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Relatlonshlp ‘Between the Vegetatlon Community and Sml Nutrient and Enzyme

Act1v1ty Durmg the Restoratlonf()f -fAbandoned Land in thé Loess Hilly Region™
QIAQ Wen-jinz"? ,/DAI Yin-yue'’, ZHANG Weil: ¥, FU Shu-yue'”, YAING Gai-he' ", HAN Xin-hui'’ GHEN

Zheng- xing' GAO De-xin'?, FENG Yong zhohg' y r
(1. Clpllege of Agronbmy, NOI‘thW(-‘@t A&F| Unlver@lty, Yanghng 712100, China; 2: Shaanxi Engineering Research Center of Circular
Agrlculture deglmg 712100, China) < A

Abstract,‘The trends of and relationships among the plant -(-tlommunity, soil nutrients, and four soil enzymes were investigated after
being ab;lfldoned for 10, 15, 20, 30, and 45 years to reveal the soil properties during the restoration in the Loess Hilly Region. The
results indicate the following ranking of dominant plant community species: Artemisia scoparia — Lespedeza dahurica + Artemisia
sacrorum — Artemisia giraldii + irons Artemisia annua — Bothriochloa flaccidum + Artemisia selengensis. The ranking reflects an
increase along the chronosequence of abandoned land. Moreover, the ratio of the total species of Compositae, Poaceae, and
Leguminosae decreases from 66. 67% to 50% and then increases up to 75% . The SOC, TN, TP, AN, AP, and four enzyme activity
types (ALP, CAT, UE, and SC) increase but respond differently to restoration, while the stoichiometric ratio fluctuates. In contrast to
the number of plant families, genus, species, and plant diversity, Compositae, Poaceae, and Leguminosae have major effects on the
soil nutrient and enzyme activity, which explains the total variation of 72. 8% , 69. 1% , and 66. 0% , respectively. The effects of these
three families on the soil enzymes are greater than that on soil nutrients. Poaceae and Leguminosae have a positive effect on the nutrient
and enzyme activity, while the family Compositae has a negative effect. Overall, the changes of dominant species of grassland
communities during restoration significantly affect the soil enzyme and thereby are responsible for the soil nutrient dynamics.

Key words : Loess Hilly Region; abandoned land; vegetation community; stoichiometry; enzyme activity
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Table 1 Characteristics of the soil sampling sites and basic soil properties
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20 1 440 18 R 15 E108°12.521"; N36°51. 135 9.4+0.08 a 1.19 £0.01 b
30 1425 25 R4 20 E108°12. 667'; N36°51. 333’ 9.14 +0.19 ab 1.19£0.01 b
45 1541 24 R4 16 E108°13.401'; N36°53. 331" 8.63+0.21b 1.11£0.03 ¢
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Table 2 Number of plant families, genus, and species for different years of abandonment
ERA MR MEE MR — L SO ST
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10 6¢ 12¢ 15¢ 5 2 3 10 66. 67
15 9b 16b 20b 5 2 3 10 50. 00
20 Ila 20a 24a 5 3 4 12 50. 00
30 9b 16b 19b 3 5 5 13 68.42
45 Te 12¢ 16¢ 3 4 5 13 75. 00
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Fig. 1 Principal component analysis of the plant species

distribution in the grassland community
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Table 3  Importance value of the plant species in plant communities in different years of abandonment/%

o # o PR a

10 15 20 30 45
IS} Glechoma longituba JEJER} Labiatae TG IMFHE Glechoma 1.12£0.09 0.23£0.11 0.2 +0.04 — —
FH 2 Dracocephalum moldlavica JEEF} Labiatae W 22J& Dracocephalum 0.87+0.19 2.95+0.09 1.93 0. 11 — —
H® Glycyrrhiza uralensis T #} Leguminosae H®J& Glycyrrhiza 9.4 +0.89 — — — —
iK1 B R T Lespedeza dahurica oA Leguminosae il Lespedeza 5.71 £0.51 10. 16 £0.5914. 83 +0.33 8.85+0.19 9.53 +0. 08
ZACTART Lespedeza floribunda T8} Leguminosae AT IR Lespedeza 6.55+0.57 — 5.34+0.32 6.55+0.5
PE M BFYLEH Thermopsis lanceolata TR} Leguminosae FFYeiAJE Thermopsis — 5.76 £0.09 — — —
EHTF Vicia bungei 5} Leguminosae TGS Vicia — 7.37£0.2 — 5.68 £0.3 —
BALHORE Melilotus officinalis 55} Leguminosae TREEIE Melilotus — — 6.4+0.43 5.54+0.16 7.3£0.26
FIAEELA R Melilotus alba R Leguminosae BUOKBRIE Melilotus — — — 5.34+£0.08
FORBRRIEE Astragalus melilotoides T8} Leguminosae WHIE Astragalus — — — 4.41 £0.33 —
K148 Gueldenstaedtia multiflora oA Leguminosae 7Kl:] 188 Gueldenstaedtia — — 0.79 £0.05 — 4.66 0. 37
LIHTE Medicago sativa TR} Leguminosae 15 )8 Medicago — — 5.86 +0.13 — —
KEFF Stipa grandis RAF Poaceae ’ff%}% Stipa — — 7.38 £0.33 6.36+0.35 4.23 +0.38
KAEH Stipa bungeana RAFE Poaceae EENE Stipa — — — 4.51£0.31 3.4420.36
FEWEL Roegneria kamoji RAR} Poaceae TEMELE Roegneria 10.25 £0. 48 — — —
TR Poa pratensis RAR} Poaceae RBIKRIE Poa 8.48 £0.43 8.56 +0. 31 2.34 £0.27 —
WL Leymus secalinus AAFL Poaceae TR Leymus — 1L27£1.085.24£0.22 5.66 £0.27,472 £0:33
BT Calamagrostis pseudophragmites KAE} Poaceae WTFIE Calamagrostis — + 9.43:0.21 — . J ' -
F12E%E Bothriochloa flaccidum RAF} Poaceae ~FLFEL)E Bothriochloa . + 8. 7+0:16 13 69=+0. 31
ZAMESE Viola dissecta HFL Violaceae | %ﬁ% Viola — -+ 0.35 +0.08 — ..l“'ll —
SAEMLT Viola philippica HIER Violaceae WK Viola 1074045 — | 0.68:0.03 203017, 5”52 £0.31
W /R ZE M EEAE Heteropappus altaicus KRt Comp“as'itae j FEAEIR Heteropappus 5.25%0.24 9.43+0. 42 5143 +£0.2 —+ '\- 4. 41 10/ _.-’A)
WEE Artemisia scoparia 2%} Compositae %E Artemisia 23. 56 +1. 06.,14 73+0.83 —
AT Es Autemisia sacramm"" 3%} Conipositae; r.}% Anemma 7.89/%0, 15 31 0.3 “16 49 £0.5612.74 £0.41 9. 05 £0.15
2 .Artemwm glrald}i‘ ] J L Composila'é"‘“ e Anemma ".T"” 9 05 0429 8 03 +0.17 15.42£0.22 13 45 +O.-3'4
fiHidncarvillea s‘menm" " Bkt Cpniposita'é" (il E Artemisia ,ﬁ 3.84 +0.57 4.61 +0.51 —{ -
TILSE (Cirsium seto§um !. B Cotnpositae /* | E"E dmum 5. 5.5 té.{lﬁ ﬂ“_‘ | 2/43£0.2 — - — g
i 323 Iveris polycé})hala Eap Composil”gl‘g.‘ :"'I W3R veris 6,55 10 09 — . 4.92 +0.28 —r"’i
BITIZ35 358 Potentilla discilor iR Rosaceac KR Potentilla 3.25/+0.2671.12+0.07 0.68 +0.16 ~ — —
“GURPPenilla bifirea | 7 WHFF Rosacee | g ZoBs 3L Potaneilla 45:0.58 1.23:0.1 0.840.11  — —
4 Duchesnegiindida ' 4R} Rosadeae g gl Duchesnea — — 252014 3.49£0.21 5.160.35
Wt Patring scabiosaefoli® WAt Valerianaceae  WOEIB Patrinia — 4.1£0.23 2.11:0.13  — —
i) Planiago asiatica ZEHF; Plantaginaceae  RiJ& Plantago — 1.25£0.01 0.68 +0.01 — 0. 83 0. 06
K5 Chenopodium glaucum HiR} Chenopodiaceae il Chenopodium — 0.29 £0.05 — —
WESE Salsola collina Rl Chenopodiaceae WEXE Salsola — 0.5+0.08 — —
FIWIAL Calystegia hederacea JEAERE Convolvulaceae  FTHIAEIE Calystegia — 0.56 +0. 08 — 1.16 +0. 18 —
HBE Convolvulus arvensis WEAERF Convolvulaceae BEAE)E Convolvulus — 0.28 +0.06 0.43 +0.07 — —
KAEL Clematis hexapetala FE A Ranunculaceae BRRSEIR Clematis — — 1.77 £0. 11 — —
INSESE Bupleurum tenue AJEAE Umbelliferae SR8 Bupleuwrum — — 0. 89 +0. 06 — —
R4 Delphinium grandiflorum L HFl Ranunculaceae  ZRAEJE Delphinium — — — 1.9+0.24 —
PEEL Rubia cordifolia PR} Rubiaceae VLS Rubia — — 0.69 +0. 16 —
YT & Polygala linarifolia TEHEE} Polygalaceae 5 s Polygala — — 0.25+0.09 —
EHEEE Geranium wilfordii 4 )LHiA} Geraniaceae EMSHE Geranium — — — — 1.57 £0.27

MIETE 10 a 9 4. 69 g-kg ™ BEHINEIETE 45 a 1)
11.15 g-kg™", MIHLIEIN T 2.38 fi5; 118 AP 1£ +
goh a5 SoC MF, MIEFE 10 a i1
0.5 mg-kg ' W EWMBNFETC 45 a (92.05 mg-kg ™',
LRGN T 4.1 fi%; 148 TN, TP & 2 bl & 250 4F
FEL () 14 i 2 S0 JR ik ) R A, ELIIHEAE O 30 a ik
KAE, 758 0.73 g-kg ' 50.56 g-kg™'; 14 AN

i Bl A PR AR BRI 2 ST R S ke g, ER
Bt 15 a Wik F/ME S 23.32 mg-kg ™' BAISE G,
B RO RS PR AT IR B BS N 2  2h
RIBEAN.
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Fig. 4 C, N, and P stoichiometry in plant communities in different years of abandonment
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Table 4  Correlations between the importance of the three families, soil nutrients, and enzymes
WiH EERIIRS £ e ARA ARWE MR o AR I it FERHG
: S0C TN TP AN AP ALP CAT UE SC
#HE} -0.968™  -0.874™ -0.500 -0.773"  -0.924™  -0.948*  -0.735*  -0.973*  -0.835*
RAFL 0. 879 ** 0. 877 0.548* 0.792* 0.824* 0.919* 0. 621 * 0.901 ** 0.920 **
TR 0.964 ** 0. 860 ™" 0. 490 0.732™ 0.905 ** 0.920 ** 0.719 ** 0.948 ** 0. 804 ™"

1) # = F/R P<0.01, = F£m® P<0.05

FEIFMXE(P<0.05); TF5 SOC, TN, AN, AP, ALP. CAT, UE #1SC 2% B F FME(P<0.01),
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