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Abstract; In order to study the effects of low phosphorus stress on morphophysiology of different scented rice
varieties at the seedling stage which were selected preferable scented rice varieties resistant to low phosphorus. A
hydroponic experiment was conducted by different P concentration nutrient solution (0,0.25,0. 50,2. 00,8. 00,
31.00 mg/L) in natural conditions, different morphophysiological indexes of four scented rice varieties( Liijinxiang,
Huaxiang , Meixiangzhan 2 , Haixiangzhan ) under different P concentration nutrient solution in different stage(7,14,
21,28,31 d)were determined , to reveal morphophysiological differences of different scented rice varieties under dif-
ferent concentration of phosphorus nutrient at the seedling stage. The results showed that under the condition of
without P(P concentration was 0 mg/L.) at 35 d, Liijinxiang were higher than other scented varieties in SPAD value
(34.58) ,P accumulation ( 1. 45 mg/bottle) , root activity (529. 84 weg/(g+h) ) ,shoot-root ratio (0. 63) , total root
length (443.06 cm) ,total root surface area(152.02 c¢m’) , total root volume(14.15 em’) ,total number of root tip

and total root length of 0 —0.5 mm in diameter(378.43 cm) , Huaxiang were higher than other scented varieties in
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SOD activity (240.39 U/g) and CAT activity (28.03 U/(g*min) ) ,and Meixiangzhan 2 was better than other scent-
ed varieties in Na* K" -ATPase activity (68. 97 pmol/(mg-h)). In conclusion, under low phosphorus stress, the
low P resistance of the four varieties from strong to weak was Liijinxiang > Huaxiang > Meixiangzhan 2 > Haixiang-

zhan ,that was Liijinxiang,a scented rice,was the strongest resistance ability to low phosphorus stress in the experi-

ment.
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Tab.1 Effects of low phosphorus stress on SPAD value of scented rice in seedlings

Kb PH Treatment

SPAD {H SPAD value

=) P Rk
Vﬁiy b Conﬁi o 74d 14 d 214d 28 d 354d
Be T PO 22.83+1.53a  25.84+1.32a  28.75+0.82b  31.51+0.58d  34.58 +1.62a
Lijjinxiang P0.25 21.72+1.67a  24.81+2.12a  29.66«1.12ab  31.86+0.93cd 34.24 +1.37a
P0.5 22.36+2.0la  26.60+1.89a  29.62+1.43ab  33.42+1.03bed 34.65 +1.04a
P2 22.43+1.75a  26.33+1.67a  30.83+1.67a  32.75+1.74bed 34.64 +1.1la
P8 23.75+1.27a  26.72+2.0la  31.37+1.52a  35.85+1.37a  36.23 +1.12a
P31 24.28 +1.70a  26.80+2.22a  31.62+1.32a  34.43+1.52ab  36.67 +1.28a
17 PO 21.13+1.47a  27.03+2.31a  30.92+1.28a  33.34+2.23a  34.41 +1.30a
Huaxiang P0.25 23.22+1.21a  27.11+2.11a  31.43+1.83a  34.22+2.03a  34.63 +1.57a
P0. 5 22.74+1.60a  26.26+1.21a  30.61 £1.23ab  33.95+1.45a  34.07 +2.25a
P2 21.46 +1.05a  26.85+0.95a  30.26+1.08ab  33.28+1.63a  36.52 +1.80a
P8 22.67+1.53a  27.63+1.57a  29.62+0.83ab  35.17+1.25a  36.33 +2.2la
P31 23.68+1.77a  27.51+1.50a  28.73+0.72b  34.82+0.85a  35.99 +2.13a
EFE2 T PO 24.31+1.68ab  26.32+0.85ab  28.85+2.23a  30.38+1.03b  33.60 +1.34a
Meixiangzhan 2 P0.25 23.93 +1.34abe  27.46+1.27a  28.14+2.03a  30.35+0.97b  34.22 +1.78a
P0.5 25.12+0.75a  26.17+2.03ab  27.40+1.39a  33.07+1.67a  34.64 +2.43a
P2 22.24 £0.66cd  24.48 +0.98b  26.95+1.57a  33.36+1.43a  33.87 +2.18a
P8 20.68 +2.24d  22.36+0.65¢c  27.72+2.12a  32.12+0.55a  33.79 +1.09a
P31 22.63+1.38bc  25.92+1.52ab  28.44+1.28a  32.93+1.53a  35.22+2.23a
W7 PO 21.83 £1.32abe  25.93+0.78a  26.63 £0.82ab  28.88+2.26a  31.12+1.73a
Haixiangzhan P0.25 21.28 +0.93bc  24.81+1.23a  27.12+1.02ab  29.43+1.32a  31.31+1.25a
P0.5 22.66 +1.63ab  24.60+1.02a  28.35+1.32a  28.93+1.53a  31.82+1.02a
P2 20.11+0.83¢  22.45+0.78b  26.53+0.31b  30.52+2.21a  32.12+2.10a
P8 20.72£0.32c  22.78+0.63b  25.92+0.88b  29.18+1.73a  31.81 +1.13a
P31 23.43+1.56a  25.23+0.98a  25.47+1.26b  30.01 +2.34a  32.23 +2.38a

T 175 R b A [R) /NG S RO & b BRI 22 57 .35 (P <0.05) . 2 -5 [,

Note: Different lowercase letters in the same column and variety indicate significant difference among different treatments at 0. 05 level. The same as

Tab.2 -5.
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Tab.2 Effects of low phosphorus stress on root activity and Na* K *-ATPase activity of scented rice in seedlings

Ak AT/ (ng/ (g-h)) FNENE T ATP B E/ (mol/ (mg-h))
Treatment Root activity Na® K™ -ATPase activity
”E'Lﬁ P . 28 d 35d 28 d 35d
Variety P concentration

ST PO 100. 80 +15.23e 529.84 +10.67e 50.96 +8.85a 54.21 +5.63a
Liijinxiang P0. 25 141.63 +18.38d 550.66 +10.28d 48.55 +7.23a 49.11 £6.12a
PO. 5 159. 14 +10.08d 565.67 +20.34d 46.02 +5.23a 48.32 +4.32a

P2 183.78 +13.56¢ 865.34 £46.72¢ 19.64 +3.21b 27.92 £4.57b

P8 359.90 +13.38hb 1 049.31 +58.62b 17.98 £2.52b 32.48 £3.23b

P31 402.83 +27.68a 1 468.72 +80.38a 14.82 +3.38b 29.25 +4.68b

1B PO 120.29 +10. 68d 379.61 +23.56f 30.59 £3.22a 46.91 +4.78a
Huaxiang P0. 25 122.92 +20.37d 462.05 +13.67e 26.12 £1.63ab 43.49 +2.17a
P0.5 126.31 +15.63d 514.89 +22.38d 24.59 £2.13b 36.71 £4.25b

P2 230.71 +28.34c 793.33 +15.38¢ 21.93 £2.83b 33.95+2.12b

P8 348.18 +20.38h 836.50 £20.63b 16.33 +2.02¢ 44.30 +3.63a

P31 453.82 +35.68a 1269.22 +78.32a 14.01 £2.12¢ 26.81 £3.78¢c

EHL 2= PO 131.76 +20.32e 199.95 +34.57f 51.31 +4.67a 68.97 +8.23a
Meixiangzhan 2 P0. 25 147.38 +15.62e 418.37 +15.68e 40.14 +4.12b 54.69 +4.52b
P0.5 213.21 £32.67d 473.77 +28.53d 40.80 +3.22b 50.68 £3.62b

P2 270.75 £22.67¢ 639.30 +42. 68¢ 39.24 +3.83b 49.16 +4.34b

P8 313.16 +18.34b 843.45 +38.66b 37.49 +2.88b 46.49 +5.63b

P31 381.96 +28.67a 932.00 +42.38a 36.76 £4.31b 48.43 £2.86b

] PO 109.85 +18.67d 190.30 +21.63f 56.83 £8.23a 58.84 +3.78a
Haixiangzhan P0. 25 157.52 +28.63¢ 237.27 +15.38e 38.31 £6.38b 56.25 +4.43a
P0.5 146.06 +20.37¢ 319.74 +32.68d 34.60 £5.25bc 45.18 £3.07b

P2 268.18 +32.78b 530.83 +20. 12¢ 27.91 £3.28¢c 44.98 +£1.56b

P8 286.35 +31.38b 562.21 +10.57b 26.49 +2.57¢c 32.44 £2.03c

P31 386.93 +41.23a 804.57 +63.28a 25.43 +4.42c¢ 31.75 +2.89¢
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Tab.3 Effects of low phosphorus stress on root antioxidant enzyme activities of scented rice in seedlings

JLBL] SOD P/ (U/g) CAT 5%/ (U/(g-min))
Treatment Superoxide dismutase activity Catalase activity
=] P e pE
Vi:ri*:zy P (:oncﬁition 28d 35.d 28d 35
S PO 119.21 £5.25be 196.37 £3.48¢ 10.43 +1.87d 14.71 £3.12¢
Liijinxiang PO.25 125.25 £4.27b 228.46 £6.78b 10.57 £1.72d 16.75 £1.23¢
PO.5 149.27 +£7.23a 264.28 +14.23a 16.10 £3.25¢ 20.33 +3.65¢
P2 127.56 £5.72b 223.28 £5.26b 28.15 £2.03b 36.13 £4.23b
P8 84.48 +5.63d 161.79 +18.63d 30.82 +1.78b 40.84 +£2.02b
P31 106.47 £8.57¢ 177.54 £5.42d 36.47 £2.47a 54.57 £3.25a
BT PO 123.43 +7.28¢ 240.39 +£5.26¢d 18.54 £1.62¢ 28.03 +3.85¢
Huaxiang P0.25 124.93 £6. 10¢ 250.67 £12.23bc 22.82 +3.52bc 32.85 +1.17be
PO.5 190. 14 £20.32a 346.25 £53.21a 26.88 £2.45b 34.93 £2.12b
P2 146.66 +12.53b 265.60 +18.72b 36.39 +3.27a 44.87 £3.37a
P8 96.83 +11.23d 198.82 £5.79% 20.33 +2.32¢ 40.16 £2.01a
P31 131.66 +8.72bc 225.14 £11.25d 18.57 +1.37¢ 32.61 +1.11bc
EXHLH2 5 PO 117.56 £10.21d 172.45 £15.78cd 18.88 £1.53¢ 26.12 £1.29d
Meixiangzhan 2 P0.25 136.67 £5.23bc 192.83 £10.02¢ 22.31 +1.78¢ 30.08 +1.83¢
PO.5 155.03 £10.67a 235.22 £12.27a 22.98 +2.03¢ 34.23 +2.72¢
P2 146. 84 +8.24ab 213.31 +£7.56b 26.76 £0.78b 40.48 +1.28b
P8 126.81 £6.25¢cd 182.60 +10. 88cd 30.60 +1.02a 44.62 £3.02b
P31 137.00 +4.23bc 191.19 £5.27¢ 32.36 £2.15a 50.92 £2.13a
&S PO 149.28 +10.23bcd 216.85 +8.45d 8.27 x£1.71e 16.39 +2.22¢
Haixiangzhan PO. 25 157.05 £12.61bc 238.45 +11.23¢ 10.75 £ 1.02e 20.83 £2.51e
P0.5 166.15 £9.25b 276.12 £20.57b 14.00 £ 1.44d 28.64 £0.73d
P2 198.07 £18.23a 379.75 £62.32a 22.66 +2.32¢ 36.07 +1.18¢
P8 134.29 +£6.27d 187.38 +13.63e 30.48 £1.26b 46.48 £3.12b
P31 146.88 +£7.25¢d 197.48 £7.22e¢ 36.58 £1.72a 52.69 £2.23a
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PO PO. 25 F1 PO. 5 i i 14 B 22t Bl = B A, (H
P2 P8 1 P31 BRiGwERI AL E I, 3] P2 2 A
ISR P ARG SR LT P2, B b A
FEAGHESE P A B R B SRR, & T a5 F P2, P
AR R (% 4) .

35 d B}, S & B AR SRR L R TR P K
FEALFRR] 22 5 24 0 AR B R A R A P0.25 5
PO.5 225 ARG, Hofl Py BF Ab B 25 44 1 3 36

Foh2 SHEAERLE PO 5 P0.25 2R ARE
AL P WA R B B2, 35 d,P0 K&
P31 4b 3, 3 DL A 7 o B R i A K (0. 88,
13.16 mg/Jff) , 1M % 4 B W AL R & e = (1. 45,
19.77 mg/ i) , 16 HH 25 4 7 T RE A2 i I e i st v 23K
an R, TR A7 AT BE B A Ah
2.4 {REBEEMBXTERERZESERNZME

5 PR, HREBRK  ER R R EH SR
T BRI AR 0 ~0.5 mm SR KHIFEE P ik
JEE (R RARR T AR AT 5 MR 9 L R AR 2R 34 AR AR A 5
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Tab.4 Effects of low phosphorus stress on P accumulation of scented rice in seedlings mg/ Il
AbFH Treatment P R ZE & P accumulation
nﬁ'zﬁ ng 7d 14 d 21d 28 d 35d
Variety P concentration
Bew PO 1.99 +0.08d 1.89 +0. 05¢f 1.71 £0. 12f 1.60 £0.09e 1.45 +0. 13f
Liijinxiang PO. 25 2.32 +£0.04c 2.20 +£0.02e 1.92 +0. 10e 1.84 +0.11e 1.71 £0.07e
PO.5 2.36 £0.07¢ 2.27 £0.03d 2.20 +£0.13d 2.15+0.19d 1.90 +0.08d
P2 2.38 £0.08bc 2.62 +0.27¢ 3.25+0.25¢ 5.33+£0.77¢ 7.83 £2.01c¢
P8 2.55 +0.06b 3.35+0.28b 5.14 +0.38b 7.38 £0.56b 11.85+1.23b
P31 2.75+0.11a 5.87 +0.23a 9.29 +0.76a 13.50 £1.83a 19.77 £2.75a
HEH PO 1.60 £0.05e 1.51 £0.03e 1.45 +0.06e 1.30 £0.08e 1.23 +0. 06e
Huaxiang P0.25 1.80 £0.09d 1.77 £0.07d 1.68 +0.15d 1.56 £0.17d 1.48 +0.11d
P0.5 1.85 +£0.06d 1.80 0. 05d 1.78 £0.13d 1.66 £0.21d 1.58 £0.13d
P2 2.03 0. 10c 2.22 +0.21¢ 2.91 £0.52¢ 4.65 +£0.73c¢ 6.59 +0.98¢
P8 2.34 +£0.12b 3.01 £0.37b 4.65 +0.83b 6.54 +1.07b 9.08 £1.23b
P31 2.63 +£0.13a 4.36 +0.41a 8.73 £1.26a 11.85 £1.76a 16.97 +2.25a
EEL2S PO 1.48 £0.03e 1.30 £0.03e 1.22 £0.05e 1.17 £0. 12d 1.02 0. 13e
Meixiangzhan 2 PO. 25 1.64 £0.05d 1.42 +0. 11e 1.32 £0.07de 1.21 £0.08d 1.18 +0. 06e
PO.5 1.92 +0.04c¢ 1.73 +0.08d 1.50 £0.12d 1.37 £0.21d 1.30 £0.08d
P2 2.00 +0.05be 2.10 £0.12¢ 2.91 +0.53¢ 4.32 +£0.32¢ 6.22 +0. 84c¢
P8 2.14 0. 16b 2.68 £0.32b 3.62+0.72b 5.89+1.07b 8.54 £1.22b
P31 2.58 £0.23a 4.05+0.73a 6.87 +1.32a 9.86 +1.76a 14.35 +1.53a
WA PO 1.41 £0. 10d 1.32 +0.08e 1.17 £0. 13e 1.01 0. 05f 0.88 £0.03f
Haixiangzhan P0.25 1.61 £0.09¢ 1.53 +0.04d 1.45 +0.14d 1.22 +0.05e 1.02 £0.09e
P0.5 1.74 £0. 13¢ 1.63 £0.17d 1.56 +0.27d 1.40 £0.07d 1.28 £0.12d
P2 1.76 +0. 11¢ 1.99 +0.05¢ 2.36 +0.22¢ 2.82 +0.31¢ 4.80 +1.01c¢
P8 2.07 £0.17b 2.36 +0.21b 3.06 £0.42b 4.63 £0.67b 7.19 £0.58b
P31 2.49 +0.23a 3.55+0.51a 5.44 +0.63a 8.22 +1.25a 13.16 +1.72a
x5 REBIMENERERRAESERNZMW
Tab.5 Effects of low phosphorus stress on root morphology of scented rice in seedlings
b Treatment I B em BRAERERY om? 3 RETHER/mn BRAH HR0~0.5 mm EHRK/em
i PikE Shoot-root Total root Total root BB Average root Total number Total root length of
o ) . Total root volume . . L
Variety P concentration ratio length surface area diameter of oot tip 0-0.5 mm in diameter
Gef PO 0.63£0.00a  443.06+20.61f 152.02+12.88d 14.15+0.73¢  0.51+0.02b  2452.02 £313.67f 378.43 £20. 55¢
Liijinxiang P0.25 0.60£0.05a  482.61£10.01e 192.37+18.25¢  16.69£1.32d  0.45+0.01d 3 020.23 £207. 34e 433.74 £10.78e
P0.5 0.57£0.03ab  503.06+10.27d  204.44 £10.13¢  18.21+0.43d  0.48+0.02¢ 3 448.18 £124.46d 475.10 £18.65d
P2 0.52£0.02b  576.37+48.38c  214.54+15.38¢c  22.95£0.52¢  0.41£0.02¢ 3 944.56 £232.63¢ 511.08 £14.52¢
P8 0.43£0.04c  684.68£22.78b  311.92+£20.07b  25.65+0.78b  0.51+0.01b 4 494.38 +216.38b 587.66 £23.67h
P31 0.36+0.02d  739.78+28.37Ta  352.64£17.62a 28.04£1.23a  0.56+0.02a  5062.03 +324.56a 654.42 £30.67a
s PO 0.58£0.04a  372.03£15.66f 145.34+8.03e  10.83+1.82¢  0.62+0.08a 2 131.78 £225.65¢f 308.58 £23. 65¢
Huaxiang P0.25 0.56£0.02a  413.75£21.02¢  163.72+11.93d  14.20£0.92d  0.45+0.0lc ~ 2745.23 £218.92e 358.82 £12.83¢
P0.5 0.56£0.03a  452.31£13.73d  178.30£7.71d  14.32+1.09¢d  0.50£0.03h 3 168.62 +158.67d 384.65 £10.66d
P2 0.49£0.02b  489.29£16.38¢  202.32+15.63¢  16.26 £1.57c ~ 0.43+0.02cd 3 508.02 £117.68¢ 419.94 £15.58¢
P8 0.37£0.05¢  582.08+18.67b  265.01£23.53b  20.21+1.24b  0.40+0.01d 3 907.08 £207.28b 502.06 £34.52h
P31 0.35£0.08c  655.1743.24a  301.72+10.32a 24.69+2.13a  0.420.02cd 4 540.42 £214.34a 587.85+22.37a
Fhb25 PO 0.50£0.03ab  229.58 +26.38f  114.67+18.84e  8.09£0.78d  0.55+0.02bed 1 688.83 £123.44e 187.50 +16.33f
Meixiangzhan 2 P0.25 0.47+0.01b  345.40+18.77¢  148.95£7.55d  10.82£1.12¢  0.58£0.04ab 1966.33 +108.84e 267.82 £8.69¢
P0.5 0.55£0.05a  388.32+£16.52d 165.14+9.73¢  11.38+0.53¢  0.61+0.04a 2 314.34 £208.33d 292.23£10.25d
P2 0.54£0.02a  448.25£25.67c  176.90+22.33¢  11.50 £0.84c ~ 0.54+0.02cd 2 782.76 £192.87¢c 373.78 £42.74¢
P8 0.45£0.03b  539.89£45.67b  221.96+15.62b  14.94+1.22b  0.50+0.02¢ 3 296.23 £278.65h 463.45 £12.33b
P31 0.47£0.02b  618.35£30.26a  250.28£13.63a  21.00+1.73a  0.53+0.01de 4 195.73 £428.37a 542.59 £32.61a
vz PO 0.56£0.03a  192.06+28.27f  109.04 5. 66f 6.97£0.88¢  0.54+0.02ab 1 706.38 £98.32f 165.31 £19.75¢
Haixiangzhan P0.25 0.49£0.02b  270.69 £34.65¢ 128.21 +11.37e¢  8.36£0.65d  0.51+0.01h 2 030.67 £178.25¢ 225.36 £27.31e
P0.5 0.43+0.01bed 342.84+20.61d  195.23£20.62d  10.57£1.03¢  0.56+0.03a  2331.43 +102.33d 308.26 +9.89d
P2 0.36+£0.00d  415.22+30.18¢c  236.98 £8.56c  11.21£0.92¢  0.42+0.0lcd 2713.56 £156.77c 335.03 £13.82¢
P8 0.40 £0.04cd  465.06£18.63b  258.63 £13.65b  14.35+1.56b  0.40+0.02d 3 111.07 £178.91b 364.10 £10.67h
P31 0.44£0.03bc  551.14£38.33a  289.03+10.78a  20.96+2.28a  0.46+0.03¢ 3 957.58 £327.66a 481.16 £21.70a
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