5538 A 19 1 *t &~ £ Eild Vol.38,No.19
2018 4F 10 A ACTA ECOLOGICA SINICA Oct.,2018

DOI: 10.5846/stxb201709191673
AT , 2 o), AR, T, R T80 2 3 B AR R R D 2T 1A o e AR 3 SR 0 30 SR B K 3/ IR B A 25274417, 2018,38(19)

Zhao Y J, Li Z, Song HY, Zhang J, Liang Q H, Li S H, Liu J C.Responses of nutrient elements of two grasses to the decline of soil thickness and/or
water under different planting patterns. Acta Ecologica Sinica,2018,38(19) .

ARMEARX TAMEREFRTEXNTEEEMKS
% 2D 1Y Al [z

s~ S N Y ) > S 3
RIEF,F A REXR K #HRTE FLE 245"
= DX A AR FR BT AR TR S I A T =W R R A S BHIR R A S PR R R AR R A B, K 400715

FEE O T RIS R J5 20T R AR P X 8 0 - 28 R a1 5 AR I 3R 43 R WAL, BE 4R T AR P (Festuca
arundinacea ) FI JE 22 5L ( Lolium perenne) AWFFEMEL  TE A K S04 408 FIE T 2 b A B [ % I H 3 (T, ) Mk £
(Tg) 1.2 FoK A3 AL B S BEIK A3 (W o ) FITF (W) T 2 FiRRAE 52X (BRRITR Al ) | AFF 5 - 352 132 0K 430D X TR Bl T
FAMYOCE SR BRI, EREH. (1) 5XHBA(CK Ty W) M, EERH4L(S: W) FRA(D: Ty W,)
%+ TR (SD: TW,) , FREEFBE R R AR R C AN SR e SR MR AR (F BRAN) W, P & =A%
TP LR R B R R T 35K S AR R 45 0 B0 I HEAE = R B UK R (S D SD)) Fh B0 st 438 0 56 g Y0 Aol ik A AT, 1
BAERRREFRICR T AR bR B TR T, (2) 7EX RBEEKCE T (CK) | TRFI G 5K 2658 1 i -3
SFCER AMMRP G M E TSR TE B R AR R ITE A L 0 S TR A 3 AR KT T iR B4 S
FRRIRA N R FE RS, (3)TEAFIAKT T RS BEFATS C NP S FREARRITRE B LR 15 R
BFEXS, REW FEMNFECE T, 3RS R FOE 8 C R N JT 3 B 3 I B ) e AR ORI B R R 4 . e
IRFN AT RS REAE IR 1 B BT R R BRI T it 55 5 4 7 A P 22 0 (R R T 114 SR W A T 3 36

KR LR AT R BRITERBEMAR; Ml IR, B

Responses of nutrient elements of two grasses to the decline of soil thickness and/

or water under different planting patterns
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Key Laboratory of Eco—environments in Three Gorges Reservoir Region ( Ministry of Education) , Chongqing Key Laboratory of Plant Ecology and Resources
Research in Three Gorges Reservoir Region , School of Life Sciences, Southwest University, Chongging 400715, China

Abstract: The karst ecosystems in southwest China are extremely fragile and vulnerable. The phenomenon of rocky
desertification has become more serious, which causes karst soil to be scarcer and shallower. In addition, under the change
of global rainfall pattern, the climate in SW China appears to have the trend of high temperature, low rainfall, and frequent
occurrence of the continuous extreme drought events, which exacerbates the frequency and intensity of karst drought. Plants
in karst regions have strong morphological plasticity and physiological regulation ability to minimize the impact of adverse
environmental factors, such as shallow soil and drought. Meanwhile, in order to maximize the use of limited resources,
plants in karst regions may have some ecological niche differentiation to reduce the inhibition of resource limitation on co—

existence species. The nutritional characteristics play an important role in plant growth and physiological regulation, and
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might reveal clues about the adaptive and competitive mechanisms of plants in karst habit with shallow soil and karst
drought. The gramineous perennial grass, Festuca arundinacea , is a deep—rooted plant as the root can be up to 40 cm depth
in soil, while Lolium perenne , with root depth up to 25 c¢m, is a shallow—rooted plant. These two species are both introduced
as pioneer grasses for re—vegetation in karst regions due to their high drought resistance, barren—tolerance, strong ecological
adaptability, high yield and good economic benefit. They effectively improve the local ecological environment and help to
alleviate rural poverty. Therefore, we chose these two species to study the effects of decline of soil thickness and/or water on
the nutrient element contents, accumulation and distribution under different planting patterns. In our study, three factors,
namely soil thickness (T : 15 c¢cm, and Tq: 5 cm), water (W : 120 mL/3 d and W, : 36 mL/3 d), and planting
pattern ( monoculture and mixture) were designed in a full three-way randomized block design. The results showed that:
(1) Compared with control group (CK: T W), the C and N contents in aboveground part, root, and whole plant of both
species increased (except in shallow soil group, S:T W), while the P contents and their accumulations decreased in the
shallow soil group (S: T4W,, ), drought group (D: T, W), and shallow soil plus drought group (SD: T,W,) both in
monoculture and in mixture. The root nutrient distribution ratio of F. arundinacea increased in monoculture but decreased in
mixture at three low resource levels (S, D, SD). The root nutrient distribution ratio of L. perenne increased in the shallow
soil group, but decreased in the drought group. (2) The C content in aboveground part, P content in root, and their
accumulations of each part and root nutrient distribution ratio of F. arundinacea were significantly higher in mixture than in
monoculture at control resource level (CK) , while there was no-significant difference between mixture and monoculture for
above traits of F. arundinacea at low resources levels. (3) At all resource levels, there was no significant difference
between monoculture and mixture for all the above traits of L. perenne. The results indicated that both species had higher
absorbing— resource and defense abilities by increasing C and N contents at low resource levels. In mixed planting,
F. arundinacea could improve its competitiveness by adjusting element accumulation and distribution, while L. perenne

might maintain a constant strategy of nutrient regulation in response to competition.

Key Words: shallow soil ; karst drought; nutrient accumulation and distribution; planting pattern; Festuca arundinacea
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Table 1 The growth situations of F. arundinacea and L. perenne

YyFh KT Bk Plant height/cm IR Leaf area/cm? SR Total root length/m
Species Resource level P M, A M, M, A M, HFp M, AP M,
PFRES CK 564+2.5a/ns  474x10a/ns  657.11093a/ns  576.7+584a/ns  26.6+5.8a/ " 65.2+10.52/ "
F. arundinacea S 27.9+2.7c/ns 30.9+2.3b/ns  226.7+25.7b/ns  225.5+#34.7b/ns  29.4+0.8a/ns 29.2+5.9b/ns
D 40.5+4.2b/ns 40.2+4.0ab/ns  354.0+76.3b/ns  277.0+61.1b/ns  28.0+5.1a/ns 21.5+2.5b/ns
SD 38.3+3.9b/ns 38.5+3.6ab/ns  233.42+39.4b/ns 190.2£26.0b/ns  15.3+2.3b/ns 18.7+1.3b/ns
MR CK 28.2+1.7a/ns 31.9+29a/ns  5234+412a/ns  470.8£733a/ns  53.5x13.7a/ns 50.0+11.6a/ns
L. perenne S 20.7£2.0ab/ns  18.0£0.8b/ns  118.8+16.1¢/ns  163.6+31.7b/ns  45.7+3.4ab/ns 42.7+10.8ab/ns
D 28.0+4.2a/ns 32.0+4.7a/ns  314.8+66.1b/ns  257.6£68.3b/ns  31.6+3.1bc/ns 23.7+2.6bc/ns
SD 17.2+£3.1b/ns 21.2£1.5b/ns  129.0+46.5¢/ns  140.0+34.7b/ns 8.7x1.1¢/ns 11.8+1.7¢/ns

CK: X HRZH, Control; S: ¥ 4, Shallow soil group; D: T 520, Drought group; SD: ¥ 1+ T 524, Shallow soil + drought group; M, : HF},
monoculture ; M, ; TRl , mixture ; RF/NG FAEF R 7 — 24 B T AR K TR 22 5 .35 (P<0.05) ;ns/ * | [ — %K P T S0 HIE F F) 2% 5
HVE(ns,P>0.1;5 =, P<0.05)
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Fig.1 Effect of soil thickness, water and soil thickness plus water on C content of F. arundinacea and L. perenne under different planting
patterns( M+SE)
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Table 2 Results of Two-way ANOVA test for the effects of soil thickness and planting pattern, water and planting pattern, soil thickness plus

water and planting pattern on the nutrient content and distribution ratio of F. arundinacea and L. perenne

F
- B HF IR I hE Nutrient content WRETRTCE N MEL L
. o I 1 JicE Nutrient distribution
Species Source of variation .
ndf Aboveground part Root ratio of root/%
C N P C N P C N p
FIREF TR ) v ; .
P armdinaced Soil thickness (T) 8.95 29.52 2021 ns 2121 478 14.03 2602*** 16,69
Fii st
. * 1 778 0.08ns 0.27ns 0.00ns 0.64ns 21.31 "% 0.08ns 0.05ns 2.78ns
Planting pattern (P})
FHEERERME
T o 7 1 546 424+ 00ns  28lss  210ms 00l 863" 1486%*  126ns
b
K5 Water (W) 1 33657 14377 1271 3.88+ 3.67+ 2510 0.03ns 007ns  0.03ns
T Py 1 1575 0.04ns 0.19ns 1.63ns 0.36ns 21.09***  0.00ns 0.00ns  2.8Ins
IKIPXFETT WP, 1 0.97ns 4.14+ 0.02ns 957**  0.00ns 0.48ns 597* 722 356+
FIEERE K T+W 1 18.59 ***  2381***  17.22*** 0.18ns 793* 1.62ns 0.43ns 1.26ns 0.31ns
TR P, 1 855" 0.65ns 0.00ns 1.63ns 1.24ns 1217°*  037ns  058ns 3.8+
(EHERRE K53 Xl
H3t (T+W) x P, 1 4.02+ 1.68ns 0.13ns 0.59ns 0.20ns 0.91ns 2.6Ins 4.33+ 445+
s TR T 1 523* 1435 710 1.6lns  10.15%* 1250 2944***  2864™** 2097 ***
L. perenne Fidt 7= Py 1 0.42ns 037ns 000ns  1196**  0.12ns 004ns 440+ 55 855
IR R T
Tx P”ZX * 1 1.00ns 2.82ns 1.17ns 0.75ns  3.59+ 1.25ns 9.10**  79*  1077**
P
Koy W 1 1038**  2328* 442+ 10lns  590* 0.78ns 642%  1016**  0.64ns
e Py 1 0.03ns 0.14ns 0.00ns 142% 27Tns 0.20ns 0.01ns 0.03ns  0.24ns
IKGRMETT K Wx P, 1 0.00ns 1.48ns 0.75ns 1.15ns 0.02ns 0.35ns 0.78ns 1.00ns  0.85ns
IR K5 T+W 1 0.86ns 23.16™*  1.53ns 0.62ns  13.39** 51.83*** 327+ 2.18ns  0.0Ins
e Py 1 1.39ns 0.36ns 1.26ns 1170 0.48ns 1.16ns 1.88ns 1650s  0.1lns
(AR KT <
3t (T+W) x P, 1 1.04ns 0.00ns 0.02ns 1.13ns 0.26ns 0.15ns 0.56ns 0.63ns 0.00ns
GBI ddf 18 18 18 18 18 18 18 18 18

ns RIBFNBEKFE(P > 0.1);+(0.05 < P < 0.1); % BEKFE(P < 0.05); %% (P < 0.01)Fl#xx (P < 0.001) e i EKF

XFF R RN AR R ANRF AT, Hoth B AR R P & E 3 R RS IR KT T 50 B HL 34
FIFEAT , HAES UK R IRFE BRI B AR AR P SR 50 S22 573 (F 3),

PR 7 2250 B 3R B SR IRE P R S 3R AR R P & i £ T M P, W FI P, T+W il P, 2
HYERTFH R E LR (E2),
23 BFRLERPEE

TS BN R, SR kU, SRR A L AR ALE C N AT P AR R AR 3 AMIRTT K R A L
Fx BRI ARSI AR, XS B IEKOE T RS AR E AR R C N AT PR R a0 50l b B 8 25 14
117.02% ,100.88% F1 174.01% , HA A& 53 J0 B 3 25 5 (1 4 (LA P BLER &R ) |

YRR S AE 3 MR TEIRAKE T Ht - ARAE C N A1 P AR B e B R AR Fh T 5 %) REAH Eb .
FREAREAAS , HAEA BEIR/KSE T, SR AR A )38 T B 3% 22 5 (I 4 (L) P LR )

BRI R T 220 R W, R F R AR C N FI P LR EYE T M P, W R P, T+W I P S HEAEHI A
S WA EER A N AT P AR RAE T A PR AR F AT A B ER(£3),
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Fig.2 Effect of soil thickness, water and soil thickness plus water on N content of F. arundinacea and L. perenne under different planting

patterns ( M+SE)
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WEERO, WAER A+ T R R E R, B REENRA C N M P IR AR AT 535 H i
il b 2B FRAIK 31.54% ,40.21% 11 51.93% , HA B0 N IR FI %A W25 (K S5) .
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Fig.5 Effect of soil thickness, water and soil thickness plus water on root nutrient distribution ratio of F. arundinacea and L. perenne

under different planting patterns (M+SE)
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