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Table 1 Effect of phosphorus levels and treatment time on growth of Phaseolus coccineus L.

o i B/ ¥ (em®)
Total leaf area

F K (cm)
Main root length

135.4+ 16.7a (100)
126.246.7b (93)
118.4 +2.6¢c (87)

9.2+ 0.92¢ (100)
10.4£0.72b (113)
13.420.65a (146)

199.9 2 15.9a (100)
189.0x 12.7b (95)
182.3£11.7¢ (91)

10.4 £ 0.73c (100)
12.410.72b (119)
15.0+ 0.70a (145)

250.2 £ 12.5a (100)
234.4£10.5b (94)
210.7£9.6¢c (84)

11.8 + 0.52c (100)
13.9 +0.65b (118)
16.1 +0.47a (136)

FHatE(d) K F (pmol/L) P H (cm)

Time P level Height
CK 36.2 +1.51a (100)
10 Pl 32.241.42b (89)
P2 28.5+1.38¢ (78)
CK 55.5+1.79a (100)
15 Pl 47.7 £1.46b (86)
P2 43.3 £ 1.48¢ (78)
CK 69.4 +1.58a (100)
20 P1 61.5+1.68b (89)
| 2] 56.3+1.76c (81)
K 80.4 + 1.38a (100)
25 P1 71.3£1.75b (89)
7] 64.3 % 1.85¢ (80)

304.4 + 8.5a (100)
276.2+5.1b (91)
257.2+7.3¢ (84)

13.7 £ 0.89¢ (100)
15.3+0.89b (112)
18.7 £ 0.91a (137)

E:RPEEAHME « GRS FAFIREFERRTENRALRATEEH(SDER,P=0.05) (ESPRFHHEHE). TR,

Note: Data are shown as mean SD of three replicates; Values with different letters in the same column indicate significant difference at P = 0.05 level ac-
cording to LSD test(the data in bracket was the relative value) . The same as below.
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Table 2 Effect of phosphorus levels and treatment time on biomass of Phaseolus coccineus L. -

WL WEE HEBTE B E BTHE kS E HETE .
%#Nﬂ il Shoot fresh Shoot dry Root fresh Root dry Whole plant Whole plamt R
Time P level R . R . R i Root/shoot
(@ (pmol/L) weight weight weight weight fresh weight dry weight ratio
(g) (g) (g) (g) (g) (g)
K 5.35+0.14a 0.380+0.013a 1.63+0.11 0.04820.003¢c 6.98+0.50a 0.428:0.012a 0.126+0.013c
(100) (100) (100) (100) (100) (100) (100)
10 PI 4.64+0.43b 0.365+0.008a 1.68+0.13 0.055+£0.002b 6.32+0.50ab 0.420:0.008ab 0.151 £ 0.006b
(87) (96) (103) (116) 91) (98) (121)
» 4.23+0.15b 0.327 + 0.026b 1.72+£0.08 0.069+0.007a 5.95+0.50b 0.396+0.033b 0.210+0.011a
(79) (86) (105) (144) (85) (93) (167)
K 5.84+0.50a 0.564:+0.042a 1.83+0.02b 0.111 £ 0.016 7.67+0.34a 0.674£0.057 0.195+0.015b
(100) (100) (100) (100) (100) (100) (100)
15 Pl 4.94+0.08b 0.538+0.032ab 1.88+0.05ab 0.11410.017 6.82+0.25b 0.652+0.049 0.210+0.018ab
(85) (96) (103) (103) (89) (97) (108)
P 4.36£0.20c 0.510:0.012¢ 1.94+0.05a 0.117+£0.012 6.30£0.27¢c 0.627+0.024 0.228+0.017a
. (75) (91) (106) (106) (82) (93) (117)
cK 7.44+0.42a 0.803:0.023a 2.18:0.10b 0.168+0.014b 9.62:+0.48a 0.971+0.036a 0.210+0.012¢
(100) (100) (100) (100) (100) (100) (100)
20 Pl 6.34+0.37b 0.770+£0.021b 2.22+0.07b 0.182+0.009ab 8.56+0.39b 0.952+0.030b 0.237 +0.006b
(85) (%6) (102) (108) (89) (98) (113)
" 5.36+0.12c 0.729+0.022¢c 2.40+0.04a 0.189+0.013a 7.76+0.29c 0.918+0.035¢c 0.259+0.011a
(72) (91) (110) (112) (81) (95) (124)
cK 8.67+0.12a 0.926+0.019a 2.51+0.14b 0.212+0.012b 11.18+0.48a 1.138+:0.028a 0.229+0.011c
(100) (100) (100) (100) (100) (100) (100)
25 Pl 7.03:0.12b 0.893:0.007b 2.93:0.06a 0.221+0.003ab 9.96:0.46b 1.114+0.008ab 0.248 +0.013b
(81) (96) (117) (104) (79) (98) (108)
P 6.08+0.24c 0.859+0.013¢ 3.11+0.11a 0.230+0.005a 9.19:0.41c 1.089:0.014b 0.268 +0.007a
(70) (93) (124) (108) (68) (96) (117)
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Table 3  Effect of phosphorus levels and treatment time on chlorophyll content in leaf of Phaseolus coccineus L
o R iy otyluly Glerbomen  TREHERY
(@ (pumol/L) (mg/g FW) (mg/g FW) (mg/g FW) Chla/chlb
CK 2.295 £ 0.027a( 100) 0.914 + 0.041a(100) 3.209 + 0.026a(100) 2.515+0.137(100.0)
10 P1 1.851 £ 0.031b(81) 0.716 = 0.040b(78) 2.567 + 0.033b(80) 2.591+£0.173(103.0)
| 2] 1.565 + 0.027c(68) 0.564 + 0.085c(62) 2.12920.077c(66) 2.824+0.461(112.3)
CK 1.536 + 0.019a(100) 0.720 £ 0.050a( 100) 2.256 + 0.032a(100) 2.142 £0.176¢(100.0)
15 P1 1.412£0.027b(92) . 0.584 + 0.039b(81) 1.996 + 0.059h(88) 2.423+£0.137b(113.1)
P2 1.358 £ 0.026c(88) 0.505 + 0.022¢(70) 1.863 + 0.020¢(83) 2.696 1 0.154a(125.9)
CK 1.449 + 0.034a(100) 0.591 + 0.010a(100) 2.040 £ 0.044a(100) 2.454 1 0.139(100.0)
20 P1 1.336 + 0.028b(92) 0.544 + 0.031a(92) 1.880 + 0.018b(92) 2.465 +0.190(100.4)
P2 1.256 + 0.023¢(87) 0.478 + 0.028b(81) 1.734 £ 0.037¢(85) 2.652+0.214(108.1)
CK 1.329 +0.017a(100) 0.545 + 0.046a(100) 1.874 + 0.047a(100) 2.451£0.126(100.0)
25 P1 1.242 £ 0.016b(93) 0.506 + 0.023ab(93) 1.748 + 0.039b(93) 2.457+0.078(100.2)
P2 1.111 £0.016c(84) 0.453 + 0.035¢(83) 1.563 + 0.068c(83) 2.461 £0.133(100.4)
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Table 4 Effect of phosphorus levels and treatment time on photosynthetic rate, stomatal conductance and
intercellular CO, concentration and transpiration rate of Phaseolus coccineus L.
gt ad Bk BHREER pEing: ] KM co, ABE®
Time P level Photosynthetic rate Stomatal conductance Intercellular CO, Transpiration rate
(d) (pmol/L) (pmol/ (m*+s)) (mmol/(m’+s)] (ppm) (mmol/ (m*+s))
CK 1.004 + 0.096a( 100) 10.26 + 0.80a(100) 229.3 + 29.8(100) 0.256 + 0.034a(100)
10, P1 0.604 + 0.102b(60) 9.30 + 0.85ah(91) 259.0 £ 30.4(113) 0.164 + 0.038b(64)
P2 0.340 + 0.097c(34) 8.24 + 0.76b(80) 271.6£29.9(118) 0.158 + 0.028b(62)
CK 1.398 + 0.107a(100) 22.18 + 1.68a(100) 355.2 + 13.2b(100) 0.616 + 0.059(100)
15 P1 0.900 + 0.118b(64) 18.52 + 1.41b(83) 370.4 + 14.9ab(104) 0.566+ 0.053(92)
P2 0.748 + 0. 100b(54) 15.78 £ 1.51c(71) 381.0+12.4a(107) 0.525+0.066(85)
CK 1.072 + 0.072a(100) 15.40 + 1.63a(100) 255.8 £ 16.1b(100) 0.336 £ 0.047(100)
20 P1 0.774 £0.063b(72) 14.14 2 1.54a(92) 286.1+ 16.9a(112) 0.318 + 0.045(95)
‘P2 0.618 +0.081c(58) 11.15 + 1.69b(72) 304.1+17.0a(119) 0.303 +0.055(90)
CK 0.592 + 0.068(100) 14.46 + 1.14a(100) 131.7 £ 16.7¢(100) 0.424 1+ 0.042a(100)
25 P1 0.558 +0.073(94) 9.88 £ 0.96b(68) 159.5+ 13.2b(121) 0.208 + 0.046b(49)
P2 0.493 £ 0.048(83) 7.98 £ 0.91¢(55) 187.8 £ 14.5a(143) 0.178 £ 0.048b(42)
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Table 5 Effect of phosphorus levels and treatment time on reducing sugar and total soluble content in leaf and root of Phaseolus coccineus L.

REALFHEES &
Root reducing sugar

content(mg/g DW)

AR S B

Leaf total soluble

sugar content( mg/g DW)

BATUEELHES R
Root total soluble sugar
content(mg/g DW)

5.09 £ 0.07a(100)
4.67 £ 0.06b(92)
4.05 £ 0.06c(80)

9.53 £0.25a(100)
7.60 + 0.26b(80)
6.28 +0.23c(66)

3.68 £ 0.17a(100)
1.04 + 0.06b(28)
0.70£0.10c(19)

5.36 £ 0.11a(100)
4.94 + 0.08b(92)
4.40£0.11c(82)

9.23 + 0.22a(100)
6.15 £ 0.23b(67)
4.06+0.21c(44)

6.37 £0.22a(100)
3.10£0.25b(49)
1.29 + 0.20¢(20)

5.66 +0.11a(100)
5.26 + 0.12b(93)
4.82 +0.10c(85)

6.96 = 0.10a(100)
5.34 £ 0.14b(77)
3.74£0.11c(54)

5.28 + 0.25a(100)
2.74 £ 0.22b(52)
1.13£0.14¢(21)

HL B ot A BAK¥ HEZEEES R
Time P level Leaf reducing sugar
(d) (umol/L) content(mg/g DW)

CK 2.41 £ 0.10a(100)
10 P1 1.87£0.12b(78)
P2 1.32 £ 0.08c(55)
CK 2.64 + 0.04a(100)
15 Pl 2.49 +0.06b(95)
P2 2.41 £0.05¢(92)
CcK 3.18 + 0.05a( 100)
2 Pi 2.9910.05b(94)
P2 2.54 + 0.08c(80)
CK 2.96 £ 0.06a( 100)
25 . 2.81+0.05b(95)
P2 2.55 £ 0.05¢(86)

5.28 +0.12a(100)
4.89+0.10b(93)
4.54+0.10c(86)

5.74 1 0.17a(100)
4.15+£0.16b(72)
3.04 +0.22c(53)

4.89 £ 0.15a(100)
2.57+0.09b(52)
0.79 £ 0.16¢c(16)
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Table 6 Effect of phosphorus levels and treatment time on phosphorus content in leaf,stem.root of Phaseolus coccineus L.

EZRTE (mg/g)

Stem P content

MR8 & (mg/g)
Leaf P content

5.62+0.14a (100)
4.53+0.09b (81)
3.90+£0.17¢ (69)

7.92 +0.22a (100)
5.95+0.20b (75)
4.99+0.21c (63)

4.62+0.15a (100)
3.50+0.08b (76)
3.05£0.06c (66)

7.40 £ 0.14a (100)
5.02+0.13b (68)
3:48£0.13¢ (47)

2.68 £ 0.08a (100)
2.28 +0.06b (85)
1.69 £ 0.04c (63)

6.46+0.12a (100)
3.8810.14b (60)
2.54+0.18c (39)

LBt El (d) K ¥ (umol/L) B’ (mg/g)
Time P level Root P content

X 14.77 £ 0.17a (100)

10 1 11.57 £ 0.29b (78)

4] 4.31£0.29¢ (29)

CK 12.31 + 0.05a (100)

15 P1 10.77 £ 0.15b (88)

P2 4.01 £0.26¢ (33)

cK 11.21 £ 0.12a (100)

20 Pl 9.12£0.12b (81)

P2 3.1910.34c (28)

CK 10.44 £ 0.18a (100)

25 P1 7.75+0.26b (74)

P2 2.79+0.12¢ (27)

3.92+0.10a (100)
1.77£0.12b (45)
1.44 + 0.08c (37)

5.27 + 0.09a (100)
2.88+0.04b (55)
2.39:0.10c (45)
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Study on the relation of soluble sugar, ptotective
enzyme and drought resistance in wheat

WANG Chuan, XIE Hui-min, WANG Na, WANG Hong-li
( Northwest A & F University , Yangling , Shaanxi 712100, China)

Abstract: In order to study the correlation of drough resistance with certain factors under drough-stressed and non-
stressed conditions, souble sugar (SS), SOD and POD of 21 winter wheat varieties at seeding stage were measured, and
the grain yield and drought resistance index (DRI) were amalysed as target traits. The results showed that there were
great differences in SS, SOD and POD in different cultivars under each treatment; The content of SS, SOD and POD of
the most high-yield and drough-resistant wheat varieties reaches 41.68 mg/g, 496.3 U/(g* min FW) and 169.73
U/(g*min FW) or even more. The analysis of relativity indicated that SS, SOD and POD were highly correlated with
DRI, the correlation ranked as rgg > rpgp > rsop; The pathway indicated that SS played an important role in the yield
and DRI under drought stress; The coefficient of effects was 0.5584 and 0.5264; The SS, SOD and POD played positive
direction effect on yield and DRI under drought-stressed conditions. In conclusion, they can be used as indicators to i-
dentify drought-resistant varieties.

Keywords: wheat; soluble sugar; SOD; POD; DRI
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Effect of phosphorous stress on photosynthesis characteristics and distribution
of carbohydrate of Phaseolus coccineus L. seedlings

LIAN Man-hong', TIAN Xiao-hong®, CAO Cui-ling'
(1. College of Life Sciences, Yangling, Shaanxi 712100, China;
2. College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: Effect of phosphorus levels and treatment time on some physiological characteristics of Phaseolus coc-
cineus L. were studied by hydroponic culture method. The results showed that the root length under the low availability of
no phosphorus was about 46 % higher than that of the control, while the leaf area was decreased when the culture solution
had lower phosphate. When there had lower phosphorus supplied, the root activity and acid phosphatase activity was in-
creased. Under phosphorus deficiency, both photosynthetic rate and chlorophyll content were decreased, but intercellular
CO, was increased; both reducing sugar content and total soluble sugar content were decreased; and root activity and acid
phosphatase were increased. Under phosphorus deficiency, the dry mass decreased remarkably; shoot dry mass de-
creased; while root dry mass increased. These results show that phosphorus deficiency affects the distribution of carbohy-

drates.
Keywords: phosphorous deficiency; photosynthesis; distribution of carbohydrates; acid phosphatase activity '



