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Effects of different soil types on growth and photosynthetic characteristics of
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Abstract; In this study, we investigated the effects of seven types of cultivation soil on leaf growth and photosynthetic
characteristics of Ligustrum robustum ( kuding tea) seedlings, aiming to provide scientific advices for cultivation and
management of the species for cultivation and management of the species. We measured leaf length, width, area, spongy
tissue thickness, palisade tissue thickness, layer of palisade tissue, chlorophyll content, and photosynthetic parameters of
the seedlings grown in different soil types. The results showed that cultivation in limestone soil increased the length and area
of the leaves by 34%—57% and 43%—68% , respectively, when compared with the other six soil types. In addition, leaf

thickness, spongy tissue, and palisade tissue were significantly higher, and total chlorophyll content was 9%—33% higher
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in the limestone soil than in the other six soil types. The soil types did not affect the diurnal variation in net photosynthetic
rate (Pn), stomatal conductance (Gs), transpiration rate (Tr), and vapor pressure deficit ( Vpdl). The daily average of
Pn and Tr values in the seven soil types in descending order were as follows; limestone>quartz sandstone>basalt>feldspathic
quartz sandstone>quaternary red clay >blastopsammite >coal sand shale. The daily average of Pn value was 13%—45%
higher in limestone soil than in the other six soil types. Pn, Gs, and Tr were positively correlated, but they were negatively
correlated with Vpdl. The maximum net photosynthetic rate, light saturation (LSP), light compensation ( LCP), dark
respiration rate, and apparent quantum yield were observed in limestone soil. LSP and LCP were significantly lower in coal
sand shale soil (40% and 46% , respectively) than in the limestone soil. In summary, limestone soil is most beneficial for
the growth and development of leaves. It can promote the production of chlorophyll and thus enhance the absorption and
utilization of light energy and improve leaf growth and photosynthetic capacity. The second appropriate soil type is basalt. In
contrast, coal sand shale soil is most unfavorable for the growth and development of leaves and photosynthesis. Therefore,
limestone soil should be used for the large-scale plantation of L. robustum and improvement of the yield and quality of

kuding tea.
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Table 1 The basic physicochemical properties of different soil types
AT gl U il AL

Soil types Total nitrogen/% Total phosphorus/%  Total potassium/% Organic matter/ % pH
AR A Quartz sandstone 0.118 0.23 2.00 0.46 5.17
ERRPITA Coal sand shale 0.107 0.22 1.81 0.41 4.90
KA AR Feldspathic quartz sandstone 0.105 0.24 1.98 0.40 4.94
L A%+ Quaternary red clay 0.107 0.21 1.86 0.49 4.54
1)K Limestone 0.125 0.25 2.05 0.55 6.24
AE A A Blastopsammite 0.096 0.21 1.90 0.43 5.34
Z i Basalt 0.128 0.22 1.97 0.56 5.00
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Table 2 Effect of different soil types cultivation on leaf size of Ligustrum robustum

a: &y RS 5 A

Soil types Leaf length/cm Leaf width/cm Leaf area/cm?
A K2 Limestone 8.07+0.08A 2.62+0.05B 12.74£0.06A
JEZ R IUA Coal sand shale 5.14+0.07D 2.11+0.03C 7.55+0.08C
SEIIRLEF 1 Quaternary red clay 5.40+0.08CD 2.47+0.04B 7.62+0.04C
AF b+ Blastopsammite 5.44+0.13CD 2.59+0.19B 8.7320.34B
KA AV Feldspathic quartz sandstone 5.74+0.11BC 2.61+0.02B 8.78+0.14B
AYERS# Quartz sandstone 5.86+0.18B 2.36+0.06B 7.74+0.08C
%% Basalt 5.99+0.17B 2.92+0.06A 8.87+0.07B

FHIAFR KRG FHRACEA R LI 2 [0 7R R P22 57 (P <0.01)
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Table 3 Effect of different soil types cultivation on anatomical structure of Ligustrum robustum

R EREIRE O TREEE EHAZUSE HHEEZUSE HMEALUREL

Ry oS
Soil t Leaf Upper epidermis Under epidermis ~ Spongy tissue  Palisade tissue Layer of
il ty

ort lypes thickness/pm  thickness/pwm  thickness/pm  thickness/pwm  thickness/pm palisade tissue
A M4 Limestone 217.65£15.76a  23.45+4.15a 16.75+0.82a 94.42+0.76a 77.92+2.83a 2
JEZAPTUA Coal sand shale 144.72+10.29¢  14.76x1.74¢ 9.85+1.33¢ 66.38+1.99¢ 57.59+3.05d 1
L A%+ Quaternary red clay 146.74+4.59¢ 16.64+2.39b 10.13+1.33bc ~ 78.44£2.65hc  59.19+0.91d 1
AR HP Blastopsammite 174.53+5.69b 16.79+1.81b 9.55+0.87¢ 77.28+2.79bc  60.92+2.15¢d 2
L\AEEH%.@E 179.74+7.96b 15.63+3.47bc  11.87+2.01bc  80.45+3.07b  68.88+0.68b 1
Feldspathic quartz sandstone
FAYERPF Quartz sandstone 186.39+10.36b  19.26+1.39b 12.72+1.82b  78.40+2.87bc  66.34+2.59¢ 2
Z R Basalt 175.40+3.98b 18.35+£2.61b 12.16+2.29b 81.30+£0.94b  69.45+1.26b 1

BRI B/ NG FRSRAN R] L2 A 2 6] A7 A M 22 5 (P <0.05)
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Table 4 Effect of different soil types cultivation on chlorophy II contents of Ligustrum robustum

J- e LIRSS ) 2R b hERER R 4t E a/b
Soil types Chl a / Chl b / Total chl content / Chl a
(mg/g) (mg/g) (mg/g) /Chl' b
117K Limestone 8.72+0.36a 3.79+0.46a 12.51£0.50a 2.30+0.14b
S ZAPTUA Coal sand shale 6.28+0.84c¢ 3.08+0.12b 9.36+0.42d 1.92+0.05¢
ML A% 1 Quaternary red clay 7.18+0.55bc 3.06+0.09b 10.24+0.58¢ 2.35+0.39b
AR AP Blastopsammite 7.35+0.58b 3.21%0.67ab 10.56+0.56¢ 2.29+0.54b
KA AYERDE Feldspathic quartz sandstone 8.24+0.51a 3.20+0.17ab 11.44+0.33b 2.58+0.26a
A YR Quartz sandstone 8.02+0.62ab 3.57+£0.32a 11.59+0.41b 2.25+0.18b
Z R4 Basalt 8.51+0.94a 3.28+0.27ab 11.79£0.39ab 2.59+0.77a

BN Y NG FRACEA 6] L e 2 [0 477 B35 k22 57 (P <0.05)
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Fig.1 The effects of different soil cultivation on diurnal net photosynthetic rate (Pn) and stomatal conductance ( Gs) of Ligustrum

robustum
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Fig.2 The effects of different soil types cultivation on transpiration rate ( Tr) and vapor pressure deficit ( Vpdl) of Ligustrum robustum
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IKF(P<0.01) . Pn fHERYS Vpdl 2 GHAHIESE R, Ho i R AP T2 RS DU 20 21 (B 26 H 3835 T I A SCC KRB 3
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2.4.3 OR[EIZEAY L ORIE T T AR o i AR Ak iy i i
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Fig.3 Effect of different soil types cultivation on the photosynthetic characteristics of Ligustrum robustum

BN /NG TR ] 1B 2 [0 7776 B2 k22 5 (P <0.05)
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Table 5 The correlation among photosynthetic parameter in leaves of Ligustrum robustum in different soil type cultivation

. EIS e U SALTEE ZEM AR IR T Bk
NS . . o
Soil t Net photosynthetic rate ~ Stomatal conductance Transpiration rate The vapor
Pont ypes /Pn /Gs /Tr pressure deficit/ Vpdl
A K4 L Limestone 1 0.518 0.937 " -0.160
HEFZAY T Coal sand shale 1 0.836" 0.802" -0.750"
L L A% 1 Quaternary red clay 1 0.877* 0.910* -0.695*
AP A £ Blastopsammite 1 0.687 0.825" -0.279
KA AR # Feldspathic quartz sandstone 1 0.782 0.972** -0.321
AR Quartz sandstone 1 0.814" 0.939 ** -0.348
LA Basalt 1 0.663 0.878 " -0.334

ok REFEMK (P <0.01), * BHFEMK (P <0.05)

31 e

R B R A KRB AR A e R, | ELAS S R T S S R LB B 3 T 2R A AR
SRR A B4y, [ R A AR AT A RO I 25 A B SS B I A O AR s E T
AW HEATAS R 2670 -+ S ) A B0, DU I 4 B L AR 55 000 G AR M X A () 288 28 - 8 g i 7 ARPAIE BP9 3R
B AE 7 RPN 30 e B8 Bk 0 T AR R AR b A 6 R - HEREE TR R E T
34%—57% 1 43%—68% , i Fr | b N7 ARl ZURIHIME 2 200 JEE R 450 4 3 v 1 At © i R 1 b
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Table 6 Photoresponse parameters of Ligustrum robustum under different soil type cultivation

N (D Ay . 1=y, 2y
Hlj()%“)‘ﬁ = . H’E?H@IUE%? Rd i‘éi}u;%ﬁl?
e M P, et gL LSP Az LCP Dark AQY
Soil lﬁj: Maximum net Light Saturation/  Light Compensation/ . ér , Apparent
o ypes photosynthetic rate/ (mol m2s7!) (pmol m™2s71) resplr?tloilzraf quantum yield/
(pmol m™2 s7) (pmol m™s75) (pmol m™2 s71)
F MK+ Limestone 9.71£0.081a 891+2.343a 35.26+0.371a 0.946+0.039a 0.0491+0.012a
HEZR T Coal sand shale 4.55+0.056d 636+2.87le 24.12+0.452¢ 0.478+0.041cd 0.0269+0.028d
AR
B Rt 8.66+0.072b 782+2.924¢ 27.41+0.603bc 0.686+0.072¢ 0.0340+0.053cd
Quaternary red clay
AR HP A Blastopsammite 7.96+0.055¢ 708+2.808d 31.83+0.693b 0.533+0.081d 0.0298+0.011d
oyl | NEAEN
{Fﬁﬁ%@h 8.84+0.079b 697+2.917d 25.82+0.772¢ 0.933+0.084a 0.0414+0.084b
Feldspathic quartz sandstone
FYLRP A Quartz sandstone 9.30+0.079ab 804+2.077h 24.15+0.548¢ 0.921+0.076a 0.0382+0.065¢
L7 Basalt 9.58+0.048a 791+2.003¢ 28.41+0.667b 0.833+0.092b 0.0394+0.087bc

IR /NG FRACRA R e 2 (877 W35 V22 57 (P <0.05)
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REFRIDCAE I B by, H RN AT B H2 S BZ AR Y (16 G e 1, 3R e s A AR 4 R AR > 0%
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6 Pl HE T A FAR S T 13%—45% , RWIA KA ORI R4 T3 T 2RMOEG 87750 T HA 6 Ff 4, T
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