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Growth response of Lolium perenne L. under different soil habitats and water

conditions based on container partition in a karst area
SONG Haiyan, ZHANG Jing, LI Suhui, LIANG Qianhui, LI Ruoxi, TAO Jianping, Liu Jinchun "

Key Laboraiory of Eco-environments in Three Gorges Reservoir Region ( Minisiry of Education) , Chongqing Key Laboratory of Plant Ecology and Resources

Research in Three Gorges Reservoir Region, School of Life Sciences, Southwest University, Chongqing 400715, China

Abstract; Bare rock, uneven soil thickness, and drought have resulted in a harsh habitat in karst areas. Therefore, plant
growth in these areas requires more advanced adaptation strategies. To explore the effect of unique soil habitats on
herbaceous plant ( Gramineae) growth under different water conditions in a karst area, we selected three container types
[ control (CK), deep (D), and shallow (S) ] for six soil treatments in the following combinations: CK-CK, CK-S, CK-
D, D-D, S-D, and S-S. Root growth, biomass accumulation, and root spatial distribution of Lolium perenne L. in different

water levels (W,, W,, and W,) were observed. The results showed 1) with sufficient water (W, ), the root length,
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diameter, surface area, and biomass of L .perenne in the compound containers that contained S or D were lower than that of
the control (CK-CK). The degree of inhibition of L. perenne in treatment combined with shallow soil containers (S-S, S-D,
CK-S) was greater than that in treatment combined with deep soil containers ( CK-D, D-D). The root growth in treatments
containing S (S-S, S-D, CK- S) were more inhibited than those in the treatments containing D ( CK-D, D-D). With
reduced water content (W, and W,) , root growth in the compound containers that contained D (D-D and/or CK-D) was
significantly higher than that of the control, whereas it was significantly lower in the containers containing S (S-S/CK-S).
2) Comparing root growth in two sides of one compound container, we found that under W, both deep and shallow soil
inhibited plant growth. Under W, and W, , root growth of the S sides was inhibited severely. However, root growth occurred
in the D sides. 3) Under W, the root—to—shoot ratio was not affected by soil space. With decrease in the water content, the
root — to — shoot ratio increased in the D compound containers, whereas it decreased significantly in the S compound
containers. Thus, the physical space limitation of different soil habitats affected plant root growth and biomass accumulation
and distribution; however, the decrease of water content could change these responses: with sufficient water, soil physical
space was the main factor affecting root growth and biomass accumulation and distribution. Correspondingly, L. perenne
mainly developed shallow roots. However, when water was reduced, L. perenne roots could not obtain enough moisture in the
shallow soil to supply metabolic growth activity. Therefore, L. perenne generally distributed limited organic matter to the
roots and strengthened water absorption through root elongation, surface area and volume increase, and diameter thickening,

to enhance drought resistance and improve adaptability to shallow soil and drought.
Key Words: karst; soil habitat; drought; Lolium perenne L; biomass
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Fig.1 The influences of different depth of container treatment on root length and root area surface and root diameter of L. perenne under

different water conditions

AN FRER IR A AR A 0] 1) 22 5 0 B PE (P<0.05) 5+  FORAb PRI W i 2 1 25 57 (P<0.01) ,ns FoRAbIE) TE B 2 5 R
EHRER R AR A G A2 P T X, AR L3153 X wg « 5 KX JE sufficient water control; wy : 17K Ab | medium water
treatment ; w, : fR7KALEE | low water treatment ; CK-CK ; X HR 25 4% - BEZ5 4% , control container-control container; CK-S : X} B 25 #%-7& £ 25 4%, control
container-shallow conlainer;CK—D:Xd’ﬁﬁ?ﬁig‘g—?ﬁiﬁg‘g,control container-deep conlainer;D—D:ﬁiﬁ%&-%ﬁiﬁ%&,deep container-deep container;
S-D.: k- AR 1245 , shallow container-deep container;S-S: w281 A48, shallow container-shallow container
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Table 1 Results of two-way ANOVA on the root length, root area surface and root diameter for L. perenne

T 2 F

Sources of variation K Root length MR T Root surface area M E A Root diameter
4% Container 123.083** 66.556 " 10.231**

K4 Water 34.168 " 3.662% 0.056"™
ZE8xIK Y Containerxwater 34.620 " 18.590 ** 5.325"*

% FerRAL BLE] AT 25 7 (P<0.01) ,ns FRR AL 3R] JIC fik 3 1 22

Xif L[] — &b BEAN [] 25 0 DX Hp S B AR AR DL & I AR K A3 AR BT, TR BOAR R A K A8 AR (IR K R AR
B MERE) 7E CK-CK,D-D Fl S-S A BRI ZE47 40 X N A B 25 57, P IX Y SEA e R AE B 19 50% 2247,
{BYE CK-S,CK-D A1 S-D PR A A 3 KN 22 5 i . 24 CK 5K+ S BAsd G I 78 3 Bk 50T S XAR
FARKYZRNEIH ;2 CK 5 1 D G0 FEm AKX ST D AR Z 2] B K =i 2
JEa R, D XA RIG KA E Mk £ S AR D Bl G0, fEm AT AT i+ S KIRAAK S
Pt T+ D X2 2] E 24K 20 A s, D XA R K & W3, S Kbl (8 2,5 2) .,
212 WRAEYE

FEARAK AR T YA 2R B 21 A T 7 s - A sk AR AR 9 i 5 6 BR ( CK-CK) M 1, Y978 R[]
TR R, (BA R BRSO A AL PR (CK-D,D-D) F IR ER T4 % L AR 094 A 4bHE (S-S, S-D, CK-S) ,
AR ZS AL | Bl G 7K o & BRI R R A YA B i (1. 2) .

TEARA K ML BER | BE 3 B A AR 2 2B B9 7 CK-CK, D-D FI S-S 4b JH A4 25 A5 43 X PN JEAS 4 35 78 i f2 1)
50% %47, {HAE CK-S,CK-D 1 S-D AbBRIYZE AT /- XN 22 57 b 2 . CK-S b B rp (R K0 554 T S KR &R
Y2 ], HAR AR P 5 W X R A 16% 18% 1 27%, CK-D b k6 BB 4A1E R D IX AR & W i
ZEANE] HARA i R PR 9% , BB /K 3 BRI R A I, D XA 2 52 3 By 30 i w2 | 7E oK 5%
P MG AR R AW o Tk 51%, S-D ARFE Sk BT D XAR Rz B, AR RAEY & 5
2R 33% A0 257K 53800 2 aa i, D AR A 9y i 238, 76 oK FIROK 5504 23 i3 2 82% 78% (£ 2) .

K2 BREFHRLETESRBK BEVESZENESIL/ %

Table 2 The percentage of pot size treating at each district accounted for the root length and root biomass

$a k7 b3 CK-CK D-D S-S CK-S CK-D S-D
Index Treatment CK CK D D S S CK S CK D S D
iESN W, 51 49 43 57 49 51 86 14 92 8 81 19
Root length W, 49 51 54 46 49 51 97 3 59 41 4 96
W, 61 39 50 50 47 53 78 22 50 50 19 81
WY& Wy 45 55 51 49 53 47 84 16 91 9 67 33
Root biomass W, 49 51 50 50 39 61 82 18 68 32 18 82
W, 48 52 57 43 44 56 73 27 49 51 22 78

Wt i K IR ,sufficient water control;w, : oK &b 3 ,medium water treatment ;w, oK A 3 ,low water treatment ; CK; X IR 0% ,control container;
D. R4, deep container;S; HEA ,shallow container; CK-CK ; X if g Sy o gl , control container-control container; CK-S ; X} BARELA
#% , control container-shallow container; CK-D; Xt if R LA , control container-deep container; D-D . W B IR T B , deep container-deep
container;S-D; ¥ + & #5-IK T & 4% , shallow container-deep container;S-S: w21 4%, shallow container-shallow container

2.2 ZEAndA AL IR R FAE ) R R 3 T A S
221 BAYE

FEARK S AT Y45 2R b B 20 5 1 v+ BR - A5 g i, PR B S A i 5 6 B (CK-CK) A/ L, 1
AARRRBERN TR, HHE THELESNA AL (CK-D,D-D) IR TAE T L A4 kb B
(S-S,S-D,CK-S) . WUHZE I 2243 H12 WH 22 28 FUAS A K oAb BRI X B A= e g B s HAEF (% 3) .
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Fig.2 The influences of different depth of container treatment on root biomass of L. perenne under different water conditions
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FERIK S (W) BE R A REAS TR B AR A2 0040 B 2 25 %MK (P<0.05) |, HFFIK
7B R S-S>S-D>CK-S>CK-D>D-D , FEAK i 52 43531 4 80% . 77% .64% 46% F1l 36% , I+ H., H ikt 5544
A AL (S-S .S-D [ CK-S) H B A B LAY B E LT AR A A LA AL B Ko BRI R oK 4544 (W)
B AA THRE D AT (CK-D .\ D-D) B AR B AY R D E S TAE L S A4 A (CK-S.S-D.S-
S)., H CK-D b3 GA Pyt AH L IR A B E 34 T 167% (P<0.05) , A T+ S A4 A (S-D.S-
S) AW B AR T B LA B 43 5y 48% 1 71% ;AR /K 5544 (W,) T, S-D AbFR R i B2k Wi o v
FXHR (P<0.05) , IR 15 101% , {5 S-S 7% fi b P v B S w06 i A ) 0 Wl 2 (%A1 T 66%, D-D CK-D Al
CK-S AbHER () A= i S R AIAH L TE R 22 5 (B 3) . WUR R 7 22 0 M B A S 2 R B AL B 7K 43 A # DA
B R W22 AR A SR Y p e A A B E M (R 3) .

R3 EXEEYSREYVESTRINERHTESHT

Table 3 Results of two-way ANOVA on the biomass and biomass distribution L. perenne

J5 2R F

Sources of variation Hb_F £ Shoots biomass SR Total biomass ML Root shoot ratio
75%% Container 38.652*" 47.923 4.689

K53 Water 7.037** 8.685*" 0.881*"
ZEAExIKS) ContainerXwater 27.477*" 26.358 " 12.262**

o R PRI M 35 P 25 5 (P<0.01) ,ns RoRAbIR R JC i P25 5=

222 Rt

FERK A (W) T, B CK-D Ab3F JASZ B AR Jef be o 25 AR AT, AR 25 2 A B AR e L R 32 31t
HR (P<0.05) s 7EHK R (W) T 1 G TR 254 B9 B e LU 346 T i py a3 Horh D-D 78 Ak Hi
AR TEE LY LT BRKSF- i 34 T 88% (P<0.05) , T At 75 g A B vy ¥ AR e LU AR A2 B 7K J3 AT Sk 1 5 il 5 72
A GEAE (W) B, BRI T2 4 AR P S-D | CK-S | S-S H R & RLAHLTE L 34 i PR AR (P<0.05) , LR AR e 2
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Fig.3 The influences of different depth of container treatment on total biomass and root shoot ratio of L. perenne under different

water conditions
ARG FRER IR A AR A 3R] 1 22 7 1 M (P<0.05)

SRR T 62% 57% 1 42% (18 3) o SR ETT 2200 Wik W], 2 as Ab B K K 73 55 845 Ak B 52 B A )
MO LR i B BT (R 3) .
3 it 54R
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