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Effects of phosphorus supply levels and methods on root growth and phosphorus

use efficiency of Chinese fir seedling
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Abstract; The objective of this study was to examine the response of root traits, morphological indexes, and nutrient use
efficiency of Chinese fir seedlings to heterogeneous distribution of available phosphorus (P) in soil. Seedlings of half-sib
family cultivated in single seed plantation of Chinese fir seed orchard were selected as research material, and indoor pot
experiments were conducted. The pot experiments involved three P supply levels including low (8 mg/kg), normal (16
mg/kg) , and high P treatment (32 mg/kg). Two kinds of P supply methods ( heterogeneous and homogeneous P supply)
of each P supply level were used to apply P to roots of single plants. The results showed that; 1) root length, root biomass,
root-shoot ratio, root and whole plant P use efficiency of Chinese fir under low P supply were significantly higher than those
under the normal or high P supply, while average root diameter was the opposite. With the increase of P supply level, there

was no significant difference in seedling height and aboveground biomass of Chinese fir, but the specific root length showed
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a decreasing trend. 2) The seedling height, root length, root surface area, specific root length, aboveground biomass, and
whole plant P use efficiency were significantly higher in the heterogeneous P supply treatment than those in the homogeneous
P supply treatment, while the average root diameter and root-shoot ratio were the opposite. In conclusion, the morphological
plasticity of Chinese fir roots could be significantly enhanced under low concentration and heterogeneous P supply, thus
optimizing the spatial distribution of roots in nutrient—heterogeneous soils, and maintaining the normal growth of shoots by

improving the P use efficiency of roots.

Key Words: Chinese fir; heterogeneous phosphorus supply; homogeneous phosphorus supply; root morphology;

phosphorus use efficiency
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Table 1 Design for different phosphorus supply treatments

A et
s L Pyt ﬁ;ﬁi‘% nr S“pply“mg/ki;% .
Treatment number P supply
(mg/ke) Root chamber [ Root chamber 1T

1 8 5w 4 4

2 Jrr L 0 8

3 16 5w 8 8

4 JR AL 0 16

5 32 5 e 16 16

6 JR AL 0 32
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ARSI A BERR S IR A 1 5, FRR AR AR o i 3R SRR, BRI ARG, M B
1S (STD1600 Epson USA) Xf Sk A2 AR L)1 )RR R AT, FIHAR R 08 RS 4KF ( Regent Insrtruments
Inc, Canada) %R R KB BRI HARGIE SRR T E I E . B Hh - 5 R 550128 105°C
AT 30 min,80°C FHET 2468, AT ARG Z 5 , i 0, SR R W it 112 - = L R T & RR B e L £
P E R BB R
1.4 Bikgit 50t
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FH(P<0.05) , U537 2 4> PR 2R Z [0 5 H6 b () S 2 M 500 5 25 2 1 PR 38X A2 R 4 1 0 5 8 s 1 52 Wil . i
EZHAEH(P>0.05) , WIHEFT B 25 225307, 43 R R SU T A gkt 2 Ak Xz 1a), LRI LSD £
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LB 3 AN HEREACF Z A 22 5 B VEEA TR 46 (P =0.05) .
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H/(RATER ARG &)  BWEEAHRCR =2 TH/ (R A TE « AP E b LW Ed F Aok
B o WA AP EMEAREZE SRR AN [Rl/ING BRI A2 AR &Iy v A [ Al Ak 2 0] ) 2 S5 38 25 UK F
(P<0.05),

2 ERE5S

2.1 PEBEKF K7 AL AR I Az R R A AR A8 XU 35 0 73 B

PR K7 X 2 AR AL AR I FE AR 42 0 8 3 AL HAE AT (P>0.05,3% 2) . WA EORE
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Table 2 Two-way ANOVA results of P supply level and method on the different determination index of Chinese fir seedlings

£t PRI/ F fw )y X/ F BEBE K P < BTy X F
Determination index P supply level P supply method P supply level x method
i Seedling height/cm 1.53™ 6.26" 0.05™
MK Root length/m 11.70* 5.50" 0.45™
LA Root surface area/cm? 1.92m 23.10* 0.65™
RS- B 42 Root average diameter/mm 4.80* 5.70* 1.62™
HEAR K Specific root length/ (m/g) 7.70* 420" 1.40™
AP Root biomass/g 5.80* 2.80™ 1.80™
i1 _EFBAE )R Aboveground biomass/g 1.90™ 7.80" 1.05™
HIE HE Root to shoot ratio 12.90* 5.60" 1.21m
HEBEF 23 Root P use efficiency/ ( g/mg) 11.60* 4.60" 1.49™
SR TIZCE Plant P use efficiency/ (g/mg) 430" 9.80* 1.09™

#; P<0.05;ns: P>0.05
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Fig.1 Effects of different P supply levels and methods on growth indicators of Chinese fir seedlings
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Fig.2 Effects of different P supply levels and methods on biomass accumulation and distribution of Chinese fir seedlings
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Fig.3 Effects of different P supply levels and treatments on P use efficiency of Chinese fir seedlings
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