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The Effect of Nitrogen Fertilizer Treatments on Root traits and Nitrogen Use
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Abstract ; To investigate the effect of nitrogen management practices on root traits, he amount of nitrogen absorption at grain
maturity, nitrogen fertilizer use efficiency, and to analysis the main root traits of rice responsible for high nitrogen absorption
efficiency, a total of 15 conventional Indica rice varieties with marked differences in nitrogen absorption efficiency were pot-
cultured in 2011 and 2012. (1) The amount of nitrogen ahsorption ( ANA) at grain maturity was differed significantly

among rice varieties and nitrogen fertilizer treatments. Among varieties, nitrogen absorption efficiency was positively
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correlated with ANA at grain maturity in all nitrogen treatments. In rice varieties with high nitrogen absorption efficiency
ANA was greater than that in rice varieties with intermediate and low nitrogen absorption efficiency. In rice varieties with
high nitrogen efficiency ANA was increased by increasing nitrogen fertilizer application rates or by using the base +
promoting-spikelet fertilizer treatment. (2) Rice varieties with high nitrogen absorption efficiency showed higher adventitious
root numbers, root dry weight, total adventitious root length, and also had relative higher root activity at conventional and
high rates of nitrogen supply. Rice varieties with high nitrogen absorption efficiency had higher adventitious root numbers,
total adventitious root length, root dry weight, root total absorption area and active absorption, as well as crown :root ratio.
Increasing the nitrogen application rate increased total adventitious root length and root activity. The appropriate rate of
nitrogen application increased adventitious root number and root dry weight. Nitrogen application at the early growth stage
promoted the occurrence and extension of adventitious roots, while at the late growth stage nitrogen addition enriched
adventitious roots and improved root physiological activity. In addition, increased nitrogen supply improved the crown :root
ratio of rice varieties with different nitrogen absorption efficiencies. (3) Rice varieties with high nitrogen absorption
efficiencies had higher nitrogen absorption and use efficiencies than those with middle and low nitrogen absorption
efficiencies at the conventional and high rates of nitrogen supply. (4 ) Increasing adventitious root number, total
adventitious root length, root activity and crown :root ratio at heading stage improved ANA in all rice varieties. Increasing
root dry weight also had a significant and positive effect on ANA in all rice. Correlation analysis and path analysis indicated
that crown: root ratio at heading stage, adventitious roots number, root activity, total adventitious root length and
adventitious root dry weight were the main root traits that affected nitrogen absorption in the rice varieties with high nitrogen

absorption efficiencies.

Key Words: Indica rice varieties with high nitrogen absorption efficiency ; Amount of nitrogen absorption at grain maturity ;

Nitrogen fertilizer treatment; Root traits; Nitrogen fertilizer use efficiency
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Fig. 1 Effect of N treatments on Total nitrogen uptake at maturity stage in rice varieties with different nitrogen efficiency
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Table 1 Effects of nitrogen application rate on root traits in the rice varieties with different nitrogen efficienciy
- e o4 UBRAR AR HUBRAR R T IR ;
wm I o, TR g v
Treatment Nllr.ogen numbers per plant/  root length per Root dry weight Tulal' roots ROOt,athe per plant/
absorption type (number) plant/ (em) per plan/(g) absorbing arc;i absorbing are;i (ug g b
per plant/ (m“)  per plant/ (m”)
07 AR 178.83 b 3831.83 ¢ 239 f 22.58 11.10 883.99
NO( CK) AR 174.92 b 3168.83 ¢ 2.87 def 20.83 10.34 1345.03
EA=Y e 203.31 b 3738.75 ¢ 3.31 def 20.48 10.17 1140.43
278 RAURRL 369.89 a 7052.50 ab 3.57 cde 21.63 10.73 2351.78
N1(Low-N) APl 335.64 a 5703.25 b 4.11 abed 15.18 7.59 2398.05
R 398.81 a 6789.17 ab 5.27 a 23.32 11.64 1944.08
475 AR 358.5a 7069.17 ab 3.49 cdef 20.16 10.03 2232.45
N2( Middle-N) APl 361.28 a 6806.67 ab 3.66 bede 19.56 9.78 2071.56
AL 397.94 a 7419.75 a 5.01 ab 19.39 9.71 2472.80
6 T AR 333.56 a 5919.08 ab 2.54 of 17.96 8.90 1754.60
N3( High-N) APl 335.67 a 5955.17 ab 3.00 def 22.25 11.05 2162.68
EN= 385.19 a 7442.08 a 4.87 abe 21.25 10.6 2662.41
F{E Fem 3.421 % 3.756 * 14.267 " 0.987 1.046 0.477
F-value b 29.047 ** 23.752*" 5.996 " 0.371 0.303 7.816*"
e IRy 0.147 0.585 0.665 2272 2.256 0.916

FHREARHF 22535 0.01( ™ ) 8 0.05( * ) BEAKF, T,

®2 MHERHPLEXNTERNEKERREEROZE

Table 2 Effect of nitrogen fertilizer application time on root traits in the rice varieties with different nitrogen efficiency

. ey o4 g HBRIR R HBRAR R T IR .
Treatment Nltr?gen numbers per root length per Root dry weight Total' roots Rool'actlve per plant/
absorption type plant/ ( ) plant/ (em) per plan/(g) absorbing areza absorbing arej (ug g hr)
per plant/ (m?)  per plant/ (m?)
FEAE RAARKL 357.11 abe 6928.67 abc 3.3 bede 20.7 10.27 1585.98
To(CK) AR 320.69 be 6552.96 abc 4.21 abed 25.15 12.5 1892.49
FEN=T e 376.38 ab 7380.63 ab 4.69 a 24.72 12.28 1372.89
AL (TI) RAARKL 339.89 abc 6352.42 abc 3.05 de 26.12 12.9 1836.45
base-base fertilizer A PR 343.75 abc 5948.5¢ 3.23 cde 19.84 9.82 1766.04
EAN=1 e 401.32 a 7451.25 a 4.06 abcd 22.21 10.99 1931.91
FAE+5 BN (T2) RARRL 320.67 be 6213.42 be 2.69 e 18.29 9.08 1276.15
base-tillering fertilizer A bk 303.44 ¢ 5847.42¢ 3.28 bede 20.68 10.23 1437.81
EAN=T e 380.53 ab 6790.96 abc 3.47 abede 21.24 10.52 1291.12
FERE+{EAEAL (T3) AR 333.44 abe 5970.75¢ 3.17 cde 22.32 11.05 1273.61
base-promote APk 340.39 abe 6534.92 abc 3.71 abede 22.99 11.42 1547.85
spikelet fertilizer R 387.01 ab 6925.54 abc 4.32 ahc 25.41 12.61 1328.47
FEAE+PRAERE (T4) AL 324 he 5972.92 ¢ 3.02 de 18.88 9.35 1695.07
base-preserving A 325.64 be 6632.5 abe 3.74 abed 20.26 10.06 2188.41
spikelet fertilizer R 367.42 abc 6718.92 abc 4.51 ab 23.67 11.76 1856.96
FiE FAl 10.866 ** 7.489** 8.603 " 1.748 1.77 0.546
F-value b F 0.69 1.241 2.043 1.854 1.878 1.645
ESHRYIS:] 0.256 0.838 0.214 1.099 1.097 0.402
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Fig. 2 Effect of N application level on crown root ratio in rice varieties with different nitrogen efficiency
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Fig. 3 Effect of N application time on crown root ratio in rice varieties with different nitrogen efficiency
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Table 3 Correlation coefficient between the amount of nitrogen absorption at maturity stage and root traits per plant

AT Types of Varieties

RARHEAR Root it AURA(LNE) A PA(MNE) A (HNE)
FRR AR EHREL Adventitious root numbers per plant 0.457* 0.522** 0531
FRRASEAR K Total adventitious root length per plant 0.426* 0.402** 0.396**
HRRAR T H Root dry weight per plan 0.106 0.051 0.372**
BAUBRAR 2 S TE R Total roots absorbing area per plant -0.193 -0.121 -0.152
BA PR 2R 35 BRI S 1T B Root active absorbing area per plant -0.184 -0.118 -0.140
BARRARIE 7 Root activity per plant 0.444* 0.306 * 0.507 **
Y AR H Crown root ratio at heading stage 0.778** 0.735** 0.389 "
FREAITERR L Crown root ratio at maturity stage 0.576 ** 0.306 -0.124

LNE: Low nitrogen efficiency ; MNE, Middle high nitrogen efficiency; HNE high nitrogen efficiency. The same below.
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