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Effects of soil warming on fine root growth and morphology of Chinese fir

( Cunninghamia lanceolata) seedlings
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Abstract: Currently, there is large quantity of research on the responses of fine roots to warming, but there are still some
controversies. Fine root growth has a direct effect on fine root biomass, and thus affects the plants’ abilities to acquire soil
resources and resist environmental stresses such as drought. Fine root morphology is an important feature of root function,
and directly affects the ability of fine roots to absorb and transport water and nutrients, yet how root growth and morphology
respond to soil warming is not clearly understood. In the present study, a simulated soil warming experiment was carried out
in the Chenda State-owned Forest Farm in Sanming City, Fujian Province, China, to investigate the effect on fine root
growth and morphology of Chinese fir ( Cunninghamia lanceolata) seedlings. Both the soil warming treatment and the control
(non-warming) had five replicated 2 x 2 plots, and four 1-year-old Chinese fir seedlings were planted in each plot before

beginning of the experiment. Soil warming was accomplished with buried heating cable technology, and soil temperature was
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elevated to 5°C above ambient. Other plants that naturally sprouted in the plots were removed at regular intervals. Fine roots
were sampled at the second (in January and July 2015) and third (in January and July 2016) years of soil warming using
the in-growth donut method. Root samples were scanned with an Epson scanner at 300 dpi, and root morphology, including
specific root length (SRL) , specific root area (SRA) , and root tissue density (RTD) , was analyzed with WinRHIZO Pro
2009b software. Fine root growth was measured by the fine root dry mass obtained from the in-growth donut every half-year.
The results showed that: (1) with the growth of Chinese fir seedlings, the effect of soil warming on fine root growth was
initially inhibited, then no significant effect, and finally promoted. (2) The soil warming effect on root morphological
characteristics varied at different sampling times: soil warming significantly increased fine root SRL and SRA in July
(summer) , but there was no significant effect on either SRL or SRA in January (winter). (3) RTD of 1—2 mm diameter
roots was significantly increased by soil warming at the second and third samplings. It is concluded that the effect of soil
warming on fine root growth of Chinese fir seedlings was related to the seedling growth stages. At the same time, Chinese fir
seedlings can adjust their fine root morphology ( by increasing SRL and RTD) to adapt to changes in soil resources and

environmental stress caused by soil warming, and thus maintain their growth under global warming.

Key Words: soil warming; fine roots; in-growth donut; fine root growth; fine root morphology
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Table 1 Topsoil(0—10 cm) physical and chemical properties in the experiment plots before soil warming

Ab 3 Ec A Pl

C/N
Treatment Total nitrogen/% Soil organic carbon/%
CT 0.14+ 0.03a 1.53+ 0.26a 10.54+ 0.21a
w 0.13£0.02a 1.41+0.19a 10.34+ 0.34a

CT: XTHR, control; W, HIEHIE | soil warming ( F[E) ; MF/ING F1E R A FEIA]JC .35 24 57+ ( P<0.05)

1.3 AR SR

TERAS/NX O B A BN 20 em 5 20 em BN A ER AP ER S AR 5 mm (958 JE e )9 (AT 5500
AR E A IR N TE B S8 B8 RO AR 0 S 45 ) o AR IR E] 08 — N4 9 em B9 PVC A JF TP AR SEHT, LU
JP IR . ABEFET 2015 4F 1 (2014 48 7 A A5iR) 2015 4£ 7 (2015 4F 1 A i) | 2016 4 1 J (2015 4F
7 AAGE) J2 2016 4F 7 H (2016 4F 1 HAREE) 4 YcHHR 0—10,10—20 cm B P A K PR 1 38 (L5 {8 [l B0
SYJEE ) P A AR R 5 R 140 2 R 2 AR RO, IR Pk AR R 1S e = PR AR <2 mm
AIAZATE AR, T 2585 TR Ve R DR AE VR N B4R IRORE TR B B P A9 AR i, 7 e TSR BB AR R SR K
i1 AT TR AER S E K,
1.4 AHHRJES AR A 2

WP AE R R AUAREE A, R AL I Epson scanner #4744 , 4 78 LA AR T 65°C HL 1K
i, fii/H Win-RHIZO( Pro 2009b ) #R R4 43 B Z 48 X 4 ] 7 A7 40 B3 7, 45 B A0 AR TR A8 850408 - LEAR K
(specific root length, SRL, m/g) . b 2 I F ( specific root surface area, SRA, cm’/g) AR ZH Z1%% & (root tissue
density, RTD, g/em®) o AIARAE i W R g N AR IR SAS IO AR T 8 VR AN B AR N I A K i
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Table 2 Soil physical and chemical properties in the control and soil warming plots (0—20 cm)

Rk 43 . &% TR e
Sampling date Treatment pH NH;-N/ NO3-N/ Inorganic N/ phosphorus/

(mg/kg) (mg/kg) (mg/kg) (me/ke)
2015-04 CT 4.73+0.13Aa 5.27+0.78Aa 3.14+0.66Ab 8.41+0.19Ab 1.62+0.41Aa
W 4.60+0.28Aa 5.60+0.77Aa 7.32+2.31Aa 12.92+3.01Aa 1.77+0.83Aa
2016-04 CT 4.31+0.15Ba 5.05+0.89Aa 1.52+0.17Ba 6.57+0.91Ba 1.29+0.13Aa
W 4.27+0.09Ba 3.83+0.83Bb 1.13+0.26Ba 4.96+1.00Bb 1.47+0.22Aa

FAIRIR S 5 BF 2 ] — Ak EUAS [ HORE 1S =2 1] 06 W 35 22 5, M IR]/IN'E 5 BE s Ak BT O W 35 22 52 (P<0.05)

®3 WRMTEEEFMEAYEEHTENEHME

Table 3 The mean height and mean ground diameter of the Chinese fir seedling in the control and warming plots

TR A [E] 35715 B Mean height/cm 1A% Mean ground diameter/mm
Sampling time CT W CT W
2013 4F 11 H November 2013 25.7+£2.5a 25.7+£2.5a 3.4+0.4a 3.4+0.4a
2015 4F 1 A January 2015 154.1+11.9a 106.6+20.2b 25.1+3.3a 20.8+3.4b
2015 4F 7 A July 2015 253.9+27.9a 224.3+47.2b 38.9+5.3a 36.2+5.8a
2016 4F 1 A January 2016 315.5+43.9a 293.8+76.3a 52.5+6.3a 50.3+8.9a
2016 4F 7 A July 2016 386.2+46.3a 408.5+45.1a 60.9+8.9a 57.1+8.6a

HRIR)/INE FREFR IR AL BRI JC 75 22 57 (P<0.05)

1.5 HdEandr

FIIH SPSS 21.0 #AXTEAE AT 58 1715047, R Z M ANOVA A 5634  IURE B[R] X 20 AR AE K B s
TR 2RI A5 S0 5 SR BRI 8 ANOVA A8 56 A [) BRORE IR ] 4 338 IR X AMAR TE 25 5 A48 K | IR 56 AR
AR A 225, FIH Origin 8.0 BRI, B2 8l R F- I E e hrifi 2%

2 ERE5H

2.1 RHERTIR T AR A K R B

H AL M7 2203 MR W 78 0—1 mm A2 b JBORE H Y JBORE 30 x - 38 0 TR 0T A0AR A 1 AT R 35 5 (P
<0.05) , AU IR X AR R B M A S W35 (P<0.1) (R 4) o 18 1—2 mm BRG0P HURE AU AR A <
A WEL (P<0.05) (£ 4) . AHFEIFEG A Ab B[R] BORE B IBITA] H A A AR — 47 W CHORE i AR A 1o
P TR AR B (18 1)

R4 BEERE, TEEEMARERKERESEMENNESNESZS P EXR

Table 4 P-value of repeated measures ANOVA on the effects of time and soil warming on fine root growth and morphologies

79 [KF Factors 7R ¥ Factors

FEFE Index Diameter F5FR Index Diameter
class /mm T TxW \ class /mm T TxW w

MR K 0—1 0.006 0.017 0.057 SRA/ (em?/g) 0—1 0.007 0.568 0.383
Fine root growth/ 1—2 0.001 0.148 0.326 1—2 0.004 0.042 0.440
( g/m2 ) 0—2 <0.001 <0.001 0.626 RTD/ ( g/cm3 ) 0—1 0.009 0.013 0.746
SRL/ (m/g) 0—1 <0.001 0.032 0.043 1—2 0.178 0.103 0.419

1—2 0.016 0.038 <0.001

SRL: HARI, specific root length; SRA : HLRTFL, specific root area; RTD: ZHZIHEE, root tissue density; T: JUFERS[E] , sampling time; W, £
BB soil warming; TXW HORERTR] 5 IR 22 T AE ], interaction of time and soil warming

TEH —UBORE 558 —CBORE R, 0—1 mm A2 400 b |+ HERE R 4 2 35 B AIR 1 4R A K i (P <0.01) (&
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Fig.1 Fine root growth of different treatments and diameter classes in different times
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Fig.2 Specific root length( SRL) of different treatments and diameter classes in different times
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Fig.3 Specific root surface area( SRA) of different treatments and diameter classes in different times
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Fig.4 Root tissue density (RTD) of different treatments and diameter classes in different times
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