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Abstract In order to reveal the characteristics of fine root (diameter <2 mm) morphology and vertical
distribution of biomass from different provenances and families of 24-year-old Picea koraiensis, the soil core
method was used to determine fine root morphology and biomass at different soil layers (surface layer: 0<h<
10 cm, subsurface layer: 10 ¢cm<h<20 cm, bottom layer: 20 cm<h<30 cm) in 30 families from four
provenances (Muling, Linkou, Jinshantun, and Wuyiling from low to high latitude) in Qingshan Forest Farm,
Linkou County, Heilongjiang Province, China. The results showed that there were significant differences in all
fine root morphological traits among different provenances, and specific root length and root tissue density

exhibited significant differences among families within provenance. At the provenance level, the average root
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diameter of Wuyiling provenance was the thickest at all soil layers, whereas specific root length and root tissue
density of Linkou provenance were the largest. At the family level, in 0<h<10 cm soil layer, root diameter of
WO035 was the thickest, that of CK-2 was the thinnest, specific root length of CK-2 was the longest, that of
WO043 was the shortest, root tissue density of JO82 was the highest, that of M515 was the lowest. Root tissue
density and specific root length of different provenances and families of P. koraiensis decreased with the increase
of soil layer, while root diameter increased. The total fine root biomass (all three soil layers) across the four
provenances was 33.56 g*m™ on average, with the maximum occurring in Linkou provenance (39.04 g*m™) and
the minimum in Jinshantun provenance (32.52 g*m™) , showing inconsecutive geographical distribution. Fine
root biomass decreased with soil layer increasing, and root biomass at the surface soil layer accounted for 77%
of the total biomass on average. In comparison, the low-latitude provenance of Muling tended to distribute
greater fine root biomass at the subsurface and bottom soil layers, while the high-latitude provenances of

Wuyiling and Jinshantun had higher fine root biomass at the surface soil layer, indicating that P. koraiensis

originated from cold site tended to allocate more fine roots at the fertile surface soil.
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Table 1 Family number,climate and current stand and soil characteristics of different provenances
aE  feE AER ERK R fas HEAR HEAH
i Lati'tut)jle ’ L;r:/iltlze , Meanannual - Mean annul W Diameteratthe  TJpH  Soiltotal  Soil total REE
Provenance ) (ga) temperature/ ~ precipitation/  Height/m  breastheight/  SoilpH  nitrogen/  phosphorus/ Family number
°C mm cm (g-kg™) (gkg™)
Bk M516, M543, M028 , M95002,, M523,
Muling(M) 44.83 13053 3.6 557 6.740.1 9.3+1.3 5.5+0.3 8.5+0.2 0.9+0.1 MS505. MS515.M030..M530
s
. 45.46 130.56 32 650 6.2+0.1 7.6¢0.1 5.7+0.3 8.4+0.2 08+0.2  CK-1,CK-2.CK-3
Linkou(CK)
Gk 1082, J076, J079., J059, J066., 075,
Jingshantun(J) 47.60 129.82 0.4 630 6.7+0.4 9.5+0.2 5.5+0.2 8.7+0.3 0.9+0.2 108010831074
B W043, W10, W030, W029, W039,
Wayiling(W) 48.59 129.44 11 586 6.7+0.1 9.8+0.2 5.6+0.2 8.4+0.2 0.9+0.3 W45 W005.WO15 035
TE R EUE D P bR R
Note: values in the table were means+SE.
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Fig.1 Morphological traits of fine root P. koraiensis from
different provenances at different soil layers
Different lowercase letters indicated significant difference among soil
layers (P<0.05) ; Different uppercase letters indicated significant dif-

ference among provenances (P<0.05).
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Table 2 Morphological traits of fine roots P. koraiensis at 0-10 cm soil layer from different provenances and families

A FRH(CK) £l (D) Gtk (w)
Muling Linkou Jinshantun Wuyiling
i
fem HEOWRK  RASEE BB RRK  RASEE HE  RRK  RASER ER HRK  RAQER
DJmm S, /(m-g*) R J(g-em®) Djmm S /(m-g*) R [(g-cm®) DJmm S /(mg") R f(gem®) Djmm S /[(mg?) R J(g-cm®)
SEH{ Mean 0.35a 22.67¢c 0.33b 0.31b 25.57a 0.31c 0.34a 22.14¢ 0.35a 0.34a 23.22h 0.36a
Fiff 1% Standard error 0.00 436 0.02 011 1.69 0.02 0.01 075 0.01 001 242 0.02
ok fH Maximum 037 28.46 035 032 29.35 0.38 037 2518 044 0.38 2887 0.39
Hij.({mwgﬁ% M543 M543 M543 CK-2 CK-2 CK-3 1082 1083 1082 W035  W039 W045
The family of the maximum
H¢/ME Minimum 033 18.37 0.30 0.29 2543 033 032 20.28 0.34 031 17.20 031
Hi/!\ﬁxm%.’% M515 M030 M515 CK-3 CK-3 CK-2 J066 1082 J080 W030  Wo43 W005
The family of the minimum
[ R R AR Y
EREE
Pualues of ANOVA for the effect 0.159 0.036 0.042 0.162 0.025 0.019 0.187 0.037 0.021 0.179 0.029 0.041
of family within provenance
5 ZHC % 10.0 19.0 6.0 40 6.0 6.0 5.0 30 40 50 10.0 70
T RPN ING SRR R A R) 22 53 1 % (P<0.05) .
Note : Different lowercase letters indicated significant difference among provenances (P<0.05).
®3 FAEMEMRXRLAEZHARZEYE
Table 3 Total fine root biomass of P. koraiensis from different provenances and families(g-m?)
] — A [ 58 R 1
Tt FEE KA XF I K Hhe/ME RUITEEN AN 5 AL
Standard ; f L - P values of ANOVA for the
Provenance Mean Maximum  The family of ~ Minimum  The family of . s C,/%
error . L effect of family within v
the maximum the minimum
provenance
B
- 34.63b 8.32 48.46 M515 28.48 M530 0.026 24.0
Muling(M)
AR 39.04a 3.95 41.47 CK-2 27.45 CK-3 0.044 10.0
Linkou(CK) ' ' ' ' ' '
£l
. 32.52b 6.26 46.65 J079 22.67 J080 0.030 19.0
Jingshantun(J)
L i
o 38.64a 9.17 52.22 W035 23.03 W039 0.035 30.0
Wuyiling(W)

TE RN R R IR ) 22 5 1 35 (P<0.05) .
Note: Different lowercase letters indicated significant difference among provenances(P<0.05).
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Fig.2 Characteristics of vertical distribution of fine root biomass of P. koraiensis from different provenances and families
A.Muling(M) ; B.Linkou(CKD ; C.Jingshantun(J) ; D.Wuyiling(W).
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