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Abstract: [Objective]The objectives were to study the effects of optimized N managements (OPTs, including HE and
HYHE) on root growth, root morphological and physiological characteristics, and their relationships with N
accumulation and yield formation. [MethodJHydroponic experiments using Zhendao 11 as material were conducted in a
greenhouse with three N supply patterns: farmers’ fertilizer practices (FFP, T1), nitrogen (N) application of high
efficiency (HE, T2). and N application of high yield and high efficiency (HEHY, T3). [Result] Higher spikelet
number per panicle, filled grain rate and 1000-grain weight were achieved in HE and HYHE treatments compared to
FFP, which led to grain yield increase of 5.7% and 16.0% in HE and HEHY (OPTs), respectively. Rice roots in
OPTs had higher root dry matter weight, total root surface area, root volume, and adventitious roots number per tiller
and longer root length throughout the growth season. OPTs resulted in higher xylem flow sap rate, root N assimilation
activity, and leal photosynthesis speed anthesis stage and middle grain filling stage. The root dry matter weight,
length, total surface area, volume, and adventitious roots number per tiller, xylem flow sap rate, and root N
assimilation activity had significantly positive relationship with total N accumulation and grain yield. [ConclusionJOPTs
could improve root growth, optimize root morphology, and maintain higher root physiological activities, thus achieving
the improvement in N accumulation and grain yield.

Key words: optimized nitrogen managements; root morphological characteristics; root xylem sap; nitrogen

accumulation; grain yield
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Table 1. Nitrogen supply rate for different nitrogen supply patterns.
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TDAT—FARJR 7 d; PIS— RS ALIN ; SDS— MUK Zr LI 3 AS—IFAEI s MS— Rl . T, — BRI SIRE I s T, — B 380 A 5

Ty — B 7 A RO AL . R 1A

7DAT, Seven days after transplanting; PIS, Panicle initiation stage; SDS, Spikelet differentiation stage; AS, Anthesis stage; MS, Matu-

rity stage. T,

tion of high yield and high efficiency. The same as below.

Simulated N application of farmers”’ fertilizer practices; T,, Simulated N application of high efficiency; T, , Simulated N applica-
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Table 2. Root dry matter weight per plant and root/shoot ratio at various growth stages of rice subjected to different nitrogen supply patterns.

AP Root dry matter /(g « plant ')

R % e Root/shoot ratio

Trfl}ienl T ah oA 2R EI TFIEW A G ycigia] 2P HEI) TFAE )
PIS BS AS MS PIS BS AS MS
T, 0.4940.04 ¢ 1.25+0.05 b 1.50+0.08 b 1.5840.06 b 0.1040.01 ¢ 0.0940.01 b 0.064+0.01 b 0.0440.00 a
T, 0.68+0.02 a 1.43+0.09 a 1.66+0.07 a 1.7040.05 a 0.1940.01 a 0.11£0.02 a 0.07£0.01 a 0.054+0.01 a
T, 0.604+0.04 b 1.38£0.02 ab  1.61£0.11 ab 1.66+£0.14 ab 0.13+0.01 b 0.104+0.01 a 0.0740.01 ab  0.054+0.01 a
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The values followed by common letters indicate no significant differences at the 0.05 level within a column. BS, Booting stage. The same as follows.
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Common lowercase letters above the bars indicate no significant difference at the 0.05 level. The same as below. MFS, Middle filling stage.
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Fig.1. Dynamics of maximum root length, total root length, total root surface area and root volume at various growth stages of rice subjected to

different nitrogen supply patterns.
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Fig. 2. Dynamics of adventitious root number per plant and average adventitious root number per tiller of rice at various growth stage subjected to

different nitrogen supply patterns.
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Table 3. N accumulation per plant of rice subjected to different N supply patterns. mg

REW B B W B
b 3 N accumulation at each growth stage e
Treatment BRBGALE BRI TN Tl R ol N

TRA-PIS PIS-BS BS-AS ASMS accumulation

T, 153.0£16.4 a 119.94+8.0 b 78.0+14.2 b 25.9+6.7 b 398.74+35 b

T, 86.1+16.6 ¢ 143.5+12.6 a 116.9+11.6 a 61.1+9.1 a 428.0443 ab

T, 131.8+£22.0 b 137.6+8.7 a 102.1+£21.7 a 74.6+0.4 a 465.6+19 a
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Fig. 3. Effects of different N supply patterns on root GS activity, root xylem sap rate, total free amino acids content and photosynthetic rate in flag

leaf of rice.
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Table 4. Grain yield and yield components of rice subjected to different nitrogen supply patterns.

e R TR AL s TR E KL ™t
A No. of panicles Spikelets Seed setting 1000-grain Grain yield
Treatment
per plant per panicle rate/ % weight/g / (g e plant ")
T, 5.640.9 a 94.44+5.2 b 83.5+1.2 b 26.5+0.4 b 10.64+0.3 b
T, 5.0+0.5b 107.0+4.1 a 87.8+2.7 a 27.84+0.9 a 11.240.5 ab
T, 5.84+0.9 a 103.4+7.2 ab 86.7+2.0 a 27.5+0.5 a 12.34+0.8 a
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Table 5. Correlation coefficients(r) between root morphological and physiological characteristics and nitrogen accumulation at each growth stage of

rice.
WAM S E A % B4 Nitrogen accumulation
Root system ZHTE-TF 46 TF A6 B 20 MR
parameter BS-AS AS-MS Total N accumulation

AP RDM 0.96"" 0.83" 0.70"
BARE TRL 0.89°" 0.78" 0.57
R HE A TRSA 0.90" " 0.76" 0.73"
AR TRV 0.98"" 0.88"" 0.78"
BB BN E AR NARP 0.11 0.51 0.50
BN BE RN E AL NART 0.96"" 0.87" " 0.77"
i i WA RXSR 0.87"" 0.88"" 0.71°
A S e A N T RGSA 0.86"" 0.92"" 0.74"

LU ERR RAE SRR E MG, TR,

“," " denote significant or extremely significant correlation,respectively.

RDM, Root biomass; TRL, Total root length; TRSA, Total root surface area; TRV, Total root volume; NARP, Number of total ad-
ventitious roots per plant; NART, Number of average adventitious roots per tiller; RXSR, Root xylem sap rate; RGSA, Root GS activity. The

same as follows.

R6 FAEBREABRSREESHEFERTEMMERNBEXREH(r)

Table 6. Correlation coefficients between root morphological and physiological characteristics and grain yield.

RS H R i REORL B YR Tk -
Root system No. of panicles Spikelets Seed setting 1000-grain "
Grain yield
parameter per plant per panicle rate weight
AP RDM —0.56 0.99"" 0.99"" 0.91°" 0.75"
BMREK TRL —0.60 0.99"" 0.98"" 0.93"" 0.71"
B R TRSA —0.52 0.98"" 0.98"" 0.97"" 0.76"
WA TRV —0.52 0.99"" 0.97"" 0.90"" 0.69"
Wbk B AR EMRE NARP 0.34 0.22 0.26 0.29 0.41
B BE- A IR NART —0.51 0.89" 0.91"" 0.927" 0.82°
13 O RXSR —0.49 0.88" 0.92"" 0.97"" 0.76"
A ST e A W TE M RGSA —0.63 0.93"" 0.79" 0.91"" 0.72"
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