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Irrcspcctivc of drainagc intensity in marshy pinc, sprucc and birch forcsts 80-97% of all roots arc conccntratcd in thc uppcr 
20 cm laycr of thc soil. In draincd pcat soils thc quantity of roots incrcascs 3-5 timcs, and thcy pcnctratc 20-40 (60) crn dccpcr. 
Spruces as as wcll as  pincs rootcd (strikcs roots) up to 100-120, and birchcs only up to 80-100 cm dcplh. In thc uppcr laycr of 
thc soil thc nlost part of roots conccntratcd in draincd sprucc forcsts, and thc lcast part in undraincd pinc forcsts. In thc sprucc 
forcsts agcd 70-90 ycars in I m? arca and 20 cm thick laycr of thc soil thc roots of trccs wcigh 4,604-7,255 g, thcir lcngth is 239- 
263 m, and in pinc forcsts 800-1,000 g and 73-136 111, rcspcctivcly. 
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Introduction 

Investigation of the quantity and structure of root 
systems and their spreading in the soil horizons is con- 
nected with the solution of practical and theoretical 
problems. They include determination of drainage 
standards, choosing of tree species for creating stands 
resistant against windfall, which are characteristic of the 
conditions of reforestation under the cover of stand, 
determination of hardness of peat soil surface for the 
thoroughfare of mechanisms, determination of biologi- 
cal exchange of materials in the forest phytocenoses, 
determination of interrelations of root systems of dif- 
ferent species and many others. All these questions are 
very complicated and hither to investigated in suffi- 
ciently. L.Heikurainen, (1961); G.Hochtanner and 0. 
Sutschek (1964) present the data on root systems of 
forest stands in the drained mires of Finland and Ger- 
many. L.K.KoSEeev (1962) studied root systems of pine 
in Sphagnum peatmoss type of forest in relation with 
natural renovation of it. L.N. Zgurovskaja (1963) gave 
physical characteristic of the roots of pine, birch and 
spruce, growing in the peat soils. E.Paavilainen (1968) 
investigated interrelationship between the root systems 
of birch, spruce and pine and ground water level, 
P.Savil1 (1976) studied the effect of drainage of gleyic 
soils at the depth of root penetration of spruce and their 
stability against windfall. The data on rooting density 
of pine, birch and spruce, different diameter root fac- 
tions are presented by S.E. Vompersky (1968). 

Our task was to investigate rooting density of 
pine, spruce, birch and black alder in peat soils in the 
Lithuanian conditions by concentrating special atten- 
tion on changing of root structure under the influence 
of drainage. 

Materials and methods 

Rooting density of different tree species was inves- 
tigated both in undrained and drained high, low-lying 
and transitional mires with the peat layer thicker than 50 
cm. Short characteristic of studied plots, where we in- 
vestigated the distribution of roots upon the profile of 
peat soil is presented in Table 1. For the determination 
of trees root mass we used the method which had been 
proposed by N.P.Remezov (Pe~esoe ,  E ~ I K O B ~ ,  Chlap- 
rIoBa, 1959) with some additions by A.A. MolEanov 
(Monsarloa, CMUPIIOB 1967). The main point of this 
method is the following: around the medium model tree 
we separate square plot equal to the medium area of 
nutrition of one tree, which is found by division of in- 
vestigated plot area of the number of trees. If such a plot 
for the determination of roots quantity is markedly larg- 
er than 3 m3, what is usualy in mature stands, we give '/z 
- % part of the feeding plot and dig two 0,5 m width open 
trenches from the stump to the boundary of nutrition 
area. Their depth depends upon the depth of tree root 
extention. Roots, separately from each 20 cm thickness 
layer of the soil are selected by handlle, first they are 
sorted out into skeleton roots and relatively thin (approx- 
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Table 1.Characteristics of study plots and stands. separately according to root factions, in 2-3 repetitions 
for finding their absolutely dry weight. Total mass of tree 
roots is found calculating the quantity of roots, selected 
from all trees found in the trenche for the total area of 
nutrition of one tree. 

Results 

imately diameter 1 cm and thinner) roots, washed off with 
the flowing water. The roots are left for 1-2 hours to dry. 
It must be noted, that relatively thin roots (diameter ap- 
proximately 1 cm and thinner) are washed with water on 
the small-hole sieve (diameter of holes are 0,2-0,3 mm). 
Dried roots first of all are devided on to living and dry 
(dead), and later into factions according to their thick- 
ness. Sticked soil could not stay. The roots are divided 
into factions according to their thickness: s 1 mm; 1,l- 
2; 2,l-3 and r 3,l  mm, and are taken samples are taken 

As seen in Table 2, on drained sites of high mires 
(study plots No. 4; 5; 6) roots of pine are spread rather 
abundantly up to the depth of  60 cm, by the way, some 
of them reach 100-1 10 cm. On undrained sites of high 
mires (study plots No. 2; 3),  where medium depth of 
ground water level is 29-46 cm higher, vertical distribu- 
tion of  the root systems of  pine in 43-120-year old 
stands is limited 35-40 cm, and in younger pine stands 
- 20 crn deep. 

This confirms the conclusion made by many authors 
(Heikurainen, 1961 ; Paavilainen, 1968; B ~ ~ ~ T H M K O B ,  
1968; B O M I I ~ ~ C K M ~ ~ ,  1968; Fitzpatrick, 1994), that one of 
the main factors, which conditioned vertical spreading of 
roots in the soils, is the level of  ground water. 

However, on drained and undrained sites of  the 
high mires on average 90-93% of all roots (Figure 1) are 
located in the upper (up to 20 cm) layer of the soil. Here 
up to 98% of the small (fine) (diameter up to 1 mm) roots 
are concentrated, which are most important for the vital 
activity of trees. Fine roots, with the diameters up to 1 
mm, are distributed in soil horizons at the same depth 
as larger ones (Table 2). This does not entirely coincide 

Table 2. Vertical distri- 
bution of roots in 
drained and undrained 
Scots pine forests on 
oligotrophic mires (dry 
matterkg'ha)' 

No. of 
"'*y 
pk,~ 

Umlraincd Sails pinc brcsls 

1 0-20 3410.1 96.7 l(R.0 97.6 II1.0 96.8 115.5 96.7 3ll75.6 96.7 1%) 320 
2-411 116.1 3.3 2.6 2,4 3.6 3.2 3.9 3.3 11K.11 3.3 311 18.0 

3526.2 1111.0 1111.6 1IXl.O 114.6 IlX1.0 119.4 IlX1.O 3IXl.h lI11.0 IN)  1lYl.O 
2 Ib20 651 1.9 926 lllS.7 l(X1.0 117.9 l(11.0 125.0 I(1I.O 616 .3 92.1 2XO 87.0 

21-35 sn.o 7.4 - 527.0 7.9 40 13.0 
7038,Y IIX1,II 1115.7 IlXI.0 7 . 9  ll1l.ll 2 5 0  l 1  6 6 9 3  1l11.0 3211 1iXI.O 

3 0-20 I I I I IK I I  8x5 2M.4 95.0 5.W.6 93.0 407.0 91.0 W%,O W,ll IXXO 76.2 
2l-40 1297.0 11.5 14.3 5.0 40.2 7.0 39.2 9.0 1203.3 I 2 0  5% 23.8 

11315.1l 100.0 2Nl.7 1lYl.O 57x3 IiXl.0 446.2 l . 1  I 1 1 3  I(Y1.O 2466 1iYl.O 
Draincd pinc lurcxls 

0-20 15935.3 87.8 197.0 S.6  195.0 728  1W1.4 66.3 153529 XKS - 
UUI) 1657.0 9.2 23.4 10.2 53.6 20.1 70.7 24.6 1509.3 8.7 - 

4 40-60 499.0 2.7 ~7 3.8 14.5 s.4 19.9 7.0 455.9 2 6  23 66.0 
hiLXI1 5K6 0.3 0.8 0.4 4.8 1.7 6.1 2 1  46.9 0.2 - 
P1!-110 1.3 0,0 - 1.3 0.0 I 2  34.0 

18151.2 l(1l.O 229.9 IlYl.0 267.9 ll11.0 287,l 1111.0 17.W6.3 1lXl.O 35 I(1l.O 
5 0-20 IY3Ul.I 3 217.4 65.3 247.6 63.9 396.3 61.3 1X46K8 85.7 - 

21-40 3303.1 14.4 99.9 30.0 IIK.5 27.5 191.4 29.6 2W5.3 13.5 14 520 
4rLMI 2 lWl 1.3 15.7 4.7 311  8.6 5 x 4  9.1 1W.9 0.8 13 4K0 

22921,3 IIYl.0 333.11 l(XI.0 387.2 l l 1  M I  1110.0 21555.0 111l.O 27 IIWl.0 
6 11-20 3175h.O M.4 143.2 67.8 219.4 75.8 246.9 5 K I  31146.5 97.2 - 

21-40 1033.8 3.1 63.0 30.0 627 21.7 174.4 41.0 733.7 2 3  673 91.4 

Thicknm r ~ l  rcr~ls. mm 

c l m m  I 1-2 mm I 2-3 mm I >3 mm 

l i g I % l  k g I R I k 6 1  7h I k 6 1  .m 

~ k p ~ h .  h a d  rcr>~s 

kg [ 5 

Living r<x,[s 

k g I %  
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Figure 1. Vertical distribution of  Scots pinc root mass in 
drained (A) and undrained (B) oligotrophic mires (%). 

with the data by S.Wompersky (1968), who shows, that 
in the 32-52-year-old, as well as in the young pine for- 
ests, fine roots did not penetrate deeper than 20 cm. 
This probably is related with different oxygen regime 
of soil water in the compared objects. When there is 
oxygen deficiency in the soil water, first fine roots die, 
which grow most intensively ( B ~ P ~ T H M K O B ,  1968). More- 
over, fine roots (diameter up to 1 mm), make up only a 
small part of root mass; on the drained sites 0,8-1,6, and 
on undrained 1,6-3,2 %. 

As shown in Table 2, total mass of the pine roots 
on undrained oligotrophic sites makes up 3,182- 10,009 

kglha, and in drained - 17,366-32,034 kglha, it is 3-5 times 
more, in comparison with undrained wet pine forests, 
even older lifetime. This is associated not only with 
increased productivity of stands in drained mires, but 
also with more intensive growth of tree roots in the 
drained soils. So, when the diameter of the tree stem is 
equal, root mass in drained pine forests always is larg- 
er, than in undrained ( K ~ I ~ ~ c T M I ~ c K ~ ~ T ~ ,  1976). 

The coefficient of rooting density (g/m2) in the 
upper layer of the soil (up to 20 cm) in drained 40-70- 
year-old pine forests, growing on high mires, makes up 
1,593-3,176, in the undrained ones - only 340-750 g/m2 
of the dry matter (Table 6). So, deeper and more dense- 
ly located roots on the drained sites conditioned not 
only inclusion of the'materials from deeper layers of the 
soil in the biological circulation, but also increased 
water permeability of them (Pyceu~ac ,  1998). 

On the mesotrophic, even undrained mires, pine 
roots reach the depth up to 60 cm. However, approxi- 
mately 97% of all roots and 91-95% of the fine roots 
are located in the soil layer up to 20 cm (Table 3). Root 
systems of the mature spruce forests, which have form- 
ed on the same but drained sites (study plots No. 9; 
10) penetrate up to 80-120 centimeters deep. The coef- 
ficient of rooting density of the upper layer of the soil 
(up to 20 cm) makes up 4,010-7,255 g/m2. Especially 

Table 3. Vertical distribution of 
trecs roots in mesotrophic mires 
(dry matter kgiha). 
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powerful root systems (depth up to 120 cm) are devel- 
oped in the spruce stand (study plot No. 9), where as a 
result of intensive drainage (study plot is located be- 
tween two ditches, which are intersected under the right 
angle. Their depths are ( 1,2- 1,4 m) at level of ground 
water over the warm period of year on average lowered 
to the depth 1 1  5 cm. Consequently, when the conditions 
of peat aeration are favourable, even on the deep peat 
soils, spruce is able to form a powerfool root system. 

On the sites of low mires black alder develops the 
deepest root system (Table 4). We failed to find the 
essential differences between root systems of these 
trees growing on the drained and undrained sites. Here 
root mass in the 20-60-year-old black alder stands fluc- 

tuated from 18 to 40 tlha and consituted 18-23% of the 
total phytomass of the trees both in the undrained and 
drained study plots. Up to 90% of all roots are located 
in the upper (up to 40 cm) layer of the soil (Figure 2). 
Some roots in the mature stands reach 2-2.2, in the 
undergrowth 1.5-1.6 I n  depth, by the way, this does not 
depend upon drainage intensity. Roots, with diameters 
up to 1 mm, on average comprise 0,7-1,4% of the whole 
root mass. Nodules on the roots with ~nicroorganisms 
which are fixing nitrogen are separated only on the tufts 
and between them in the upper 20-30 centimeter-layer 
of the soil. In the 50 year-old -black alder stand they 
make up to 230 kglha (biomass + necromass) in the dry 
condition. 

Table 4. Vertical distribution of trcc roots in eutrophic mires (dry mattcr, kglha) 

No. (>I 

p l d  

I 

0-20 251 13,2 68,2 175.8 69.3 75.3 49.3 100.5 55.1 24761,6 68.3 
2040 6701.8 18,2 26.8 l0,6 20.1 13.1 33.5 18.4 6621,4 18,3 
40-60 1914,s 5.2 21.1 8.3 13.4 8.7 7.6 4 2  1872.7 5,2 

12 60-50 1399.3 3.8 12,6 5,O 9,s 6.4 9.8 5.4 1367.1 3.8 
80-100 1067.9 2.9 6,4 2,s 27,s 18,l 26.7 14.6 1007.0 2-8 

100-120 294,6 0,8 5,3 2,1 3.2 2.1 2.1 1.2 284.0 0.7 
120.195 331.4 0.9 5,6 22- 3.6 2,3 2.0 ! , I  320,2 0-9 

Total 36823.0 100 253.6 100 153,2 100 182.2 100 36234.0 100 
0-20 24702.1 75,1 320,4 69.7 845.7 84,4 1 137,O 81.5 22399.0 74.5 

2040 4772,7 14,s 55,9 12.2 101.8 10.2 126.0 9,O 4489.0 14.9 
13 40-60 2610.3 7.9 54.8 11.9 23,s 2.4 80,9 5,s 2451.1 8.2 

60-80 644.1 2,0 18,O 3,9 23.2 2,3 41.9 3,O 56 I ,0 1,9 
80-100 135.6 0.4 6,s 1,s 5.4 0.5 $3 0.4 118,l 0.4 

100-160 33,9 0,1 4,O 0,s 2,0 0.2 4.2 0.3 23.7 0.1 
Tolal 32898.7 100 459.9 100 1001.6 100 13'15.3 100 3004 1,9 100 

0-20 23736.2 52.2 189.3 38,8 42,l 10.8 1112,6 34.7 233 12.3 52.9 
2040 5404,s I I ,9 45.6 9.4 73,6 18.9 82,3 14.8 5203,O 11.8 
40-60 5515.9 12.1 146.7 30,I 21,0 5,4 42.7 7.7 5305,s 12,O 

14 60-80 2625.2 5.8 12,1 2,s 50,4 12,9 56.1 10.1 2506.6 5.7 
80-100 1925.0 4,2 7,s 1 ,5 32,s 8.3 36,0 6,4 1 S49,O 4.2 

100-140 5447.2 12,O 74,s 15,3 83,s 21,s 104,8 18,9 5184.1 11.8 
140-200 857,s I ,S 1 1,7 2.4 86.7 22.2 41,2 7,4 71 7.9 1.6 

Total 4551 1.5 100 487,4 100 3')0,1 100 555.7 100 44078.3 100 
0-20 13503.9 79.9 354,3 93,9 240.1 88,s 364.1 88,7 12545,4 79.2 

15 2040 3398,7 20,l 21.5 5.7 28,9 10,7 44.3 10,s 3304.0 20,s 
40-60 8.2 0,0 1.6 0,4 2,3 0-8 2,o 0,s 2,3 0.0 

Total 16910,8 100 377.4 100 271.3 100 410.4 100 15851.7 100 
0-20 I8936,6 85,3 41 6,6 89,9 189.4 70,3 359,s 77,2 17970.8 85.6 

16 2040 31 08,O 14,O 21.8 4,7 37,3 13,s 65,3 14.0 2953.6 14.2 
40-60 88,s 0.4 19.6 4,3 28,9 10.7 31.9 6,9 8.4 0 8  
60-80 66.6 0.3 5.3 1.1 14,O 5.2 8.8 1.9 38.5 0 2  

Total 22200,O 100 463.3 100 269,6 100 465,8 100 21001.3 100 
0-20 36040.4 89.4 501.0 82.9 354.9 77,s 480,s 72,4 34704,O 90,O 
2040 1921,9 4,s 59.4 9,9 48.1 10,s 82,l 12.4 1732.3 4.4 
40-60 1745.9 4.3 34,2 5.7 3x4 7.4 70.5 10.7 1607.8 4.2 
6040 466,6 1.2 6.9 1.1 17.4 3.8 24,4 3,7 417,9 1.1 
80-100 87,6 0 2  1.5 0.2 1 .0 0.2 1.7 0,3 83,4 0.2 
100-120 28.9 0,1 1.3 0 2  1.3 0,3 1,s 0 2  24,R 0,l 

Total I 1 40291,3 1 100 1 6JJ4.3 1 100 1 456,l 1 100 1 660.7 I 100 1 38570.2 1 100 

I lcp lk .  cm 

2 
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Figure 2. Verticai 
distribution of root mass 
of black alder in drained 
(A)  and undraincd (B) 
eutrophic mires (%). 

In the undrained birch stands (study plot No. 15) 
vertical spreading of tree root systems is limited at 50- 
60, and in drained (study plots No. l I, 16) at 70-80 (100) 
centimeters depth. Root systems of spruce (fine roots 
in this number) on the long ago drained sites in deep 
lowlands (study plot No. 17), and in transitional mires 
(study plot No. 9) reach 1.2 m depth. However up to 
89-92% of all spruce roots are concentrated in the up- 
per 20 - centimeter-layer of the soil (Tables 3 and 4). 

The length of determined diameter roots in the unit 
of mass depends upon species and soil conditions. The 
length (Lg) of one gramme fine roots (up to 1 mm) of pine 
on the drained sites makes up 3.7-4.4 m, birch 4.1*0.5, 
and black alder only 2.6 m (Table 5). Magnitude Lg in 
undrained pine stands is 1.37-1.62 times less in compar- 
ison with that in drained, and makes up 2.7*0.2 m. 

Table 5. The mean values of root lcngth coefficicnts (m/g dry 
rnattcr) of different tree specics in thc peatland forest types 

Tree species Of I I s t v d r I  
Diametcr of roots, mm 

ferent diameter, located in the 20-centimeter-layer of the 
soil, make up 239-263 m. 

Table 6. The mean values of rooting density coefficients (g/ 
mZ dry rnattcr) and roots lengths m, in  the soil laycr at 20 cm 
dcpth. 

No. of Total length of roots, 
m 

I 

I I all 1 diameter 

Conclusions 

In mass 

1 .On the undrained and drained sites 7 1-97% of all 
roots of pines, spruces and birches stands are located 
in the upper 0-20-centimeter-layer of the soil. On the 

In length 

drained sites rooting density increased 3-5 times, and 
The most significant rooting density in the upper rooting depth - 20-40(60) cm. 

layer of the soil according to mass and length is ob- 2.0n the long ago drained sites roots of spruce and 
served in 'pruce stands (Table 6), where roots of dif- pine penetrate at 110-120 depth. Birch in this 

I 
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respect is inferior to coniferous species. Maximal depth nJrarrl B noqne. [Physiological basis of woody plants sta- 
bility upon tcmporary excess of moisture in soi l] .  

of birch root penetration in the peat soils is 90-100 cln. "Hav~a" .  M o c ~ s a .  - 214 c. (in Russian). 
3.111 the black alder stands, irres~ective of drain- I ~ O M I I ~ D C K I I ~ ~  C.E. 1968. 6 ~ 0 ~ 0 ~ t I ~ e ~ K t l e  O C H O B ~ I  ~ O & ~ K T U B -  . . 

age, in the upper 20-centimeter-layer 52-76% of all roots FIOCTU necoocymcliua ]Biological basis of forcst drain- 
age efficiency/. - M.: H a y ~ a ,  - 312 c.  (in Russian). 

are located' In the mature stands roots penetrate "p to ~ ~ V D O I B C K ~ R  n . H .  1963. C T D O C I I ~ ~ C  tl DOCT K ~ D l l C B b l X  CHCTeM 
the depth 2.2 m. 

4.The largest rooting density in the upper layer of ]Structure and growth of woody plants root systems in 
the different types of n ~ i r e s ] .  - B KII. :  3aGono~c1111~1c 

the soil is observed in the drained spruce stands, the ncca ri 6 o n o ~ a  Ct16t1pt1. M.: Msn-no AH CCCP, cc. 127- 
smallest - in the undrained ~ i n e  stands. In the 20-cen- 146 (in Russian). 

timeter-layer of the soil under the 70-90 year-old spruce K a n y c ~ ~ r r c ~ a i i ~ e  T. 1976. E ~ r o ~ e r p t r ~ ~ e c ~ ~ e  u 3 ~ e r 1 e ~ u n  coclrn- 
K O R  6 ~ r ' ~ J I b l l U K o ~ b l ~  noik nnunllrlcM ocytueHlia. [Biomet- 

stands mass of different diameter roots makes up 3,604- rical changcs of Ledurn pine stands under influence of 
7,255 g per 1 m2, length 239-263 n ~ ,  and in the pine drainage]. - J l e c o o c n e ~ ~ ~ ~ e .  N? 3,  c. 20-30 (in Russian). 

stands - 800-1,000 g and 73- 136 m, respectively. K o q e e s  A.n .  1962. Bnunriue KoplleBhlX CtlCTehl COCHOROFO 

npcuocTon ria B ~ ~ O ~ I I O B J I C ~ I ~ I C  nonpoc-ra nou nonolohi H 

ua Bblpy6Kc no 6onoTy. [Influcncc of pinc stand root 
systems on renovaion of undergrowth under the cov- 
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PACIIPOCTPAHEHHE K O P H E ~  COCHbI EJIH, EEPE3bI kI YEPHOB OJIbXH B 

H ~ ~ ~ B M C U M O  OT UtlTCIlCABHOCTU OCpICllUR B 60no~rlbrx COCIIRK;IX, eJlbllWKaX M 6epesr l s~ax ,  80.97% Bcex Kopllefi 
COCpenOTOqCllO B nOBepXtIOCMOM 0-20 CaIITkIMCTpOBOM UlOe nOqBL1. n p u  3TOM B OCpICHllLlX ~ O J I O T ~ I ~ I X  nOVBaX KOnUqCCTBO 
~ o p ~ e i i  yoenaqunacTcs 3-5 pa3, a ux  ymy6ncrtr1c tra 20-40(60) CM. Kopr~rt enri, KaK u cocrtLr npotluKaroT no 100-120, a 
6epe3~1 TOJILKO n o  80-100 CM rny6n11~1. K o p r ~ u  qcpt1oonhurattuKoB I I ~ ~ ~ B U C U M O  OT ocyurettun pacnpocrpalletm n o  1,8-2,2 M 

r n y 6 ~ t t t ~ r .  HauGonbwax rracLlructlrrocTh Ironepxtroc-rrtoro crros noqnir KoplleHu rraGnronaro~cn B O C Y U J ~ H H L I X  eStbrluKax, a 
IlaUMellLlLlaR B EleOCYUlClllThlX COCHRKaX. B 20-C~~NTUMCTPOBO~T CJlOC llOqBbI llOU 70-90 JICTIIUM CJILltHKahl MaCCa K O ~ I I C ~  

pa3JlUqIlOrO DUaMeTpa Era 1 M2 COCTdBJlSleT 4604-7255 r, FIX ,!l,lIItIla 239-263 M, a B COClIRKaX COOTBeTCTBetlttO 800-1000 r U 

73-136 M. 

Knmsenbre cnoea: G o n o ~ r t ~ ~ c  noqnL1, ocyurerrue, w ~ h ,  Gepesa, qcpr~arr onbxa, pacrtpocTpartcttrlc ~ o p r r e u .  


