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morphological plasticity determing the adaptive strategies of Cotinus coggygria seedlings in barren
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Morphological plasticity is closely related to the ability of plant growth and resource utilization,
which is an important manifestation of plant survival strategy in specific environment. To study the
relationship between root morphological plasticity and ecological strategies of the plant is significant to
understand the mechanism of plant adaptation to the environment. With 1-year-old Cotinus coggygria
seedlings as the study materials, this paper applies the pot experiment in greenhouse and sets up five
different levels of nuirient supply to analyze the root morphology characteristics (root length, surface
area, root tissue density, root fineness, root branching density, etc. ) and different diameters of root
morphology (root length, root surface area, root volume, root tips) to study the changes of morphological
and functional plasticity in the plant seedlings. The results indicated that different levels of nutrient
supply showed significant (P <0.01) interaction on root length, surface area, root tips, root forks, root

tissue density, average root diameter and root fineness of the plant seedlings. In the pure sand
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environment, the seedlings were most closely related to the root length, root surface area and root
fineness. In the environment with limited nutrient restriction, the seedlings were mainly changed by root
length, root surface area, root number and branch. However, the relationship between root tip density,
root branch density, root diameter and root volume was most closely related in the relatively light and
medium environment. In the whole soil environment, the seedlings were mainly affected by the change of
root tissue density. To a certain extent, limited nutrient supply can stimulate <1.0 mm diameter fine
roots and limit > 1.0 mm diameter fine roots. Morphological and functional plasticity in the plant
seedlings reflected that the levels of nutrient supply significantly changed the strategies of nutrient
absorption of Cotinus coggygria seedlings. From nutrient-sufficient to nutrient-limited and nutrient-
deficient condition, seedlings tend to change their ecological strategies from enhancing the utilization
ability in situ, enhancing the absorption ability in situ and expanding the absorption range, improving the
storage and transportation ability, and finally change to the endurance strategies.

Key words  Cotinus coggygria; root; morphological plasticity; ecological strategy; barren environment
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Tab.1 Basic chemical properties of the tested soil
e AL oA BRA AR G
pH Organic matter/ Total nitrogen/ Available nitrogen/ Available phosphorus/  Available potassium/
et (ke (ke ™) (merkg ™) (me-ke ™) (mg-kg ™)
T, 8.7 7.48 0.30 29 14.1 324
T, 8.5 2.78 0.16 18 4.2 186
T, 8.3 1.92 0.10 11 2.1 118
T, 8.2 1.73 0.09 8 1.9 109
T, 7.9 1.52 0. 05 5 0.7 97

2.3 BUERISHRIE
IRAERN T RAE T A )5 5 60 K80 K100
KA 120 KIEAT AR, B0 BEERE B e AR
FUT VI A MARVE bR o R AR R (] 22 5
BRSO BORE O, B i J0) Ak BUBCRE 15 8K, 5
AREE BRI 75 ¥k, 4 A IHBIBEIGHE 300 Bk
Forp g g 4 g 40 BRIBC 9 R (331 180 #R) IR AR T
AW e ZAEIEAE 105 °C A4 15 min, 80 C
M E i i JF RS A o 0. 001 g 19 HL KPR
Hp , AR R AR & 50 WU AR B 6 b
(it 120 BR) WA T 007 R RN OIE T
TG A AT 2808 K 1Y T (5 B SRR RE Y
(7] Y562 7 141 R AR A8 RO 07 8 LA B AR R 22 [R] A AH
HAAXMEE, FH Epson Expression V750 $1451%
Al Win-RHIZO Pro 2004a R & 43 #7 8K {4 ( Regent
Instruments Inc. , Canada) JIlZEHRK (RL, cm) MRE
HIF(RA, em®) MRARE(RT) S HEU(RF) P
WAHEHZ(RD, mm) MWIAM(RV, em’) ZFEFEIR,
HI T HEAR <2 mm R FR JCHFPFAF R FR) i
S50 AR A SE I AR AR DL SR K S SR
oy MRARFEREA B 225, AR YR )

R 22 Sk — 25 T 40 LR AR | i AR S L4
FrLL AR F B R H AR D<0.50 mm ( Grade 1,
fAiYE G1) .0.50 mm < D<1.00 mm (G2).1.00 mm <
D<2.00 mm (G3) .D>2.00 mm (G4) 4 %}
R SIEIR AT 09, FRBOR R AR RN AR & 45
FrEdls . TR KRR R B BRXT >5.00
mm DL AR R A — 29, IRAWHE (RB, ¢)
SR FHBE T BRI 0 2
2.4 B4
WY A A W) i dE A, THR AR K (SRL,

em/g) HLRTE AL (SRA, em’/g) ARR% B (RTD,
number/cm) 43 K% % & ( RBI, number/cm ) | #3421
W (RTID, g/cm’) FRANE (RFN, em/cm’) , it
RN F

SRL = RL/RB

SRA = RA/RB

RTD = RT/RL

RBI = RF/RL

RTID = RB/RV

RFN = RL/RV

FIFH SPSS 16. 0 48114 (SPSS for Windows,
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Chicago, USA) #1777 22 73 #1, KR ] Ducan % #17
Z B, F Microsoft Office Excel 2016 22 i ®
%, N GGEbiplot X 4 ( Copyright © Weikai
Yan) ¢ #% 8 Yan F1 Rajean(2002) 7' i )5 =, %f
Rl Ah 35 45 F8 s ] 11 96 28 1A T 32 B 40 U 1]
G307

3 RS540

3.1 EFHERERESERNFSHENATE G
&= Rz
3.1.1 MRABEMERG TS

MEE B AN R TR 50 25 7K P B4 4 i Y
FOARAC | R i AR MR AB 0 BB o B i AR R
FRE MR A N ZH 2% R AR A B A A
S (P <0.01) , 75584 B B X AR 1 AR AR TR A i

R (P <0.05) , {H X R 2 1 ALY 52 Wi A 35 2
K- (R2) .

BRI LEAR T | Fe R T A AR ARB A B EL
FIRR G 2 Bl 77 53 25 7K 7 A R AIG S 5 185 o, T AR
HLVHEEMIA S (B 1) o T, A BB 41 1 AR
K LR FBURIAR 40 B — AR e B s KR, 5
T A, AR A0 HE 7R T 22.27% ~79.02% , HR 4 41
BREREAR T 40. 48% ~49.52% , LI | LR T
A3 T, ALBEAY 1,06 ~ 1. 48 f35H1 1. 49 ~2.01 £,
T, Ab FRA) P BRI AR 2 A AR AREUAN oA B A
B, N e T, Ab B R B O52.75% ~ 82.49%
38.54% ~ 86.23% . 243.09% ~ 378.07% Al
326.54% ~349.57% , T ALFRAN T HH 256 5 Ty
R 25 v, A I B T A EERE T 19, 12% ~53.61%
H27.47% ~94.56% .

R2 AR ARFSUEKENEFHERABAESERZ MBI T EZ2 (P E)
Tab.2 ANOVA on root morphological traits of Cotinus coggygria seedlings treated with different nutrient availabilities in
different dates( P-value)

IRERS [E] Sampling time

FE45 Index

60 d 80 d 100 d 120 d
MK Root length (RL) 0. 027 0. 054 0. 062 0.02
LB Root surface area (RA) 0.417 0.216 0.176 0. 069
FEAR K Specific root length ( SRL) <0. 001 <0. 001 <0. 001 <0.001
TR Specific root surface area (SRA) 0. 003 0. 003 0. 003 <0.001
LU E Root tissue density (RTID) 0. 009 <0.001 0. 007 <0.001
M4 Root fineness ( RFN) <0.001 0. 007 0. 009 0. 006
HIJ%L Root tips (RT) <0. 001 <0. 001 <0. 001 <0.001
MR Root tip density (RTD) <0.001 <0.001 <0.001 0. 002
I3 Root forks (RF) <0. 001 <0. 001 <0. 001 <0.001
34 B8 BE Root branching density ( RBI) <0.001 0. 042 <0. 001 0. 002
P-4 B 42 Average root diameter (RD) <0.001 <0.001 0. 007 <0. 001
HLAKFH Root volume (RV) 0.183 0.074 0. 187 <0. 001

3.1.2  REVRL AR LE MR 64 7T b R

TEA KT (60 ~ 80 d) , AS[A] 37 531 45 b 3%
FH L D<1.00 mm MR AR ARF M AR
FURIARAREIS A W (P <0.05) , 7EAE K 5 10
(100 ~120 d) XF D > 1.00 mm ZHAR AR K AR i
FURARIARUE W (P <0.05) (£ 3) ., K55
PELIRE T A AR A AR K AR 3R T BURITAR 2 50 A
S AR AR Z i o LA Bt o5 A2 2 1 v DR IR 2 %
R(E 2), D<0.50 mm 40 R K G5 EERKK
70.44% ~ 78.37% , M 2 1 A 7 5 AR 3R T AR 1Y
35.26% ~ 46.30% , £ AL #H DL T, e T, i 2
0.50 mm < D<1.00 mm 40 AR AR F 1m0 B4
B R AR K AR R AL 16.00% ~ 22.05%

24.51% ~33.03% , H 43 3| LA T, il T, &b ¥ 5% &
T, T, T BRSNS D <0.50 mm F10.50 < D<1.00
mm AR AR AR R E A AR ARRB & T
T, A1 T ALBR, T AR D<0.50 mm 40AR IR K |
MR AR AT AR I B i s, 73 0l b T, b 4R 2
77.0% ~ 126.1% . 70.4% ~ 109.1% . 51.4% ~
96.8% F1 105.7% ~ 178.9% , H Lt T, &b ¥ 73 51 5
58.7% ~99.0% 61.5% ~99.1% 45.1% ~119. 6%
H130.9% ~292.7% . 0.50 < D<1.00 mm 4
MR ARER R BE S I 50 L 25 Y R T 38 i, T, Ak 2
YIHT AR AR FRTEAR ARAARER MR B A L T,
AFRAR S 110.7% ~ 145.5% . 106. 7% ~ 184.8% .
91.7% ~144.3% M 117. 1% ~172.9% ,{H T, kb 3¢
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Fig. 1
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Dynamic changes in root traits of Cotinus coggygria seedlings grown in different nutrient environment
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Fig.2 Dynamic changes in root traits with different diameters of Cotinus coggygria seedlings grown in different nutrient availabilities

R3 FREFSHENEFHE LR EZRREF
R MP T ESH (P E)
Tab.3 ANOVA on root traits of Cotinus coggygria seedlings

treated with different nutrient availabilities

(P value)

Ei=tan (=] HURERSA] Sampling time
Index Diameter class 60 d 80 d 100 d 120 d
Gl 0. 099 0.028 0.074 0. 067
G2 0. 008 0.031 0. 045 0. 106
RL G3 0.013 0.003 0.047 0.276
G4 0.008  <0.001 0.086 0. 003
Gl 0.02 0.015 0.084 0.129
G2 0. 007 0.011 0. 235 0.077
kA G3 0. 086 0. 006 0.219 0.139
G4 0.124 <0.001 0.046 0. 047
Gl 0. 026 0.002 0.115 0.123
G2 0. 063 <0.001 0.019 0. 184
kv G3 0.18 <0.001  0.006 0. 005
G4 0. 105 <0.001 0.021 0. 344
Gl 0. 088 <0.001  0.058 0.215
KT G2 0.219  <0.001 0.179 0.093

R AR F 2 B AR IR AR RS A6 C R I b % )
(B3, & FEEABE R R R
KA R MALCE 1) s (HJE, T, A B4 AR R %%
SRR AR R B AR T A AR BAL T 5
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Bt (B 2) 0B A 4 1 R DL T 5 AL AR 3R
SEHL IR AT IRICRE 1 R F TR AR FR WG R R 4l A
X TE N IRBE 3 T A BRI T AR S EL  or A B AR R
B A BN T KT, B B B AR
KA ZAEF(E 1) ,D<1.00 mm IR K AR
FIAF AR DL BARISEIA AR X 5w (L 2) |, 3R W]
YT AR R BADGE 7 WAy, R IR I 5 AL AR
F b W A RE T R AR R IR IS R A X SR, AR
1M, 4 IR (T, ) v, 4l il 228 3l A AR A 4%
(RTID) AR I A8 (1 3) R HAT e AR 41
BURTE B ARSI Mo B (A R
Ab FHARACE U HIE AR R A E AR 2 T AR AR (]
1) ,D<1.00 mm ZHAR AYHR A FITHR 2R 1B AR
2) , RN AT EERRB L FRATE 2GS
7 B AT AR ECTE JE 1 3R IR 4 R IBCT SR Ak ek
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Fig.3  Biplot analysis on the correlation between root

traits and nutrient environments
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