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Abstract; The aims of this study were to reveal the allometric relationships between population density, plant morphological
characteristics, and organ biomass allocation, and to elucidate the adaptive strategy of the plant during the restoration of
degraded land. Specifically, we used allometric analysis to evaluate the effect of density on morphological characteristics and
the distribution of the biomass of organs in Corispermum macrocarpum. Our results showed that density strongly affects the
plant architecture. With an increase in density, the height of C. macrocarpum decreased, and the branch number and length
clearly decreased. The biomass of all organs decreased significantly with an increase in density. With an increase in the
population density, the biomass allocation was decreased to stem and reproductive organs, but increased to the root and leaf
organs. These findings are consistent with the prediction of optimal allocation theory in the context of moisture, nutrient,

and light limitation. The allometric relationship of height vs. root biomass was significantly influenced by density. Changes of

EEWH : [FZEADKITRI(2016YFC0500606) 5 [F% HARFL ARG H (31570454) ; 1 [EBFE B B 44 5 w5 20T H (KFJ-SW-YW026)
Wo#s B #1:2017-05-03; ] £ H Kl H £ : 2018-00- 00
# MIRVEAH Corresponding author.E-mail; huangyx@ iga.ac.cn

http ://www.ecologica.cn



2 S % 38 &

root vs. above-ground biomass, leaf vs. root, and reproductive organs vs. root were not related to population density,
indicating a state of ‘ apparent plasticity.” The allometric relationships of root vs. stem, stem vs. above-ground biomass, leaf
vs. other organs, and reproductive organs vs. other organs were significantly affected by population density, showing a state
of ‘true plasticity.’ Our results suggest that population density changes the ontogenesis system of plant architecture in C.
macrocarpum, and can indeed affect the allometric relationships of organs, resulting in a trade-off in biomass allocation

among organs to complete the life history.

Key Words: Allometry; Height; Biomass allocation; Phenotypic plasticity; Corispermum macrocarpum
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Fig.1 The allometric relationship of Corispermum macrocarpum between height and organ biomass

(F=43.584, P<0.001), ZHia e L DI B 5T D2—D4 %, D2—D4 B 22 7R 3% (%
2) o AHNHE B AR AR i o oA R N TS % R S A OG (F=4.294, P<0.01), D1—D2
R 22 AN AR R ] 25 5 B (R 4) , ISR IR R, BR B AN T AR A i ) S A K AN Bt 2% i A
fEAM(P>0.05) (31,18 2) %X B E 1 Lo BT R R B E . AR Y (] S A
AT B ER (P<0.05) , HXFAMRK/N= A T W i 500 (P<0.001) , BR%S BEXT A0 28 B . 0 A 9 o] 1) %
BB A TR E AN (P<0.001) , BHHARE b 3B or B R M BRI E 25 A ) B 5 A
BB 2 B AR AT AR AL (P>0.05) (3R 1,812), eAh, % BEXT BhE & B /b 134 A= ) ik 52 i AS 85 3 (P>0.
05) s W ZEH a8 B /22 AR Y B3 (P<0.05) 3 X ZE5 8% B /AR RN ZHH 2% 5 /v AR W 5 e A i 3 (P <.
001) , —FWE% B R i W (% 1,K2)
2.3 PR R X I M S R A i o B I A A e S A K A5 T

A A O R T R A A A K W BB X AR IR AR A 4 3 e SR T TR R IR, B B B K
R HUSE AR i St /N A I 5 8 B () AR R 3 A G (F=36.370, P<0.001) , MHA:94 D1-% 5 i
FZT D2—D4 W D2—D4 HEE 2= F AR E (£ 2), SR, A=Yy 40 Be b6 25 BE A 38 R g | 95 %
JETH 24 B IEA G (F=9.765, P<0.001) , MA: ¥t /B D1-%5 B W I T D2—D4 % &, D2—D4 %% FE 1]
R (R BWEX R AL R EEA L 2R A Y (A S AR T AR T RO S (P<0.01)
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5 EE RO A TR TN (P<0.001) o B BEXT I AR K -, 25 AR Wy ] ) S sl 48 0™ A T R 355 (P<
0.05) , FHFXFAARR/ =L T AR 35 520 (P<0.001) (3% 1, 18] 3) o /AR AR Wy A Bl T2 A2 Ak ini 224k (F =
0.564, P>0.05) I/ | /=5 Hyie BERE RO RIMIE K, — 38 5 L R A R 3 IEHISC (F=9.565, P<
0.001;F=6.890, P<0.001)(#* 1),

F1 METENARHALZ[EEEYEILFENZE CPELIREDR)

Table 1 The influence of Corispermum macrocarpum under population density on the biomass ratio characteristics of the different organs ( means

+ SE)
[N S EABFR Density treatment/ ( Bk/m? [
HEAR - ! (#/m’) Fi PI P P3
Traits 16 444 100 400 F value
Hei/4R Height/root 975.33+60.85a 2918.10+254.82b  4217.60+380.03¢c  7562.80+785.66d  49.609 “**  0.033 0.003 <0.00
/2% Height/stem 180.29+16.53a 846.96+92.32a 1666.00+321.01a  8798.80+3350.60b  8.409 ***  0.066 0.008 <0.001
[ % .
*}k'—] I . 114.57+16.49a 505.74+84.18a 903.34+97.69a 2672.30+756.23b  13.041***  0.895 0.002 <0.001
Height/reproductive parts
=%

**',_J LE 64.15£6.76a 275.47+33.70ab 490.93+57.48b 1412.14£369.08¢c  15.122***  0.630 0.001 <0.001
Height/ aboveground
M/ b -

0.043+0.005a 0.080+0.007b 0.095+0.013b 0.140£0.026c  9.565 " 0.005 0.004 <0.001
Leaves/ aboveground
/4R Leaves/root 0.742+0.083a 0.914£0.075ab 0.919+0.186ab 0.881£0.106b  0.564ns 0.079 0.014 <0.001
/25 Leaves/stem 0.132+0.016a 0.268+0.030a 0.346+0.086a 0.837+0.265a  6.890 ***  <0.001 0.05 <0.001
MR I Root/shoot ratio 0.065+0.004a 0.092+0.006a 0.118+0.010b 0.174+0.031c ~ 11.507 ***  0.321 0.451 <0.001
/25 Root/stem 0.184+0.011a 0.298+0.025hc 0.381+0.058b 0.989+0.302¢ ~ 8.040 *** 0. 028 0.256 <0.001
Z£/Hb 1 Stem/aboveground 0.357+0.016a 0.328+0.018ab 0.363+0.022a 0.288+0.036b  2.091ns  <0.001 0.102 <0.001
L% s
i H_U_ 0.600+0.015a 0.593+0.017ab 0.542+0.017b 0.573£0.032b  1.868ns 0.038 0.125 <0.001
Reproductive/aboveground
Z5H /AR Reproductive/root 10.415+0.671a 7.089+0.465a 5.012+0.321a 4.624+0.663a  23.494"*"  0.052 0.311 <0.001
Bt /25 Reproductive/stem 1.789+0.094a 1.97420.134ab 1.759+0.223b 3.032£0.664b  3.662 0.003 0.255 <0.001
B4t/ Reproductive/Leaves  19.079+2.208a 8.669+0.755h 7.974£1.037b 5.781£0.711b  16.897 ***  0.009 <0.001 <0.001

P1 ﬁﬁgﬁ?ﬁ‘ﬁ,i& ﬁ%gﬁﬁ@l,lﬂ FRAMAKIN. P is the allometric exponent; P2 is the allometric constant; P3 is individual size

R2 METENARAIKSREVEFENE CEEELPRER)

Table 2 The influence of population density on Corispermum macrocarpum height and biomass characteristics ( means + SE)

b3 o " - - LI ERYE o bR .
HE R S b REENE Vit B
Treatment/ . ; . Reproductive Aboveground .
N Root biomass/g Stem biomass/g Leaf biomass/g . . Height /cm
(Fk/m?) biomass /g biomass/g
16 0.346+0.035a 2.092+0.242a 0.239+0.029a 3.658+0.449a 5.989+0.695a 291.074+10.982a
44.4 0.063+0.007b 0.239+0.027b 0.058+0.008b 0.468+0.059b 0.765+0.090b 152.560+7.638b
100 0.046+£0.009b 0.182+0.057b 0.032+0.005b 0.228+0.050b 0.442+0.109b 139.636+8.074b
400 0.020+0.002b 0.051+0.011b 0.015+0.002b 0.090+0.016b 0.157+0.025b 130.294+9.631b
F 53.780 """ 47.5547" 36.370 """ 43.584 """ 47.951 """ 70.602 """

ARG TR R TR L ) A 0 22 e 0 5 AR T 22 5 B PR O AR 90 R F-A686 5 ns P>0.05; % % P < 0.015 # * = P < 0.001

2.4 FRRER XA Wi o B B 2 5 M R A i S A K R )

BEANRIREE B ARAE A48 A B SR S Ay 3 AV R TG e A T A AR AL ZEAS(E AR R 0 AR K ik b B
(R ARy, T H S AR i E S A B I As (A4 AE 0 RS s 5225 A W o 5 1 34 K
FUN IT R IR S BB A OE (K =47.554, P<0.001) ., 22444 DI-% W2 T D2—D4 %5 D2—
D4 BE 2SN (F2) , [FIFEHL , 2541 it o0 e Rl % B 10 R 2/ N I 5% R 2 B 3 ARG (F =
3.148, P<0.05) , ZEAWa /il D1—D4 \D3—D4 %R 22 55 3%, Hih = E M 22 A EE (K 4), BEX
KA SR Hl b5 53 A6 i ) S AR R RN KON S I AR I8 25 (P<0.001 ) o 25 BEXS 25 b 3850 A= 1 i
B S A HGE AN 3 (P=0.102) (£ 1,E 4) , 25/ BB AR 2 A A8 1k (P>0.05) , 25/
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Y EY R DI—D4 D3—D4 H R 25 0 Hib B ER ZF AR E (£ 1),

R3 FEAZTETARAIKNESREEVESNIHNEARZEEREW CEPYELARER)
Table 3 Under different density on Corispermum macrocarpum each slope of significant difference between plant height and organs’ biomass

(means=SE)

PR/ A48 E

RN il 44.4 ¥k/m? 100 #k/m? 400 #k/m?
Density . -
Height/ organs
treatment bi A B C A B C A B C
plromass
16 #k/m? A 0.690ns 0.096ns 0.062ns
B 0.995ns 0.209ns 0.082ns
C 0.930ns 0.418ns 0.047*
44.4 ./ m? A - 0.019* 0.005 **
B — 0.233ns 0.086ns
C — 0.230ns 0.002 "
100 #k/m? A — 0.045"
B — 0.007 **
C - 0.005 **

AREHRESEHAY R B RERSGSRAEY R, C AR FE S E24EY R ns RREFAREE,; « XR P <0.05; % = /R P <0.01;
® % & Fn P < 0.001

R4 MBETENAKRALEVESEFENB CFELAREDR)

Table 4 The influence of population density on Corispermum macrocarpum biomass distribution characteristics ( means + SE)

fh HLAE XA 1t ZEAART A P AF X AR BHARXT Yy Hb LA A 4y
Treatment Relative biomass Relative biomass Relative biomass Relative biomass Relative biomass
reatmett of root/g of stem/g of leaves/g of reproductive parts/g  of aboveground parts/g
16 #/m’
16 vlants/m? 0.060+0.004a 0.334+0.014a 0.041+0.004a 0.565+0.015a 0.940+0.004a
plants
44.4 Bk/m?
a“ 4*}11% m/ ) 0.084+0.005b 0.300+0.015ab 0.073+0.006b 0.544+0.016a 0.916+0.005ab
-4 plants/m
100 #/m?
100 Hf m/ ) 0.105+0.007be 0.326+0.021a 0.085+0.012bc 0.484+0.014b 0.895+0.007b
plants/m
400 #k/m’
400 H]E " o 0.141+0.019d 0.251+0.032b 0.113+0.017¢ 0.495+0.033¢ 0.859+0.019¢
plants/m
F 14.023 """ 3.148 " 9.765""" 4.294 " 14.023 """

2.5 e R AR A i A e MR S A B A R S A K AR TR

R TRIRE AR A 0y e Bt 2 8 (R A8 fE A T AS TR 0 B B, RS H SR A ) i o 2 1 A 344 A T
FWIN, ISR A R U6 (F=53.780, P<0.001), HRAEY)& DI-%F B35 T D2—D4 % D2—
D4 BRI R AR E (F2), MBI, KR AR Y 4B 2 B O 3 I 55 % B 1) 4% 8 3 1
IS (F=14.023, P<0.001) , AREYEIIEL D1—D4 %R E] 22 53 W35 (£ 4) , BRIt SR et e Sk 2k
KA (P=0.321) , WX 254 i ) S sl A K i .25 (P=0.028) , XTI b AR . 254
AR BGE A B (P=0.451;P=0.256) , {HXFANMAR KN AE T #3520 (P<0.001) (% 1,815) , Bl
R MR MY/ 22 i R AR, T 5 R R R AR R IE A OE (P<0.001) , ARIEEL D1—D2
] 2% S AN 0 3 O B ) 25 S . AR/ ZEAE Wi D2—D3 \D2—D4 85 B ] 25 BN %, oM 25 e ] 25 S
HERD,

3 iTit

3.1 RRHEIIEERAL
o A R 0 T 0 A 2 UMM A 73 A 2 LRG3 I S AR R R B, O AR A SRS P S AR
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o DIt + D34bEE3 — DI14b#1 — - D34b#3
A D24bEE2 X D4jhF4 —— D2jhE2 — - D444
2+ 2+ _ _ _
DI=1071 Pl<0001 1=0927 DI=1729 P1=0007 /=0.393
D2=0953 P2<0.001 /2=0.963 D2=1.056 P2<0.001 ,2=0814
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Fig.2 The allometric relationship of Corispermum macrocarpum between reproductive biomass and other organ biomass
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Fig.3 The allometric relationship of Corispermum macrocarpum between leaf biomass and other organ biomass
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Fig.4 The allometric relationship of Corispermum macrocarpum

between stem and aboveground biomass
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Fig.5 The allometric relationship of Corispermum macrocarpum between root and other organs biomass
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