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Abstract: Study on the relative contributions of phenotypic plasticity and genetic variation to plant phenotypic

differentiation can facilitate the predictions of community composition and ecosystem functioning under global environmental
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changes. As a cosmopolitan grass, common reed ( Phragmites australis) has a high intraspecific diversity and has several
ecotypes in northwest and east China. However, few studies focused on the phenotypic variation of common reed at a larger
scale in China. Here, we investigated the intraspecific variation in plant functional traits of P. australis from Ningxia Plain,
an upstream wetland, and the Yellow River Delta, a downstream wetland, via field investigation and common garden
experiment. The results showed that the shoot diameter, leafl length and leaf width of P. australis from the Yellow River
Delta were significantly larger than those from the Ningxia Plain in both the field and the common garden, suggesting a
stable phenotypic differentiation controlled by genetic variation between the two regions. The phenotypic differentiation could
be explained by the adaptation to local climatic conditions such as precipitation. In the field, the shoot height and the leaf
thickness of P. australis from Ningxia Plain were significantly higher than those from the Yellow River Delta, but the
difference disappeared or reversed in the common garden, which suggests that these traits are regulated directly by the
current environment and phenotypic plasticity is also an important mechanism for P. australis to adapt to environmental
changes. In the common garden, the content of nitrogen and phosphorus in leaves of P. australis from Ningxia Plain was
lower, while the plant density was significantly larger than that from the Yellow River Delta. Which reflects different
adaptive strategies that P. australis from Ningxia Plain prefers a ruderal strategy with a high reproduction rate, while P.
australis from the Yellow River Delta favors a competitive strategy. Moreover, there were correlations between the field and
the common garden observations in shoot height, leaf length and relationship between shoot diameter and specific leaf area,
which indicates the genetic inheritance of trait variation and trade — off strategy. In conclusion, there is an adaptive
differentiation between the upstream and downstream populations of P. australis in the Yellow River basin due to phenotypic
plasticity and genetic variation. Further studies are needed to reveal the responses of plant from different provenances to

future changes of the multiple environmental factors.
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Table 1 Comparison of plant functional traits of Phragmites australis in Ningxia Plain and the Yellow River Delta in the field

E2IN TE 5 BT = £ . p
Traits Ningxia Plain The Yellow River Delta

Rk 1 AE 4 Biomass per plant/g 11.50%6.00 12.10+5.15 -0.921 0.358
¥R Plant height/cm 140.00+45 118.00+42 4.300 < 0.001
4% Basal diameter/cm 0.41£0.15 0.47+0.13 -4.000 < 0.001
K Leaf length/cm 22.11%7.56 24.72+7.26 -3.000 0.003
M 5& Leaf width/cm 1.51+0.53 1.84+0.53 -5.330 < 0.001
HJ& Leaf thickness/cm 0.02+0.05 0.02+0.06 2.841 0.005
e A SLA/ (em?/g) 132.29+17.01 132.43£17.63 -0.423 0.673
L 15 HE Percentage of spikes 96.67% 3.33% - -

BN 2.3 5 B A VEAR P S (AR 22 SRR ER 4.5 510 « I 2
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Table 2 Comparison of morphological and chemical content traits of Phragmites australis in Ningxia Plain and the Yellow River Delta in the

common garden

R TEVE FE = A1 , »
Traits Ningxia Plain The Yellow River Delta

M Total biomass/g 36.31+8.10 61.43+54.33 1.830 0.086
Bk Plant height/cm 88.00+19 90.00+28 0.552 0.586
342 Basal diameter/cm 0.22+0.61 0.3420.66 12.521 < 0.001
K Leaf length/cm 13.22+3.99 19.41+4.64 9.393 < 0.001
5% Leaf width/em 0.66=0.21 1.07£0.28 10.600 < 0.001
/= Leaf thickness /cm 0.01x 0.003 0.02+0.003 2.400 0.023
He M1 A SLA/ (em?/g) 147.29£17.10 151.13+15.02 0.778 0.442
#REX Shoot number 103.00+43 61.00£41 -2.890 0.007
I35 % Leaf nitrogen content 0.3720.06 0.67+0.36 3.530 0.003
& 18 Leaf phosphorus content/ ( ug/mL) 0.63+0.12 0.76+0.17 2.550 0.016
FHFE 1 HE Percentage of spikes 88.89% 62.50% - -

FHEER 2.3 FI P AV EE IOV B e bk 22 RAKEE 4.5 510 ¢ K IR 45 2R
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Table 3 Comparison of physiological traits of Phragmites australis in Ningxia Plain and the Yellow River Delta in the common garden

PR T H W B =AM , p
Traits Ningxia Plain The Yellow River Delta
AT (P
PHEEE o 15.525.80 15.52:5.80 -0.017 0.987
Net photosynthetic rate/( wmol m™ s™')
ZE I AR
L? P 0.01+0.02 0.01+0.01 -0.699 0.489
Transpiration rate/(mol m™ s~ )
it ) — 4 Ak B ik 12
266.00+102 297.00+88 0.947 0.351
Intercellular carbon dioxide/ ( wmol/mol ) * *
AL
A - P 1.15£1.94 0.68+0.63 -0.923 0.363
Stomatal conductance/(mol m™ s™")
PSIT 52 FF 3 FA0%
SIL ISEPR i PACE 0.49+0.05 0.500.06 0.344 0.733
The actual quantum efficiency of PSII
N
LRCUSHERS R R 0.75+£0.37 0.70+0.28 -0.530 0.600
Non—Photochemical Quenching
F R
E? fertai . o 4 29.01+£2.71 29.32+3.60 0.335 0.740
Electron transfer efficiency/( pumol m™ s™")
SIT (45 o B i o
PSIL HORA B T 5028 0.77+0.02 0.7520.03 ~1.590 0.123

Maximum quantum efficiency of PSII

FAEE 2.3 FAMOIRP I bR 22, RARER 4 .5 51°H o K gnss 2R

*4 TFETEAFAERRENEFIMOEDIIEE IR Pearson 8% HEFN L 14 B Y3 45 47

Table 4 Pearson correlation and linear regression analysis of plant functional traits of Phragmites australis in the common garden and field of

Ningxia Plain

ERUN

Traits

Pearson AHICHE REL (1)

Pearson correlation coefficient (r)

LRPERIT REL (R?)

Linear regression coefficient (R?)

¥R Plant height/cm
J4% Basal diameter/cm
M4 Leaf length/cm
5% Leaf width/cm
)& Leaf thickness/cm

Heor AR SLA/ (em?/g)

0.638 "
0.409
0.567
0.326
0.446
0.112

0.407 **
0.193
0.322"
0.106
0.198
0.124

# P < 0.05, %% P < 0.01
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