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Abstract: Trials with three treatments of soil fertilizer( high ,middle and low) and five N application pat-
terns[ local farmer’ s fertilization (M1),V shape fertilization (M2) ,reducing N fertilization (M3) , re-
ducing N and P fertilization (M4 ) ,application of N at late growth stage (M5) ] were set up to study the
effects of soil fertility and nitrogen application patterns on yield, quality and nitrogen utilization of rice in
cold region,so as to provide theory reference for improving nitrogen comprehensive productivity and rice
quality. The results showed that the interaction between soil fertility and nitrogen application patterns had
significant effects on yield, quality and nitrogen utilization. Under high soil fertility condition, M3 pattern
had the highest yield(31.2 g/hole) ,followed by M1,M2 and M4 patterns. Under middle soil fertility con-
dition, the yield of M1 pattern was the highest (28.0 g/hole) ,followed by M1, M2 patterns. Under low
soil fertility condition, M1 pattern had the highest yield(26.7 g/hole) ,followed by M2 ,M4 and M3 pat-
terns. The chalky grain rate and chalkiness of M4 pattern, protein content of M3 and M4 were lower under
high fertility soil condition,and the chalky grain rate and chalkiness of M5 pattern, protein content of M1
were lower under middle and low fertility soil conditions. The taste value of M3—MS35 patterns (84. 11,
83.30,83.36) ,M1—M2 patterns (85.49, 84.47) ,and M1,M3,M4 patterns (85.17,85.39,85.14)
were higher under high, middle and low fertility soil conditions, respectively. The lodging resistance index
of M1 pattern was significantly lower than that of the other fertilization patterns,and there was no signifi-
cant difference among the other fertilization patterns. The nitrogen fertilization contribution rate of M4 and
M5 patterns were higher under high fertility soil condition,and there were no significant differences among
patterns under middle fertilizer soil condition. The nitrogen fertilization contribution rate of M2 pattern was
the lowest,and no significant differences were found among the other patterns under low fertility soil con-
dition. Under high fertility soil condition , total aboveground plant nitrogen accumulation , nitrogen agronom-
ic efficiency(51.46% ) ,nitrogen recovery use efficiency (66.83 g/g) and nitrogen partial factor produc-
tivity (131.52 ¢g/g) of M3 pattern, and nitrogen physiological efficiency (134.54 g/¢) of M5 pattern
were the highest. Under middle fertility soil condition , nitrogen recovery use efficiency (58.29 g/g) of M5
pattern , nitrogen partial factor productivity (104.05 ¢/g) of M4 pattern, and nitrogen physiological effi-
ciency (100.18 g/g) of M1 pattern were the highest,and those of M2 pattern were higher. Under low fer-
tility soil condition, total aboveground plant nitrogen accumulation and nitrogen recovery use efficiency
(61.18 g/g) of M2 pattern , nitrogen partial factor productivity (100.39 g/g) of M4 pattern,and nitrogen
physiological efficiency (90.93 ¢/g) of M1 pattern were the highest,and those of M3 pattern were high-
er. Therefore, the use of M3 pattern under high fertility soil condition, M2 pattern under medium soil fer-
tility condition, M3 pattern under low fertility soil condition were helpful to coordinate the relationship of
yield, quality and nitrogen use efficiency.

Key words: Rice in cold region; Soil fertility; Nitrogen application patterns; Yield; Quality; Nitrogen

use efficiency
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Tab.1 Physicochemical characteristics of soil in the experiment
AR T bS] 2R/ (¢/kg) WA/ (mg/keg)  ARBE/ (mg/kg)  HAH/ (merkg) AP/ (g/ke)
Soil fertility Treatments Total nitrogen Available nitrogen Available phosphorus Available potassium Organic matter pH
= High S1 1.24 245.03 17.04 147.2 40.07 5.815
1 Middle S2 1.08 200.76 16.72 112.5 35.54 5.785
& Low S3 0.94 189.53 16.23 95.3 32.44 5.790
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Tab.2 Fertilizer application rate of different treatments kg/hm’
I
Tillering fertilizer
S Bt e TRk e fRAE
Fertilizer Base fertilizer AR T Regulating Panicle Spikelet-developing
. 4th leaf 6th leaf - - - )
application ) ) fertilizer fertilizer fertilizer
extending extending
patterns
N P, ()5 K, 0 stage stage
N N N N K,0 N K,0
M1 75.0 67.5 45.0 60.0 15.0
M2 48.5 60.8 30.5 29.1 7.2 12.2 24.3 30.5
M3 40.1 60.8 30.5 24.0 6.0 10.1 20. 1 30.5
M4 40.1 45.0 30.5 24.0 6.0 10.1 20. 1 30.5
M5 40.1 45.0 30.5 24.0 6.0 10. 1 20.1 30.5
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Tab.3 Effects of soil fertility and nitrogen application patterns on rice yield and its components in cold region

EES b 7 HiBL/ (R/7%) | R IR TR . (7
Factors Treatments Number of panicles Grains nu‘mber Seed setting : OOQ-graln Yield/
per panicle rate weight (g/hole)
S S1 19.80aA 60.21aA 93.93aA 25.80aA 28.77aA
S2 17.80bB 57.60aA 92.02bB 25.92aA 24.38bB
S3 17.50bB 57.37aA 92.97abAB 26.08aA 24.28bB
Fy 37.22" 1.56 4.11" 1.16 22.54™
M M1 20.00aA 61.40aA 92.15aA 25.32¢B 28.49aA
M2 18.94bB 58.25abAB 93.33aA 26.24abA 26.92abAB
M3 18.28bBC 57.69abAB 92.72aA 25.78bcAB 25.36bB
M4 17.39¢CD 59.92aAB 93.25aA 26.38aA 25.55bB
M5 17.22¢D 54.71bB 93.41aA 25.94abAB 22.73¢C
Fy 18.84 " 2.41 0.76 5.98™ 9.36™
SxM Fsyn 5.527 2.49" 2.18"° 0.95 2.45"

T« RSO JE AN R NG S8R5 5 3R [R]— PR R A [ b B 22 i 94 22 57 38 B 2 25 (P < 0. 01) (R K (P <0.05) 5 * | % S35 KRR 5%

Wi g% (P <0.05) M @3 (P <0.01), R,

Note: The different uppercase,lowercase letters after data of the same column indicate that the differences among different treatments of the same factor

are significant at 0.01,0.05 levels respectively; # , *#* mean significant influences at 0.01,0.05 levels respectively, the same below.
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The different uppercase, lowercase letters indicate that the differences among different nitrogen application patterns under the same soil

fertility are significant at 0. 01,0.05 levels respectively,the same below
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Fig.1 Effects of the interactions between soil fertility and nitrogen application patterns on rice

yield and its components in cold region
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Tab.4 Effects of soil fertility and nitrogen application patterns on rice quality in cold region

, . ELHEE R )i
BEKR/%  ROKR/%  BEKR/ % ELRR/ % b \
% g BORRI% RORR/T RRORE % SRR Ty s /% RS
Brown rice Milled rice Head rice Chalky grain X X
Factors Treatments : Chalkiness Amylose Protein Taste score
rate rate rate rate
content content
S S1 80.10aA 70.93bA 62.86aA 9.10aA 4.96aA 18.25aA 7.75aA 82.53cC
S2 80.38aA 71.24aAB 62.52aA 6.42cC 3.27¢C 18.08aA 7.55bB 83.52hB
S3 80.28abA 71.34aA 62.72aA 7.34bB 3.67bB 18.68aA 7.42cC 84.68aA
Fy 3.92° 5.57 0.27 75.88 ™ 109.22 1.96 48.91* 24.78 ™
M M1 80.28abAB  71.10bcAB 63.50aA 9.44aA 5.04aA 18.62abA 7.38cC 84.06aA
M2 80.01bB 70.78¢B 62.04bcA 7.96bB 4.26bB 17.97bA 7.54bB 82.89bA
M3 80.26abAB  71.23abAB 62.89abcA 7.92bB 4.02bB 19.04aA 7.59bB 84.03aA
M4 80.52aA 71.47aA 61.87cA 6.78¢cC 3.42¢C 18.03bA 7.57bB 83.89aA
M5 80.20bAB 71.26abAB 63.21abA 6.01dC 3.09dC 18.03bA 7.78aA 83.03bA
Fy 3.91° 4.69™ 2.89° 42.08 " 48.57 ™ 2.82° 22.99 ™ 4.19™
SxM Foon 4.577 5.98 2.12 17.74 ™ 19.40 " 2.92" 9.53™ 8.76 "
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Tab.5 Effects of the interactions between soil fertility and nitrogen application patterns on rice quality in cold region

HEEEm e E, HEAOREE/
B K R/ % xR/ Y% W R/ %
EES o3 PR WA/ R Ty % % BRI
Brown rice Milled rice Chalky grain . . .
Factors Treatments Chalkiness Amylose Protein Taste score
rate rate rate
content content
S1 M1 80.59aA 71.62aA 6.18aA 11.02aA 18.53aA 7.77abAB 81.53bBC
M2 79.50cB 70.31bC 5.63aA 9.98abA 18.03aA 7.87aA 80.37bhC
M3 80.02bAB 70.68bBC 5.80aA 11.02aA 18.40aA 7.60cB 84.11aA
M4 80.58aA 71.44aAB 2.88¢C 5.67dC 18.10aA 7.70bcAB 83.30aAB
M5 79.82bcB 70.59bC 4.28bB 7.82¢B 18.20aA 7.80abAB 83.36aAB
S2 M1 80.23abA 70.53¢C 4.50aA 8.60aA 18.53aA 7.30dC 85.49aA
M2 80. 16bA 70.85heBC 3.40bB 6.48cBC 18.30aA 7.43c¢dBC 84.47abAB
M3 80.74aA 71.88aA 2.52¢C 5.13dCD 17.70aA 7.60bB 82.59¢BC
M4 80.42abA 71.38abAB 3.83bAB 7.57bAB 18.03aA 7.50bceBC 83.22hceBC
M5 80.37abA 71.56aAB 2.08cC 4.33dD 17.85aA 7.90aA 81.85¢cC
S3 M1 80.02bA 71.14aA 4.43aA 8.72aA 18.80bB 7.07¢C 85.17abA
M2 80.37abA 71.20aA 3.75bAB 7.40bAB 17.57bB 7.33bB 83.83bA
M3 80.03bA 71.13aA 3.73bAB 7.62bAB 21.03aA 7.57aA 85.39aA
M4 80.57aA 71.60aA 3.55bBC 7.10bBC 17.95hB 7.50aAB 85. 14abA
M5 80.41abA 71.63aA 2.90cC 5.88¢C 18.05bB 7.65aA 83.89abA
501 A o 801 4A aA
T
e abAB < 2700 bB BeBC o beABCARAB
g 40 beBC PABC 58 cB <
S g 35 cC L g 60
% £
2 30 52 s0r
Z§ = = o
= Eos B 5,0
25 B g
= 20 " E
& g TE 5l
5 15 =
S 5
~§ 10 Il Il Il Il 2 20 Il Il Il Il
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Fig.2 Effects of soil fertility and nitrogen application patterns on nitrogen fertilization contribution rate

gen dependent rate

THEERARFE, WA ERARE, M B

FAREEIN M2 > M1 > M3 > M4 > M5, Hirp M2 25
A O R T M3 M4 M5 A R R R S
H7T.1% 11.3% 16.6% , M1 X5 M3 M4 #5L
[ i) 22 5 3R b 3 (ELRG W 35 v T S X, 42 8 IR
JE 0 12.2% ;M3 Hl M4 B RAEA AR RS M



32 T R A

%48 %

M2 B R 22 5 B R B % (H 35 B 3 T M5
3, BB R B R 25. 4% F128. 1% ;M1 K= I
WAL FH SR A 8 35K M2 0 M3 A5 A AT o 0
BIHR27.0% F1 27. 1% , 5 M4 fi1 M5 4855 ¥ b 2%
Z5¢ M2 M3 M4 5 ] 400 2 2% 5 M1 M4 M5
R RUIE A BRI S 0] 1 25 R 0K 3, = ik
3 T M2 A M3 R RUIE G A= 7 1 R B M3
M4 A i) 22 5 0K g 3 (0B B 35 T M2 i M5 A
3, 4 AR B3 T M AR,

- EAE 1 FTRUIE B 25— DR AR U W )
FHASF8 B 14 5% i 14 36 1) 5 3 ol e 8 3 K OF- (%06)
H 27 A4, S1 KN M1—M3 #25X S3 /KFF M2
AR Ml b R A L T S2 KO R R R AR 2
BB B2 R, S1KETF, M3 # X Z 00 4
2R R b, B 3 S T ML A MS B, 5 M2
H M4 B T0 3 25 S5 S2 A S3 KR, & A

wERARS IR & 25, S1KFET M3 B S2
KT M5 5, S3 KT M2 A5 2 4RI W i
R, S KT MS B 82 JKF T M1 AL S3
KT M1 RIS W OR] FH # RAk . ST KT,
M5 52 2 U A 2R A 2 Fe e, MI1—M3 A5 A 3R]
FHERBEAG 582 /KR, M AR 2 i /57, M3 AT M5 #5258
A S3 KT, ML B A v, M2 B A ik, S
KR EE R A 7 DL M3 R e, M4 M5 M2
BRI Z, M1 e IG5 S2 K F T, Il 2L M4
B A, M1 M2 A X 81K 83 KT,
M2—M5 52  EUIE I 25 7 7 Ta] 9 22 5 0K 18 3 (B
O B T ML B, M AR A AR 2
FI I RIEIOR) B I A 7 J7 34 LA SIM3 25
BB, Bk 0. 464 g/9T . 51. 46% L 66.83 g/¢g .
131.52 g/ g, T ANE A= #L A HI 3 0 LA SIMS 240 5
B, N 134.54 g/,
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Tab.6 Effects of soil fertility and nitrogen application patterns on nitrogen utilization of rice in cold region

Hb bR A RIS F AR, FEWBCR R, AR R AT AR A= 51/
BES sk 7 (g/7%) % (¢/g) (g/g) (¢/g)
Factors Treatments Nitrogen uptake of Nitrogen agronomic Nitrogen recovery Nitrogen physiological Nitrogen partial
the overground parts efficiency use efficiency efficiency factor productivity
S S1 0.422aA 38.22aA 43.49aA 96.40aA 110. 18aA
S2 0.353bB 34.06aA 48.21aA 71.47bB 91.42bB
S3 0.322¢C 37.30aA 48.67aA 77.37bB 91.17bB
Fy 55.450 ™ 1.23 1.22 30.70 ™ 30.55 ™
M M1 0.378abAB 34.89abA 38.71bB 90.31aA 80.25cC
M2 0.393aA 37.71abA 53.04aA 72.00bB 93.86bB
M3 0.367bABC 39.04aA 53.13aA 71.44bB 106.98aA
M4 0.353beBC 39.86aA 47.33abAB 87. 14aA 107.79aA
M5 0.337¢C 31.12bA 41.74bAB 87.84aA 99.06bAB
Fy 6.020 ™ 1.96 3.817 9.24™ 19.62 ™
SxM Fsyn 3.860 ™" 2.13" 4.13™ 14.08 ™" 2.47"

=7
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Tab.7 Effects of the interactions between soil fertility and nitrogen application patterns on nitrogen utilization of

rice in cold region

i b A R/ AR EFAAR, RIEREAAR, AR R/ R A= 7 51/
S hib B (g/7%) % (¢/g) (8/8) (¢/g)
Factors Treatments Nitrogen uptake of Nitrogen agronomic Nitrogen recovery Nitrogen physiological Nitrogen partial
the overground parts efficiency use efficiency efficiency factor productivity
S1 M1 0.452aAB 33.16bB 41.35bBC 79.81c¢C 86.62¢C
M2 0.447aAB 40.31abAB 49.42bAB 83.25¢C 106.48bB
M3 0.464aA 51.46aA 66.83aA 77.47¢C 131.52aA
M4 0.393bBC 38.88abAB 37.07beBC 106.92bB 118.93bAB
M5 0.352bC 27.27bB 22.79¢C 134.54aA 107.33bB
S2 M1 0.355aA 36.26aA 36.43bA 100. 18aA 78.88cC
M2 0.365aA 32.43aA 48.52abA 67.29bcBC 85.17¢BC
M3 0.334aA 26.82aA 45.52abA 53.84c¢C 90.63bcABC
M4 0.350aA 40.24aA 52.28abA 77.57bB 104. 05aA
M5 0.364aA 34.54aA 58.29aA 58.48¢BC 98.35abAB
S3 M1 0.328abAB 35.24aA 38.34bA 90.93aA 75.26bB
M2 0.367aA 40.41aA 61.18aA 65.46¢B 89.94aAB
M3 0.303bB 38.85aA 47.04abA 83.00abAB 98.79aA
M4 0.317bAB 40.45aA 52.64abA 76.94abcAB 100.39aA
M5 0.297bB 31.55aA 44.15abA 70.50bcAB 91.49aAB
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Tab.8 Effects of soil fertility and nitrogen application patterns on lodging resistance traits of rice in cold region

Treatment Fresh weight Height of %4 B P %2 B LtA)dging r‘esistant
of stem . index of stem
stem gravity center 4th internode 3th internode 2th internode

S S1 7.66aA 37.11aA 267.2aA 454.5aA 805.3aA 2.92¢B
S2 7.27abA 34.34bB 259.5aA 485.4aA 858. 1aA 3.53bA
S3 7.02bA 33.15¢B 273.1aA 483.8aA 888. laA 3.90aA
Fy 3.35° 24.89 " 0.781 0.912 2.288 14.362 ™

M Ml 7.54aA 36.97aA 251.0aA 427.0bA 764.6bA 2.83bB
M2 7.42aA 36.12aAB 278.7aA 511.5aA 850.9abA 3.32aAB
M3 7.32aA 33.81bC 260.3aA 471.2abA 882.6aA 3.6laA
M4 7.05aA 32.97bC 266.2aA 466. 0abA 843.7abA 3.81aA
M5 7.25aA 34.46bBC 276.7aA 497.2abA 910.7aA 3.69aA
Fy 0.66 9.82™ 1.337 1.910 2.362 5.400

SxM  Fg.y 1.78 1.12 2.068 1.227 1.603 0.486
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