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Growth and biomass allocation responses to light intensity and nutrient

availability in the rhizomatous herb Bolboschoenus planiculmis
WANG Mozhu,DONG Bicheng, LI Hongli “,YU Feihai

School of Nature Conservation, Beijing Forestry University, Beijing 100083, China

Abstract; In natural habitats, plants often experience selective pressure caused by temporal and spatial variation in light
and nutrient availabilities, and clonal plants possess potential added capacity to respond to environmental changes via
phenotypic plasticity and biomass allocation. Although many previous studies have focused on the effects of light and nutrient
availability on plant growth and reproduction, few have explicitly tested for adaptive plasticity to resource allocation in
clonal plants in response to light and nutrient levels. We conducted a greenhouse experiment on the rhizomatous, clonal
plant Bolboschoenus planiculmis to investigate the effects of light intensity and nutrient availability on its growth, asexual

reproduction, and resource storage strategies. The experiment incorporated two levels of light intensity (full daylight and
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shade) with four levels of nutrient availability ( control, low, medium and high nutrient ). Clonal growth, asexual
reproduction, and resource storage were significantly decreased by shading. Plastic responses in the number and size of
modules seemed to precede responses in biomass accumulation. Under full light, total biomass; numbers of leaves, rhizome
ramets, and long rhizome ramets; total rhizome length; and length and number of buds were greater at the highest nutrient
level than at the other three nutrient levels. Under shading, nutrient level did not affect these traits, indicating that low light
intensity can constrain responses to nutrients, and that high nutrient levels cannot compensate for lack of light. Allocation to
total rhizomes, and to each of three size classes of corms was also significantly affected by light intensity. When light was
limited, plants allocated less mass to rhizomes and large and medium corms but maintained allocation to small corms.
Nutrient level did not affect allocation to total rhizomes, but the allocation to corms decreased with increasing nutrients,
suggesting that the storage function of corms may serve to buffer the effects of nutrient shortage on future growth. Under the
same conditions, the total rhizome biomass allocated more resources to long rhizomes than to short rhizomes to maintain a
relatively high reproductive ability. Further, total corm mass allocated more resources to corms without ramets than to corms
with ramets, suggesting that the storage function of the corm was given priority over its function in asexual reproduction. This
study increases our understanding of the ecological significance of adaptive responses of rhizomatous clonal plants to

environmental changes.

Key Words: biomass allocation; clonal plant; corm; module hierarchy; plasticity; rhizome
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Fig.1 Diagram of each part of Bolboschoenus planiculmis

1.4 s

FEIAS PR 7 LU LA . (1) A K A8, (2) TTHEEHRbR, (3) WAFFEFR (3R 1) o TR AR PR AR e
Fo (3 1A) AR TerE BaE IR A o i A= Wy i o e (3R 2) , BT s an s . ORE LL = 3 A=y it/ 1 2F
Yt QBN = CERZEA Y/ B ) X100% ; @K ARZETC = (KR Z ALY &/ BARZE A Y ) x
100% ; @5 AR ZE43 B = (JEARZEA Wi/ BARZEA )i ) x100% ; & R ERZE L = (R ERZEA Y/ A Y ) X
100% ; © A 3 FRERZE 0 HC = (B R ERZE AR W/ BBRZE A W ) x100% ; DTG/ BRERZE 43 = ( ook Bk =E 24
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FeorAb B AR A A5 T, 3R oAb BRIAL A S A Wi S R O 35 25 5 (8 2) o #i3R 23 (HN) AR BERIAR T [E
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SEHAE X BARZE P RB AR ZE PR B SR ZE I 2R S 2R MO AT 3 RO W) TR AR 2 2R i S AR =R
IIMRECC R (R 1) o SEIRRIF P& SIS R R T I 1F (] 3) , Homi g0 (HN) Ab PR AR 25 73 Bk
BRMREE D PRI BIRZE R PR M B 3 A B, BREE AR i AR AR i TR IR 0 A
Xof BEAL 3L 5 I AEEE ) 2 A7 T, 3% 43 Ak PN 3 S B 8 o JC b s el (141 3)

F1 RBARDKENRIFAZRER DEEER T RIFERN ANOVA 5347
Table 1 ANOVAs of the effects of light and nutrient levels on growth, asexual reproduction, and resource storage traits of

Bolboschoenus planiculmis

5 H A St B K Fo K LB x 345
Traits Light level (L) Nutrient level (N) LxN
HRKAEFR Growth traits

JEYIER Total biomass/g 790.24 *** 3.36* 3.15*
FRE Height/cm 51.64 “** 1.77" 0.19™
- F % Number of leaves 267.73 % 7.22%% 7.22%%
HR5E . Root to shoot ratio 4574 %% 4.95** 0.55™
TotEZFEHEAR Asexual reproductive traits

BMRZEA M Total rhizome mass/g 81.22*** 1.91" 1.79™
KARZEA: M1 Long rhizome mass/g 81.18 *** 2.14" 2.00™
JEMIZEE W) Short thizome mass/g 3.43m 0.70™ 0.67™
SR ZE S HREL Number of rhizome ramets 144.70 *** 5.15* 4.90""
KARZE RS Number of LRR 146.18 *** 5.03** 5.12%*
SEARZE M REL Number of SRR 7.60* 2.02 0.74"
BMRZEK Total rhizome length/cm 167.69 *** 7.39*** 4.98"*
ZEKE Length of buds/cm 68.69*** 6.06 " 4.70**
ZE%E Number of buds 29.91 % 3.03" 341°
P 4738 F5 Resource storage related traits

BERZEA W Total corm mass/g 95.69 *** 0.85™ 1.03™
F I RERZEE ) Mass of corms with ramets/g 9.61* 0.63™ 0.70™
TCOMRERZE LA Mass of corms without ramets/g 99.64 *** 0.89™ 1.09™
KERZEAE Y Big corm mass/g 109.31 *** 1.22™ 1.17m
FhEkZE A M) Middle corm mass/g 64.40*** 0.37™ 0.39™
INERZEA: W) Small corm mass/g 57.99*** 2.04"™ 2.24™

O REAON 9 H RN (1,44) 3250 JGREXFEA R A HE R (3,44) o WEMIKT: = * * 3RIR P< 0.001; * * 3RIR P< 0.01; * KR P< 0.05;
ns 778 P=0.05

2.3 OCRRAIFRAT AL BN e FFIR = A7 R )

GyMTEE R R TR W AR R 2 Y C BRI 35 0, A2 37 40 I SR RS HAR IR (% 1), 6
WA T &SR BB W AF AR PRI R T HIE I 55 . TECRRSRE T, M35 40 (HN) b3/ Nk R A Y 10 3%
KFXFIE(CK) A 3% (MN) ZbH (& 4F)

2.4 JEIERIFR AT A BRG] i AT 3R] =g 25 40 6 4 B 1A )

SIMTES RN G IEXT RARZE AN IE B ERZE L KBREE EREE NERZEAT O HA B R, R
SERZEM AT B B IR 5 50 A 38 LA R AR M R AT O TR B G R (R 2)

FERESRAE T I BARZE T AC | RERZE AT AC  REREE  HBRZE /0 FO 2 K T3 B 2 14, i /NER 25 23 e /N T3 B 2%
PE(ELS) o JEHREMETT KFR 5 (LN) A B R 2543 e 38 K F X% B (CK) AR 35245 (HN) Kb 175 B 2% 14
A& SR AL ER ] TR EREE SR W 25 5 (B SH) .

RIS T AR B ERZE A A P A0 e B 2 K T B ZE (] 6) s RZEX KR ZE A A i 0 e i 35 KT
JEARZE (] 6) s BREEXS T HRBRZE M AE W 0 L B 3 K A A HRERZE (B 6) o RIS T, /N ERZE AR P 11
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Fig.2 Growth traits of Bolboschoenus planiculmis under different light and nutrient levels ( mean = SE)

ARIAI ) 7B R /R AE P<0.05( Duncan 56 JC i % 25 5%

SR T RERZEAIFERZE (K 6)
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Table 2 ANOVAs of the effects of light and nutrient levels on biomass allocation of Bolboschoenus planiculmis

YA S 41 LI x FeA
Biomass allocation Light level (L) Nutrient level (N) LxN

Totk B AR A= )i 43 BE Biomass allocation for asexual reproduction/%

JMRZESAC Total rhizome 13.38** 0.87" 1.06™
KARZEH A Long rhizome 0.38™ 1.91™ 0.82™
JHARZESM T Short thizome 0.38™ 1.91m™ 0.82™
W A48 h7 A i 43T/ Biomass allocation for resource storage/%

JABRZESIC Total corms 77.42 %% 6.32%" 0.75™
53 HRERZE ST EC Corms with ramets 1.69™ 0.64"™ 1.89™
T RRERZE /ML Corms without ramets 1.69™ 0.64™ 1.89™
KERZEATEC Big corms 55.62*** 2.15" 0.57™
FFERZE/MAE Middle corms 21.17*** 2.19™ 0.80™
/NERZEZMEL Small corms 87.87*** 2.74™ 1.54™

SCRRRON RS E R A (1,44) 375 DCBxFESE B R (3,44) , BEMIKT. = = « FIR P<0.001; * * /R P<0.01; * F/R P<0.05;ns
R P=0.05

3 Wit

3.1 Bl EIR IR AR AR AR A A R AR B R
JERUE R AR ) A K S A E A 12— ARSCR Ol BEGHER BE f ATR —Rp AE R JorE ST e
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Fig.3 Asexual reproductive traits of Bolboschoenus planiculmis under different light and nutrient levels ( mean + SE)
ARIR] R AR IR FE P<0.05( Duncan 55 ) Jo i 3% 22 57
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Fig.4 Resource storage related traits of Bolboschoenus planiculmis under different light and nutrient levels (mean + SE)
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Fig.5 Biomass allocation of asexual reproduction and resource storage of Bolboschoenus planiculmis under different light and nutrient
levels (mean = SE)

MF TR FRTE P<0.05( Duncan #6:56) JC i 22 5
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