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Fine root order morphology and proportion between mother roots and daughter

roots in Fraxinus mandshurica and Larix gmelinii plantations
WANG Xiang Rong', QU Jia-Cun', MEILi', HAN YouZhi"’, YU ShuiQiang', SHI JianWei', YU LiZhong' (1.
School  Foresiry , Northeast Foresiry University , Harbin 150040, China; 2. School  Foresry, Shanmi Agriculture University , Taigu 030801, China) . Acta
Ecologica Sinica, 2006, 26(6) : 1686~ 1692.
Abstract: Branching order of lateral roots is a fundamental charaderistic of form in root system, roots of different orders display
markedly differences in morphology, anatamy, physiology, and longevity. However, the position of an individual root on the
complex lateral branching network has often been gnored, and the knowledge of relationships between the formation of the
branching roots and fundion is limited. More recently, studies on root order have found that fine roots of the first order at the
distal end of a root system, which primary function is nutrient uptake rather than storage and transport, are thinner in root diameter
with higher tissue nitrogen (N) concentrations, and lower total nonsiructural carbohydrates (TNC) concentrations. Thus, they
have a shorter longevity in contrast wih higher order roas. The questions are what changes in morphology with increasing root
orders and how many fine roots will die? To answer these questions is critical for understanding the fundion of branching order and
the linkage between fine root mottality and branching system. The objectives of this study are: 1) to examine variations of fine root
diameter, length, specific root length (SRL) and biomass with inaeasing orders; and 2) to determinate the propoition between
mother roots and daughter roots among five orders through two temperature species of Fraxinus mandshurica and Larix gmelinii.
The study site is located at Maoershan Forest Research Station ( 45 21 ~ 45°25' N, 127°30 ~ 12734 E) owned by
Northeast Forestry University, inHarbin, China. Both forestswere planted in 1986. In each plantation, we established three plots
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(20m % 30m) on the site of 480~ 500 m in altitude. On May 15, July 15 and September 15 of 2003, three/four small intact
segments of the fine root system were excavated carefully at a random location in each plot. Soil blodks (20 anx 20 an % 10 cm)
were excavated fram the sties @ 0~ 10 an and 11~ 20 an in depth and all the intact root segments were cllect. Once excavated,
the intact segments were put into plastic bags with ice, and were severed at a set temperature of O~ 2 C. In the laboratory, each
individual root was dissected by order beginning with the distal end of a root system, and increasing sequentially with each branch
from the first order to higher order roots. Afier the dissection, diameter, length, and dry weight of a given order were determined.

The results showed that mean diameter and length of fine root in both trees increased significantly (p < 0.05) from the first
to fifik order roots, and SRL deaesed significantly ( p< 0.05). The first order roots at the distal end of a root system had
smaller diameter, shorter length, and larger SRL in contrast with higher order roots. Root biomass varied significantly with root
order, the fifth order roots had the highest biomass, biomass of the first order roots was higher than that of the second to fourth
orders in Fraxinus mandshurica and higher than that of the second ordes in Larix gmelinii, respedively. In both trees, root
numbers deceased significantly ( p< 0. 05) from the first to fiftk order roots, the first-order roots accounted for 80~ 90% of total
root numbers among the five orders, therefore, the vast majority of roots was the first order roots. Within the same order, root
number varied with different seasons, suggesting that only a subse of the fine root population undergoes the transition fran the
first order to higherorder root. It is noteworthy that root number in surface soil (O~ 10cm) was double higher than that in
subsurface soil (11~ 20am) . In contrast to oot number, proportions between mother roots and daughter roots fom the fifth to
second order was 3, and had similar branch patterns in both species and soil depth. However, the proportion between the first
order to second-order was about 10~ 12 (for Fraxinus mandshurica) and 8 (for Larix gmelinii) , which exhibited a branch pattern
of herringbone or cluster in the first order roots. If the branch pattern of roots in higher order was similar between the second- and
first order roots, 65% ~ 75% of the first-order roots in total root number will be dead, these dead roots accounted for 40% ~
50% of total root length, and 20% ~ 30% of total biamass, respectively.

Key words: fine root order; fine root morpholagy; mother roots; daughter roots; Fraxinus mandshurica; Larix gmelinit

(< 2mm) C s
( Branching order) C 1o
( , Root order) , C te-4
, 1 ( First-order) ( 2 3 ) ,
Lo (Specific root length, SRL)I9I N 812
(TNC) [&13] , , [ 14
[ 15] , , ( ) [13,16 ,
Wells  Eissenstat , ( 2 ) (1
). ( ) o ) v
, 1 ? 1 ?
? C
7B ( Fraxinus mandshurica Rupr. )
( Larix gmelinii Rupr. ) \ (mm) (mm) (SRL,m*g ")
(g'm ) : ; 7 :
1
1.1

(45°21 ~ 45°25N, 127°30 ~ 12734 E)
, 2.8C, 1 - 19.6C.7 20.9°C 723 mm, 210°C



1688 26

2526 C, 120~ 140 d 480~ 500 m 17
( 1.5mx2.0m), 20 mx 30m, 3, 6
1.2
2003 5 15 7 15 9 15 ( ) , Pregitzer
", 3 M anx20mx20m
4 , (0~ 10 em, 11~ 20 cm) ,
, 1~ 3C -20C
1.3
, 2~3TC R 15 em
, (2~ 37 Pregizter e ,
(root segment), 1 , 2 3 s
5 ; ) ,
(0%) ( 0.01 mm) ,
70°C 24 h (0.001 g) 5
( 5 ) (0. 001 g)
1.4
(20 em x 20 cm) 5 16176 (0~ 10 cm
) 4522 (11~ 20 am )3 5 4900 (0~ 10 em ) 1294 (11~ 20
an ) 1 85% ,2 10%, 3 3%, 4 1.8%,5 0.2%
2 5 , , )
2.1
vt 3 (p< 0.05)
(D (1 5) (D,
( 1 2 ) , ( 4
5 ) (1 , 1
2 3 (p< 0.03), 1 2
,5 4 (p< 0.05) ( 0~ 10cm
11~ 20cm) , (p> 0.05)
2.2
, ( 2 1 87%
~91%,2 5%~ 9% ,3~ 5 3% 1 80% ~ 86%, 2 9% ~
13%,3~ 5 5% (0~ 10 cm) (11~ 20 cm)
(2 -2 ,
( 25% ,p< 0.05), ,3 (

25%  ,p< 0.05), 4~5 ,
L (0~ 10 cm) (11~ 20, an),



6 : 1689

(0~ 10 em) (11~ 20 cm)
(0~ 10 em), , , (
8% ), ( 45% ,p< 0.0), (11~ 20 cm),
(p< 0.05)
1 (7 ) (mm) (mm) (meg™") (grm™?)

Table 1 Mean diameter (mm), length (

depth in Fraxinus mandshurica and Larix gmelinii plantati ons

mm) , specific root length (m* g~ ') and biomass (g*m™?) of fine roots with different branching orders and soil

(mm) Diameter ( mm) Length (m* g~ 1) SRL (g* m~ 2) Biomass
Order 0~ 10cm 11~ 20an O~ 10an 11~ 20cm 0~ 10cm 11~ 20an 0~ 10cm 11~ 20cm
Frainus mandshurica
1 0. 26a( 0. 08) 0.26a( 0 07) 6 60a(3. 46) 6. 56a( 3. 23) 70 51a(16.90) 66. 4la( 12 72)  37.13a( 3 90 13 62a( 1 70)
2 0. 36b(0. 11) 0.35b( 0. 10) 25.76b (8.84) 22.87b (7 81) 39 72b(12.40) 38. R2b(7 71)  22.64b(2.88) 8. 30b(0. B)
3 0. 47¢( 0. 13) 0.49¢(0 16) 34.82¢ (17.39) 39.25¢ (14.96) 15 44¢(6. 91) 16. 2¢(9.75) 19.57b(5.07) 8 37b(1. 00)
4 0. 86d(0. 33) 0.93d(0 31) 47.10d (22 23) 51.02d (24. 08) 4.61d(1.71) 4 13d(2.23) 24.80bc(2- 50) 13 Olac(2 04
5 1. 79 ¢(Q 76) 2.32e (1. 06) 75.84e (32.38) 72.42¢ (34.64) 1.23¢(0.62) 0 94e(0 64) 46.81d(8.37) 34 99d(6.02
Larix gmelinii
1 0. 31a( 0. 07) 0.33a(0 06) 4 Ra(2. 47) 3. 88a( 2. 08) 3L 71a(9- 0) 24 12a(7-12) 12.91a( 1 700 4.38a(0.73)
2 0. 22b(0. 16) 0.43b( 0. 13) 23.71b (13 13) 18.21b (8 79 24 33b(3 61) 2. 25a( 4. 33) 10- 80a( 1. 23)  3.37a(0.63)
3 0. 53¢( 0. 19) 0. 66¢( 0 21) 53.53¢ (26.97) 52.92¢ (22.18) 12 72¢(3. R2) 10. 33b( 3 15) 14.57ab(1. 29)  6.94b(1. 04)
4 0. 85d(0. 31) 1. 02d( 0. 36) 79.28d (41 19) 84.34d (33.59) 5.81d(2 11) 3 76c( 1 83) 17. 54¢(2 15) 16 66¢(2 53)
5 1. 9¢( 0. 76) 1.00d( 1. 01) 99.96e (45.37) 85.94d (36. 81) 1.51e(1.13) 1. 82d( 0. 94 41.92d(7.27) 18 32¢(3 81)
* 5 (p< 0.05), Lowercase letters that differ w ithin a column indicate
significant (p < 0. 05) differences anong five orders, SE in parentheses
2 (17 ) ( m”?) (%)

Table 2 Mean root numbers and proportions ( %) among five orders in Fraxinus mandshurica and Larix gmelinii plantations

Fine oot mumber

Month Soil depth 1 1+order 2 2dorder 3 3rdorder 4 4horder 5  Shorder
Fraxinus mandshurica
5 15 0~ 10cm 389075( £63691) 27525( £4300) 745( £1771) 2525( +477) 525( £ 100)
May 15 % 9. 1 6. 4 1.7 06 0.1
11~ 20cm 141725( £19359) 14750( £2231) 4050( *535) 1300( £221) 525( £172)
% 87.3 9.1 2.5 08 0.3
7 15 0~ 10cm 364225( 126149 22275( £3278) 10050( £663) 2700( £266) 1350( £278)
July 15 % 2. 9 5.6 2.5 07 0.3
11~ 20cm 143925( £26420) 13500( 12882) 5250( £1141) 1400( £212) 725( £113)
% 87.3 8.2 3.2 09 0.4
9 I5 0~ 10cm 299450( £79148) 20050( 16536) 7550( £1589) 3225( £42) 1500( £ 198)
Sept. 15 % 88. 4 8.0 2.2 L0 0.4
11~ 20cm 137450( £40585) 13150( £3136) 4175( £703) 2000( £182) 875( £ 155)
% 87.2 8.3 2.6 13 0.6
Larix gmelinii
5 15 0~ 10cm 85350( £11119) 13025( £1606) 3900( £541) 1425( £258) 525( £153)
May 15 % 8l. 8 12.5 3.7 L4 0.5
11~ 20cm 26725( £4453) 4375( £ 648) 1350( £184) 750( £71) 175( £32)
% 7.9 13.1 4.1 23 0.6
7 15 0~ 10cm 89225( £16882) 12825( 22607) 4150( £539 1675( £372) 625( £ 169)
July 15 % 8.2 11.8 3.8 L6 0.6
11~ 20cm 91075( £7974) 10975( %536) 5100( £289) 1800( £112) 750( 140
% 8.0 10.0 4.7 L6 0.7
9 15 0~ 10cm 201850( £21058) 21000( £2071) 7025( £648) 3425( £314) 1000( £113)
Sept. 15 % 86. 2 9.0 3.0 L5 0.4
11~ 20cm 51800( £8191) 6275( £804) 2575( +287) 1500( £235) 400( £73)
% 8.8 10.0 4.1 24 0.7
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