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Effects of karst soil thickness heterogeneity on the leaf anatomical structure and

photosynthetic traits of two grasses under different water treatments
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Abstract: Congenitally slow soil development rates and acquired rocky desertification ensure a serious shortage of soil
resources in karst areas. Coupled with the steep terrain, soil distribution is uneven with a high degree of heterogeneity in
space in karst regions. In the karst depression, basin, and valley areas, soil thickness and soil distribution are continuous;
however, in the hill slope area, soil is usually “rock soil” or is missing. Uneven distribution of karst soil also leads to
obvious spatial heterogeneity of moisture. Global precipitation changes might aggravate heterogeneity of soil moisture in soils

of different thicknesses. Plant morphogenesis is very sensitive to soil moisture, including the leaf veins that control water
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transport and utilization and the stomata that adjust the balance of water and CO,. Simultaneously, photosynthesis that
utilizes water and CO, as raw materials is also directly affected by soil moisture. Thus, exploring the responses of the leaf
anatomical structure and photosynthetic traits of plants to water availability and soil heterogeneity in karst regions is
necessary to understand how precipitation changes might affect plant growth and physiology in soils of different thicknesses.
Herbaceous plants, especially grasses in karst regions, are most often affected by soil heterogeneity and water availability
because they mainly utilize water and nutrients from the surface soil via their fibrous root system. Two graminaceous
perennial grasses, Lolium perenne L. and Festuca arundinacea Schreb. were chosen for the present study. These two species
are often chosen as pioneer plants for ecological restoration and reconstruction in karst regions because of their attributes of
fast growth, strong adaptive ability, and high yield, which effectively promote economic development and assist to alleviate
rural poverty in harsh karst regions. In the present study, three water treatments (W, : 40 mL/d, D1 20 mL/d, and D2,
12 mL/d) were combined with three levels of soil thickness [ shallow soil (S.: 5 ecm), control (S : 15 cm), and deep
soil (S,: 30 cm) ] in a factorial randomized design and measurements were obtained of leaf vein and stomata traits and
several photosynthetic parameters. The following results were obtained: (1) Under normal water supply conditions (W ),
the stomatal density and stomatal limitation (Ls) of L. perenne and F. arundinacea were significantly higher in the S, group
than in the S group, and the two species net photosynthetic rate ( Pn), intercellular CO, concentration ( Ci), and
transpiration rate ( 7r) decreased. In the S, group, the stomatal density of both species decreased, the leaf density, Pn,
and Tr of L. perenne were lower than those in S, , and the leaf density and Pn of F. arundinacea increased. (2) Under D1
water treatment, the stomatal density of L. perenne in S;was higher than that in S, , and leaf vein, Pn, and Tr decreased;
however, the stomatal density of F. arundinacea in S; showed some decrease, and the leaf vein, Pn, and Tr of F.
arundinacea were not significantly affected. In the S, group, the stomatal density of L. perenne did not change, the leaf vein
increased, and the Pn and Tr were both decreased, while the stomatal density of F. arundinacea decreased and the leaf
vein, Pn, and Tr increased. (3) Under D2 water treatment, the leaf veins of the two species increased in the S group as
compared to that in S;, , and their stomatal density, Pn, and Tr were suppressed. In the S, group, compared to S, the
stomatal density of L. perenne decreased and the other parameters in both plants were not significantly affected. The results of
the present study indicate that under different water conditions, the leaf anatomical structure and photosynthetic
characteristics of the two plant species studied were different in response to the different thickness soils, with differences
recorded between the different species. Overall, as the water content decreased, the inhibition that plant photosynthesis
suffered was enhanced by a decrease of soil thickness, and the promotion effect that the deep root plant received and the
inhibition that the shallow root plant suffered were first strengthened and then weakened by an increase in soil thickness.

The variation of vein density and stomatal density with water content is related somewhat to the change of leaf area and leaf

width.
Key Words: karst; spatial heterogeneity of soil; vein; stomata; photosynthetic physiology
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SMBHRCR P R — 2 i E S A X R R, O A 6 A VR RIS
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ARG e AR R g 4R 4 BB A (L. perenne) FIZEARE3F (F. arundinacea) , R 1 3825k B &R
TR L A B0 K L FEAR AL IR pH Ry 7.4£0. 14, A HLIE A 0.34%+0.02% , 2% 4 (0.28+0.03) g/kg,
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76 15 em UNIIE )20 IR E 15 em JEAY 12 X IR ( Sk ), WE 5 cm 130 em 7305 % 40 (Sy)
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(3) MBS A AP 3 PRAEIR , TR SE IR (1307 i i it 1 it PR 485 5O 5 () LI-6400
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ANOVA S Hr A RIK 43 25 8 F 5] — W Bl 85 i 1 fif ) S5 A AR A MG B8 AR e AN 7] 1 J2 B B[R] 1 22 5%, P<0.05 3%
NS R Origin 8.6 SRR,
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UL 1) 7 D1 KSHbFEH 3 FHERE + )2 09 I3 S K TR 12.829%—14.46% 2 1], ¥ o R SR bE (A% 1
2 338 K i B X BR AR 4L 7 D2 KA, 3 MR R RS K ETE 7.29%—9.05% 2 8], 1
J& T FKOE TR A R 4 K i 3 = TR AL AR, FE 3 FRUK MR R A - 1K
T R AL, R 41 B T R B R 22 4 SRR, R A K E IR A2 K 4y
A2 REWIFP R 22 BEAEME M MAA A B 2257 (K 2)

®1 AEKSEHETAREELEHLEARDRR (BELbRMEDR)

Table 1 The soil water regime of different thickness of soil under different water treatments ( M+SD)

et Y/ it 1w/ iy
g it Soil moisture content/% Soil water storage/g
Water treatment
S Sex Sp Ss Sex Sp
Wk 21.3+1.16a 20.28+0.4a 17.03+0.88b 128.44+1.81c 340.95+12.31b 590.92+41.1a
D1 14.46+0.95a 13.89+0.55b 12.82+0.37b 110.14£10.9¢ 212.67+11.1b 389.84+34.77a
D2 7.29+9.05b 9.05+0.41a 9.03+0.63a 33.71+0.57¢ 158.84+4.06b

Sq: ¥4, shallow soil ;S : TJZEEEXTHRA , soil control; Sy : R4, deep soil ; W, - IEH HE7K 2, water control; D1: 987K 1 4, water reduction
group 1;D2. 987K 2 21, water reduction group 2 ; A [Fl/NG ZFHE R R A ] K 43 A0 B T AN 6] 1 2R B2 6] 24 57 . 3% (P<0.05)

F2 TEASGRANAERFTESH

Table 2 Results of Two-way ANOVA test for the effects of soil thickness and water treatment on soil water regime

) A
T3 22 KR
Sources of variation +LREE IRGTAL HIRIFE Ky
Soil thickness Water treatment Soil thicknessXwater treatment
df 2 2 4
+-HEF 7K i Soil moisture content 9.31%" 131.54 %" 7.87%*
T IK & Soil water storage 57.46 7" 198.8 *** 6.13""

ns KIEFN B EIKF(P>0.05) , =, = Fl === 43 H{CFE P<0.05,P<0.01 Fil P<0.001
2.2 MR AR R
221 SIEE

TR 2, PR A Rl T AL B AR IE W /K 3 25 1 R (W, ) B0 IR 4 18 25 09 0 34.81% , 78 D1 K73 Tl

R TR IR W INREE A 41.49% ABTE D2 /K3 550N A0 IRZH 2B RRAIK 45.79% , TEIR -4, R A HE
T AL AR 3 FRK A2 AE T3 53T R4 T0 i 35 25 5%, PR SZ ROAE v 41 9 el Tl <O FL 28 BEHE W, (DI
D2 33X 3 FK 4 2518 R 2555 B 20 T 35 2 S T B8 22 B R 40 0 S il T S FL % BE 7 W, f DL KA R
Xof BRH TG 35 25 5 AEAE D2 AKAF 55T 00T BRAH I8 3 FRAIK 32.56% (1 1)

AR B RE I Rl T AL AR 5 KA 5 R (W, ) BN IR ZH g 3 0 i 22.89% , 7E D1 K4
PR 12.74% , 76 D2 K Ab B h S5 X IR TE B 2 5 . R4, FHRFEF Mm% EE W, DI
D2 X 3 MUK 5 5 X B TE B 25 5, SR PRIk R A 0w i L AR W Ko b B rp R
X RRZH I 0 24.65% ,7E D1 /K43 T 5% R TC 3 22 5, 78 D2 /K0 b 3R 1 25 IR 14.66% , TER 41
o RS I LB AR W KA T B AL 12.33% 76 D1 K F 5 F#AR 14.47% 78 D2 K5y T 5
YA EZET (K1),

SRR T 225 al AR B, PR (0% 0 el e R g A T AL B 2 (RD A AR B 2 5, ELAE Y B 3l A
FIC At S L T 2 A K 2R = IR R HAE e B 257 (£ 3),

222 Mk

TER 2, PRAE PR BEAE W R D1 K0 250 T 5550 HR2H JC . 3% 22 5 1 D2 7K 73 T B0 R4 2 3%
BN 30% , TERLA, BRAZREM KR BETE W, K23 26 1F T 00k IR B35 R 7.14% , 76 D1 KPR PRT 251
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E1 FREKSLE AELEEETEZEMHRFEFHEMEAZHESILEE (ELRMER)
Fig.1 The adaxial and abaxial stomatal density of L. perenne and F. arundinacea under different soil thickness and water treatments ( M+
SD)
Sq 1 41, shallow soil ;S¢y : TJZIEREXTMAZE | soil control; Sy : K41, deep soil; W, : IF# {17k 41 , water control; D1 37K 1 41, water reduction
group 1;D2: 87K 2 20 , water reduction group 2 A b A/ NG RN AN R AR 43-ib BE R A [7] b J2 5L 1] 22 5 {35 ( P<0.05)

K3 EUHRBHEHSHEN=ERTENN

Table 3 Results of Three-way ANOVA test for the effects of species, soil thickness and water treatment on leaf anatomical structure parameters

F
; Y<Kk
k= 3 KAy >+ B x4 JE
- i K RREE kopagm OTEE B e
Source of variation . L . WaterXsoil SpeciesXsoil .
Species Water Soil thickness ~ WaterXspecies . . Speciexwaterx
thickness thickness oo
soil thickness
df 1 2 2 4 4 2 4
Eﬂ]ﬁ_\} Y . 220.35""F 15.47 7 7.02*" 15.77 " 12.46 " 5.00"" 18.57 "
Adaxial stomatal density
S S35
ﬁ]ﬁm? B . 398.63 """ ns 5.90"" ns ns ns 4.86""
Abaxial stomatal density
I Jhk % BE Vein density 2602.91 " 5.53*" 16.81 """ 13.33 7"~ 38.46 """ 12.10 " 717"

TEIR A, ZRF 25 R BEAE W 0 D1 R 7 RE B e 24 508 HR 20 O 25 25 5, 7 D2 K73 25 Bx i
A EHN 16.9% , TETR 120, 2 ARF 250K EAE W, Ko 25 1F B B0t R4 25900 9.9% , 7 D1 /K54
Hieb i E N 20.8% 75 D2 K3 AA4F T S50 IR0 35 22 5 (181 2) .

= RETT AR, PR AR I [ R TR 7 AR R 22 5 I H AR OK o Al 2 IR 8 = IR 52
BRI R B A T R (3R 3)

http ; //www.ecologica.cn



24 R AF AR Ak BT e SR R R R S R o A R AR I R NS R A A R 727

CO &tdss [ HRFENHH S I EEA Sy

25 - BRI perenne 15 ¥AREF F.arundinacea
a
—F—
~ 20} . a a ¢ a
g a b —E
E —=I b b b b ol b b b b b b
wmE 1sf £
g
® 2
+ B
= § 10 +
= Sr
°
> 51
0 0
Wk D1 D2 Wk D1 D2
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Fig.2 The vein density of L. perenne and F. arundinacea under different soil thickness and water treatments ( M+SD)
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R B T H OGS A Pr AE 3 FIOK AR 550 BT XS B 2R TEH K o 50 (W) i 3 AR
27.3% ,7E D1 /K53 T W ZFEAIK 30.7% , 76 D2 /K T, A BAER A0 Pn B0 BAAREAK 17.7% , {0 2 8] ()
FRARNWE ERT BEFR Pn7E W KS> FRO B .25 P 22.1% , 16 D1 K43 F B A% 30.6%,
16 D2 KAF T, B BAEIR 40 Pn B0 LIS T 27.9% , — 35 18] 25 S A 5838 (0 T 4 R 4 1] 2% 53
BEE3),

R, FEREFEOEE R P 78 W K 5 TR AR T 26.4% {0 35 0] 2 58 3%
16 D1 /KOy R 5 XHRLTC i 5 25 57 78 D2 K5y R FI% 51.9% , 7ER 40, 2R FE3E1 Po 78 W K3 504
THEIN T 58.5% ,fH 5T Y 25 AN 3 7E D1 KSR B i 25BN T 127.9% , 78 D2 K50 5544 T 5 XTI
HIREER(K3),

SRR 2250 Hras BRI PIAME Y 66 BRI 0 3 22 5 T HA A KO3 Fn -+ 28R = R R 1958
HAERXHEY LA R T BERm (£ 4) .

O %&tdss [ LEREENRM S« Il iFEE4A Sy
BB L perenne HMRES F.arundinacea

~ 20 ¢ 12
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S 15|
= E .
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*’E b b b
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g st
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=
2
0 0
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Fig.3 The net photosynthetic rate( Pr) of L. perenne and F. arundinacea under different soil thickness and water treatments ( M+SD)
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x4 EURGSHN=ERFTESIN

Table 4 Results of Three-way ANOVA test for the effects of species, soil thickness and water treatment on photosynthetic parameters

Iz
k=3 o Bt AR Pn JHiLlE] CO, %k Ci ZE B AR Tr SALBREIME Ls
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rate carbon dioxide rate limitation
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v X
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xIK 5%+ &
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Fig.4 The intercellular carbon dioxide ( Ci) ,leaf transpiration rate ( 7r) and stomatal limitation ( Ls) of L. perenne and F. arundinacea

under different soil thickness and water treatments ( M+SD)
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