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Effects of Water-Nitrogen Management Patterns on Nitrogen Utilization Cha-
racteristics and Yield in Rice Cultivars with Different Nitrogen Use Efficiencies
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Abstract: The optimal water-nitrogen (N) managements and the selection of genotypes with high nitrogen utilization efficiency
(NUE) play a vital note in rice production aiming at high yield, high NUE and water-saving irrigation. In order to elucidate effects
of water-nitrogen management patterns on N utilization characteristics, grain yield and its physiological basis in rice cultivars with
different NUEs. Two different NUE rice cultivars with high-yield and high N-efficiency (Dexiang 4103) as well as medium-yield
and low N-efficiency (Yixiang 3724), were used with three water-nitrogen management patterns, including standing irrigation and
optimized N application (W1NT1), alternate irrigation and optimized N application (W2N1), and dry cultivation and optimized N
application (W3N2). The relationship between yield or N utilization characteristics and glutamine synthetase (GS) activity, pho-
tosynthetic rate (P,) and root activity was investigated. The results showed that rice cultivars with different NUEs and water-
nitrogen management patterns significantly affected N utilization characteristics, irrigation water use efficiency, physiological
characteristics and grain yield. The regulation effects of water-nitrogen management patterns on NUE indexes (physiological effi-
ciency, agronomy efficiency, and N recovery efficiency) were lower than those of rice cultivars with different NUEs, while the

(31101117), (201303), “ i
(2011BAD16B05, 2012BAD04B13, 2013BAD07B13) (2011NZ0098-15)
’ (Corresponding author): , E-mail: majunp2002@163.com

: E-mail: yongjians1980@163.com
Received( ):2014-01-27; Accepted( ): 2014-06-16; Published online( ): 2014-06-27.
URL: http://www.cnki.net/kcms/detail/11.1809.S.20140708.1146.002.htm



1640 40

effects of water-nitrogen management on irrigation water use efficiency, total N accumulation, N dry matter production efficiency,
and N production efficiency were significant. Compared with WIN1 and W3N2, W2N1 could promote the N uptake from elonga-
tion to maturing stages, enhance activity of GS, P,, and root activity, and then improve grain yield and NUE of two different NUE
rice cultivars, being the best model in this experiment. Moreover, the regulation effects of water-nitrogen management patterns on
the cultivar with medium-yield and low N-efficiency were significantly higher than these with high-yield and high N-efficiency
rice cultivars. The results also showed that average total spikelet number, N accumulation from elongation to heading stages, GS
activity and P, of leaves, and root activity of high N-efficiency rice cultivar were higher than those of low N-efficiency rice culti-
var. Especially, during filling stage compared with medium-yielding and low N-efficiency cultivar, the high-yielding and high
N-efficiency rice cultivar was more beneficial to higher metabolism and assimilation capacity of leaves and roots, which is the
important reason for high-yielding and high N-efficiency rice cultivar further to increase yield and NUE. Correlation analysis
indicated that there existed significantly positive correlations of GS activity and P, of leaves, and root activity in the two
N-efficiency rice cultivars with indices of N uptake and utilization and yield, furthermore, the maximum correlation coefficients
of GS activity of leaves and root activity with yield or NUE were observed at heading stage.

Keywords: Water-nitrogen management patterns; Rice; N use efficiency; N utilization; Grain yield

30 35%~60% (1 , [13-15]
, , 2030 , 3
60% ,
20%>! : ,
, [4]
[3-5]

o1 AR5

6131 Broadbent [

5 1.1
, 2012—2013
, (30°70'N, 103°83'E) ,
: 8 vao ’ , 1
2010—2011 30
; 01 Cabangon " , >
: 2
na ( 17)
, , 4103 ( , 150.2 d)
, 3724 ( , 150 d); 2012
, 4 10 ,5 5 ,2013 4 4
,4 29 ; ,
s 333 cm x 16.7 cm, s
R X
[6—7]’ [8-12] ’ 3 ( 2),
[13-15] 3 [13-15],
, 3 «“ + (WIND)”  «
+ (W2N1)” « +

(W3N2)7; 2012 ,2013



9 : 1641

F1 AW EHELTIEO~20 cm)IBLIER

Table 1 Physicochemical characteristics of soil (0—20 cm) in the experiments

Available nutrient (mg kg™")

pH

Year Total N (g kg™') Organic matter (g kg™") N P K Bulk density (g cm™)
2012 1.89 21.4 99.2 34.8 93.8 6.42 1.23
2013 1.97 22.1 104.4 324 101.4 6.47 1.29

%£2 FRKAEEEALE

Table 2 Treatment of different water-nitrogen management patterns

WNMP NARMGS (kg N hm?)
Treatment  frrigation  Nitrogen Basal Tilling e Total nitrOien Irrigagion i’ater
method  application fertilizer  fertilizer 30 4.0 3.0 2.0 (ke Nhm ) (- hm)
WINI1 Wi N1 54 54 — 36 — 36 180 9790
W2N1 w2 N1 54 54 — 36 — 36 180 5660
W3N2 W3 N2 90 54 18 — 18 — 180 3040
Wil: s W2 ; W3t s N1: 180kghm’2 s : : ( 2
) 3:3:4; N2: 180 kg hm? | : : ( 2 ) 5:3:2

W1: submerged irrigation; W2: controlled alternate irrigation; W3: dry cultivation; N1: the total N fertilizer was 180 kg hm % N appli-
cation ratio was 30% for the basal, 30% for tillering, 40% for panicle (N fertilizer was split into two equal applications at the 4th and 2nd
leaves emerged from the top); N2: the total N fertilizer was 180 kg hm >, N application ratio was 50% for the basal, 30% for tillering, 20% for
panicle (N fertilizer was split into two equal applications at the S5th and 3rd leaves emerged from the top). WNMP: water-nitrogen
management patterns; NARMGS: nitrogen application rate at main growth stages; PFLARLPN: panicle fertilizer at leaf ages with remaining
leaf primordium number.

,3 , 15.0 m?, 5,
, ,  H,S0,-H,0, ,  FOSS-8400
; P,0590 kg hm?  K,0 135 kg hm
( 40 cm, 30 cm) , =
Al ( ) /
1~3 cm s 1 = /
w2 (1 cm ) ,
5~7d 2 cm , =( - )/
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Table 3 Effects of water-nitrogen management patterns on yield and its components in rice cultivars with different N use efficiencies

in 2013
. Effective panicles Spikelets Total spikelets Seed setting rate 1000-grain Grain yield
Cultivar Treatment B ) . o ) . )
(x10" hm™) (No. per panicle) (x10° hm ™) (%) weight (g) (kg hm™)
4103 WINO 191.98 cd 144.99 b 276.90 e 89.15b 31.91 fg 7783.02 f
Dexiang 4103 ~ WINI 221.60 a 158.71a 351.70 b 88.73 b 32.42 ef 10048.07 b
W2NO 192.70 ¢ 145.12 b 279.64 ¢ 90.28 a 32.52 de 7992.41 ef
W2N1 221.40 a 165.80 a 367.08 a 89.42 ab 32.69 de 10521.93 a
W3NO 182.26 de 142.20 b 259.17 f 87.19 ¢ 33.09d 7310.05 g
W3N2 211.36 b 15727 a 33242 ¢ 84.64 ¢ 31.80 g 8884.79 d
Average  203.55 152.35 311.15 88.24 32.41 8756.71
3724 WINO 186.60 cd 139.92 be 261.09 f 86.08 cd 34.83 ¢ 7765.59 f
Yixiang 3724 WINI 214.60 ab 141.95b 304.63 d 84.46 ¢ 36.07 b 9298.89 ¢
W2NO 182.20 de 141.30 be 257.44 f 89.83 ab 3481 ¢ 7831.19 f
W2N1 215.14 ab 146.25 b 314.64 d 86.51 cd 36.60 ab 9692.63 b
W3NO 172.30 ¢ 133.14 ¢ 229.39 ¢ 86.04 d 36.95a 727177 g
W3N2 194.70 ¢ 144.64 b 281.62 ¢ 83.92 ¢ 3535 ¢ 8247.84 ¢
Average  194.26 141.20 274.80 86.14 35.77 8352.32
F C 9.38" 42227 91.45™ 5.77" 87.98" 39.23"
F-value WN 35.98" 10.42" 111.01™ 8.18" 537" 106.99™
CxWN 1.58 479" 5.26" 1.52 1.97 482"
0.05 L 0.05  0.01 WINO W2NO  W3NO
; WINI: + ; W2NI1: +
; W3N2: + ; C: ; WN: ; CXWN:

Values with a column followed by different letters are significantly different at P<0.05. " Significant at P<0.05; ** Significant at P<0.01.
WINO, W2NO, W3NO: standing irrigation, alternate irrigation, dry cultivation with blank N treatment, respectively; WINI: standing irriga-
tion and optimized N application; W2N1: alternate irrigation and optimized N application; W3N2: dry cultivation and optimized N applica-
tion; C: cultivar; WN: water-nitrogen management patterns; CxWN: cultivar and water-nitrogen management patterns interaction.

x4 KAEERAMWATERYLRKFEERMHKERRIFM2012 F)

Table 4 Effects of water-nitrogen management patterns on yield and its components in rice cultivars with different N use efficiencies

in 2012
Cultivar Treatment Effectin par;icles SpikeletsA Total ipike}zets Seed-setting rate  1000-grain weight  Grain yiild
(x10" hm™) (No. per panicle) (x10° hm™) (%) (g) (kg hm™)
4103 WINO 189.00 ¢ 146.50 cd 276.89 d 89.58 a 31.15 de 7634.98 ¢
Dexiang 4103 wWIN1 227.04 ab 157.32 ab 357.18 a 88.51 b 31.76 cd 9811.60 b
W2N1 228.10 a 161.29 a 367.90 a 89.36 ab 32,01 ¢ 10174.09 a
W3N2 215.00 cd 157.56 ab 338.75b 85.31d 30.95 ¢ 8927.14 ¢
Average  214.79 155.67 335.18 88.19 31.47 9136.95
3724 WINO 185.07 ¢ 140.40 d 259.84 ¢ 87.01 ¢ 33.60 b 7496.94 ¢
Yixiang 3724 WIN1 215.84 cd 142.97 cd 308.59 ¢ 85.86 d 34.23 ab 904731 ¢
W2N1 217.20 be 149.80 be 32537b 87.10 ¢ 3494 a 9532.87 b
W3N2 206.97 d 145.98 cd 302.13 ¢ 82.99 ¢ 33.53 b 8369.03 d
Average 20627 144.79 298.98 85.74 34.08 8611.54
F C 7.97" 25.64" 56.27" 3.33" 94.92" 53.47"
F-value WN 29.99" 5.53" 63.06" 528" 4,58 191.23"
CxWN 0.90 3.47 4.04" 0.50 1.04 3.717
0.05 L 0.05  0.01 3

Values with a column followed by different letters are significantly different at P<0.05. * Significant at P<0.05; ** Significant at P<0.01.
Abbreviations are the same as given in Table 3.



1644 40

£5 KAEERBAWMARRYLRKFEKS REEHFAIRIE2013 F)
Table 5 Effects of water-nitrogen management patterns on water and N use efficiencies in rice cultivars with different N use
efficiencies in 2013

TNA

Cultivar Treatment IWUE 5 NMPE NPE PE NAE NRE
(kg m) (ke ) (kgkgh  egkg)  (kgkg!)  (kgke) %)
4103 WINO 0.80 h 111.69 ef 123.26 ¢ 69.68 a — — —
Dexiang WINI 1.03 g 191.71 ab 93.10 f 52.41d 2831 a 12.58 a 4445 ab
4103 W2NO 1.41f 113.10 ef 124.79 be 70.66 a — — —
W2N1 1.86 d 200.21 a 93.29 f 52.55d 29.04 a 14.05 a 48.39 a
W3NO 2.40 ¢ 106.07 £ 129.54 ab 68.92 ab — — —
W3N2 292a 176.02 ¢ 96.48 ef 50.48 ¢ 22.51 be 8.75 ¢ 38.86 cd
Average 1.74 149.80 110.08 60.78 26.62 11.80 43.90
3724 WINO 0.79 h 11524 ¢ 126.97 be 67.39 be — — —
Yixiang WINI 095g 184.72 be 97.65 ef 50.34 ¢ 22.07 ¢ 8.52 ¢ 38.60 d
3724 W2NO 138 f 113.55 ef 127.60 be 68.97 ab — — —
W2N1 171e 190.15 b 98.85 ¢ 50.97 de 2430 b 10.34 b 42.56 be
W3NO 239¢ 108.64 ef 133.99 a 66.99 ¢ — — —
W3N2 2.75b 161.75d 105.95 d 50.99 de 18.27d 5.39d 29.50
Average 1.66 145.67 115.17 59.27 21.55 8.08 36.89
F C 8.52" 539" 20.06™ 8.90" 150.70™ 59.20" 201.66"
F-value WN 216.02" 351.26" 80.217 94.03" 84.04™ 36.03" 179.43"
CxWN 2.95" 2.86" 0.93 0.88 4.14" 6.22" 5.62
0.05 L 0.05  0.01 3

Values with a column followed by different letters are significantly different at P<0.05. * Significant at P<0.05; ** Significant at
P<0.01. IWUE: irrigation water use efficiency. TNA: total N accumulation; NMPE: N dry matter production efficiency; NPE: N produc-
tion efficiency; PE: physiological efficiency. NAE: N agronomy efficiency; NRE: N recovery efficiency. Other abbreviations are the same
as given in Table 3.

3724, 3724 W2NI>WINI>
4103; W3N2, W2N1
(2012 2013 )

E B

2.3 3724
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Table 6 Effects of water-nitrogen management patterns on periodical N accumulation in rice cultivars with different N use
efficiencies (kg hm™)

2013 2012
Cultivar Treatment - - N N - -
TS-ES ES-HS HS-MS TS-ES ES-HS HS-MS
4103 WINO 24.95 f 45.17 fg 17.75 ¢ 22.60 f 42.12 ¢ 17.86 f
Dexiang 4103 WINI 4121 ab 89.12 ab 27.75b 40.84 b 85.27 b 25.79 ¢
W2NO 23.62 f 48.28 f 20.28d — — —
W2N1 39.83 b 93.44 a 3330a 4452 a 90.86 a 3193 a
W3NO 2445 f 45.17 fg 16.08 ¢ — — —
W3N2 32.01d 83.07 cd 24.63 ¢ 31.44d 7871 ¢ 20.89 ¢
Average 31.01 67.37 23.30 34.85 74.24 24.12
3724 WINO 30.28 de 4139¢g 17.22 ¢ 2551 43.00 ¢ 16.59 f
Yixiang 3724 WINI 43.12a 79.56 d 23.98 ¢ 45.84 2 80.84 ¢ 23.37d
W2NO 2937 e 42.02¢g 19.92d — — —
W2N1 40.65 b 86.00 be 28.90 b 41.52b 87.83 b 2929 b
W3NO 2931 e 3943 ¢ 13.00 f — — —
W3N2 3454 ¢ 7335¢ 21.09d 33.48 ¢ 72.32d 20.68 ¢
Average 34.54 60.29 20.69 36.59 71.00 22.48
F C 52.84" 62.60" 74.43" 8.35" 8.89" 13.45"
F-value WN 164.42" 421.28" 258.84" 240.68" 290.58" 220.53"
CxWN 3.05 432" 5.46" 2.91 3.58" 3.99"
0.05 L 0.05  0.01 3

Values with a column followed by different letters are significantly different at P<0.05. " Significant at P<0.05; *" Significant at P<0.01.
TS: tillering stage; ES: elongation stage; HS: heading stage; MS: maturing stage. Abbreviations are the same as given in Table 3.

#7 KEAEEBRAMLERYRKERMH TERDFAHIES TEE MY AR RIR R TE HRIHEKMEQ2013 5F)
Table 7 Coefficients of correlation of some physiological indexes of function of leaves with root with grain yield and N uptake and
utilization at various growth stages under water-nitrogen management patterns in cultivars with different N use efficiencies in 2013

N uptake and utilization

Physiological index Growth stage Grain yield

TNA PE NRE NAE
GS Elongation 0.910" 0.860" 0.816" 0.805™ 0.812"
Glutamine synthetase Heading 0.927" 0.894" 0.926" 0.936™ 0.936™
activity i . - - -

Maturity 0.889 0.759 0.895 0.902 0.889
Elongation 0.850" 0.849" 0.851" 0.891" 0.869"

Photosynthetic rate Heading 0.864" 0.889" 0.751" 0.803" 0.762"
Maturity 0.852" 0.805™" 0.806" 0.822" 0.841"

Elongation 0.801"" 0.741" 0.671" 0.629" 0.763"
Root activity Heading 0.836" 0.786" 0.790" 0.836" 0.796"
Maturity 0.748" 0.701" 0.709" 0.777" 0.729"

( n=36); ( )
( n=24) "7 0.05  0.01 5

Coefficients of correlation between some physiological indexes and grain yield and N uptake (number of samples is 36), as well as

*

between some physiological indexes (except blank treatment) and N use efficiency (number of samples is 24). * Significant at P<0.05; ~
Significant at P<0.01. Abbreviations are the same as given in Table 5.
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