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Effects of experimental warming on the morphological and growth traits of fine

roots in a Phragmites wetland of the Yangtze River Estuary
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Abstract: As the components having the highest biological activity and fastest turnover rate in the plant root system, fine
roots ( <2mm) are very sensitive to global climate change and significantly affect the carbon balance and nutrient cycling in
the belowground part of the terrestrial ecosystem. Coastal wetlands are among the ecosystems with significant carbon sink
functions in the earth, where the belowground part plays a vital role. Up to date, several studies have revealed the influence
mechanism of global warming on the above-ground part of coastal wetlands, however, relatively few studies were conducted
to investigate the influence of global warming on the underground part of coastal wetlands. Particularly, until now, how will

the fine roots of coastal wetland plantsl respond to warming conditions is unclear. This study was conducted to examine the
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potential effects of climate warming on fine roots in the Phragmites australis wetland in Chongming Dongtan of the Yangtze
River Estuary. The open-top chamber (OTC) method was used to simulate a warming climate. From May to October 2019,
the methods of minirhizotron and soil auger were used to determine the total length, total surface area, specific root length,
specific root surface area, average root diameter, and biomass of the fine roots in the 0—40 cm soil layer (i.e., the fibrous
roots of P. australis with the diameter < 2 mm) . The net growth rate and turnover rate of the fine roots were also calculated.
The results showed that, during the entire growing season, warming significantly increased the total length, total surface
area, and total biomass of the fine roots. The increases of the above indicators were more apparent in the 0—20 cm soil layer
compared to the 20—40 cm soil layer. Warming did not have a significant impact on the specific root length and specific root
surface area. Significant enhancement of the net growth rate of the fine roots caused by warming occurred in the entire 0—40
cm soil layer, with increased seasonal variability. Warming significantly increased the turnover rate of the fine roots in the
10—40 cm soil layer, whereas it didn’t change their turnover rate in the 0—10 c¢m soil layer. In summary, in the
Phragmites australis wetland, warming significantly increased the quantity and growth rate of the fine roots, changed their
distribution pattern in the 0—40 cm soil layer, but it did not affect the efficiency of the fine roots to absorb soil water and
nutrients. The increase in the turnover rate and the biomass of the fine roots might lead to significantly increased root-
derived organic carbon input, especially in the 0—20 c¢m soil layer, which might profoundly affect the soil carbon balance
of the Phragmites australis wetland. Our results indicated that the potential changes of plant fine root-related carbon
processes under warming conditions should be fully considered in the simulation and prediction of soil carbon balance in

coastal wetlands.

Key Words: global warming; coastal wetland; fine root; minirhizotron; root-derived organic carbon
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Fig.1 The location of the study area and the patterns of plots configuration
CK: X HRFETS Control check; ET: FHEAEJT Elevated temperature plots
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40 em, TEZBEARE IPRE 25 B BOm A 3 rh PR A BE BGOSR L0 2 350 40 FH B 6 00 A 224
oot FF 101 b FH 2R €6 55 725 11, LAk G K A3 RIR B ik A HP

F1 WWFFEET ET 1 CK HBBHET B E L EE AR

Table 1 Soil physical and chemical properties of the transplanted plots in ET and CK in different soil layer before the warming treatment

+J)2/em b3 SEERIIRT e TRA L
Soil layer Treatments TOC/ % TN/ % C/N
0—10 CK 0.528+0.061a 0.065+0.009a 8.800+0.370a
ET 0.635+0.022a 0.073+0.003a 8.777+0.337a
10—20 CK 0.473+0.066a 0.055+0.003a 8.483+0.773a
ET 0.570+0.058a 0.070+0.007a 8.143+0.176a
20—40 CK 0.440+0.039a 0.050+0.004a 8.829+0.556a
ET 0.470+0.039a 0.058+0.003a 8.150+0.463a

CK: X} HEFEH Control check; ET: FHEFEJS Elevated temperature plots; TOC, S ALK Total organic carbon; TN, 4% Total nitrogen; A [F/NEG
FHREFRF— 2N IZIRPRTE CK AT ET [RIAFEFE 35 25 57 ( P<0.05)

1.2.2 AIMRPEBRERE S A0

TESE IMAE YR AR AR A BB T 5 D P AR 3 AR KR R A R . 2019 4F 5—10 AL il
HI CT—600 AR A B K I AR SE (CID BioScience Inc. ) KA GIRE WA AR R, RARGARE R4 3 KER, &
SKEMR RN 20.8 emx21.7 em, K EG L IR 45° (i ffr, %143 8] 0—10 em,10—20 em LA &% 20—40 cm
+)2. BHRE—REEG BN ERKRBNIFRI6 K, R Winrhizotron MF # 2 4315 F ( Regent Instrument
Inc.) AT EMEEHE RO AL BRAN 34, AR TH SR 55 N B A2 <2 mm AR A E AR K (Total root length TRL)
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TAIAR AR W e A R R BN B2 3 R 125.8% .82.9% (100.5% F11 133.3% (% 3) , H WL st a] 5 7+ iR
XF3X DU 8 52 W S A AE B S BAE T . FHRXT AR T3 A | AR | e R AR TG 352
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13.2%, FHEALEEX} 0—10 em F1 10—20 em )2 40 1Y AR K DL b e i AR5 R 7= A B 252 i, 5 0—10
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Table 2 Repetitive Measure ANOVA (RMANOVA) on the morphological and growth traits of fine roots of P. australis in different soil layer

during the growing season

1% T T JZTREE Soil depth
Indicators Factors 0—10 cm 10—20 cm 20—40 cm 0—40 cm
MK TRL/em \\ 0.034 <0.001 0.129 0.017
D <0.001 <0.001 <0.001 <0.001
WxD 0.072 <0.001 0.030 0.006
HARK SRL/ (m/g) A 0.855 0.937 0.535 0.558
D 0.025 0.092 0.763 0.130
WxD 0.973 0.929 0.665 0.963
SRR TSA/ em? W 0.043 <0.001 0.271 0.031
D <0.001 <0.001 <0.001 <0.001
WxD 0.071 <0.001 0.046 0.004
H T AL SRA/ (em?/g) W 0.677 0.946 0.488 0.769
D 0.002 0.010 0.321 0.001
WxD 0.559 0.737 0.392 0.921
YR E A% ARD/mm w 0.044 0.087 0.296 0.245
D 0.005 <0.001 <0.001 0.006
WxD 0.387 0.269 0.219 0.088
YR A=Y RBD,/ (g/m?) W 0.042 <0.001 0.178 0.022
D <0.001 <0.001 <0.001 <0.001
WxD 0.091 <0.001 0.009 0.002
AR R \ 0.118 <0.001 0.022 0.008
RLDygr/ (em em™ d7") D 0.001 <0.001 0.973 <0.001
WxD 0.088 <0.001 0.038 0.002

W k& Warming; D. K FE} ] Sampling date; WxD . TR 5 SR AL a] i 22 B AE A Interaction of sampling date and warming;TRL;Eﬂ‘EK Total
root length ; SRL: HEAR K Specific root length ; TSA : 532 [ FX Total root surface area; SRA : HLZR A AL Specific root surface area; ARD : F- Y 4IAR EL A%
Average root diameter; RBD AR A1 Root biomass density per unit area; RLDygp R HR Net growth rate of root length density

®3 EBENERETRLEARFSE KGR LB (P EAREDR)

Table 3 Comparisons of the morphological and growth traits of fine roots of P. australis in different soil layer during the entire growing season

(mean=SE)
SR LA K SR MR y ALY EERISTES
T T e A L A T
Soil layer Treatments N N ARD/mm e
cm (m/g) (em?) (em”/g) (g/m?) (em em™d™")
0—10 cm CK 154.76+25.26 57.17£3.59 17.61£2.86 507.29+19.80 0.38+0.01 52.34+8.60 0.029+0.008
ET 349.51+52.75 " 58.16+3.37 36.13£5.26 542.84+32.60 0.33+0.01 * 117.69+17.18 0.059+0.019
10—20 cm CK 151.67+17.09 58.78+5.17 15.18+1.67 536.87+35.48 0.33+0.01 51.59+4.79 0.027+0.004
ET 379.42+52.32*"  58.21+4.27 33.55+4.34 % 534.32+24.15 0.30+0.01 128.70+15.16 ** 0.077£0.011 "
20—40 cm CK 223.28+20.59 61.56+4.18 24.92+2.67 639.19+£27.24 0.36+0.02 69.58+4.53 0.015£0.003
ET 370.78+50.97 67.57+4.96 35.85+4.86 614.70+£27.88 0.31+0.01 107.80+14.16 0.030+0.004 *
0—40 cm CK 529.70+59.51 56.44+3.12 57.70+6.86 539.56+21.66 0.35+0.01 180.59+16.83 0.021+0.003
ET 1099.72+148.67  59.47+2.78 105.52+13.43 *  547.90+21.47 0.31£0.01 362.00+£44.68 * 0.049+0.008 **

s oM 1 B THE AN IR 22 5 5 % (P<0.05) ; * » FoRZEFMEE (P<0.01)
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B2 FRNAELE AN EHAR SR KE
Fig.2 Effects of experimental warming on total root length of fine roots of P. australis at different sampling date in different layer

ANFIRE FREFR R AR H G AR AL B 22 53 2 (P<0.05) | AN[R/ING TR 20 A IR A BEAS [R) H 43 8] 22 5 (2. 3% ( P<0.05)
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Fig.3 Effects of experimental warming on total root surface area of fine roots of P. australis at different sampling date in different layer
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