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Effects of blending ratios of slow-release nitrogen fertilizer and urea on yield
and nitrogen uptake of winter wheat
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Education, Northwest A&F University/Institute of Water-saving Agriculture in Arid Areas of China,
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Abstract: [ Objectives ] To explore the optimal blending ratio that is beneficial to increase the yield of winter
wheat in Guanzhong Plain, Shaanxi, to provide a scientific basis for fertilizer management in efficient winter
wheat production. [ Methods ] Field experiments were conducted to study the effects of slow-release nitrogen
fertilizer and urea blending on the growth, yield, nitrogen uptake and utilization and soil nitrate nitrogen residue of

three different winter wheat varieties under different nitrogen fertilizer types and blending ratios. There were four
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nitrogen fertilizer application treatments (U: urea, S: slow release nitrogen fertilizer, SU, : a mixture of slow

release nitrogen fertilizer and urea with N ratio of 8 : 2 and SU, : a mixture of slow release nitrogen fertilizer and
urea with N ratio of 6 : 4) in this experiment, and three winter wheat cultivars popularly planted by farmers in
Guanzhong Plain, Xiaoyan 22 (XY22), Xinong 979 (XN979) and Zhengmai 379 (ZM379). Plant height, leaf area
index, dry mater accumulation, yield, nitrogen uptake and utilization and soil nitrate nitrogen residue of winter
wheat were measured. 180 kg/hm’ of nitrogen was applied in this research, and no nitrogen plot was designed as
the control (CK). [ Results ] Slow-release nitrogen fertilizer and urea blending could significantly promote plant
growth and increase crop yield, nitrogen uptake and utilization efficiency of winter wheat. The plant height, leaf
area index, yield and nitrogen accumulation at maturity stage of different winter wheat cultivars under SU,
treatment reached the maximum values, the cumulative amount of nitrate nitrogen in the 0-100 cm soil layer
under SU, treatment reached the minimum value simultaneously. Commpared to U and S treatment, the yields
were 31.81%-31.99% and 9.66%—-25.38% higher; and the N translocation rates were 21.31%-51.12% and
2.60%-20.78% higher under SU, treatment, respectively. In addition, slow-release nitrogen fertilizer and urea
blending markedly increased nitrogen uptake and use efficiency of three winter wheat cultivars, significantly
promoted the transport of nitrogen from the vegetative organs to grains after flowering. Under SU treatment, the
contribution rates of nitrogen transport to grain of XY22, XN979 and ZM379 were 49.71%, 48.32% and 49.39%,
respectively. The nitrogen agronomic use efficiency and partial factor productivity from applied N of XY22,
XN979 and ZM379 under SU, treatment reached their largest values, 17.54 kg/kg and 41.95 kg/kg, 17.94 kg/kg
and 41.53 kg/kg, 11.32 kg/kg and 38.56 kg/kg, respectively. The cumulative amount of nitrate nitrogen in the
0-100 cm soil layer of XY22 under SU, treatment reached the minimum value of 112.67 kg/hm’ among the three
varieties after harvest, which was 13.48% lower than that under U treatment, with a significant difference. Slow-
release nitrogen fertilizer and urea blending distinctly increased the content of nitrate nitrogen in surface soil at
maturity stage, reduced nitrate leaching to deep soil, and improved nitrogen use efficiency. [ Conclusion ] These
results demonstrate that a mixture of slow release nitrogen fertilizer and urea with N ratio of 6 : 4 is the optimal
blending ratio when 180 kg/hm’ of nitrogen is applied..

Key words: slow-release nitrogen fertilizer blending with urea; winter wheat cultviar; yield;

nitrogen use efficiency; soil nitrate
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Fig. 2 Effects of slow-release nitrogen fertilizer and urea blending on plant height of winter wheat
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Fig. 3 Effects of slow-release nitrogen fertilizer and urea blending on leaf area index of winter wheat
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Table 1 Effects of slow-release nitrogen fertilizer and urea blending on ear length, 1000-grain weight
and yield of winter wheat

An RALAL M (cm) TR (g) 71 (kg/hm?)

Cultivar Nitrogen fertilizer treatment Ear length 1000-grain weight Yield

XY22 No 6.50d 2777 e 4393 ¢

U 7.57 ¢ 34.46d 5725d

S 7.73 be 36.07 ¢ 6766 ¢

SU, 7.87b 4143 b 7072 b

SU, 8.60 a 4923 a 7551 a

XN979 No 6.90 c 26.60 e 4246 ¢

6] 7.90 b 33.86d 5664 d

S 8.00 ab 39.60 ¢ 6817 ¢

SU, 8.00 ab 4322b 7196 b

SU, 8.33a 46.10 a 7476 a

ZM379 No 6.23d 2597d 4902 e

U 727 ¢ 30.76 ¢ 5265d

S 7.43 be 34.38 be 5535¢

SU, 7.570b 3791 ab 6190 b

Su, 8.07a 41.12a 6940 a

BFEYEHT Significance analysis

Z&NE Nitrogen fertilizer *% *% *%
fmfp Cultivar ok ok ok
ZAE x Al Nitrogen fertilizer x Cultivar *% *% *%

7E (Note) : [FFIEHE G A FF-HEF AR S FPAS E AL PRIE] 22 53 B3 (P < 0.05) Values followed with different letters in the same column
indicate significant difference among different treatments for the same cultivar (P < 0.05). **—P < 0.01.

Jit A AL 38 2 [ 7= 4 MR 25 55 B XIN979 41,
SU, b BT 44 /N2 (A R 34 J 3 v T LAt A Ak 2
SU, Ab3 T /N2 =i 4y il LG SU, . S Fit U b3 &
3.89%~12.11%. 9.66%~25.38% #131.81%~
31.99%; TRiE e 6.25%~15.83% | 14.10%~
26.73% £ 36.15%~42.86%; /57 H 0.81%~
8.90% . 2.46%~10.78% HI 11.00%~13.61%. Hilt
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M2 TLAE Y, FARSERRIS i ) 4b BRI
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AN E SR R R R 3 DL RO R BT R 5

FHABRIALE, SU, LbH R &/ NEEFRWE AR
BRI U AT S A PR 21.31%~51.12% £l
2.60%~20.78%; &K X ARLY BTER 2 5300 [
U A1 S AbFRE 21.21%~58.81% F1 2.79%~23.60%.
LTI, SR RANERRZML, ZRA
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Table 2 Effects of slow-release nitrogen fertilizer and urea blending on anthesis N accumulation and remobilization
of winter wheat

BRAGEAN 2 WE AR it
A . :AELHEQE_ : ?\i:‘ijaiféli&(u;ktiim : }Fﬁsfit/ifsiw Trail%cftion %%’% ﬁ@(}:
Cultivar Nitrogen fertilizer uptake amount Translocation rate Contribution rate
treatment FFAEI Anthesis ALY Maturity (kg/hm?) (kg/hm?) (%) (%)
XY22 N, 42.60 ¢ 28.04 ¢ 36.63 ¢ 14.56 ¢ 34.14 ¢ 2840 ¢
95.27d 55.26 d 57.41d 40.01d 41.99b 41.06b
S 116.34 ¢ 58.58 ¢ 61.54c 5777 ¢ 49.65 a 4842 a
SU, 128.53 b 62.48b 66.98 b 66.05b 51.39a 49.65 a
SU, 13353 a 65.50 a 68.65 a 68.02 a 5094 a 49.77 a
XN979 N, 32.57e 2647 e 3249 6.10e 18.73 ¢ 15.81d
U 74.84 d 52.40d 52.52d 22.44d 29.99¢ 29.94 ¢
S 94.64 ¢ 56.20 ¢ 5777 ¢ 3843 ¢ 40.61 b 39.95b
SU, 116.45b 59.03b 61.22b 57.42b 4931 a 48.39a
SU, 12393 a 63.47 a 64.86 a 60.46 a 48.78 a 4824 a
ZM379 N, 28.50 e 22.78d 28.33d 571e 19.94 ¢ 16.65d
6] 65.95d 4833 ¢ 48.12 ¢ 17.62d 26.75¢ 26.68 ¢
S 90.66 ¢ 53.70b 53.66 b 36.96 ¢ 40.76 b 4023 b
SU, 11091b 57.53 ab 55.16b 53.05b 47.83 ab 49.02 a
SU, 118.77 a 60.29 a 59.04 a 58.48 a 4923 a 49.76 a
BFEYEHT Significance analysis
A Nitrogen fertilizer wok Hok Hok ok *k ok
PR Cultivar *% *x *% *% *x *%

Nitrogen fertilizer X Cultivar

1 (Note) : [FFEAE G AS R BEF R A [E] f FPAS Rl AR BB 2% 5+ .35 (P < 0.05)Values followed with different letters in the same column
indicate significant difference among different treatments for the same cultivar (P < 0.05).*—P < 0.05, **—P <0.01, NS—% %A~ g3 No

significant difference (P > 0.05).
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XY22 Fil XN979 PiFp4c /N il 0—80 cm 12
AR AR, 80—100 cm ZEMEHIN, LA 455
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Table 3 Effects of slow-release nitrogen fertilizer and urea blending on nitrogen uptake and use efficiency of winter wheat

AT WAMARBR FIERWAAR AUERER R RN A= 7 1 T IRAMA TR
vl Nitrogen N accumulation at Apparent N use N agronomic use Partial factor productivity Soil N dependent
Cultivar fertilizer maturity efficiency efficiency from applied N rate
treatment (kg/hm?) (%) (kg/kg) (kg/kg) (%)
XY22 No 7923 ¢
152.68d 40.81d 7.40d 31.80d 51.89a
S 177.88 ¢ 5481 c¢ 13.18 ¢ 37.59¢ 44.54b
SU, 195.52b 64.60 b 14.88 b 39.29b 40.52¢
SuU, 202.18 a 68.30 a 17.54 a 4195a 39.19d
XN979 No 65.06 ¢
6] 127.36 d 34.61d 7.88d 31.46d 51.08 a
S 15241 ¢ 48.53 ¢ 1429 ¢ 3787 ¢ 42.69b
SU, 177.68 b 62.57b 16.39b 39.98b 36.62¢
Su, 188.79 a 68.74 a 17.94 a 4153 a 34.46d
ZM379 No 56.83 ¢
6] 114.08 d 31.81d 2.02d 29.25d 49.81 a
S 14532 ¢ 49.16 ¢ 3.52¢ 30.75¢ 39.11b
SU, 166.07 b 60.69 b 7.16b 3439b 3422¢
SuU, 177.81 a 67.21a 11.32a 38.56a 31.96d

BFEYEHT Significance analysis

fm Al Cultivar ok ok *k sk ok
AL Nitrogen fertilizer ok ok ok sk -

A x AL
Cultivar x Nitrogen fertilizer

1 (Note) : [FIFEAE G AN [F) A [R] L A AS [A] Ab 2 ] 22 57 .3 (P < 0.05) Values followed with different letters in the same column

indicate significant difference among different treatments for the same cultivar (P < 0.05). **—P < 0.01.

sk sk Kk Kk Kk

THA% & & NO,-N content (mg/kg)

4 8 12 16 4 8 12 16
0 0 : . . , r r r )
_ XN979 ZM379
§ 20 20 20
g
5y
S 40t 40 40
E
e 60 60 | 60 |
K 80 | 80 | 80 |
H
100 L 100 L 100 L

5 ERALSRESHIZ/NEREE 0—100 cm TEHSE S BTN
Fig. 5 Effects of slow-release nitrogen fertilizer and urea blending on NO, -N distribution in the 0—-100 cm soil depth at
maturity stage of winter wheat

Vs, SRR SRESIE A I INEE LM SU, ABBRCR T
Ao, WMo RARMEZ LR, Rl 262 HHMASAERE  ME e nTLAEH, M
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140 L L Xy

120 t b ¢ g4
100 |
80 |
60 f
40 t
20

+IENO,-N EWE
Soil NO, -N accumulation (kg/hm?)

1 0—20cm M 20—40cm @ 40—60 cm O 60—80 cm O 80—100 cm

XN979

b be

d

!

Z

N, U S SU SU, | N, U S SU, SU, | N, U S SU, SU, |
AL P Treatment

Fig. 6 Effects of slow-release nitrogen fertilizer and urea blending on soil NO;-N accumulation amount in the 0-100 cm soil
depth at maturity stage of winter wheat
[ (Note ) : i bR BJ2 70 AR ) Gl AN ] b B ) 2 5 83 (P < 0.05)

Different letters above the bars indicate significant difference among treatments for the same cultivar (P < 0.05).]

RIS 2 B B, 3 AP
L /NFE B 0—40 cm )2 RS R AL R 5
Bl SU,>SU, >S>U, SU, Ab#F XY22. XN979 FlI
ZM379 [f) 0—40 cm + )2 AR BB &5 b
0—100 cm + 2P AHEARHEN 60.94% .
64.35% 1 63.53%; 4rolllt U ALFREH T 5.81% .
16.73% F1 14.35%. 1fii 0—100 cm )2 F RS A A 2
R HIA R H U > S > SU, > SU,, HARRZRNEZR
ZIE BE 2R, XY22 78 SU, £bBEF 0—100 cm
T2 ARG Bl 3 NNE BN,
b 112.67 kg/hm?,  Ho U A0 RS A A R B & B
MRS 13.48%. LI EERRY], ZBRANLSIRES
it i) LA N R R R A S A R AR, AR
FEARIS SR L2 TR MR, Edm 2R H %
RS, EY AR 2 R AR, Hp L
SU, MRCR B

3 ihie

AR, ZRANEGE B E M Y 04
KER, ERATAE THEY AR . 220 b
FUHRHY WS 0, AR, A HRER R
MERAI, ZRANSIREBIR—KMEILERT L)
AH I 2 5 A /N2 I vk v R v RS B il 2 A )
b, AN AR 5 B 4% /N2 1 ok o A0 T AR 403
P SU, 403 > SU, b3 > S 4b 3 > U 4B, ARANE
FRAHBE LI A B2 R, X 5 4e4
I R —3, ZRANES IR E B ] LS % 2
1o A/ INAZ (R R e R T RR R AR

GRNE R RERUR H 243 BE -, A
RIS R RN, MR R ME R AN, ZRA
JIE 5 PR Z 4B TR — U PE it T L 8 25 4 v A /N2 ) b
LR R A iR A R 3 RN TE
AEAR A /N FE M 3 o 3R R R R R
SU, AbFE > SU, AbFE > S 4h¥E > U AbBE, AN[FEIEAESE
RIAH R4 2SS, SU, AR, 3 R/ NE Y
B B KR TR R T
B ALFE , MR UE T 88w 1= B, X 5 A S0
LGOI ST 45 R — 2 MR AR BEAY
RIERIR R 58 IR R AL 5« 5 Bt i 8OR e
A ASAECIN N IR BT 20% ~40% 5B AU 58 B
UNFE AR H, R AR BRI & ik
40% B, FTHAME R A 1 2 08 A /N I M 2
B, WS EO8™ o  BAITIT 25 5 22 5 00 JEL A AT
REA 3 FP . — i R A R, R4
PEARTR, 356 BT R A AR [R5 — it 4L
AR, AR A 180 kg/hm?, 2SRy
IR i 225 kg/hm?, ]SSR 1 6 S A
150 kg/hm?;  — IR0 ATk B 9B LB TR], A B
FEHRE T RS, AR AE H A

BN , it FH 22 BN AT LA 2R A 4 i
WAL, 3 4 v AR IR BRI A R R & Al
ISR, 3 FOAFAEAA/ N TR R A R R
WO iz B AR S 80 SU, AbFE > SU, ZbHE > S Ab B >
U b3, 5 T R R —3. SU, 4
BEAA AT DR TR R T4 I B, 38 0T DLl i
it 3 FAS [FIAE AR/ INZZ A6 I AUFR DR RL 9 3z 1
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R, SEMIERTh . X SRR ST 2
MG, /NE TP RBHA S AR BB A
— 3, GRNERR A BEOR 5 VR % 43 (W SOAH (]
e, RIS B 5 B 5 R A B SR Y B A T4
DR, 2Rk . RSk
BELE R AR R AL S IR EBIR T W
ZINE T G R R 2 SR A W i 3,
SU, #il SU, 4B T i A NE R A % . FAEA AR H
FMANRAE P W T S MU LT, RUIM I
THEEBRAILSIKER, ZRALSIRRZBIRAETR
HIRZFE T BT . T B S B M Y B, AR
fiff TR 2 T8 ZRU N T O R G R 1 [ B, LA AR AR
THEH. X 5% XNEORREE R —8, AR
HIREBIR W] DU DA A U & M5 W AR 2
X —TEAEIR

it R 1 7 R EE B, VR T R A e 3
55, AIIREMARESERRTE, TZ2NASS
BRI IR R SR, 2 FRAR AR A AL
RO RHRE AR, AR R, 7E SR &
T, 3FCARRUER A NE IR ERAN S IRES
Jit AT DA 4 R A (0—40 em) MRS A R
AN REY ALK, WSS IR R
[FEF, 0—100 cm +JZ MRS R BRE R R/ T
PRELHL, Wb TALERNEESRK, —EBE -
B TRRAMER, X5 TSS90 4R —8.
34NN SU, Ab R e S A B AR K
F S FISU, &bBE, {HJZ i )R ZALFE T /A 3 4>
] RS SR R EA B 2R,

4 %58

ZRANEE R Z B AE B E R N E N EK
REMEHARFARE, Hh AL SIRE#%
6 : 4 BIR (SU,) — WM SLHE A /N 22 1y b L3514
SRR A R, AR E IR R R R kL
M E i K, AR A HROR R . AR /NE
i) S/ R W ISOR AR AR AN TR), (E R RR S R T DA
SU, Jite A AR A5

JRZE 5 BRNB i 0] DL 30 5 )2 1
BRGE, WAMESEAN HERZEMREL . BARAFE
ZONZZ SR B T IORCR A Z WRE AT, SBUK
A HIEMAS AR B EA S, HEYDERANL
HIREH 6 : 4 BIR (SU,) — WMy fefik.
I, fEMEA R 180 kg/hm? FTE M T, ZRENS

JRFHE 6 : 4 BROIEAIE AT T A/ N RACE ™ 1
AERIE L]
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