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Effects of Phosphorus Deficiency and Al toxicity on Growth and

Nutrient Absorption of Maize Seedling
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(1. College of Plant Science and Technology, Xiaogan University, Xiaogan 432100;
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Abstract: Five typical maize genotypes were used in this experiment to investigate the effects of phosphorus and
aluminum stress on their growth and P, K, Ca, Mg, Fe, Zn uptake at seedling stage. The results showed that low—P tol-
erant maize genotypes had longer roots and larger dry root weight than low—P sensitive maize genotype, and the plant
height of low—P tolerant maize genotypes were less affected by the phosphorus deficiency than that of sensitive geno—
types. Under low phosphorus condition, the ratio of root to shoot in all genotypes increased, uptaking and distribution
of P, K, Ca, Mg, Fe, Zn between roots and shoots also changed. Under stress of aluminum condition, accumulation of P,
K, Ca, Mg, Fe, Zn was seriously affected, the root length and relative dry weigh of Al-tolerant maize genotypes were
less affected by the Al toxicity than those of Al-sensitive genotypes.
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Fig.1 Effects of P—stress on plant growth of different maize genotypes
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Fig.2 Effect of Al-stress on plant growth of different maize genotypes
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Table 1  Effects of P application on P content and accumulation of shoot and root of different maize genotypes at seedling stage
WS (%) WER BT (mg/ ) SYBCLL (%)

Sk PR R kb P content P accumulation Ratio of distribution
Genotype Treatment i b LI o b7 LR oS Ho b7 R
Shoot Root Shoot Root Total Shoot Root

MO5 CK 0.58 0.40 4.29 0.69 4.98 86.1 139
-pP 0.20(0.35) 0.19(0.48) 0.66(0.15) 0.19(0.28) 0.85(0.17) 713 22.7

MO02 CK 0.68 0.38 7.99 1.23 9.22 86.7 13.3
P 020030)  0.17(046)  2.16027)  0480.39)  2.64(0.29) 81.8 18.2

M12 CK 0.84 0.25 6.38 0.55 6.94 92.0 8.0
P 025029 007026  1380.22)  0.130.23)  1.500.22) 91.6 8.4

MO8 CK 0.70 0.37 3.90 0.90 4.79 81.3 18.7
-p 023033)  0.17(0.44) 1.090.28)  0.34(0.38) 1.43(0.30) 76.4 236

Ml11 CK 0.67 0.35 3.28 0.70 3.98 82.4 17.6
-pP 0.28(0.42) 0.22(0.62) 1.13(0.34) 0.38(0.55) 1.52(0.38) 74.6 25.4

T 455 TP B SR BT A& (-P/CK) , JH AR R R ) R T e, Rkl
Note: The numbers in brackets mean the relative phosphorus uptake, namely —P/CK, which were used to compare the different genotypes.

The same as the following tables.
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Table 2 Effects of Al-stress on P content and accumulation of shoot and root of different maize genotypes at seedling stage

W (%) W3R R (mg/ BR) S LA (%)

LR fb P content P accumulation Ratio of distribution
Genotype Treatment i E R &R o b W% oS Hi A&
Shoot Root Shoot Root Total Shoot Root

MO05 CK 0.58 0.40 4.29 0.69 4.98 86.1 13.9
+Al 0.74 (1.26a) 0.41 (1.03a) 3.53(0.82b)  0.46 (0.66¢) 3.99 (0.80b) 88.4 11.6

MO02 CK 0.68 0.38 7.99 1.23 9.22 86.7 13.3
+Al 0.79 (1.16a) 0.42 (1.10a) 8.03 (1.01a) 1.02 (0.83ab)  9.05 (0.98a) 88.7 11.3

M12 CK 0.84 0.25 6.38 0.55 6.94 92.0 8.0
+Al 0.69 (0.83b) 0.31 (1.23a) 2.94 (0.46¢) 0.40 (0.72be)  3.34(0.48c) 88.1 11.9

MO8 CK 0.70 0.37 3.90 0.90 4.79 81.3 18.7
+Al 0.72 (1.03a) 0.45 (1.20a) 3.24(0.83h) 0.85 (0.95a) 4.09 (0.85b) 79.2 20.8

M11 CK 0.67 0.35 3.28 0.70 3.98 82.4 17.6
+Al 0.72 (1.08a) 0.24 (0.69b)  2.57(0.78b)  0.32(0.46d)  2.89 (0.73h) 89.0 11.0
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Table 3 Effects of P—stress on K, Ca, Mg, Zn, Fe content and accumulation in different genotypes of maize at seedling stage

L i Hb 3 Shoot . Z Root
Genotype - Treatment ;) Ca(%) Mg(%)  Zn(mg/kg) Fe(mglkg) — K(%) Ca(%) Mg(%)  Zn(mg/kg)  Fe(mglkg)
MO5 CK 4.88 0.66 0.54 56.19 583.99 3.65 0.52 0.44 78.98 2130.39
-p 3.82 0.69 0.49 52.93 598.79 2.74 0.59 0.43 76.48 2353.24
MO02 CK 6.58 0.65 0.48 61.15 490.78 3.26 0.64 0.40 57.62 575.42
-p 5.29 0.77 0.54 75.77 593.84 2.69 0.67 0.32 66.26 439.66
M12 CK 5.19 0.65 0.52 38.62 537.71 2.29 0.33 0.25 33.14 1278.89
-P 4.26 0.59 0.54 49.69 587.98 1.22 0.34 0.23 16.73 1350.17
MO8 CK 4.10 0.90 0.58 58.44 649.91 2.25 0.38 0.32 45.05 1 332.66
-P 4.11 0.83 0.58 63.22 556.21 1.91 0.36 0.30 62.38 1632.02
Ml11 CK 5.30 0.75 0.46 70.18 548.90 2.55 0.37 0.35 73.15 1510.72
-p 4.64 0.79 0.56 81.17 459.68 3.97 0.42 0.21 75.68 1559.51
x4 BPENAREEREEREHEFRTEREENHM
Table 4 P stress on nutrient accumulation of different genotypes maize seedlings
Y Y - [ ]
iﬁai: (fnfje Ti{i%m K(mg/ #%) Ca(mg/ 1) Mg(mg/ ¥£) Zn(ng/ 1) Fe(ug/ 1)
Hi 1 MO5 CK 35.77 4.87 3.96 41.21 428.26
-p 12.49(0.35¢) 2.24(0.46) 1.60(0.41c) 17.29(0.42c¢) 195.61(0.46)
M02 CK 77.18 7.60 5.62 71.75 575.85
-p 55.94(0.72ab)  8.09(1.06) 5.73(1.02a) 80.06(1.12a)  627.49(1.09)
M12 CK 39.44 4.98 3.97 29.35 408.66
P 23.70(0.60b) 3.29(0.66) 3.00(0.76b) 27.66(0.94ab)  327.31(0.80)
MO8 CK 22.84 5.01 331 32.53 361.78
-p 19.18(0.84a) 3.89(0.78) 2.69(0.81h) 29.500.91ab)  259.57(0.72)
M11 CK 25.96 3.67 2.23 34.39 268.96
-p 18.73(0.72ab)  3.21(0.87) 2.26(1.01a) 32.74(0.95ab)  185.41(0.69)
R R MO5 CK 6.33 0.90 0.76 13.69 369.27
-P 2.74(0.43c) 0.59(0.65) 0.44(0.58) 7.65(0.56¢) 235.32(0.64)
M02 CK 10.54 2.06 1.29 18.63 186.05
P 7.45(0.71b) 1.84(0.89) 0.89(0.69) 18.33(0.98h)  121.64(0.65)
M12 CK 4.96 0.71 0.54 7.18 277.09
-p 2.28(0.460) 0.61(0.86) 0.44(0.82) 3.12(0.43¢) 252.03(0.91)
MO8 CK 5.40 0.91 0.76 10.81 319.84
-p 3.87(0.72b) 0.73(0.80) 0.61(0.81) 12.68(1.17a)  331.84(1.04)
M11 CK 5.11 0.75 0.71 14.63 302.14
-P 7.01(1.37a) 0.74(0.99) 0.37(0.53) 13.37(0.91b) 275.51(0.91)

2.6 SREMEXAEEREREREHFS REAI M
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Table 5 Effects of Al-stress on K, Ca, Mg, Zn, Fe content and accumulation in different genotypes of maize at seedling stage
FLpH A i} Hi 3B Shoot #H % Root
Genotype  Treatment K(%) Ca(%) Mg(%)  Zn(mg/kg) Fe(mgke) K(%) Ca(%) Mg(%)  Zn(mgkg) Fe(mgkg)
MO5 CK 4.88 0.66 0.54 56.19 583.99 3.65 0.52 0.44 78.98 2130.39
+Al 4.71 0.54 0.41 61.70 546.11 3.10 0.63 0.47 56.58 1764.11
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4R 5 Continued 5

SpEE g s b £ Shoot R Root
Genotype  Treatment g (g Ca(%) Mg(%)  Zn(mg/ke) Fe(mgke)  K(%) Ca(%) Mg(%)  Zn(mg/kg) Fe(mg/kg)
M02 CK 6.58 0.65 0.48 61.15 490.78 3.26 0.64 0.40 57.62 575.42
+Al 5.66 0.67 0.45 51.86 497.94 3.25 0.49 0.32 72.20 804.29
M12 CK 5.19 0.65 0.52 38.62 537.71 2.29 0.33 0.25 3314 1278.89
+Al 3.78 0.56 0.43 52.15 528.68 1.82 0.30 0.30 3314 1688.07
MO8 CK 4.10 0.90 0.59 58.44 649.91 225 0.38 0.32 4505  1332.66
+Al 3.77 0.70 0.41 75.77 548.28 244 0.46 0.34 7745 139632
M1 CK 5.30 0.75 0.46 70.18 548.90 2.55 0.37 035 7315 151072
+Al 4.84 0.91 0.43 79.08 451.65 1.36 0.84 0.17 6132 1486.38
*6 HENAEEREEREHEFRTEZREENZIL
Table 6 Al stress on nutrient accumulation of different genotypes maize seedlings
e A J
ijil ii Tiim Kmg ) Camg B Memg B Zoug/ B Fe(uel B
B o MO5 CK 35.77 4.87 3.96 4121 428.26
+Al 22.60(0.63) 2.61(0.54) 1.95(0.49) 29.61(0.72) 262.13(0.61)
MO02 CK 77.18 7.60 5.62 71.75 575.85
+Al 57.75(0.75) 6.83(0.90) 4.59(0.82) 52.89(0.74) 507.90(0.88)
M12 CK 39.44 4.98 3.97 2935 408.66
+Al 15.99(0.41) 2.38(0.48) 1.80(0.45) 22.07(0.75) 223.81(0.55)
MO8 CK 22.84 5.01 331 32.53 361.78
+Al 16.96(0.74) 3.13(0.62) 1.86(0.56) 34.10(1.05) 246.73(0.68)
M11 CK 25.96 3.67 223 34.39 268.96
+Al 17.27(0.67) 3.23(0.88) 1.55(0.69) 28.21(0.82) 161.09(0.60)
& MO5 CK 6.33 0.90 0.76 13.69 369.27
+Al 3.46(0.55) 0.70(0.77) 0.52(0.69) 6.32(0.46) 196.99(0.53)
M02 CK 10.54 2.06 1.29 18.63 186.05
+Al 7.90(0.75) 1.20(0.58) 0.79(0.61) 17.57(0.94) 195.71(1.05)
M12 CK 4.96 0.71 0.54 7.18 277.09
+Al 2.31(0.46) 0.38(0.53) 0.38(0.71) 4.20(0.58) 213.82(0.77)
MO8 CK 5.40 0.91 0.76 10.81 319.84
+Al 4.63(0.86) 0.88(0.97) 0.65(0.86) 14.72(1.36) 265.30(0.83)
M1 CK 5.11 0.75 0.71 14.63 302.14
+Al 1.82(0.36) 1.12(1.50) 0.23(0.32) 8.18(0.56) 198.18(0.66)
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