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Growth and photosynthetic physiological responses of Lolium perenne L. to water

stress in the simulated karst soil habitats

ZHANG Jing, LI Suhui, SONG Haiyan, CHEN Jinyi, WANG Jiamin, LI Ruoxi, YANG Jing, TAO Jianping,
LIU Jinchun”

Key Laboratory of Eco-environmenis in Three Gorges Reservoir Region ( Minisiry of Education) , Chongging Key Laboraiory of Plant Ecology and Resources
Research in Three Gorges Reservoir Region, School of Life Sciences, Southwest University, Chongging 400715, China

Abstract: In karst area, the soil thickness is uneven and the soil habitats are highly heterogeneous. Shallow soil habitats
with shallow wide soil are formed on hilly slopes and deep soil habitats with deep narrow soil are formed in the rock
trenches. Availabilities of underground space and soil moisture are different in different habitats. The previous studies have
focused on the ecological effects of soil thickness changes. However, the underground space is also very important for plant
growth , even exceeding soil resources. Therefore, studying the effects of soil thickness on plants must consider the important
roles of soil moisture and soil space. In this experiment, we used the perennial grass Lolium perenne L. as plant material.
Simulating the soil characteristics in karst habitats, we set two kinds of soil containers including shallow and wide ( SW .
30%30x5 ecm’) and deep and narrow (DN: 10x10x45 e¢m’). Taking average daily precipitation in Chongqing for the past

30 years as the control water, three water treatments were control group ( normal water conditions, W100% ) , mild water
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reduction (50% reduction, W50% ), and heavy water reduction (70% reduction, W30% ) , respectively. The effects of
soil moisture changes on the aboveground growth and photosynthetic physiology of L. perenne in two different soil habitats
were explored to further understand the adaptation strategies of plants in karst area. The main results were as follows; (1)
The SW habitats were sensitive to soil water changes, and soil water content in which decreased significantly with decreasing
water application. Under mild water reduction, the growth of aboveground parts was promoted, mainly in the increase of leaf
area and photosynthetic rate. However, the growth and photosynthetic physiology were inhibited under heavy water
reduction, while the aboveground mass fraction and water use efficiency increased significantly. (2) The DN habitats had
better water retention capacity, in which the soil water content decreased slowly with the water supply reduction. The
relative leaf water content, stomatal conductance, and specific leaf area were not significantly different among three water
treatments. However, the total biomass, the aboveground mass fraction, and plant water use efficiency all rebounded under
heavy water reduction. Overall, the results suggested that plants in shallow and wide habitats tended to maintain higher
photosynthetic rate by increasing the growth of aboveground parts, and distributing more biomass in the aboveground parts to
cope with water stress; while plants in deep and narrow habitats sufficiently used soil space to promote root growth to

increase water uptake for maintaining plants growth.

Key Words:; limestone; drought; aboveground growth; biomass allocation; water use efficiency
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PRI, AS I G A A4 AT 538 P DRI % P D 802 ) 2R R SR FEAN AN AR A s ) R A A W)
IR AR RO G A BRI T S8 A 5K 70 78 AR, 5 5 AR i IR 5 AR [R] — B ) Py 42
2 AR R R B g, DT 2% A 58 Hh O S8 ) T 52 B0 TR S K 23 s, T+ 5205 ) 7K S 2 R Y
S AR A —E B AMEFE T Rt BRI . (1) R FE A3 | B (K B il | Mk o3 s
TRERB, IF EAE YR ZR YN A RS2 B, AR A DG 5 44 AT RE 2 52 IR MR s 2 BE WK A5 0 AT RE 2 XAl
WA A7 A — R, A A A (AT 2R 5 (2) TR AR AR S B UK BRI T B B B
G RIPROKRE ST, B L 8K 70 5 PR RTREAN W2 (AR R MSOK 70 5 B 50 B AR L2 | R AR R A 1) A s
AN, AT b A= KRG T e 232 2 .

1 HESF®

1.1 SEEpR

PIRAT, LS4 B B ¥ ( Lolium perenne L.) AW R , PTG L ) B 0 K R i 1 , 3
AHAEMR K . pH o 7.420.14 A AT N 0.34%+0.02% , 2R N 0.28+0.03 g/kg, &N 0.39+0.02 g/kg, 247
N 23.743.22 g/kg, Ha]F/K &K 39.8%+2.23% , HIEEELH 0.013 g/cm’,

1.2 SRk

S5 F DT VY R A A 2 el S 5 L kb M (3 P TOUH , DU R ) (29°49'N,106°25'E) N AT, IR
225 m, J@ W 2 AR

AL ST 1T 5 (SW) AR T 28 ( DN) PR R A9/ NVAEBS 23 IR K R 30 em (N 5 em ALK
10 em 52K 45 em [FFPHLRE () AE BTARAE 25 4% , INHREA 5 AU RS — S0 JE SRS JISHE B A /L LLE
HIRGE ; A X R R 0 | B 2 ki s/ N H4 5] FRBUH A BTt (29 5 kg, 5454 HOFE55) BIASE
PR, DA PGIE 30 AR R AY H HIRE K (2.63 L/m?) FHFE K 8] B R E (3 d) g %k BE $22 B8 i AROR /N33
P25 B A R B DK B S E S /K B (W100% ,SW . 711 mL/3 d;DN:78 mL/3 d) , FF7EI LAY [ i/b 509%1E
R E P K AE B (W50% ,SW :355.5 mL/3 d;DN:39 mL/3 d) , J8i/b 70%1F 5 el K 4 3 (W30% , SW:213.3
mL/3 d;DN:23.4 mL/3 d) .

LT 2017 4F 7 H 9 HIFIRIEFIE W, 15 d FRREAG LI Pk R8s — oD, #HiE AR K,
a4 L R, 2 e e B K — B R (BRI 2 40 em) T 9 H 21 HIFUR/K AL EE, F4H 6 AL B,
HAEHA 8 AER .,

1.3 FEtnilE

IKAAL I 60 d JEUSCHRAEY) , BOR T e — 6 K LA Li- 6400 fEEEADGS 43T (Li-COR, USA) ]
ENCHTENR, B FERE 3 MM , SRR R 1 R T BERY )2 H 58 4 R T A A B i e I
Homt e RO B TR ISR, B R E A 3 Uk, M e B R R s ] S = A AR A
Y ( STDI600Epson USA) ALY F I F WinRHIZO ( Version 410B) AR & 7T 2 Gt A4 ( Regent Instrument
Inc., Canada) Z3HTARic #02 A I FR , {d ] Li- 6400 File Exchange 2.04 43T 8445 B 4 A0 BRAYYC & 280

K P IFEFLAR 1 mm G Bk T AR R | e A MR 3P IS0 = FREF 5 T 60 °CfE IR HLAS it T
ZEE,FRTE, &R E R S5 59 B [k A5 B M 5056 ==, AR FHEC e B i G Rt i 9
WinRHIZO R 2R 7387 RGPt A, v A MR AR 4 B B — BG83 it |, B i A Kt
B IR ZERK T RIS S5 0F T 58 =30 24 b U 5 B ARIEE 3R /K 43, PRELM- (A o, i A i i R o
JE 8T 105CHAFE TR 30 min, I T 60°C fHIRAFE h T R HE Fr@EA 8t F T8, KEnita
.

AR X5 7K 3 (Soil relative water content, SRWC ) = -3 & 7K i ( Soil water content, SWC )/ H [A] 5 /K i
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(Field water holding capacity , FC) x100% ;

He M- T FR ( Specific leaf area,SLA )= gl AL/ B A+

AR HE R ( Leaf area ratio, LAR) = G F TH B/ A K B R

I AH X 7K 4 ( Relative leaf water content, RLWC) = ( B & — B 8 ) /(BRI 4f F&f B — B0
H ) x100% ;

IKIFF B (WUE) = 0653 (Pn) /78R (Tr)
1.4 BdEatr

K JH SPSS 22.0 FAFHAT IR Z 7 225001 ( Two-way ANOVA) 875 + 1A 58 K4y L K 3 55 5K 4y
22 AR R 2R R E R AR K A R R 5 BB E A RS20 5 ) Origin 2017 X &P HR
PEATEE

2 #R

2.1 EHOKRL

Bt 25 it K /L, SW A HE S KR 2 FRAIG, W30% B eI, BRAR T 30.38% , ik 2 & )% 5K F; DN 3
B K AR A A SN 255, W30% B AR T 15.85% , H. W30% 5 W50% JC i 3% 22 5, Yk 3 1 5L KF
(R 1), FEMIER, ZIHERIK SBT3 K B A 3 AR XTS5 K A W B 35 ), FLW & 2 R 2 A
Wi R HAER (£ 2)

F1 AEIKSAIRI R EEF AT LR RN CFIEhREDR)

Table 1 Effect of different water treatments on soil moisture in two kinds of containers (SW and DN) (M+SE)

SW DN
s _ _ _ _
Water teatments A U &k LHE K Uk
Soil water content/ % Soil relative water content Soil water content/% Soil relative water content
W100% 20.24+0.25a 51% FC 20.32+0.77a 51% FC
W50% 16.26+0.19b 41% FC 18.42+0.45b 46% FC
W30% 7.37+0.24¢ 19% FC 17.10+0.33b 43% FC

SW (1 5 1 3% , Shallow and wide) , DN (M % 3% , Deep and narrow) , FC( [ [a]#F7K i , Field water holding capacity) ;/NE F 1R R 7E 0.05
IRV IR Ab 2 ) HA B 2 5

F2 TEASRENBERFTESN

Table 2 Two-way analysis of variance of soil moisture

F
Ji 22U _ _
Source of variation dHeAb koAb 3 A IEA XK S Ab B
Soil Water Soil xWater
+ e 5K & Soil water content (SWC) 7.40** 50 03 %% 16.78 ***
EHEAHXT 7K A Soil relative water content (SRWC) 135.77*** 188.60 " 73.25°"*

% % FR P <0.01; * # xR P < 0.001

2.2 IR

Bl 5 it K FE s/ SWorf B B AR S K e T R R BRI DN i R BE R (K 1), E
SyHTRWY RIEXT I AR X B K R B SR K o A G A 2 S e (R R 2 R 3 A ELAE
(%3).
2.3 b BIEASRHE

Bt %5 it /K /b, SW R DN A B A B fk = | I T AR EL SRR B I T R Y B B T S R R S {H DN R =3
H AR FE RN T SW . J5 22400 8 B, R IBERI7K 43 Ab ST PR =y | i TR LU 28 0 Lt T AR A 0 25 e, {H
P Z A = AR AR PR T R E AL TAE (£ 3) o
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Fig.1 Effects of different water treatments on leaf water content

of L. perenne in two kinds of containers (SW and DN)
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Fig.2 Effects of different water treatments on aboveground growth morphology of L. perenne in two kinds of containers (SW and DN)

W100% Z51E43 T T REAR 27.72% F1 40.47 % , 7% 15 HOR AR AL B AR L a3 S5 7E SW HH—3(B 4) . 20
Br W], R IERK S 4 B R R s o 30 o 2 O B 25 52 ), O HL P =2 (R B A B 25 28 HAE T, B
YAIL TR A B, HE Z s A BEL M (E3) .,

B 2 it K /L, SWrf B BK A R AR B W T =, A EE W1009% 25473 51 5 36.24% Fi1 215% ; DN
HTE W50% 2544 Lt W100%1I% 27.13% , 1fii W30% F5 W100%AH2ZE A K (E 4) . Fr 200N, LIERK
XA o R R R A W 5, OF HL 3 2 (R L i i e BRI (2 3)
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Fig.3 Effects of different water treatments on biomass accumulation and distribution of L. perenne in two kinds of containers (SW and DN)
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Fig.4 Effects of different water treatments on photosynthetic physiology of L. perenne in two kinds of containers (SW and DN)
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Table 3 Two-way analysis of variance of some indicators on aboveground of L. perenne

F

J5 2R
Source of variation T-Heaba K3 Ak B +- AL B >R S b B
Soil Water Soil xWater
I F AT 7K B Relative leaf water content( RLWC) 0.73ns 6.01* 3.19ns
¥k Height 9.03** 4.63* 2.37ns
ML LL R Teaf area ratio( LAR) 4.75* 481" 1.77ns
He T AR Specific leaf area( SLA) 717" 431" 0.84ns
AR Total biomass 0.70ns 1.25 ns 0.97ns
Hb A= Shoot biomass 3.04ns 0.46ns 0.19ns
Ho_E 208 Shoot mass percentage 17.30** 9.83** 4.60""
64 % Photosynthetic rate (Pn) 17.03 *** 14.77 %%+ 15.72 =
55 ML Transpiration rate( Tr) 5.19* 109.75 *** 671 %
S L5 ¥ Stomatal conductance( Gs) 1.32ns 0.54ns 1.19ns
KGRI Water use efficiency ( WUE) 7.99 116.43** 86.43 "

# TR P < 0.05; % * TR P <0.01; % # %R P < 0.001;ns F/RTE 0.05 K FIA BEES

3 e

3.1 AJE] A S R ROK BE T R MK oA R By 22 57

SRS LR B B, AEAR BLE TR AR S) BRI AR (0 A R s 18] R (0 A KA AR A A
R . AR LA T S B ORI 25 (] 25 5, (ROK BE I AF W 22 5 . ARWES0h  FE ki
it AT e S IR B A Tt K R 1 el T 3 AR, A A R X BEOK R 1Y) 309 I S KR A
BT RO MEDRITAS AR S | F 4 5 7K Bt e 7K 5 A Wl T AT s 4 AR %) 22 1, e K
IO ROKER B 309 I, 13 S K FUA B R R OKF, B K D 0 ROK R Y 509 T Y S K B
T FEIES AL, TR G A B S R R AR o A s AN PROK RE TS R A M A 3 A A 2 R T
HABGRRKEES

I3 —Ji i, LRI XA A R EA SRS T Sk, L S AR R WORBE A S, R M
WA R AT LS et - K A A RO TE KR T R T 7 A A B v Y - K
I 225, SN R 5K, £ HOR X FE R (51%FC) |, (B 98 - 48 b5 v PR A2 S iy e A x5
IR AN AR T IR T A% A B W R R 3R R AT 8 B 322K 7 2 PF T T 5 - 48 A 5 1) K 4y
APA A R A R, AR TR o TR I R T K o BRI AG E A TR I A b A 85 T BE
SRS D R R MR A K o S AR AR LK S AR AN B

SR, 25 P - M A S5 2 TR 3] o B8 RPN AR A A T B M A 05 v RS e g It AR 5 K
P IR AR AT ST R K BE 7 4 08 TR T 2% M A 5 SR R 8 R e AR I S R B, DI RS T E
A5 v A wEIT O A B B9 0K fe it 7 F B B BRI, TR AR A B ol T A B £
B AN, RN A AR 2R 0 58 B BE 08055 , AT b3 g 7 o i i LA B i, Xt st e i 1 ]
il AE L AR S K — 2T, PR AESE AR T A HT 9 LK -t I F A 2258 A R, BARTR T 7 1A g
A —EBIPROKBETT  FEREK DTS B 3 ok o (4 m R PRt 2RI
3.2 PRI GE d AT R O M A R DG G 32 BB K 7 D Al 5 (H 52 B AE K 7 D 4 i

B — 2, i 5E AT, R R AR R DA 152 B T BRI A BRI A — R A
A, BRI R G TR L AR B s R B R BE AR 73 I R (W50% ) 3L T Bl %, IR Z 5T
R, —E R T FHMMA T RESOMAB Y A R AT R T AR g e A BB R A i
I, R R T HAR R AR KO 1) B B3 B (AT AT IS © ARS8, (HBE R 45 ) JF 4w T BAR R
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B0 LU i WK BE 7 5 TR i RS R Ay b T AR RO AE (Lo i TR ) | 48 e e A R LA SE 43 T K
G NG T e e R R AR A, SRTAT, A7 MR R %K o3 A A R T PR R b b A K
Jed (HRRR A S AR P AT BT, ol RER d TR AR TG R HL AR B AR A R 2 B R ) [5] A AR ) L= 37>
TEIE] PP T FE 22 (Eth D562 AR () 43 O 0 S B T 34, DTt sl 6 WD - 7K 4 ) A% 1 412
AN BE Z2 R O T M B AR A A K AT RERR AR IR K A A SR A T, S 4 s AR AR 1 IR K E D T A A
ZHA NS5 A b 138 53 LARIFEEAR A 12 B 4 TR 26 1 43 FiC S mes

K SRR B KO, R RO Rk g B K B a2 R R G R
N2 B 1] 08, T 32 3 1 WA ke T AR He T AR LR S R A AR R S
PR B R W T AL I K A3 B R SR DR CO, Mg BR A2 T L ACFL S BE AR, 797K
SrHCR AR O T AIERIE T CO, Y[ 5E fE | I TIABLRR 92K 20 A1) FH AR B 8 488 iy, 3 T L s AR R BT R AR 28 K
T RR ) AR 5 K o M IR R SR
3.3 BRimZE A B N SR K E ) B A FXE AR 0 i A AR A N A B R AR AR S

TR R A LA B dr, IR RE B , BEAE KD, £ ORI SRR, I, R
F A R ADG S TR A5 T B A BTG . AR 25 F R (46%FC) R 5 7K bk i AL T
B W1009% A5 o R 22 57 , #0658 R AR 23] P8R Bl - A 73 9 I8 10 38 A1 g BR300 5 | 242 1) 17
VST, A 55 360 R X L R R0 27 5 T 2 7K 43— 2B b | IR B 43% FC i i R 7K 431 FIRK
AR P, VEMIEDR A AR S5 b K Wil )5 e R A R B Gt DT AR A X A 358 F80 s o7 P8 v A
AR IS AEIFBEA MR X AT BB TR T Z B A 9 — A | TR A% e S A B8 1 B Kk b B G B0 T, I
ORI AT R I BRI, A0 AT SR B, B K 0 5 i BRI 1A 3 rh R A e e EAR 2R
A I AR AR 2R AR W i ) e BE LU 31 [ U — 38 3 e B VR R AU R4 ik 73 M IR

4 %t

L5 LTI P v AR X K A AR B el b e K R 3T (RAR REDOK S A B
AR —E MR TH, I ARE R DG B SR F Hob b AR A KA B IE , K 53 A S s AT 0 H A KR
LR AT I A P I 2 BRI 908 A 35 PR A T ) e 5 i e B B0 B A I PR R R OO 5 R [
e 13873 o BEB 22 He R X 7K 3 o TR 9 A S B K i/ | MK o3 35 o T B, L
T A5 YRR AVEAEORAF RS S KT, A SOK - X AR OR T A A RO B 3 232 31—
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