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Herb diversity and its impact factors in different periods from 1970s to 2000s of

the returning farmland to forest project in the Bashang Area of North China
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Abstract: Returning farmland to forest (RFTF) project is one of the most critical ecological restoration projects in Bashang
area, and its ecological service value has been paid more and more attention. Although the herb layer of the artificial forest
was a vital indicator to biodiversity conservation and ecosystem services, the relevant researches were much less than
expected in this area. We surveyed herb diversities of these forests that were planted in four different periods from 1970s to
2000s of the returning farmland to forest project. Then, the herb diversity of returning farmland to forest habitat was
compared with that in abandoned farmland and the natural forests. The effect of the soil character, tree and shrub layer on
herb diversity was also analyzed. The results showed that there was no significant difference of herb diversity among different
periods of RFTF projects. While all of them were significantly lower than that in the abandoned farmland and the natural
forests species richness of herb layers was significantly and positively responded to the content of soil alkali-hydrolyzable

nitrogen species richness and densities of shrub. The Simpson diversity of herb layer was negatively responded to the
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densities of tree. The research revealed that the herb diversities of RFTF habitats might be lower than that we expected,
improving vertical spatial structures and construction mode might be helpful to increase the herb diversity level. In order to
preferably realize ecological benefits of future ecological restoration projects in Bashang area, it needs to weigh the different
relationships of ecological ecosystem service functions, choose ecological restoration methods based on local conditions, and

emphasize the importance to natural restoration and diverse restoration methods.

Key Words: returning farmland to forest; derelict land; herbaceous layer; biodiversity ; tree density; succession; organic;

alkali-hydrolyzale nitrogen; ecological restoration

UL DX A AR ALV AE B IR 2% R AR AR AR X ) B AR SRR (R T T R |
VPARAE AL BT K R e O 9 A R R P AR B X AR S e A FR ARSI I 4 T 0L
X 52t 1 1R #FA AR T2 ( Returning farmland to forest project, RFTF) ** S 7E i il kg A TAK, #5724 Fa .+
HBTR K R ™ A b AL B A A MR A1 A SR A58, 3500k 30 i DX AR 7K b PR 5 7K R
PSRN 23 5 =N i | ol b LR S S R 8

AW Z BB BAE S RGN AR 2R AR S R G55 T AE 5 A A, JE DA A 35
SR EEAR Y BRI, TR A EE A 20 A 4 20 R P A 5 i S 2 B DG TR 2 A A
TR ARSI R 8 N TTMRAE S5, AN BE DA B B AR ) AR K 35 N AR A g AR o B 5 o —
PR3 i BB AT OG0 A 2 AR N AR BEAR (4 26 1 2 R /K P 5 H B B Aok 19 A T4k
AR, T N TR AR S SO AW AT, N TARI A 2K S5 D4R T IR BFE MO TR
N TAREE B —Ff i 2 TR (H H AT 2 AR Y AR TR BUIR T ML S SR R D] 1, R [ o
FRPRBHEARII R SR BRI R R R A il Y B BRI A
FAU AT SRR B AR B 1 AR W) Z RO B W S PP D TERBEE AR TR S T 20 JA4E
Ji  BEZON S 4 AN T] i S i 3 IR B AR AR 35 10 A ) 2 R KPR W I S5 9, DL T IR AL
MTRRR A Z RN R0, JF AR W) ZAEPE ORI A BE 32 T IR AR E bk T AR i B e i

WA R RRMAES RGN E R ), A EEASNE, PR ARSI B, % PR A U e
BRI W T BRI AR AR B R ., I 1T 22 38R W P 0 B A 3 5 R U R A BN AR AR W) 2 e
K EBRERIEAR Y, W EER 20 42 70 AR E 21 LWL PO A4 10 1R BEE MORE s, A A2
M Z RN, IF 5 FEFFABERT B SRR A BE X LE PP, 88 8 T A R SR MR IR 1 DA, AN SR Y =AM Bt (1)
ANTRIAFAC IR A it bR AR 558 A B A AR ) 2 RV ] BEAFAE — € 2557 5 (2) IB MR MRAE B8 1 oA IR AL 2 A 17K
FRTREMR T AR 5 (3) IR BRI AR ST A LS BRI S Tl 2 2R AT RE S AR R AR EA UG R

1 #R57EE

1.1 5K

5 b 5 AT AL IR R T 42 ALIX (40°47'—41°17'N, 114°17'—115°34'E) , iX FLHAL 5K 5K 1AL, 2
HEHN SRR SR IR E S A XN 80% LA T AR 11 ; B ZE IR 19°C 4R IRZY 3.7°C ; AR
TR 53% , Jm WA ARBOSHEAT  HAT & BRI R BRI

SEAL Y AN T AR TR R AEAE AN, 20 42 70—90 AR S HF S AR TR, 21 42 w1 iR B
AT, B e R TR Y LA AR Ry 3 | 32 B A AR T A ( Pinus sylvestris ) S8 ¥ ( Larix
principis-rupprechtii) ,FRo3 8 BERS R X PR T RRTEAE e B8 itk R s SE I i E 2R, e
WITE, T G FRBBEE K,
1.2 st

ESHALXPUIE T M S LB SN EYE & 3Bt 18 AN FEH, b SE86 20 S IR Bk AR AR B 5
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20 22 70 4R E 21 220K 4 ER, BAMEAR 3 ANEE T 12 AR X B R Fe bk AR B K A SRR A
Be BERRAERE 3 NS T 6 ML,

SR AR ARAE BR AR R 1 | TR) 24 MR 56 T] L £ BB | 4 MR B 22 % 5, T 46 45 LA DT o Rtk — 2
A ok SRR 2 () AR R I 1 km AOBE RS [R]— 4P A% B2 2 ) B B B d S ke, DASHE 67052 25 ) 1 AH
SRR 5 B b T 30 B I 1) BT, 25 45 SR O, Y oM BRI B A T 6°—15° 2 [], FEHLIME 353 A
1 1361.81—1712.80 m, A HARIELIELZE 1,

x1 H£EXBREMSE
Table 1 Experimental habitat type and sample point setting

(N AR FEfce  mpEg
Code Habitat type Plots No.  Description of vegetation
BATASHER

HRZE . 4 BRE (Artemisia capillaris ) + 111 4 3% ( Synurus deltoides ) + %% B 2% ( Potentilla

¢ TS 3 chinensis ) + fE Z 5L ( Geranium sibiricum ) +Fi 12k 28 3 ( Dendranthema chanetii) +/N2T
25 +3 JLZE ( Cirsium setosum )
T2000s IBHHAHR (2000 4F) 3 TEARZUARICE TPy BT EEAREF, WEARZE SR T (Lespedeza bicolor) , 1
T1990s EHFAFR (20 42 90 4E1T) 3 JFESE 235 ( Spiraea pubescens) VP ik ( Hippophae rhamnoulcs) &35 (Rosa bella) B33 )L
. . ‘ ( Caragana sinica) | ik e ( Ostryopsis davidiana) %5 . FHAJZ N 35 ( Chrysanthemum
T1980s ARBHAM (20 22 80 4EAT) 3 chanetii) +J B85 ( Elymus dahuricus ) +18 i 53R ( Poa sphondylodes ) + M5 5 ( Carex
T1970s EHEEAR(20 42 70 4E1E) 3 rigescens)
KIRIBAEH, TRAJZE LAAHE (Betula platyphylla) 2 BHER  HEAR)Z (45 36344k . + S 4k
N £ 4 b Natural forest 3 55 55 R (Quercus mongolica) H 45 , 1M ARAL$E 244 T (Rosa rubus ) %5

BUORZE . Jb 2F B ( Agrimonia pilosa ) + 111 4 35 ( Synurus deltoides ) + X i 5 3% ( Viola

acuminate) +7E 3% 3% (Vicia unijuga )

1.3 HEY) B - SR M o A
1.3.1 R4

HPIRAET 2018 4F 6 A K 9 H kAT, Hovh , SRR Z MY AL TE 2018 4F 6 A EAT, 5ARJZ MYl A T
2018 4F 6 Al 9 At

PR B ARG T 20 m A S BEPLEERL 20 mx20 m AYIE HTEREHD 43 50 T AR 2 5 AR 2 /9
WA RR R SFR R BT AR R R R SRR 2 B (MR ) | TS RO P 2
JEE BT de A I R A e S e e R B 5 AN R ABL ) 14 i B S S S RS A T el R A M 3R A 4

FRIE 73 HeAs o

FEREHL ST 4 > 10 mx 10 m B9 RIA% , FF AR RS b 2 il BEALEE I —> 1 mx 1 m B9FEDT 20wl Ge it a1
FETTNFARZ Y AR SRS R EE .
1.32 i

+ BEEURE T 2018 4F 9 H AT, R EAR 50 mm AYIRHERS  BUB LR 20 em 12 0 H5ERE S, 4 RE
HIBEHLIEI 5 S ORE J5 1R & 1950, 16 2 A6 50T AR MR} 27 Be AR A7 T U 2 &3 (Total nitrogen, TN ) | 45 ( Total
carbon, TC) A ML ( Organic,OM) | TIERRHKE ( pH ) FIH#H A ( Alkali—hydrolyzale nitrogen, AHN) , 33 ¥& &
RUFLER & T I A L (C/N)
1.4 Bdlaortr

AT A B it R 3.6.3 SCBL

BT T YRR G52 Simpson ZHREME SIS EIRAR, HIRTER o ZHREIER G, TTRA T

Simpson 2R,
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WLy
oS
Evenness =
S
Kb, S HYMEE B 0 WEZRE 0 R i DMIFIT I Z B, PR | AR 2R SR Z B e, DL B4R
¥I vegan AT A

FIFHHH K 22507 (One-way ANOVA ) FCEER [FAEARIRBEA AR A BE I BEAR 2B o ZFEMEZE S A

JH shapiro 46 50 HAEZSE , FIFH Bartlett ¥EAG 50 H 7 22550 524 P>0.05 IR R 20K, AL P<0.05, B

ARV GNAFAE 5 M 22 TR, B Turkey HSD #hiE AT 2 5 o™, teAbh, SR FH B 05 2250 M7 ( One-way

ANOVA) AR A3 o 2862255, 31K Bonferroni £ 72 HQ?I?L PA_Eor#rid i Agricolae £ M stats
&l #—ﬁ“”

FH— ALY ( general linear model, LM ) £ &AL ¥E 5 -4 (model selection and averaging) 77

125, 73 M 38 KA A R 7 X IR B bR A B A AR B R RS, Ryt A th SR 2 M I R B e X IR

SO F o BIHEA T T AHSCPERG S, IR AIBR °>0.49 H P<0.05 BYIREE 1 (UL 2) , 7EFEE BB AL S | Xt T

FIREAFTERY ¥ B AL 43 0 1158 AlCe fEIF #E4T 7, B &8 T A AlCe <4 A A A1 9 47 455 84 °F- 14 (- model

averaging ) , J- i1 R FREE K1 1 A % 8 B2 ( Relative importance ) ' 0PI 20 B i MuMIn f9 % stats 43,
AT

®2 BHEMERRIREEFEXE

Table 2 Environmental factor co-relationship in returning farmland to forest project (RFTF) habitats

Cs RS HS DBH CT CTT DT HT RT TN Org TC AHN pH

DS 0.818™* 0.776**  0.034 0487  -0.223 -0.394 -0.473 0.583" -0.335 0.21 0.198 0.282  -0.066 0.212
CS 0.833*** 0.183 0.415  -0.106 -0.476 -0.271 0.27 -0.128 0.124  0.213 0.214 0.166 0.209
RS 0.047 0.533  -0.254 -0.262 -0.311  0.569 0 0.39 0.461 0.461 -0.096 -0.052
HS -0.037 0.157  -0.031  -0.033 -0.143 0.129 0.277 0.245 0.214 0.133 -0.234
DBH -0.595*  0.004 0.085  0.537 -0.05 -0.076  0.095 0.084  -0.085 0.104
CT 0.291 0.355 -0.224 0.377  -0.065 -0.077 -0.17 -0.288 -0.225
CTT 0.753 " 0.114 0.352 0.075 0.147 0.054  -0.531 -0.513
DT -0.264 0.388 -0.442 -0.267 -0414 -0.36 -0.134
HT -0.095 0.347 0.334 0375  -0.231 -0.104
RT 0.103 0.344 0.154  -0.221 -0.702 "
TN 0.936 """ 0.973**" 0.132 -0.701 "
Org 0.975*** 0.131 -0.813**
TC 0.182 -0.718**
AHN 0.137

DS: A ZHE Shrub density ; CS: A2 .55 B Total coverage of shrub layer; RS ##AJZ 3 & B Shrub layer richness; HS : A ZF- ¥ 7 Average height of shrub
layer; DBH ; Ff K242 Arbor breast diameter; CT; FF A2 Tree canopy width; CTT 75 K JZ ELZ5 i Tree layer total coverage; DT; T8 ARJZ B L Tree layer density; HT; 77
RIZF-YI 5 Average height of arbor layer; RT: Tree layer richness; TN ; 2% Total nitrogen; Org: A HLi Organic; TC; 28k Total carbon; AHN ; ik f# % Alkali-hydrolyzale
nitrogen; * ; P<0.05; * # . P<0.01; #* * % P<0.001

2 #R

2.1 AFAFEGRBRHEMAE SR + 3 KA 1
AN TFAEAR AR AR A BE Y -3 A R 71 DL 3, EAh 3B 1 i A7 A 1 1) S LARZE AL, 7 B
Ho—B, SO TPHE L TR A 1 AR A O IR 2,
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Table 3 Environment factors influencing biodiversity in herbaceous layer of RFTF habitats

N BHHAMRAEL Plantation decades of RFTF habitats

1970s 1980s 1990s 2000s
#EAKJZ Shrub layer
TEARJZHE Shrub density 27.67 + 18.717 21.67 + 10.214 5.33 £ 4.509 8.33 + 7.506
THEARZRIEE Shrub coverage/ % 55 +21.794 40 + 8.66 20 + 18.028 28.33 = 11.547
TEARJZF B Shrub richness 4%1 3x1 2+1.732 20
HEARJZE Y75 Shrub height/m 1.022 + 0.2037 1.086 + 0.3118 1.267 + 0.8737 1.1+0.1

F*ARJZ Tree layer

TeARZEMi7% Tree Arbor breast diameter/cm
TeARJIZ AR Tree coverage/m

T ARJZ B TEJE Tree total coverage/%
TeARJZ% S Tree density

FEARJZ X5 Tree height/m
TeARJZFE & Tree richness

3 Soil

2% Total Nitrogen/ ( g/kg)

HHLIT Organic/ (g/kg)

2T Total carbon/ (g/kg)

A A Alkali-hydrolyzale nitrogen/ ( mg/kg)

19.3333 + 5.1316
2.27 +0.643
76.67 + 15.275
36.33 +15.822
8.067 + 1.1015
1.33 £0.577

1.6433 + 0.16442
25.1 + 7.602
14.333 + 3.5852
113.33 +29.738
7.7767 + 0.56889

11.6667 + 2.88675
2.6 +0.854
70 + 10
21.67 + 2.887
8.667 + 4.1633
1+0

2.6533 + 1.58812
36.667 + 29.4924
23.067 + 16.3967
963.33 + 671.563
7.6233 +0.72418

11.6667 + 2.88675 10.058 + 1.6835

2.83 +0.961 2.07 £ 0.532
78.33 £ 2.887 78 £ 2.861
35+1 35+8.66
5+1 5.1 £0.6557
1.33 £0.577 1.67 £ 0.577

2.0567 + 0.70784
26.933 + 17.9692
16.2 +7.9793
183.67 + 61.37
7.4533 + 0.4373

1.94 + 0.40951

24.7 + 13.1651
13.917 + 5.2441
191.67 + 80.928

7.39 £ 0.43486

HIERRGHE pH-value

2.2 AFMEAGRFFAARAE SR 1 R 2 A 2 1

T5 22530 R R AR GRBHA A SR A A Z A F 5 B 55 B | Simpson 2 FEVERE B 50 BE R 5K
WA E (R 4) XU A58 I s UG AN [ R AR AR BHA MRAR B FLRCA A M) 22 R O R B i 1
IR R E E 2 (K1),

x4 FEAERBHEIRERERSEY SHE
Table 4 Herb diversities in different plantation decades of RFTF habitats

7 A RRCR Rl

ZRAEAE R

Diversity 4 Sum Sq Mean Sq F P
%ﬁlﬂlﬁ & Species richness 3 77.58 25.86 2.483 0.135
BTG BE Total coverage 3 373.9 124.6 1.205 0.368
Simpson ZAEMEFEEL Simpson diversity index 3 0.001289 0.0004297 0.995 0.443
B)511 Evenness 3 0.003591 0.001197 0.38 0.77

2.3 AFABEREREARZ Y ZHAE
Jr oA s AR SRR ) FEARJZ YRR B35 | Simpson %#'@TE%&%%E%(%S) it —
R ZH AR N SERHE S YRR R BT Simpson Z2FEMER 2 R T AR BIARA BT, TR A
IEMRAE ST ) A ) Z2 AR W AR T B A, AR T30 R 5 SR *&?u?l‘?l‘ifﬁzﬁ(lgﬂ)o

£5 TRERELAEEMSHYE

Table 5 Herb diversities in different habitat types
Z R o Rl 358 J5 P P
Diversity Sum Sq Mean Sq
Y FhF & B Species richness 2 148.9 74.46 4.174 0.0362
BB Total coverage 2 1066 532.9 6.593 0.00882
Simpson ZAEPEFEEL Simpson diversity index 2 0.004646 0.0023228 6.045 0.0119
5] )% Evenness 2 0.01494 0.007469 3.172 0.071
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Simpson diversity index
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Fig.1 Herb diversities in different plantation decades of returning farmland to forest (RFTF) habitats
AR B RN 21 18] 22 57 A8 Wl 3
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Fig.2 Herb diversities in different habitat types
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2.4 ARBHAARA SR R A ) AR T R R T 1 i

S HEBR ILLR I 2 S LGN AT ) M S A AR B S X M KA B R AT TR OC A A, ELAR G
R 2, G5AHORIBR AL R ETRE  ERZHE ERZFETE TIARZEE WA, DA S
A T A S AR

A3 5IXE 4 AR FEBR A EE i ALY | I 2 B A IR EE S Simpson ZAE MR B 15 K IR B
THABEWR, Hrh kbS5 BRI T 4 4 AICe (HA T 57.3 & 60.52 AULR PRI S S4460 50 3
B R F- ARG BB Bl RS TEARZEESHEARZREEESTIARZE T E, RAN TR R E R, Y
Pl & BT 2 5 B B R SR 2 5 YA 2 IR R 1 A K2 4% AT R Ah oF R LA T
FI RN (X BRI B (K 6)

Simpson Z MR T 6 4> AlCe {H/r T-58.32 5-54.64 Z )AL PR . Hrp BREE IR Al A T
FHEMRHTARZEE S A STTARZ Y& B SHER)ZEE, B BIR, TR 2% B X A2 Y
Simpson ZAEM: 5L B 2 GO SE RN | A 205 Simpson ZREMERE BOFAE IR IEA G T (% 6) .

R6 BMEMERNERREMSHEMEZMETF

Table 6 Environment factors influencing biodiversity in herbaceous layer of RFTF habitats

" . . s Xt H 2
SR T AlCe i it AR , . HIXE S
Environmental Factor AICc Range Estimate Adjusted SE . clahve

1mportance

LI ey Species richness
&*E&E [57.3,60.52] 0.157604 0.046227 3.409 0.000651 0.73
Shrub density
AHN/ (mg/kg) 0.004936 0.001169 4.222 2.42x107° 1
T 1.447156 0.530991 2.725 0.006423 0.27
Shrub richness
E*E&E -0.112972 0.070796 1.596 0.110546 0.26
Tree density
Simpson ZA£PE Simpson diversity

=
AL M‘E [-58.32,-54.64] -1.335x1073 5.752x107* 2.322 0.0203 0.75
Tree density
AHN/ (mg/kg) 1.973x1073 1.049x1073 1.880 0.0601 0.48

VN SE =4y

E*Eq: ke -3.155x107* 2.024x1073 1.559 0.1190 0.18
Tree height/m
3 138 B
T 4.982x107 4.094x107 1.217 0.2237 0.05

Shrub density

3 iTFig

IRPFEMR AT FAZAYME L BRI S A RA — X T RS Z R Z A 5, RA A OF TN FF
2 20—40 IR BHITE U CARIIAR T A Z AR B0 8 2 22 520 1T Ahmada 5576 B PE LA T1Y
BT s KR AR AR RN TARRI AR BR &0 = B4 G 2, (H AT REAF 7 LABR I3 255 B2 O vh A 28 6 4[] 4
KFR R BAR JZ IR 2 RS RO REBEAR 53 2 B2 FNARSEEAR A LRGN R 7 5 48 77 0 S5 e DU AR L e Bl
DX ARFFSE R, 5—39 4FA: 1 B AR N MR BEA Z R SR A R L 35 22 5 2% i B W S5 7E T R
VAR R, 3 AR5 5 AEA MR AR AAR T FOA 2R 2R L T 3 R ERR I B L i SR ST R T, R
[ I TR B AR B AR ) 22 R P O MR S BEBAER N , 78 30 AR 2 AR B IR K ™ o XA AR — B S m]
AE-S B A A O, N Barbier SR AT 58 W, MR 5 REACHE W) 19 ¢ F 0555, T A 28 5 FEAR R 1 5 & W] RE 4K
i 1 MR Sy A A LA R AR T, AR AR A W B — s R, S A A AT e bR T
1 RO MR AL A ) AR PR AR I 22 A ) R T BB 20 ol PR 3RA O AR S B e i 47 K DB IR
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SR S U TS T AR SRRSO R AR, ORI AR S MR BT AR EORR SR A G A AR A
TEAOPR T AR B R S e ST AT RE A LR AR SRS , 7 PR AR M ™ A 5 1 2 S 0 TR) ) ke A DU 5 3R 05 2
A MARBIE I | BHHE AR ARAE PR ALTE 20 R0 AT, 32 B LARI | AT RE DL oK & BUbR T R 2 A
WIZHEER 255, fehn AR 2 UM T B Z AR O i A 5 HAR AR M R S AR (E R B RS
PR 1 P 5 M AR W O R AR AT 3 ARBIEFE OB AR 22 R A AR 1, T RE AR
FEPIARMERS 24 228, P ARME I AR 2 T AR B A G R 5 58

AR, FERE SRR Z SRR AR, X 38 T A R A vl BE XK B A= ) AR A
UTARSR , FEAF AR BT — PR IR AR S LR 85, FUAE W Z RV E ORI DR A A BN E AL, BRI A BTSSR, Sk
PRSI A Y AR R AU X, A SR T X B A 1 A ) RO BT, B A SR SRR £
W EPRAR L AT R R VG I DY R B <5 AN 1] DX 8 B A 5 R B T L B BIF 9 45 2R s, Bk A B 7 i o
RE™ AR B AR ) 2R, O G TSR IR ) I sie i iz A6 2 T, 7E e ATEN S TR ARIEIS B B, AT BB R A 5 s Y
R ZAEMERCR 2 X R W], SRk A e 2 G [ N A 28 TR A 2R RS RIS
WIfE. FERHES R LE Y ZREVEIE BT REAF A 25 5 WS IR 2R, 10 Lomba 255X 3 v 96 LU iy A< TH 28 O AL 224
SR RSO A A | 5005 B MR B A BT A s A A 2 R 1 R o AR, et 1
(2T % Sh 55 LA PE U SR st A BT T 2R N 2 1 A SR AR SR
R T A TN A 2 SR S A AR 53 A ) TR AR P T HE 3h R, 13
Hh AT e R B SR R R, ELAR D I K S TR (Y SE AV T DR DR A B 1 A M R
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