.3 1.38 138.5 343 140.7 147
Taojiatun  Black soil Yinhe 62
) Bt FEE335
5.50 17.6 1.25 161.4 30.4 119.2 152
Lishu Black soil Xianyu 335
el Rt #5958
5.06 27.0 1.72 158.2 21.0 135.2 150
Xinglong  Black soil Zhengdan 958
JTE SESH #B 958
4.81 20.9 1.30 132.0 33.7 85.4 148
Wanchang  Ablic soil Zhengdan 958
Pl Rt REL
2011 5.06 27.0 1.72 158.2 21.0 135.2 158
Xinglong  Black soil Liangyu 11
TiB SF: & H 958
4.81 20.9 1.30 132.0 33.7 85.4 159
Wanchang  Ablic soil Zhengdan 958
K (9.0~10.5 t hm™) RIS R LIBIRIPRAL LR

WA . B, BIE =5 BN 185 kg hm™ . P,0;
87 kg hm 2 HIK,0 52.5 kg hm™ 2", AHF5% i 45
BAMNEN 44.5%, HREMNZ60 d, Biihd s
B, EEIRESN 46.4%, B0 (G BERRES ) &
P05 12%, #IE (& LH ) &K,0 60%., AR .
B FPAEE T EORFE AT — MR . /D X TR
H40 m®, WIWHEL, FHLIXHHES] . BRIk
it A it A1, At P )45 B 48 5 20 b g B T AR
Fr—2.

1.3 MEmMBERA%

2510 il R O A SR A R S B A
kg —it A7 . i EERE AR A P A A 515
B0 ~ 20 em#MF)E T, SEUG XU A 07 S R
BRI E (2. pHRK L K2.5 0 1, pHIFE;
AR HERRIP AR 2EARAEHEI K
B — AR UERR T AE 5 DU AR IR 4 ik — pn iR
W5 s B 0.5 mol L' NaHCO /542 — FH %4
Pk ; SEAI R mol L7 NH,OAcHE42 — 'k

PR A KR TR B RS 7 A kPR 2R A
B3R S AT, 2 N 20094E5E 5K . 2010
AR AN 201 1AE 4R o ST W ICA AR MR 10
PREAR A bRm . 2200, A BOR 4 R A AR X
{H (SPAD{H ) , B2 I8 A OR AR A . BB KR
ORLEE A ISCER B IGE Je P [ 300 B SR o R R
S AFARRAG Y, RDRCEIORT R 5 o R R R PR Y
1ORE T R AR (] 512 30 3 el A5 0 XU B B AR A

A5 WO I X B AN X R AT B AT
AFAFRL P B . 205 3R 7 BT b, KR FIE R
452009 2 201 VAR I F 3 ks 3158, B Ky
1.87C kg™, BBAMA3.1IC kg, HHERE R2.1
76 kg, EBERRES H0.455C ke, EALE N3.000
kg™ AH FEAS T 0 B, A5 it 204 304 A ER 2
8 7 Rl 25 38 A A S IRAS TS L e
Jit JE L B DA S 8 MR AR SRS Y T
HEMNAR A= 7= 71 ( Partial factor productivity of N
fertilizer, PFPN ) X} T K ZAEF] R I TRAE
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RIEMAFE T (kg kg™ N) =i ZALH F ok =
(kg hm™) /ifiiE (N kg hm™) o B4, 5884
it AL FE A EOK 1) IR R MAE R (Contribution
rate of soil N, CRSN) , THRZKER (%)
= RNt & X Tk (kg hm™) /it & X oK 7 i
(kghm™) ',
1.4 BUESITH

FT A7 50 EHE ¥R FH Exce BT 5, H
SPSS17.08 A AT Geitor b, R B 3R J7 2200 B
He3s 45 it HE A BRB] 75 p = 0.05 7K~ b ff) 25 55 8 1

2 % R

21 ERBRAERBELEAMEERETHERELE
B9 %2 M
FH ] A R, B FORI IR bR e . 25
M R BOMSPADE 7R 25 24 it (£3) . Kl
PR AEIBIR LGN, 2009435 % W 5 5 oAbk
RS BTE, fECRN4S%ALBRIA B e, 1Hi20104F

BB RN 201 VAE 26 RE ASR S A2 AR WA BT . 341k
I TR ZERE B AR B IR L) A8 fh sf 4 oK e 0
W 2R M R RSP ADAE AE &K 5 rp B 2 B
RNCHBIR LA A 3 I B P 2282 15, 20094F 1 5 T A5
W I8 B 75 15 TR L9 4 309 15} 458 CRN O 9% Ab B 26 3
B 2ES, 20104EUR s A0 IAEB IR LU B2 30%
5% B & 25 5, 201 14E 240 S N 7EBIR L
BISh30%H} . g5 R R, HnERAES
RIEHI e R T AR A K AR, THERE
Bt %5 FSPADAE .
22 EREEBELGMEERTENEM
ATEFM T, 9 lE & £ oK 73 7 &
H}16.81 t hm™ (F£4) o BR20104F M KA, 4K
B e A SR ERS . AR E Tk
7 B 4 R AU A8 T LG 0 1 4 R B T
P, BAK LAEBIR LHIE T 15%)5 0w A2, 1E
CRN30%4b ¥E3K B f 5 19 10.12 ¢ hm™, E1EIR,
% EAKIECRNO% . CRN15% . CRN30%F1CRN45%
Ab PREE CKAL B2 43 B3 722 325, 2 946, 3 302

K3 ERZARBRILAMEERKTHERLZENZI

Table 3 Effects of ratio of controlled release N fertilizer and common urea on growth of spring maize at the jointing stage

AE{y M b3 =1 E-il %k SPAD

Year Site Treatment  Plant height (¢m) Stem diameter (cm ) No. of leaf

2009 JEF W Fanjiatun CK 45.2+2.5¢ 1.71 £ 0.06b 7.90 +0.85¢ 52.7+1.3¢c
CRNO0% 54.2+2.9h 1.96 + 0.21ab 8.90 +0.17b 56.70.9b
CRN15% 56.1 + 1.5ab 2.05+0.17a 9.47 £0.21ab 56.8 + 1.4b
CRN30% 58.1 +2.0ab 2.02 £0.10a 9.67 +0.29a 61.2+1.0a
CRN45% 58.4 % 1.4a 2.04%0.17a 9.77+0.21a 60.9 + 0.6a

2010 FLR Lishu CK 37.4 £ 1.4b 1.36 = 0.05b 7.30£0.17¢ 49.0 £ 1.0c
CRNO% 45.4+1.0a 1.73 £ 0.08a 8.08 + 0.08b 51.1+0.8b
CRN15% 45.5+2.5a 1.74+0.11a 8.27 + 0.06ab 53.1+0.9a
CRN30% 45.8 +4.3a 1.80 +0.13a 8.30+0.10a 52.7+0.8a
CRN45% 46.5+3.7a 1.78 +0.11a 8.28 = 0.08a 53.3+0.5a

2011 S4B Xinglong CK 60.8 + 1.2b 1.79 +0.11b 8.10 +0.26¢ 523 1.1c
CRNO% 62.8 +0.9ab 1.91 +0.05a 8.83+0.21b 55.5+1.3b
CRN15% 63.8 + 1.4a 1.88 +0.07ab 9.45 £0.23a 57.7+0.7a
CRN30% 63.0 = 1.8ab 1.88 +0.05a 9.33£0.15a 57.6+1.0a
CRN45% 64.2 +1.2a 1.89 +0.03a 9.38 +0.19a 57.90.6a

e P £ R F—IIAF/NG FHERRF—R K S P E 22 % 8% (p < 0.05) , T[ANote: Means + std. Different

lowercase letters in the same column indicate significant differences between treatments at p < 0.05 at the same experimental site. The

same below
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Table 4 Effects of ratio of controlled release N fertilizer and common urea on grain yield of spring maize

AEAy Hb 74 Grain yield (t hm™)

Year Site CK CRNO0% CRNI15% CRN30% CRN45%

2009 W Fanjiatun 7.02+0.32¢ 9.11 + 0.44b 9.25 +0.26b 10.07 £ 0.42a 10.51 +0.15a
P 1 Taojiatun 6.68 + 0.34¢ 11.28 £0.22b 12.02 + 0.35ab 12.55 £ 0.29a 11.71 £ 0.27ab
ZUR Lishu 6.54 £ 0.74¢ 7.89 +0.53b 8.37 +0.39ab 8.47 +0.23a 8.28 £ 0.47h

2010 P 5 Taojiatun 7.76 £ 0.25¢ 8.09 + 0.24bc 8.30 +0.30b 8.59 + 0.24ab 8.82+0.24a
FLBE Lishu 6.66 £0.41c 7.71 £0.27h 8.45+0.24a 8.86 + 0.40a 8.77 £ 0.38a
M Xinglong 7.35+0.28¢ 8.24 £ 0.30b 8.74 £ 0.36a 8.78 +0.31a 8.79 + 0.40a
J7 & Wanchang 7.58 £ 0.49b 8.11+0.41b 9.24 £ 0.36a 9.88 +0.16a 9.67 +0.24a

2011 D4 Xinglong 6.44 + 0.46¢ 11.79 £0.21b 13.03 £0.35a 13.05 £ 0.50a 12.83 £0.23a
77 & Wanchang 5.29+0.38b 10.03 £ 0.40a 10.44 £ 0.70a 10.79 + 0.49a 10.80 £ 0.43a

SEXME Mean 6.81 £0.74c¢ 9.14 + 1.54b 9.76 + 1.72ab 10.12+1.71a 10.02 £ 1.55a

W FEE  bRAEE . F—ATNARNE FRRFE—IRE S H A 273 8% (p < 0.05) Note: Means + std. Different

lowercase letters in the same row indicate significant differences between treatments at p < 0.05 at the same experimental site

13207 t hm™>, 4IRS 51436.8% . 46.0% . 51.2%
149.7% , FEIBIR LLGIE i 30% f5 A F 4 2 2 1k,
HCRNO% A B L, CRN30% b 3738 = 1
0.98 t hm™ (10.8% ) .

ANTR1IRES: R T 0K 7 0 45 R RN it FH 1% i iz
AR 200943438 46 1 it 42 B EUIE IS 7
G EA, BRI 2= 30% 0} 7 5 R

10 000
A
—~ c b a ab
= 8000t
=
2
b A
% 6000} 1
= @
=
o L
2 4000 !
i
i
2 2000} ¢
m
a
O 1 1 L 1

W= 2 Yield increase rate (%)

CRNO0% CRN15% CRN35% CRN45%
Kb #H Treatment

o 20104F, P 5K o 5™ i 75 75 B AL 1B 1R L 6
H0% ~30%0F T E 2R, BIRLHIKE45%
Joi R G AR AL, A 3R IR F 201 14F D4R
iR A R AU S B AR 1 W TG A A
o 201 14EJ7 B f7 i R 2 R AL B R 652
Wi, A AL H R Y TE 25 5 o A e P A20104F
DB R P RO B, HCH 20104877 B 12009
150

B

C b a ab

120
aH

90 -
@

60 -
(0]
30r &
ui
O I L 1 L

CRNO0% CRN15% CRN35%CRN45%
Kb #H Treatment

@ {4 i 2009 Fanjiatun 2009 ® g5 i 2009 Taojiatun 2009 4 FLR 2009 Lishu 2009

o P 2010 Taojiatun 2010 o FLk 2010 Lishu 2010
a M 2011 Xinglong 2011

¢ Ji B 2010 Wanchang 2010
O F-H#J{E Mean

K1

Fig. 1

o X[ 2010 Xinglong 2001
o JiB 2011 Wanchang 2011

PR RICBIR LI 3 ORI 5 (A) A ™5 (B) KR

Effects of ratio of controlled release N fertilizer and common urea on grain yield increase (A) and yield increase rate (B) of

spring maize
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A BoR, B OR R A N R AR A
JE¥ R ER R (K5) o MHIILCRNO%ALFE, 344k
85 v BB 007 1 it 4% B U 5 38 B RN, T AN [
BRI E N e B 25 5 . SRERECRTR, 34K
05 WA A RSO R EE A () it 2 Ak B ) 7 SR IS —

., 20094 Y Z T F120 104 LR 5 i AR AE 4%
it AL BR ] TG B ARk, 201 14F 2% B w1 it 45
BAE 5 WA AU CRNO% A R 5 42 5 . 2010
AR A b B R AR AR TR H A9 38 in i R 2
T+, BIRLBIR30%0} H B E 25 L, Hi20004F %
th 1201 TAF SR s A R H A 45 it AU R IH] 340 1 35 22
5o GERRM, ERENEIE HDC NG FORFER A
WEHCR, TSR AT — eSS e

RS ERZRBRILGINEER=EWHE R

Table 5 Effects of ratio of controlled release N fertilizer and common urea on yield components of spring maize

Ay Hb b ¥ AR AEEL TR R HkIE
Year Site Treatment Ear number ( 10* hm™) Kernel number per ear 100-kernel weigh (g)
2009 AL Fanjiatun CK 5.70+ 0.03 b 539.8+ 233 ¢ 30.6+ 0.5h
CRNO0% 5.81+0.05a 590.7 + 10.4b 347+ 1.1a
CRN15% 5.84 +0.08a 617.9+11.5a 34.9 +0.6a
CRN30% 5.84 +0.06a 632.3 +20.5a 354+ 1.0a
CRN45% 5.85+0.05a 635.0 = 13.6a 35.6 £0.6a
2010 ZLB Lishu CK 5.41+0.11b 454.3 +13.7b 27.2+1.2¢
CRN0% 5.67 +0.06a 465.1 + 18.0b 312+ 1.1b
CRN15% 5.73+0.12a 505.3 £ 14.3a 32.1+0.9ab
CRN30% 5.75 +0.05a 532.0 £ 13.1a 33.2+0.7a
CRN45% 5.71 £ 0.09a 515.4 £20.7a 33.4x1.1a
2011 4% Xinglong CK 5.48 +0.10c 441.7 + 28.6¢ 34.7£0.7b
CRN0% 5.72 £0.08b 605.3 + 13.8h 36.1£0.5a
CRN15% 5.88 +0.08a 652.0 +23.4a 36.8+1.7a
CRN30% 5.85+0.05a 648.0 + 24.6a 36.3£0.8a
CRN45% 5.87 £0.08a 643.7 +19.0a 36.6 £ 0.7a

24 EREMBEILGMEREKRGRREE~HMN

TIEARKGFERFM

CRNO%ALHE TR, 945 o5 7 K 11 ZIE fi
A ¥ R55.4 kg kg™t N CEI2A ) o Bt 4% B¢
RN #5080 ZOE s A= 7= 34 B4 v, IR A
- REB TR B A 3G i R Lk R BERAE
BIR LG A30%0F, R A= ik 2 5 = 1961.3
kg kg™ N, 5 JC WA A . 5 R G 2 7= g kA
R, HERRKAEREER FHEERALBIELL
B2 T (K2B) |, SF IR RIKAE
HMCRNO% AL FH 1)76.8% it 35 4 2 CRN30% 40 3 )
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Table 6 Optimal ratio of controlled release N fertilizer and common urea for spring maize based on grain yield, partial factor

productivity of N fertilizer, and fertilization profit
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OPTIMIZING BLENDING RATIO OF CONTROLLED RELEASE N FERTILIZER FOR
SPRING MAIZE BASED ON GRAIN YIELD, N EFFICIENCY, AND ECONOMIC
BENEFIT

Wang Yin' Feng Guozhong'

Zhang Tianshan®

Ru Tiejun’

Yuan Yong' Gao Qiang'’

(1 College of Resources and Environmental Sciences, Key Laboratory of Sustainable Utilization of Soil Resources in the Commodity

Abstract

Grain Bases in Jilin Province, Jilin Agricultural University, Changchun 130118, China )

(2 Sino-Arab Chemical Fertilizer Company, Qinhuangdao, Heibei 066003, China )

Northeast China is the main spring maize production base of China. It is of great significance

to stabilize and keep on raising yield of the crop in this region in guaranteeing development of the maize-

related industry and food security in China. The technique of blending controlled release N fertilizer ( CRN )

with common urea once for ado can be used in fertilization of maize not only to regulate the supply of available

and slowly available N so as to meet the demand of the crop for N during its growing season, but also to

reduce fertilizer and labor input cost to increase economic profit. However, so far little has been reported on
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researches on such techniques for spring maize in Northeast China, and is known of effects of the use and
proper ratio of such a blend. Therefore, 3-year-long multi-site field experiments were carried out to explore
effects of the blending on growth at the jointing stage, grain yield and yield composition at maturity, N use
efficiency, and economic profit of spring maize relative to blending ratio and environment, so as to define
effect of the use and optimal ratio of the blend by determining relationships of ratio of the blend with grain
yield, partial factor productivity of N fertilizer ( PFPN ) , and fertilization profit of spring maize. The 3-year-
long (2009 to 2011 ) multi-site field experiments consisted of nine experiments in the major maize production
area in Central Jilin Province and were designed to have five fertilization treatments, i. e. Treatment I ( No
N fertilizer ) ; Treatment IT ( 100% common urea ) ; Treatment 111 ( 15% CRN and 85% common urea ) ;
Treatment IV ( 30% CRN and 70% common urea ) , and Treatment V (45% CRN and 55% common urea ) .
Total N fertilization rate was kept consistent for all the treatments, being 185 kg hm™ during the growing
season. The results showed that a higher proportion of CRN in the blend improved spring maize in plant height
and leaves in number and SPAD at the jointing stage, but did not affect much stem diameter. Summary of the
nine experiments indicated that both grain yield and fertilization profit of spring maize increased significantly
with increasing blending ratio of CRN, and reached the highest, 10.12 t hm™ and 5 071 yuan hm,
respectively, in Treatment IV, being 0.98 t hm™ ( 10.8% ) and 1 639 Yuan hm™ (47.8% ) higher than that
in Treatment II, respectively. The effect of higher blending ratio of CRN increasing grain yield of spring maize
was mainly attributed to the significantly increased number of kernels per ear at the maturing stage, and also
to the increased ear number. A rising proportion of CRN in the blend increased significantly PFPN of spring
maize, but reduced significantly contribution rate of soil N ( CRSN ) , till it reached 30%. In all the nine
sites of the experiment, significant quadratic relationships were observed of blending ratio of CRN with grain
yield, PFPN, and fertilization profit of spring maize. For the above three parameters, the optimal blending
ratio of CRN for spring maize was figured out to be 35.1%, 35.2%, and 33.7%, respectively. Obviously,
blending of CRN with common urea in fertilization is conducive to growth of spring maize, higher yield of
grains, higher N use efficiency, and higher economic benefit. Based on all the findings in the experiment,
the optimal blending ratio of CRN for spring maize production in Northeast China is worked out to be
30% ~ 35%.

Key words Spring maize; Blending ratio of controlled release N fertilizer; Growth; Grain yield;

Nitrogen efficiency; Economic benefit
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