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Abstract: [Objective] The objective of the experiment is to study the effects of water-nitrogen management on root
traits, nitrogen accumulation and utilization and grain yield in rice with different N use efficiencies, and the relationship
between root traits and nitrogen accumulation and utilization and yield. [ Method ] In this study, two different nitrogen use
efficiency (NUE) rice varieties Dexiang 4103 (high NUE) and Yixiang 3724 (low NUE) were used as the trial material to
determine the effects of water-nitrogen management on root traits and grain yield in rice with different NUEs,
conventional irrigation and controlled alternative irrigation coupled with SPAD-diagnosis N management, optimal N
management and farmer’s usual N management were established as treatment factors. During this progress, the
relationship between root traits, nitrogen accumulation and utilization and grain yield were analyzed by ridge regression
analysis. [ Result] There were significant genotypic differences in root traits at heading stage, grain yield, spikelet number
per panicle, 1000-grain weight and total spikelet number. The high NUE variety (Dexiang 4103) had more spikelet
number per panicle and larger population capacity, with the yield being 0.24%—11.31% higher than that of low NUE
variety (Yixiang 3724). Compared with conventional irrigation, the 1000-grain weight under controlled alternative
irrigation was significantly larger, while the former was more favorable for improving panicle number, spikelet number
per panicle and population spikele number. SPAD-diagnosis-based N management and optimal N management could
increase the panicle number and spikelet number per panicle, which increased the population spikelet number, ensuring
the grain yield advantage over farmer’s usual N management. Because of the water-nitrogen interaction effect, the gap in
1000-grain weight between N application and zero N treatments under controlled alternative irrigation narrowed
considerably compared with that of conventional irrigation, leading to better effect of N application on grain yield under
controlled alternative irrigation. The nitrogen use efficiency of Dexiang 4103 was 8.69% higher than that of Yixiang 3724,
the nitrogen accumulation of rice under conventional irrigation was higher, as well as the nitrogen recovery efficiency,
agronomic efficiency, physiological efficiency under controlled alternative irrigation. SPAD-diagnosis-based N
management and optimal N management were more favorable for imroving nitrogen accumulation and utilization
efficiency of rice than farmer’s usual N management.The determination coefficient of ridge regression equation between
root traits and grain yield of rice at jointing stage, heading stage and maturity stage ranged from 0.4198 to 0.9028. The
relationship between root traits at heading stage and grain yield was the most closely related, and the determination
coefficients of high NUE and low NUE varieties all exceeded 0.9. At the jointing stage, the rice fine lateral root length
had the greatest effect on grain yield. At the heading stage, there was difference between the high NUE and low NUE
varieties, and the coarse lateral root length of the former and the fine lateral root surface area of the latter had the greatest
effect on grain yield, respectively. In maturity stage, the relationship between adventitious root length and grain yield was
the most important. Rice root morphology at heading stage had close relation with the change of nitrogen accumulation,
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and the determination coefficient of ridge regression equation was close to 0.7. In terms of water and nitrogen
management practice, SPAD-diagnosis N management coupled with conventional irrigation or optimal N management
combined with alternative irrigation should be applied to achieve grain yield improvement for both high NUE and low
NUE varieties. [ Conclusion] The root morphology characters of rice at heading stage was closely related to yield and
nitrogen accumulation, and the yield and nitrogen accumulation and utilization efficiency of rice could be improved by
reasonable water-nitrogen management.

Key words: water-nitrogen management; rice; N use efficiency; root morphology; grain yield
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Table 1. N application rate and fertilization stage.
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it & At &R B N application rate and stages

Tt R - BEL feAEn TRAENE St
N management mode Basal N/(kg-hm?) N application for tillering N appIiCétion for spikelet N applicat.ion for spikelet  Total N rate/(kg-hm™?)
I(kg-hm™®) boosting/(kg-hm?) preserving/(kg-hm™)
SPAD #5 S 0 ER G 7 d B, 2542 0E%L SPAD < 37.5, % 15 kg/hm?, SPAD > 37.5, A% . 120
SPAD-diagnosis N management Hoepr, kAT 4 HRE)), 25 SPAD < 37.5, Jti%( 30 kg/hm?®. AEEMNI 1 K.
AT 45(30%) 45(30%) 30 (20%) 30 (20%) 150
Optimal N management
A R )it e 105(70%) 45(30%) 0 0 150
Farmer’s usual N management
#2 KEEEWNAERMEKEFEREMREZRNEZMN
Table 2. Effects of water-nitrogen management on grain yield and its components in rice with different N use efficiencies.
o T3 it A AR AERERLAL LD TRIE S ivia s FehE
. Irrigation N management Productive panicle Spikelet number  Seed-setting rate  1000-grain weight Total spikelet Grain yield
Cultivar pattern mode number/(x10* hm?) per panicle 1% /g Number/(x10° hm?)  /(kg-hm™?)
1A 4103 W, CK 212.52+1.47 ¢ 142.58+2.31 ¢ 90.83+2.01a 33.43+0.60 a 303.01+5.86 ¢ 9135+334.75 ¢
Dexiang 4103(C,) N; 235.10+10.11 b 211.16+16.46 a 83.92+0.68 b 30.56+0.47 ¢ 496.21+40.90 a 12 311+266.06 a
N, 246.63+7.95 ab 205.39+4.11a 80.74+2.67 b 30.90+0.55 bc 506.54+19.50a 12 077+114.48a
N3 252.20+4.93 a 162.49+5.79 b 90.72+2.80 a 32.30+0.17 ab 409.94+20.60 b 11 500+401.06 b
*F¥J Average 236.61 180.41 86.55 31.80 428.92 11 256
W, CK 193.7243.70 ¢ 138.68+3.16 ¢ 91.24+2.40 a 33.63+1.03 a 268.66+11.11¢c  8120+365.81 ¢
Ny 234.15+4.52 b 190.35+6.44 a 84.61+2.51 ¢ 32.78+1.06 a 44557+10.86a 11961+283.28 a
N, 241.84+10.63 ab 185.38+13.41a 85.76+0.74 bc 32.82+0.16 a 447.65+23.56 a 12 239+341.80 a
[\ 249.09+8.14 a 155.33+6.66 b 88.06+1.40 ab 34.43+1.53 a 387.21+27.97b 11 351+134.61b
¥ Average 229.70 167.44 87.42 33.41 387.27 10918
HA 3724 W, CK 198.03+2.58 b 131.20+3.42b 88.85+1.58 a 36.34+1.01a 259.80+5.30 ¢ 8373+147.22 ¢
Yixiang 3724(C,) N; 235.18+10.44 a 183.20+14.44 a 84.48+2.22b 33.58+0.02 b 430.48+3250a 11977+418.03a
N, 241.37+6.10 a 178.67+6.04 a 84.77+2.67b 34.42+0.19b 431.47+24.29a 12 048+200.90 a
N3 246.25+10.00 a 143.43+5.56 b 89.16+0.61 a 36.36+0.69 a 352.91+8.82b 11 132+227.75b
¥ Average 230.21 159.13 86.81 35.17 368.67 10 882
W, CK 190.95£3.65¢ 117.47+2.01¢c 89.62+0.37 a 36.76+0.53 ab 224.31+6.59¢c  7295+124.53 ¢
N; 229.79+4.93 b 179.56+7.94 a 81.11+1.21b 36.66+1.23 ab 412.36+10.38a 11 887+305.06 a
N, 238.10+11.19 ab 175.79+3.66 a 80.72+3.66 b 35.33+0.85 b 418.28+11.19a 11 621+233.07 a
N3 243.05+11.10 a 144.32+4.26 b 88.05+1.68 a 37.37+2.33a 350.94+23.67 b 11097+199.41 b
T4 Average 225.47 154.29 84.88 36.53 351.47 10 475
C, “F-#5 Average 233.16 173.92 86.99 32.61 408.10 11 086.88
C, “F¥J Average 227.84 156.71 85.84 35.85 360.07 10678.71
F {8 F-value s C 3.83ns 35.53* 5.66 ns 3399.64** 29.55* 19.65*
HEBTT W 16.63* 10.38* 0.55 ns 22.24%* 52.69** 183.26**
TEEBE N 100.47** 169.12** 44 51%* 12.67** 207.92%* 826.41%*
CxW 0.58 ns 2.16ns 3.71ns 0.17 ns 9.10* 1.59ns
CxN 0.39ns 0.20 ns 0.30 ns 0.23ns 0.09 ns 4.38*
WxN 1.19ns 0.90 ns 1.31ns 3.02* 0.89 ns 13.01**
CxWxN 0.61ns 2.16ns 4.79%* 0.77 ns 0.67 ns 2.19ns

B CREMEEARHEZE) J5BRAH R 7 RERORTE 5% RPZERARE  *F*73 HIFIRTE 005, 0.01 KFZEF B, ns KRTE 0.05 KFERAEE. C. W. N7y
AR A BT AR C— E A 4103; C,— AURBUH BLAF 3724; W, — WL W,—48HITEAS &ML CKL Niv Npv Ny 2 AR AN ZUIE . SPAD
RS AL R SIBEA . CXW— i 57 N EAF: CXN— @A SR A, WXN—#E 7 KSR E AR CXWXN—ffh. 7.

AALHEHEA=FEAE. TH.

Values(mean + SD)within a column followed by common letters are not significantly different at P<0.05. * and ** mean significant difference at 0.05 and 0.01 levels, respectively;

ns means insignificant difference at 0.05 level. C, W and N represent cultivar, irrigation pattern and N management mode. C,, High N-efficiency cultivar (Dexiang 4103); C,, Low

N-efficiency cultivar(Yixiang 3724); W,, Conventional irrigation; W,, Controlled alternate irrigation;: CK, Without N application; N,, SPAD-diagnosis N management; N,, Optimal N

management; Nj, Farmer’s usual N management. CXW, Cultivar and irrigation pattern interaction; C XN, Cultivar and nitrogen management mode interaction; W XN, Irrigation

pattern and nitrogen management mode interaction; CX W XN, Cultivar, irrigation pattern and nitrogen management mode interaction. The same as below.
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Table 3. Effects of water-nitrogen management on N accumulation and utilization in rice with different N use efficiencies.

e T 50 e . o EMEThES HALAR AR = SN BRI %
R Irrigation BB AME R N recovery efficiency N agronomic efficiency N physiological efficiency
Cultivar N management mode N accumulation . B
pattern 1% I(kg-kg™) I(kg-kg™)
14 4103 Wi CK 128.20+6.28 ¢ — — —
Dexiang 4103 (C,) N 204.98+2.88 a 63.98+4.04 a 26.47x1.32 a 41.41+¥1.95a
N2 205.41+2.56 a 51.47+4.79b 19.61+1.98 b 38.10+1.40 b
N3 193.27+6.20 b 43.38+5.11¢ 15.76+1.59 ¢ 36.40+1.21b
4 Average 52.95 20.61 38.64
W, CK 112.16+7.42 ¢ — — —
N1 191.44+5.23 a 66.07+5.57 a 32.01+0.73 a 48.65+3.65 a
N2 198.88+4.84 a 57.82+3.38 b 27.46+2.31b 47.49+2.83 a
N3 182.03+6.48 b 46.58+2.55 ¢ 21.54+2.62 ¢ 46.12+3.17 a
SEH) Average 56.82 27.00 47.42
HA 3724 W, CK 111.21+4.03 ¢ — — —
Yixiang 3724 (C,) N1 205.43+8.41a 78.52+9.97 a 30.03+4.23 a 38.21+1.03 a
N> 207.89+2.54 a 64.46+3.29 b 245+2.30b 37.95+1.73 a
N3 192.74+7.79 b 54.35+6.04 ¢ 18.39+1.57 ¢ 33.92+1.60 b
S Average 65.78 2431 36.69
W, CK 96.44+2.89 ¢ — — _
N1 199.87+2.84 a 86.19+4.1a 38.26+3.56 a 4434+2.17 a
N> 192.88+0.84 ab 64.29+1.82 b 28.84+2.37b 44.81+2.58 a
Ns 187.39+6.43 b 60.63+6.04 b 25.35+2.04 ¢ 41.86+0.80 a
4 Average 169.15 70.37 30.82 43.67
C1 4 Average 177.05 54.88 23.81 43.03
C2 1 Average 174.23 68.07 27.56 40.18
F {8 F-value b C 2.71ns 13.79ns 4.27ns 21.35*
HEWE T A W 119.28** 10.78* 250.58** 46.67**
it N 888.36** 107.66** 171.70** 12.58**
Cxw 0.69 ns 0.08 ns 0.02 ns 0.61ns
CxN 10.68** 3.09 ns 1.31ns 1.48 ns
WxN 117ns 0.21ns 0.21ns 112ns
CxWxN 1.62ns 2.12ns 3.41ns 0.12ns
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FHER 4 al 50, MFEAET, $0 KRS 2R
WK SRKMEE LA W, A
75.89%~76.98%; FH /T HARIKZ , £ 7 15.41%~16.48%;
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FRAE IR P At R T T 22 S e /e Wo T, B

RO EARROKFE AR R VEIRFEARAE Ny AN, R AR
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BAREE. Wi T, Ny KRB R KERK,
N3 #2751 50% 7 415 Wo T, B UK FE L N, F4H455
R, RURSEE R AR FREN BL Ny #Bif, —
H e Na 3251 46.30%F11 44.02%.

IR Gy K SN A BEABE X0 A ] 280 R0 7K e il il
IR RPEIR IS W36 5. BaAE B bR, il
IR RS DU TR bR BT BASS RIR g i, K
KRTE AR RAEK R R . 1Z A SR e R
JTEASRHEY I B RR A E S, RIWAE S
AR S T RS B, AT AN E AR A
s Ao AR MIAR A . ARER AR AR AR R B 5
m i 20% 0L Lo A RS T Na R /K FEdh
TN RPERFE bR/, BT Ny AT Npo Wy
T, BEBUKFBIRRESTERRIN N, HEE S
T Np» MEMRFOKAENA N1 FI Ny 278 W,
T, BESUKFERM N, b Ny EMR R IR &T ek B
B, M ERBUKFEmN S, BRKH N B
FIF H A AR RIS TR ArgE R R R =K. W
K5 AR, Wi T, BERUKFELL Ny R B
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Table 7. Ridge regression analysis between grain yield and root traits at different stages in rice with different N use

efficiencies.
FrvfE[E] ) £ %7 Standard regression coefficient
[EEERIN - 9 -
Root trait #RAH Jointing stage SN Heading stage S Maturity stage

FESHN IR LN AEHN  BAER LN

R HN  FURA LN
R T & Total root dry weight -0.0135 -0.019
ANFEHR Adventitious root

¥ & Number -0.1711 -0.0595
K Length 0.1110 0.0653
FTH A Surface area 0.2074 0.0538
PR Volume -0.1432 -0.0422
HL2> B Coarse lateral root
KJ¥ Length 0.2971 0.1153
F A Surface area 0.1718 0.2337
#F Volume -0.0805 -0.1707
204> BUAR Fine lateral root
K Length 0.3316 0.4615
KM Surface area 0.1496 0.1212
A Volume -0.0537 -0.0096

YesE Z % Determination coefficient 0.7204™ 0.6292"

0.1875 0.1056 -0.0679 -0.0142
0.2143 0.1457 0.1777 0.1591
0.0698 -0.0331 0.2415 0.4472
0.0437 0.1587 0.0127 0.1910
0.0019 -0.006 0.1872 0.0051
0.2625 0.0352 -0.1532 -0.0744
0.0138 0.0552 0.1450 0.2821
0.1236 -0.0037 -0.0953 -0.2173
0.0512 0.0130 0.2036 -0.2006
-0.0216 0.3743 0.1022 -0.0281
0.0144 0.1180 -0.1059 0.0025
0.9009" 0.9028" 0.4587" 0.4198"

R — B RO A AMERY 4103; AR — RIRRL A B AT 3724, R 8 [F]. **, HEBFEKF,
HN, Dexiang 4103(High N use efficiency cultivar); LN,Yixiang 3724(Low N use efficiency cultivar). The same as in Table 8.**, Significaant at 0.01 level.

®8 ARIAMFKEREFHRRAR RS BEREF AL EF 24

Table 8. Ridge regression analysis between root traits at different stages and N accumulation and utilization in rice with

different N use efficiencies.

YeiE £ %1 Determination coefficient

BRI KA Jointing stage

N accumulation and utilization

R Heading stage U Maturity stage

BEMHN  FUEZ LN FFEMHN  ZUEZ LN FHEMHN  ZUEB LN
AR B E N accumulation 0.4596 0.4945 0.6892 0.6917 0.4036 0.4078
FAEENER N recovery efficiency 0.3801 0.4244 0.4491 0.5722 0.3437 0.4308
ZAEAR 2 FI 2 N agronomic efficiency 0.3226 0.2638 0.3451 0.4263 0.3140 0.4197
ZAEAFEFI 2 N physiological efficiency 0.0720 0.1077 0.2243 0.0928 0.2519 0.4161

R R H R moK R B AR BRI SR —EH 2
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