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Discussion of root ecological niche and root distribution characteristics of

artificial phyto-communities in rehabilitated fields
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Lab. of Soil and Water Conservation and Desertification Combating of the Ministry of Education,Beijing 100083,China). Acta Ecologica Sinica,
2005,25(3) :481~490.

Abstract:In the implementation phase of the Conversion of Cropland 1o Forest and Grassland (CCFG) project in China, it is
important, from a scientific point of view, to recognize the characteristics of phyto-communities, species compatibility and their
ecological function. We must also acknowledge the ecological niche that roots occupy, their abundance and distribution as well
as the factors which affect them.

Following the methodology of community ecology, we measure the total root mass of the phyto-community as a cubic
volume. Root biomass, length and number of roots in every diameter class, for each soil layer and for each different plant
species are regarded as observation variables.

In first instance therefore, we propose a new method to calculates the ecological niche index of roots (RENI), embracing
the entire phyto-community of plantations. In the methodology all of the study area will be treated as one system, which
requires that all data be standardized to the maximum of three root indexes respectively and summed by root diameter groups in

each soil layer in order to obtain the RENI of each root layer.
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We define the sum of all the RENIs of each soil layer as the RENI of the phyto-community in order to be able to compare
different plant communities in the area easily and in a scientific manner.

In the new method we propose in our paper, we deal with the roots of the phyto-communities in Datong county, Qinghai
province, one of the counties selected for the national CCFG experiment.

The results show that most of the vertical distribution of plant roots belong to the type where the roots are concentrated in
the top soil layer (0~20 cm), far more than in the lower soil layers.

The RENI of phyto-communities is higher than that of pure stands or a monoculture. The distribution of RENI by root
diameter can be divided into four types; the J type, the inverse ] type, the S type and the U type.

For plants of the ] type, most roots are thick, deeply imbedded in the soil and act as soil stabilizers.

Plants of the inverse ] type have more fibrous roots and are found in the top soil layers. They have anti scouring and anti-
erosion functions.

Community roots of the S and U type are transitional and exhibit characteristics of both the J and the inverse J type with
moderate values.

The RENTI is positively correlated with wet biomass of the above ground level stem, branch and plant leaves and with the
species richness of the phyto-community.

Although the RENIs of plantations on rehabilitated fields are a little lower than those of natural forests, they are
obviously higher than those of cultivated crops.

The RENIs of the following three community types in the rehabilitated fields: Picea crassifolia+ Hippophae rhamnoides
ssp. sinensis, Hippophae rhamnoides ssp. sinensis and Picea crassifolia benefit gréatly from the restoration project.

The implementation of the CCFG is important for the increase in the RENI and the multiple functions of plant roots.

Key words : RENI; distribution; root layer; phyto-community; rehabilitation field
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Table 1 Information of main phyto-communities in the surveying area
PrfEd e 5 . BEE )
2 YL WE  Ee ”
Quadrangle ‘ Total
Land use type Dominant plant (m) (cm)

No. coverage
Q71901 2001 4B $f L 25 #h Rehabilitated herbage land in 2001 )il 8 ”J Paeonia veitchii 90
Q71902 1988 4E 1B #f 4 Ml Rehabilitated forestland in 1988 WAL 0F ¥y Larix principis-rupprechtii 6. 7 6.5 95
Q72001 2001 “FiB #hit B b Rehabilitated grassland in 2001 WL B IE Medicago sativa 95
Q72201 1995 B # i K #b Rehabilitated forestland in 1995 B =82 Picea crassifolia 1.5 4.1 98
Q72301 KRS M #h Native secondary forestland (50 a) H ¥t Betula platyphylla 6.9 9. 2 92
Q72302 1987 4EiB #tiL Hk i Rehabilitated forestland in 1987 AL E MY Lariz principis-rupprechtii 6. 7 7.0 92
Q72401 1995 F=F A # Abandoned fields in 1995 FEBIWE Elymus nutans 98
Q72402 Je#tHs Cropland(1 a) B G Pisum sativum 98
Q72901 KERFEMH# Native bush land (30 a) ) B M) F Contoneaster adpressus 85

_ P; o
Q80201  KAR A HKHL Native secondary forestland (50 a) B® 5P+ B Picea crassifolia + 20.0 27. 3 30
Betula platyphylla
Q80301 KA M HE Native secondary forestland (55 a) T = §2 Picea crassifolia 16. 3 24. 4 90
Q80302  KARIK 4 bt Native secondary forestland (40 a) 1 ¥ Populus davidiana 5. 8 0.6 95
Q80901 1982 4B #tif Ak #h Rehabilitated forestland in 1982 H M & §2 Picea crassifolia 6. 8 9.1 92
Q80902 1982 FiR #t A M Hh Rehabilitated forestland in 1982 A ACE MBS Larix principis-rupprechit 6. 8 7-2 85
h H;: h h d .
Q80903 1994 4F 8 #iF #Hs Rehabilitated forestland in 1994 T @S_U B Hippophae rhamnoides ssp 90
sinensts
Q81001 4 #rHh Cropland(1 a) /NF Triticum aestivum 98
Q81002 4 ## Cropland(1 a) T 3¢ Brassica campestris 98
>R Betula pl hyil
Q81101 1982 4 1B Bt % ki Rehabilitated forestland in 1982 5 17 + T B UM Betula platyphylla+ o oo 90
- Hippophae rhamnoides ssp. sinensis
ya >R Pi ' foli
Q81103 1993 4FiB # 7Kk My Rehabilitated forestland in 1993 1 13 2 2+ M EW M Picea crassifolia+ 4.6 92
Hippophae rhamnoides ssp. sinensis
& vb 3 Popul A
Q81201 1982 43R HHIF M i Rehabilitated forestland in 1082 1 2 + T E UM Populus cathayana+ ¢ 11. 2 85

Hippophae rhamnoides ssp. sinensis

* | [E the same below
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XEBIMEARBEBMUBEINHE, EUNSEHREYRERRZESMIBIRER.
BREATMNEBEMBREGAFLEN —FTL2EENHRRETR, FRESENBFRNESKHKRSEET S H, HENE
BREYRRREDM 2 T EAFERSE G R,
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2.1 WEAESMNWEHEZRHNEE
AR RAESMNEBERNEESRIARR, JUECBRERBBRRANOAERAHEETAAR . B A TEREREE
FEURBAUIEBENERER. IRAMX - SIEHRYBERRESMNERS- TR 3R 2.
RTPSEBARIEFGTEN -
Power $2 %Y Y = b, X%
Inverse {5 7Y Y =5, + 6,/X
S # %l Y — oot/ %
Logarithmic &% = b, + bInX
M 2 P Al LLE ! aﬁﬁﬁﬁﬂf@ﬁ:’% HAEREB(XDOMF WK, Inverse 8] S &  Power B8 L) & Logarithmic & &Y
BIARBHESL o FARRBBRARE(E 1D, RLZE 0~20em HHARRERE BURATEKER. X—& BN /HT
AMTESIEERKUTTES - DAIRREESIHEXRSLBERMERE2YE. EEHHEAP . REREREHNRARL
AU CESFEENRAENT ERARAOMUEMEER, LREARRERLENIRMERE.
MEESMNEBEREELLE 0~20cm HERTHERK, ARBENRERBESMNE, KBEXBHEYHERRE TX
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TR EIER
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Table 2 Regression models and parameters between RENI and soil layers of main phyto-communities
o o b 4 5 o] 9 L Y FIZERE HHE F1{H F K5 R E o

Quadrangle No.  Regression model R? DF F value Significant F by by

Q71902 Power 0. 993 2 265. 26 0. 004 1170. 61 —2. 5472

Q72001 Inverse 0. 973 2 71. 85 0.014 —0.0176 3. 1001

Q72201 Inverse 0.912 3 31. 05 0. 011 — 0. 4024 29. 5355

Q72401 S 0. 994 1 157. 97 0. 051 —8. 0525 112. 216

Q72402 S 0. 997 1 298. 16 0. 037 —6. 5252 40. 6842

Q80201 Inverse 0. 987 2 148. 84 0. 007 0. 7692 54. 9602

Q80301 S 0. 997 1 376. 15 0. 033 2. 9533 —0.1271

Q80302 Logarithmic 0. 928 2 25. 74 0. 037 0. 8959 —0. 1946

Q80901 Inverse 0. 983 2 117.3 0. 008 — 0. 2392 22. 0729

Q80902 S 1. 000 1 12996. 1 0. 006 - 2. 8241 43. 1888

Q80903 Power 0. 999 1 831. 14 0. 022 213264 —4. 0032

Q81101 Inverse 0. 993 2 305. 55 0. 003 —0.19 19. 3714

Q81102 Logarithmic 1. 000 1 49140. 1 0. 003 1. 0415 —0. 2482

Q81103 Inverse 0. 999 2 1579. 91 0. 001 —0.1109 11. 9858

Q81201 Logarithmic 0. 994 2 351. 3 0. 003 1. 4876 —0. 3265

WMESHHRREH T LESHEYBEQEYEHE 24 ”s
FHE. — R T R A IR RSB R 2P ol T 012201 —e— G701
R TR PIE R BN ARE R B R R EH Y B ER A 5 L 80301 . C80302
SRR —EBEEZ2RR. EEEPHRENABE RGN RESE R, » L5+ seeXees Q80901 —a— Q80502

—e— Q80903 -—A— Q81101

B AR FRE R RR— AR, EalEL | —»— Q81102 —=— Q81103
SUESTOUT R A —ERERENNEL. EA - ERE,  §
CRARETHF E.ANFAAAS RELSHBENARALS, 02T
HHEELE BKAINE ZERBERRE T LB ARAHT L 0 A 4 *'-' 0 =
EE R, T8 B 3L A 7547 (realized niche) B4 iF w4 S T EB R Soil depth (cm)
(fundamental niche)™$, MY BEER R BF b8 — FpB¥ ak 4l AR
BRH BRSO W SRR E I — LR R SR P OPRERRRESLAERS LERRBXA
B 0. 657 T4 T[] — 7 M1 & 16 F B9 3 = 4% 4+ B3 HE T R B Fig. 1 ]EQt'elatlonshlp between soil depth and RENI of different plant

communities
LA E R 1.000, fiHEN NG EK 65.7%.
2.2 BEAADSHNWERBETHARA

AXFEXBRABRREAEBNVNERE  AMNEBETAFMERBRRELAPHEESHARFIE. MELERBET ARBRIBRERN
BESHAFIE, B HAESMNERNERS AN I UERBESHHEYBEERAYP AN ITEE P HAEREIRR
FHRAF FEEEHEARBRAESTAVAV IR, KEE B ITEHYBHEHRRESMN SEAFEWEIPIEMITES R WE 3.

BRATAMRARAESNETEST AN — BRI, R 3IFHEBEBMEIPTER:

Quadratic £ &Y Y = b, + b, X + 6,X°?

Cubic FREY Y = b, + 5,X + b,X? 4+ b, X3

MEBRIFHUER,ZFMHARMMHERB . FEHYFESHEHEEHENR, XEERLEFE, KM TARMSHER, &
HARRER Y5 AR E(E DT R ESMNESERARENTARELR LTSRN 4 FAH,

(D] & MASMEHMERRZEAEMTEMEER M EASVNBE AR, KT 10mm BEBRRAVESMNIEE
BEE - FHBa R AEBE . R TXMABRNEYHERRNTER Q2001 GR#H BB EH %) Q80301 (FB s RKAK
A Q72001 (B BT RAENEE,

R IJE BAESVEBEMEBREREPHEMMMERK, <1lmm BEBEMNESMNEHRES BB aIREARE, BFX
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RS TELS Q71901 GBI N FRATRE) . Q80302(LB R RIKAEM) Q722001 GE# M HFE =&~ A TH#H). Q72301
(EHERAKRAENR) Q72401 GERHL 245 ) Q8003 GR b F RV A TH) . Q8LI03GER BT L+ P E P B A THO L
BB B /DE (Q81001) . B & (Q72402),

x3 TEHYHEXIAREZLESABEESEZANERARUEESE

Table 3 Regression models and parameters between RENI and root diameters of main phyto-communities

e GRS (o] 9 55 AY HERE HHE F1{E F iy ¥ RE ER A
Quadrangle No. Regression model R? DF F value Significant F bo b, bo b3

Q71901 S 0. 993 2 277-59 0. 004 —5.2732 1. 2083

Q71902 Quadratic 0. 993 1 66. 81 0. 086 0. 4408 —0.1796 0. 0188

Q72001 Quadratic 0. 998 1 216. 84 0. 048 0.0324 —0.0131 0. 0040

Q72201 Inverse 0. 993 1 134. 63 0. 055 —0. 2361 0.7522

Q72301 Inverse 0. 977 2 83. 41 0.012 —0. 0017 0.1105

Q72401 Inverse 0. 997 2 777. 175 0. 001 —0. 0086 0. 0458

Q72901 Cubic 0. 996 1 86. 89 0. 079 0.1834  —0.1459 0.0378 —0.002
Q80301 S 0. 956 3 65. 75 0. 004 — 2. 4687 0. 1898

Q80302 S 0. 987 2 147. 65 0. 007 —2. 7379 0. 8806

Q80901 Inverse 0.928 3 38. 45 0. 008 0.1476 0. 2039

Q80902 Inverse 0. 853 3 17. 39 0. 025 0. 0502 0.1892

Q80903 Power 0. 984 2 126. 01 0. 008 0.3599 —1.6391

Q81002 Quadratic 0. 942 2 16.17 0. 058 0.0263 —0.0101 0. 0010

Q81102 Cubic 0. 997 1 115. 78 0. 068 0.2056 —0.1016 0.0192 —0.001
Q81103 Inverse 0. 976 3 120. 36 0. 002 0. 1206 0. 0682

(DS K BEPAEBMNERENCEES REBRL THZE 3~5mm BB SAR/N.7E 5~10mm BREN KM EIBEERKS
EH,>1mm BRXTHEESE. BTIFMBAMNEYHHE FTEH 80902GRB R # ATAHO 81201 GREH L F 5 +
VAT, .

(DU B BN NMNEAR ESMUEEREE MM TR, EAE S5~10mm BHRH>10mm FASMIBBE XTI LEH . ME
AEBUR, —BREBAK - I<lmm ERMESHNERE T>10mm £ 5MER. BFXAFXYAHEYRE TER Q71902
GRBF #6768 H A A TAK) Q80901 GER #F i & ¥ = A2 A THK) . Q80201 (5 = 12 + F #E R SR 1K A= AR ) 45 ; Q81002 (i ##h 1F #7 1ih
OLEALA LB TFX—EB DA EMBMEAER R,

ELEMAHERP  TUERBRREEEEIHRUT A4 A . BANERRAT AN, ILEREZFEZEHNAR
BHERBMBJHAIRRKEMG R BAEER FEAREEN BB EEICATIHE; U BAFTHZE+-BHXARK
EM.URBHBFEZLZ - PEYPBIBRACES Q80901 RAEILER FEASHEHYWBHANBAENK, B =AM G S B
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Fig. 2 Relationship between root diameters and RENI of plant communities
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