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Abstract: [Objective] Plant root morphology has certain plasticity for adapting to low phosphorus stress, and is of
great significance for improving phosphorus absorption and utilization. Therefore, we used 102 major rice varieties in
the middle and lower reaches of the Yangtze River as the tested materials to study the correlation between root
morphology and phosphorus uptake of rice seedlings. [Method] Hydroponic experiments were conducted to
investigate the influences of NH;-N and NO; -N at the same concentration (40 mg-L™") on dry weight, P
concentrations and contents as well as the root morphology. [Result] At the six-leaf stage of rice incubated under the
same concentration of nitrogen, the average biomass of the rice seedlings amounted to 67.87 mg per plant in the
NH,'-N solution, 4.27 mg higher than that in the NO; -N solution. The average P content was 0.49% when grown in
the NH,*-N solution, 0.10% higher than that of rice seedlings grown in the NO; -N solution. In addition, the average
accumulation of P in the seedlings was 0.37 mg per plant when supplied with NH,"-N, 0.10 mg higher than that
supplied with NO3 -N. The coefficient of variation of root morphological indexes were in the order of the number
of tips > total root length > the number of branches > total root area > the number of crossing > the total root volume >
average diameter in the NH, -N solution; the coefficient of variation of root morphological indexes were in the
order of the number of tips > the number of branches > total root length > total root area > the number of crossing >
the total root volume > average diameter in the NO; -N solution. The total root length, total root area, branching
number and crossing number were significantly correlated with biomass, P content, and P accumulation in rice plants
in the NH,"-N solution; whereas the total root length, total root area, tip number and crossing number were
significantly correlated with biomass, P content, and P accumulation in rice plants in the NO; -N solution.
[ Conclusion] The correlations between P uptake and the indices of root morphology when plants were supplied with
NH, *-N were higher than those supplied only with NO; -N. The total root length, total root area and crossing number
might be important indicators for evaluating the P use efficiency of rice at seedling stage.
Key words: rice; nitrogen forms; root morphology; P uptake and accumulation
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Table 1. Varieties and numbers of selected rice.
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'S b T mi 'S mi b

Number Variety Number Variety Number Variety
1 4<% 25 Nongxiang 25 35 iz 4% 23 Wuyunjing 23 69 4EIE 1 5 Fuzhao 1
2 K47 Yuzhenxiang 36 WI112 70 #ERH 18 Huaidao 18
3 PRk 819 Zhuliangyou 819 37 B1F5 11 Zhendao 11 71 #UFH 12 Sidao 12
4 WKL 17 Xiangwanxian 17 38 Y #iflt 646 Y liangyou 646 72 F% 18 Zhendao 18
5 #4E 5 Huanghuazhan 39 HPIAL 343 Xinliangyou 343 73 HIZHE 19 Wuyunjing 19
6 Bl #4997 Luliangyou 997 40 Y Pl 2 %5 Y liangyou 2 74 Bz A# 21 Wuyunjing 21
7 JHEHD 12 Xiangwanxian 12 41 ] Witk 3905 Guangliangyou 3905 75 %EHE 9 5 Liangjing 9
8 FEW 1 5 Fengliangyou 1 42 Mt 95 Yongyou?9 76 JEFF 75 Lianjing 7
9 ARl 32 Xiangzaoxian 32 43 [ F% 119 Wandao 119 77 {HF% 8 ‘5 Zhendao 8
10 HH-5LHD 45 Xiangzaoxian 45 44 J5#% 5 5 Sudao 5 78 HIZAF 24 Wuyunjing 24
11 EIRAL 2997 Fengyuanyou 2997 45 fl 2503 Zhongxian 2503 79 T4 55 Ningjing 5
12 C M1t 608 C liangyou 608 46 W1t 766 Liangyou 766 80 FMIL 6 5 Xinliangyou 6
13 “EJFEAL 2297 Fengyuanyou 2297 47 FML 223 Xinliangyou 223 81 4% 153 Wandao 153
14 #8544 24 Xiangzaoxian 24 48 Ik 602 11 You 602 82 FEMWL 95 Fengliangyou 9
15 HIF R 6 %5 Xiangzaoxian 6 49 P 106 Xinliangyou 106 83 Witk 383 Liangyou 383
16 FE# A 130 Longxiangyou 130 50 fi# 18 Hangxiang 18 84 Wil 378 Liangyou 378
17 Al 42 Xiangzaoxian 42 51 F A 84 Chunyou 84 85 Y #ft 1 5 Y liangyou 1
18 WAL 22 Xiangwanxian 22 52 #Wk 6 5 Huiliangyou 6 86 4 94140 Nanjing 94140
19 [P 996 Luliangyou 996 53 FiPifli 42 Xinliangyouxiang 42 87 EWiflt 80 Fengliangyou 80
20 8 16 Zhen 16 54 1 8106 Liangyou 8106 88 3L 2 %5 Jiayou 2
21 wJ93 55 APt 1813 Shenliangyou 1813 89 #iF 12 Zhendao 12
22 4 15 Zhen 15 56 4 4103 Dexiang 4103 90 HrAE 25 Xindao 25
23 WJ46 57 e f% 68 Wandao 68 91 RWIfIL 3117 Shenliangyou 3117
24 MG 14 Zhendao 14 58 B4 1128 Yueyou 1128 92 G 18 5 Xindao 18
25 T8 15 Ningjing 1 59 75375 9 5 Suxiu 9 93 P 6348 Fengliangyou 6348
26 WJ109 60 4£48 5 5 Huajing 5 94 At 2640 Yongyou 2640
27 WO030 61 48 7 5 Yanjing 7 95 W1 3905 Liangyou 3905
28 4 9424 Zhen 9424 62 ANW 96 P4 4% 49 Nanjing 49
29 #F& 17 Zhendao 17 63 48 4037 Yangjing 4037 97 T 2 5 Ningjing 2
30 %% 19 Zhendao 19 64 HER 6 %5 Huaidao 6 98 WO032
31 THE 3 5 Ningjing 3 65 5 F% Huaruidao 99 i 3 %5 Zhonghan 3
32 WJ104 66 EhHE 11 Yanjing 11 100 JEAF 11 Lianjing 11
33 7% 10 5 Zhendao 10 67 4:4% 18 Jinjing 18 101 7% 16 Shengdao 16
34 ff% 88 Zhendao 88 68 Y#E 8 5 Yangfujing 8 102 2845
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Eb vkl e AEL AR 4 & . SR RAN R MR

KB RAE g HRER . Bk A
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Wk, ARG AT 3 A SR %
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By BAHE, RREES DI EH KM
(WinRHIZO Pro V2007d, Regent Instrument Inc.
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1.3 HIESHGE

$H5 K F Excel 2007 F1 SPSS 19.0 #4347
Guit b, KA F R I A F S 00 %
(P<0.05)F1H}% & 2 /K F-(P<0.01). R RESIEIR K
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(Regent Instrument Inc., J1ER)i#HA7T € & 54T, K
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2 HERE55¥T

2.1 ARIREEFTKESEHIERSH
JKAETE NHy'-N FINO; -N 55 3% 544 1
WAV EZ R R, £ NH,-N &4, K#E
AWE N 11.31~150.77 mg/kk, T4 67.87 mg/
PR, 225 RBCN 52.99%, b AR 766 1AW
EiE, N 150.77 mg/tk, DLEBRLSFAY)
EHRIK, A 11.31 mg/kk. £ NO; -N &4 K, /K
AR N 11.73 ~141.27 mg/kk, HMEN 63.60
mg/fk, A5 REN 53.96%, HPLIE 9 51
EWER G, N 141.27 mg/fk, DLEEL 130 1)
YRR, A 11.73 mg/kk. FEFFEEEAE T,
ANFKRE S FIAE NH, N 448 T FAEE s
T HAE NO; -N &4 MR (B 1-A).
KRG FEAE NH, N 2 F 1B & & K
0.27%~0.76% , ¥JMH N 049%, B H RN

o
979899100
5% 160
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25.48%. b, DI 11 MEBERS, N
0.76%, VAIRPIAR 3117 M & & 5%, N 0.27%.
IKFEREARTE NOy -N FKAF TS EN 0.21%~
0.70%, ¥JMEN 0.39%, ZRAREN 28.00%. H
o, DLEWAR 80 & B E iR, N 0.70%, UL
Bl 24 & B R RS, N 0.21%. FEMFEMEEK
PR, ANFEIUKFESFAE NH, N 559264 T K1
) B EL HAE NOy -N 4544 1 51 0.10%(& 1-B).

IKFERERRE NH, -N B398 TR 2 A& N
0.03~1.12 mg/tk, HMEN 0.37 mg/tk, B5H R
N 66.82%. HoA, DAEEE 11 55 R E R,
112 mg/kk, DLAEFL SRR BE R A R R AR,
4 0.03 mg/Fk. 7E NO; -N ¥9%F, /KHEHE R
B4 0.03~0.91 mg/tk, HMEHN 0.27 mg/tk, LR
FHN 70.63%. HA, DIFEFM 80 M R E
9 0.91 mg/tk, LUFRD 24 5 5 Fh % R AR
B, ~0.03 mg/tk. FEMHFEMEKTET, A
[ KRG b FIFE NH, -N B 72560 F -1 R
BE T HE NOy-N &4 T PR E
1-C).
22 ARIGEEHRNTKEEHARARSHERE
SHHE

MR AR TE A Pl R 22 5 ) B ERFAE, TR AR
Bkl o, KRS R R Y 2 R OK . NHy N Al
NO; -N &M, KR RIS TR R — 2
AR i, AR5 RECEIRA 28 K. £ NHy-N
T, KFERAEERIELREREGWEN

1021 23 4 5

45
58 7467
7 5 7

37565554 53 5251 504948

A
— NH,'-N
— NO,-N

— NH,"-N
— NO, N

a5
585 46
57 47
36555453 5251504948

C
— NH,-N
— NO,-N

I, 20eeee 102 43 SRR KK R WA T A By mg/tk: B B RALN%: C B AN meg/bk
1, 2eecees 102 represent variety numbers of selected rice varieties; the unit in the A is mg/plant; the unit in the B is %; and the unit in the C is mg/plant.
1 7 NH/-N 1 NO; -N B#FH TKEHHEYEW), B EGMBHRRAE©)
Fig. 1. Biomass(A), phosphorus content(B), phosphorus accumulation(C) of rice plants at the seedling stage cultured in

NH,"-N and NO; -N solutions.
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#*2 NH,-N 1 NO; -N R &4 TR FEE AR AL ST RAFE
Table 2. Variation characteristics of root morphology of rice cultured in NH,"-N and NO; -N solutions.

NH,"-N
ZH _
AR BIE
Index
Range Mean
BARH Total root length/cm 153.84-2947.86 1195.88 aA
MRTAF Total root area/em’ 9.46-180.77 82.56 aA
“FH B 4% Average diameter/mm 0.20-0.46 0.30 aA
KRR Total root volume/cm?® 0.13-0.92 0.42 aA

879.00-30975.00 11 323.75 aA
2188.33—36 903.67 13 386.56 aA
1663.00—26 835.00 11 449.16 aA

R % Root tip No.
43 F# Root branch No.
X H Root crossing No.

RREKANG F B4 BIARRAE 0.01 1005 KT F#EREE,

NO; -N
A AM A2 e E A5 A K
CV/% Range Mean CV/%
56.63 103.58-2165.30 979.38 bB 53.93
46.16 13.15-156.89 54.77 bB 54.91
19.28 0.18-0.42 0.29 aA 21.25
44.53 0.08—0.94 0.40 aA 50.43
65.96 805.67-26 277.67 9459.69 bB 63.17
56.67 2013.67-36 333.67 11 754.37bB 60.53
45.54 1098.67-28 036.33 11 692.79 aA 53.35

Different uppercase and lowercase letters indicate significant differences at 0.01 and 0.05 levels, respectively.

NO,-N NH,"-N

B2 TRESEZREFNKERALSHZI
Fig. 2. Effects of N forms on root morphology of rice plants.
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HEARRE > SR > B8 > BRI > A X
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WRERER R/, N 19.28%; MRREAR
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R > SR THI AN > 22 XA > BARMRAN > PR &
BB, HABRIEEA 21.25%~63.17%; HH
IR R B AR T RSN, N 21.25%, R
) 5 REER, N 63.17%(3K 2).

MR ZAREE 2)rT LA, NH,-N %14
TR BARER . RRE. 22 X
BA NO; -N &4 T8, mAREEASHEN T
IKFEHIEIIR R EAA . BRI & XL
B2 5 NH, -N B 3= KRR R R B R 3 1E
5 NO; -N &,

23 TRISEHM T KEHPABERIERSR
RAESHEXMES
LN NH, N, KFEBERED RS TR AR

17 520 3 R R (R SR R BN -0.22), T4 31 5 s
R BARTAR . SARMRAR . iRE. s, &2
NAHCEN R IEA G, MM RECH 0.81~0.93(%
3)o MARK. BRI, R, X HHHAKE
YIEAHSE RN R . KBRS ESBREK.
SRR, SRR ARRE. . A XHE
PR AR L A OG, AR RECH 0.54~0.65;
M5 PR R E A2 A, EAHE MR
UN-0.15. KT R RS PR R ER
BRI M R ECN-0.21), SHAMR RTES
Fabr B AR 3 IEA DG, A RECN 0.77~0.88.
AR RARTHAR . A 28 SUECS R R s i A
BRI RNEE.

76 NO3 -N M F, KBEKAEY RS
WABERERZAAAR, M5k, B
AL SRR, MRRB. . X EW
BEIEMAX, HEXREHN 0.77~097. X5TE
NH,-N 3 R A AL, MK, &
MR MRIREL. 28 XS bk AR P A e M i
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Table 3. Correlations between biomass, phosphorus indices and root morphological indices under different N forms.

LR . BRK SREAR  PHRRER SRR . , TEXH
Nitrogen EE Total root Total root Average Total root *E#ﬁ B Root crossing
Parameter . Root tip No. Root branch No.
form length area diameter volume No.

NH,-N kA= 0.93™ 0.91™ -0.22" 0.81" 0.90" 0.86" 0.89™
Whole plant biomass
WP O 0.617" 0.60" -0.15 0.54™ 0.54" 0.63" 0.65"
Whole plant P content
Bk P RE 0.88" 0.85" -0.21" 0.77"" 0.84" 0.85" 0.86"
Whole plant P accumulation

NO; -N kA= 0.97" 0.87" -0.24" 0.77"" 0917 0.86" 0.93"
Whole plant biomass
WP O 055" 0.43" -0.17 033" 0.45" 037" 0.56"
Whole plant P content
Bk P RRE 0.89" 0.78" -0.22° 0.63™ 0.79" 0.73" 0.87"

Whole plant P accumulation

#*RIRE P<0.01 /K E 2B ZM, *RIRTE P<0.05 KT FEEFHMHK.

**means highly significant correlation at the 0.01 level (bilateral). *means significant correlation at the 0.05 level (bilateral).

NERE . KBRS RS BRK. SRER,
SRR RIH. . X HENEE IR
X, HXARBON 033~0.56; M5 FHRAL
RIS, (HHSM R BUN-0.17. KFE
R R AR RS PR R B AR UM
KAKN-022), HHAMRRESTGIRE IR
B IEAOE, MKMERECH 0.63~0.89, EAREK.
SR SRR MRARH. 2 NS R
it EANAR S N 3
24 AERZRENTKBEFRIERSESIER
B % Tk MR A

ANREEBEP A KRB AR, BEE
A R AR 5IR R AIRN 2 g S H
TR, X6 Y e RECE B R EHRGER S),
HAE NH, N (R 444 R v RE(RDTEFL N
0.27~0.92, X THAE NO; -N &4 Frvhw &%
(RH)TEFE(0.40~0.94).,

fE NH,-N BER & AF T, KMk =
(V). S ED). BREHED)SRATBESER
2 18 AR SR T VAR 43 Sl i S
Y1=-2.37+2x107 X;40.19X,+107 X+107°X; 1)
¥,=0.01-4.09x10"X; 2)
Y3=—22.75+8x107 X, + 4x107°X; 3)

Horp, 78 NHy'-N (ERIKM4 T, KREAFE
PR RILATEFRH LUSAR K. SR EAL B4
A8 SUHOG R R A P ) R fe K s DA SCHOG
PREE & B IR K DA 3. 28 EOH e Ak
W REE R ok, HIIA R T B % KT

f£ NO; -N RN 26 /F T, KIEHRAEY &
(Yo BESEYs). B RREY) SRALSHER
16 s A 1ml AR 2R o S

Y4=—0.30+5.60x107> X; +0.17X, 4)
Ys=0.27-1.03x107X; +2.03x10°X; 5)
Yo=—4.49+4x10 72X +1x10 X, 6)

£ NO3 -N 61F T, IKFEANA] S AR R A
FEbR A LS AR AR T BN R PR A 0 B ) S
R AR 58 SCHO R PR B 25 58 A R T i
R PLERRK . 70 BBO R R B 2R B 5 1) B2 v
K, HIER| T REZRKT

TEIRTR 73 I RE ) 2 R TR &R, o,
R RS IR veE o ER . AR R
B, EARMEILST, KRR 2 =
FPRIE R E E B RORESR, HERR RS
22 5 B RR 25 o IX R KRR AN A At sl A A
MRMENEREEEGRABEZ ENERA
TR o JKAE T 1 RO 5 FAR R I A5 R R ONE I,
BL U7 (AR 2RI 25 2 KRS e 280 1) o B,
KB FEEREY, KBERAESHHERK. &
RIS X =A ST bs 5K R A & K i
WS RAREA Moy B3, BUKR W EE R E
LA FRIAR AR T 28 SR 8 e AR AR 0 B ) MR MAC AN A P
73, WTiER L A B AR R, B
BRI SR AR R T, AT MBEZ £
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Table 4. Multiple linear regression of rice nutritional indices and morphological indices under different nitrogen

conditions.
NH;"-N NO; -N
EEpyE W 2L EVEp YE REL
Index Dependent Re i . ) Dependent . X )
. gression equation R . Regression equation R
variable variable

iER7REStY Y, Y,=-2.37+2x10X,+0.19X,+107°  0.92™" Y, Ys=—0.30+5.60x1072 X,+0.17.X, 0.94™
Whole plant biomass/g Xe+1073X;5
Mk P o Y, ¥,=0.01-4.09%10""X; 0.27" Ys Y,,=0.27-1.03x 107> X4+2.03x107° X5 0.40"
Whole plant P content/%
Tk P RAE Y; Y;=—22.75+8x107° X; + 4x10° X,  0.82" Y Y1,=—4.49+4x1072 X1 +1x107° Xg 0.817"

Whole plant P accumulation/g

X(i=1, 2. .DHMERKERADRK, SHREHA. FIORRES. SHRAERL R, S ZTXH.

Xi(i=1, 2...... 7) represent total root length, root area, average diameter, root tip number, root branching number and root crossing number.
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