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Effects of vertical phosphorus competition on root growth and biomass

distribution of Chinese fir seedlings
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Abstract; This study was conducted to solve the problem of available phosphorus, which is mainly distributed on the soil
surface and easily leads to the severe P competition of plant roots in natural environments. The morphological competition
strategy of limited P resources in the vertical direction of adjacent Chinese fir roots was studied by measuring the changes in
the root biomass and morphology of Chinese fir seedlings under different treatment conditions. The experiment was performed
in a greenhouse at Fujian Agriculture and Forestry University using a Chinese fir clone “YANG-020.” Specially designed

glass pots 10 e¢m long, 10 ¢cm wide, and 40 c¢cm high were prepared for the P stress and competition simulation. Two

HEEWH . BHE HARPAEES (U1405211, 31370531) s 48 MH T BRI H (2017-N-35) 5 FREAR MK 2FRHE GIHE TR 410 H (CXZX2016059)
Y #s A H#A:2018-03-23; % £& Hi AR B #5 : 2018-00-00
# MIRFEH Corresponding author.E-mail ; fjwupengfei@ 126.com

http ://www.ecologica.cn



2 S % 39 &

seedlings were planted in each pot, except for the control which contained a single seedling in the center of all the pot. All
the treatments were performed using three P treatment levels, i.e., no, low, and normal P treatment (0, 6, and 12 mg/kg
KH,PO,, respectively). The seedlings of each treatment were harvested separately at the prime, interim, and last stages
(September 9, October 30, and December 19, 2013, respectively) to determine the shoot biomass, root: shoot ratio, and
root biomass, after determining the root length, surface area, mean diameter, and volume increment over the entire
experimental period. According to the results, obvious effects of the interactions between the competitive and P treatments
were observed on the root morphology (P<0.05), root length, and the average diameter of root morphology of Chinese fir
seedlings. However, no apparent effects of the interactions between the competitive treatment and P supply on the biomass
allocation were observed (P>0.05) in the specific root length of Chinese fir seedlings. Competition in processing Chinese fir
root morphology and growth was significantly higher than that of non-competition processing in single plant seedlings, and
with increasing stress time, the growth and root morphology tended to increase significantly. In the early stage of stress, the
growth at the period at the middle and cessation was obviously higher than that at the onset. Moreover, the competitive
treatment of adjacent plants significantly improved the specific root length of the Chinese fir and improved their ability to
actively seek P in the root system. The root surface area and volume increment generally increased and then tended to
decrease with increasing P level in the soil. Compared with non-competition treatment, the biomass accumulation of Chinese
fir was not obvious, whereas the root biomass and root: shoot ratio were lower than that of non-competitive single seedlings

were.

Key Words: Cunninghamia lanceolata; competitive strategy ; phosphorus deficiency stress; root morphology; biomass
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Table 1 Effects of competition treatment and phosphorus supply level on the biomass of Chinese fir seedlings

F 18 F value
FIHEZ o bR WARA: Y WL
df Shoot biomass/g Root biomass/g Root; shoot ratio

50d 100d 150d 50d 100d 150d 50d 100d 150d
Te AL EE(A
R%’SLE( ) 1 0.34™ 2.55"™ 0.43" 0.25™ 5.50" 17.42" 2.53" 2.98" 15.30"
Competition treatment
IR (B
BEBEACY (B) 2 0.81"™ 1.04™ 1.13" 1.45™ 0.50™ 0.42" 0.86™ 0.97™ 0.90™
Phosphorus supply level
AxB 2 1.05™ 0.33" 1.26™ 0.35™ 0.52™ 1.36™ 2.46"™ 2.90" 0.19™

%, P <0.05; ns, P = 0.05; 50 d,100 d F1 150 d F/R 803 2 o2 BI7E 3 AR BY B Il e 1 A= By s F8 4w

22 TEE TR AR ALY AR R ALE Km0

XU 7 2 Mra e (36 2) B, 52 G b FRAN LR K T X A2 AR 2l B AR A 1 AR P 1 B AR 1 R 8 b 11 52
i 77 B S 9 58 BAE T (P>0.05) | 1 X6 AR 2 [T FRUAE o MR A RRU 2t 14 52 i 77 70 R B 19 28 AR T (P>0.05)
T A B AR ZR B S HE AR AR M X K 8 K AR K S X AR 2R T SR AR A 5 R 43 I E K (£ 2)
T A B AZ AR MR R T A R 2 W W i T AR T A A B Y SRR L, LB Tl 6 B TR A3 AR R S Y
TN 3 LT A e e o RN A e I s TR (R 4,18 5) B SRR KT B4R e IR
T AR AR AR B B AR 25 B THE T RERESE(ES) |, AR K AR5 BB & B I A I A &2
B EH (K 4) .
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Fig.2 Biomass distribution pattern of Chinese fir seedlings during competitive treatments

 Fn T A Ab B o IR (e G A B ) 22 IR Y 22 53k i E KT (P<0.05)
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Table 2 Effects of competition and phosphorus level on root morphology growth of Chinese fir seedlings

FAH F value
1 R s HRER AR i HOF ) AR LN
d fx Root length Root surface area Root average diameter Root volume
increment/ cm increment/ cm? increment/ mm increment/cm®
50d 100d 150d 50d 100d 150d 50d 100d 150d 50d 100d 150d
=7
SEATAE (A _ . . . . , . .
o . (A) 1 46.7* 8024~ 3148 25™ 378" 681" 627 59787 5782* 119.1° 918.1" 396.8*
Competition treatment
HEREK - (B . .
BEBEAF(B) 2 09" 185" L.2m 2.9 1.0™ L.1™ 238" 93" 747 85" 9.8" 59"
Phosphorus supply level
AxB 2 63" 2™ 202%  3.9™ 28™ 09" 427 4.0 517" 0.9™  0.5™ 0.5"

#, P<0.05; ns, P=0.05, 50 d,100 d I 150 d Frnikiiid B e 3 AMSGRH BB E AR 28 &4 K5 tx
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Fig.3 Biomass distribution pattern of Chinese fir seedlings under different phosphorous supply levels
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Table 3 Effects of competition treatment and phosphorous supply levels of specific root length of Chinese fir seedlings

F 1l F value
A EE df LEAR K Specific root length
50d 100d 150d
e AL EE(A) Competition treatment 1 0.72" 25.15* 41.74*
A /K- (B) Phosphorus supply level 2 1.03™ 0.01™ 0.43™
AxB 2 0.08™ 0.09™ 0.13™

%, P <0.05; ns, P =0.05, 50 d.100 d #1150 d F/Rifksid B A 3 AR BTN AE (2 My 48 hw

SeAH BRI EBR T A KL T R D, SRS AW sE ok o O BRFTR
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Fig.4 Increments of root length and average diameter respectively of Chinese fir seedlings under competition treatments and phosphorous
supply levels
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Gy U R IR X IR A SE R A R R AR AR DY RIS B X AR 3k RE ( Chenopodium
acuminatum ) 4= W) ik 53 BCAK JR3 52 0 1) 6 B, Sk I 1) A A2 ] DR 285 1 Jon T 128 52 BIR sl ) X R R 55 1Y 58
GRS HAE YR B A T R RIS bR i A S O R T NAR AR AR R S EORGE LU R, X
EARMSRAHRZ AL, (5 Watt 27 SHRESHS ( Pinus radiata ) FITEA RN 56k B4 H2 (Abies nephrolepis ) 1E
S SR AR M LT G RN R] , BIAFAEAROAR TE G I, A2 ARG IR R A8 A R L S e e i

http ; //www.ecologica.cn



8 S % 39 &

[ Jsod [EZZ100d REH150d —A—50d —®—100d —5—150d
120 120 -
>§r
5100 - 5 100} §/§]—55
: : :
g s 80 F / - g S sof F/§\§
Q Q
: S =
% g 60 - 7 % 8
- - |
® 3 gy
28, L 25
2 2 40|
1] 1]
2 0} 2 5
20 5\—173/‘3
0 L J 1 1 1
4 Bl Po Ps P
4.8 4.0 - a
ab b
*
o 40 b - %/ﬁj\ﬁg
L L 32+
= | * = a
wE H £ I b
5 5
KE 24 F KE 24F
=z =z
BE BE
ERREE g
3 3 L6f
':2 0.8 - ':2 a
0.0 L ' 0.8 1 1 1
P e[ Py Pg P12
BTA ompetition treatments LA 7K ~F- Phosphorous supply levels
T4 hb Bl C iti ARk F: Phosph ly level

B5 ZEOEMEBIKETEAYERALSHIEE
Fig.5 Increments of root surface area and volume respectively of Chinese fir seedlings under competition treatments and phosphorous
supply levels
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Fig.6 The increment of specific root length of Chinese fir seedlings under the competition treatments and phosphorous supply levels
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