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Effects of shading treatments on photosynthetic characteristics of Juniperus sabina

Ant. seedlings

ZHAO Shun, HUANG Qiuxian, LI Yuling” , LI Xiaoying, LI Wen, CHENG Da, YIN Kun
Agricultural University of Hebei, Baoding 071000, China

Abstract: Juniperus sabina seedlings germinated under Salix cheilophila shrub in the natural state. Therefore, seedlings
were in shadow of weak light intensity in its young generation, with its growth, seedlings got rid of the shadow of S.
cheilophila shrub gradually and formed pure shrubbery until it was exposed to strong light completely. During this process,
J. sabina seedlings experienced the change of light intensity, temperature and soil moisture. A pot experiment with iron
tailings as matrix was conducted to study the effects of different shading treatments ( shading of 0% , 25% , 50% , 75% and
90% ) on photosynthetic characteristics and chlorophyll contents of J. sabina seedlings for attempting to reveal the
adaptability of seedlings to changing light conditions in the natural regeneration process. Based on the degree of lush folige
of S. cheilophila shrub and the different locations of seedlings germinated in the natural state, the actual shade rate of
seedling individuals were different. In order to simulate the changable shade environment of natural state and investigate the
response of J. sabina seedlings to different light conditions, five shading gradient were set up and thirty potted seedlings of
J. sabina were divided into five groups and placed in 0% ( natural light) , 25%, 50% , 75% and 90% shade rate conditions
in turn. The photosynthetic indicators of J. sabina seedlings were measured two months later. In this study, the Li- 6400
(LICOR,Inc. Lincoln, NE, USA) portable photosynthesis system and high performance liquid chromatography ( HPLC)
were employed to measure diurnal changes in photosynthetic indices and chlorophyll contents, respectively. Photosynthetic

parameters were measured on each hour from 7:00 am to 18:00 pm, four pots of every treatment were selected to measured
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and three times determination of each pot. In the determination of photosynthetic parameters, leaves were clipped with
scissors quickly at the time of 8:00, 12:00 and 17:00, respectively, wrapped with aluminum foil , saved in liquid nitrogen
and brought back to lab for pigment extraction. The pigments were analyzed with a Spherisorb column (C, 5 pm, 250 mm
x4.6 mm) , and were eluted using acetonitrile :methanol (85:15) and methanol :ethyl acetate (68:32) by a linear gradient.
The pigments were detected by a spectrophotometer at 445 nm. The results showed as following: (1) With the increase of
shading ratio, the net photosynthetic rate (P, ), stomatal conductivity (G,) and transpiration rate (T) decreased in turn,
while stomatal CO, concentration ( C,) increased significantly. The principal cause of the reduction in photosynthesis was
attributed to non-stomatal limitation, and the normal growth of J. sabina seedlings was affected by the shading of 90%. (2)
With the increase of shading ratio, chlorophyll a (Chl a), chlorophyll b (Chl b) and the total chlorophyll content ( Chl a+
b) increased markedly, while the ratio of chlorophyll a to chlorophyll b (Chl a/b) decreased. (3) There were correlations
between G and T, in almost all shading treatments, while poor correlationships between G, and P,. In all shading
treatments, water use efficiency (WUE) had a extremely significant correlation with P, , while had no correlation with T,

so J. sabina can improve its WUE in yielding its higher P so as to adapt to different light regimes. Meanwhile, there were

correlations between WUE and C, in different degrees.

Key Words: Juniperus sabina; shading treatments; photosynthesis; diurnal changes; chlorophyll content
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F1 FREEHELELSSHBEFHE

Table 1

Daily mean of photosynthetic parameters of Juniperus sabina under different treatments

R AL 2 P,/ G/ T,/
Treatments/%  ( wmolCO, m™2s™")

(mol H,0 m™s™")  (mmol H,0 m™?s™")  (umolCO, mol™")  (pmolCO, + mmol 'H,0)

C,/ WUE/ PAR/
(mol m™2s71)

0 7.071£1.062aA 0.346+0.086aA 5.243+0.472aA
25 4.080+0.903bB 0.258+0.032abAB
50 2.144£0.722bcBC~ 0.203+0.010bcAB
75 1.300£0.579¢dBC ~ 0.172+0.009bcB 3.736+0.229¢B
90 -0.651+0.375dC 0.096+0.010cB 2.328+0.293dC

4.876+0.351abAB  328.037+16.487bAB
4.229+0.277bcAB  339.873+14.950abAB

310.624+16.755bB 1.413+0.283aA
0.788+0.229abAB
0.429+0.206bBC
0.299+0.192bBC

-0.366+0.201¢cC

950.327+135.887aA
456.390+77.270bB
237.191+38.255¢BC
166.272+25.053¢C
33.392+6.140cC

346.740+11.883abAB
373.959+10.805aA

BUEN FIE AR EZE (n=12) , RRIFRRERBE /INEFRER P < 0.05, KEFHRFER P < 0.01
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Fig.3 Diurnal changes of stomatal conductance of Juniperus

sabina under different shading treatments

9
P 0% —50% —-90%
~ --25% *75%
o
\Eé
S s
jan)
T§4
\E/}
~
§2
1
0
o o < (=3 (=3 (=3 (=3 (=3 f=3 (=2 (=2 f=3
E 3 8 88 3 38 33 8 3 3 3
S ® o g - 9 2 X 2 2 =5 =
I} ] Time

4 AEEHELERMEBER(T,)MWEEK
Fig.4 Diurnal changes of transpiration rate of Juniperus sabina

under different shading treatments
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HRBHER(T) AR W, £ 4 P, S4HH P 5
WUE Y184 B EA (P < 0.01) , 1M 5 78 18 R A0

R2 TREFLETEI ITHEREHRESERLE

Table 2 Chlorophyll content and proportion of Juniperus sabina in three times points under shading treatments

A E UL SRR AN e Rl o B e DL A R
IARERAR A K 73 28 B S =K e FUFI R . WUE
I C AT AN R JEE A9 A S, B 0K ) 1 Ak B
FH A w5, 3K RTBE A 5L AR 4 S B O A R
e

’%ffji/t Z” if:z Chl o/ (mg/g) Chl b/ (mg/g) Chl a+b/(mg/g) Chl a/b
0 8.00 0.327 0.093 0.420 3.497
12.00 0.261 0.090 0.351 2.751
17:00 0.304 0.101 0.405 3.129
25 8.00 0.478 0.148 0.625 3.200
12.00 0.441 0.137 0.578 3.251
17:00 0.128 0.082 0.210 1.191
50 8.00 0.442 0.133 0.575 3.335
12.00 0.512 0.167 0.679 3.095
17.00 0.212 0.090 0.302 1.584
75 8.00 0.173 0.091 0.264 1.870
12:00 0.571 0.181 0.752 3.137
17.00 0.346 0.120 0.465 2.904
90 8.00 0.502 0.164 0.666 3.047
12:00 0.485 0.157 0.642 3.079
17.00 0.204 0.096 0.300 2.106
£3 TREFLETEHERRLERILE
Table 3 Chlorophyll content and proportion of Juniperus sabina under different shading treatments
AL/ % Chl &/ Chl b/ Chl a+b/ Chl a/b
Treatments (mg/g) (mg/g) (mg/g)

0 0.297+0.019aA 0.095+0.003aA 0.392+0.021aA 3.125

25 0.349+0.111aA 0.122+0.20aA 0.471+0.131aA 2.547

50 0.389+0.091aA 0.130+0.022aA 0.519+0.112aA 2.671

75 0.363+0.115aA 0.131+0.027aA 0.494+0.142aA 2.637

90 0.397+0.097aA 0.139+0.022aA 0.536+0.118aA 2.744

B P IE ebiHE R (n=3) (AR FERER BE /INGFRFIR P < 0.05, KEFRFIR P < 0.01

R4 TREHLERMASSEZ BHEXIHN

Table 4 Correlation analysis on photosynthetic parameters of Juniperus sabina under different shading treatments

WAL BE/ %

Treatments

G

s

T,

r

C.

i

WUE

0
25
50
75
90

0
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2000 R ¥ O 34 %
WAL FE/ % P, . r ¢ WUE
Treatments ) '
25 -0.021 1
50 0.345 1
75 0.591* 1
90 0.081 1
0 T, 0.362 0.692* 1
25 0.503 0.642* 1
50 0.716*" 0.652* 1
75 0.475 0.425 1
90 -0.064 0.912** 1
0 o -0.610" 0.726** 0.320 1
25 -0.826 ** 0.484 -0.107 1
50 -0.919 ** -0.034 -0.631" 1
75 -0.749 ** -0.140 -0.731"** 1
90 -0.480 -0.509 -0.634" 1
0 WUE 0.741** -0.296 -0.179 -0.765** 1
25 0.947 ** -0.052 0.319 -0.847** 1
50 0.964** 0.320 0.600 * -0.873** 1
75 0.987 ** 0.599* 0.419 -0.696 " 1
90 0.930"" 0.367 0.238 -0.675" 1

IR AR E (P < 0.01) 5 FRFBEARF(P < 0.05) ;- FREAR

4 SRS

SIAY TR IR — IR EF
AL S5 7 A EEER, L
FESR AR A ER M £ S AR E T, WifE AR
PREE IR BT B 25 B 1) AN 5s R & A AR Ak, ol g
SHR I O ACAE  HE Xo RE AE RZR A RE R, B Ak B
RE O o 0P L B A5 | 0 1T 52 W A 40 1 0 A
PESH, AR SO S 3 B ROM 4 B I B R 4
A ER(P,) SALRE (G,) MFEMHER(T,)
Bz g/ )N, ML) CO, MBS (C,) B2 35K, H 90% Hx
THE BT 235 ) L AT 40 0 A E AR K ot 2 B RE
RS0 RANL B GG HURAR &, BOAR AT 4h i,
EIERZEDCRIH , DL RMUE BRI, B
SR T b AR P Bt BB T —
BRI 4 (B 2R BB A F R ot & R A7
10:00—12:00 A FL IR, o] U H A 02 i F AL
PR ), AR SCor M L R B, ARFL T N 2R R
RIERENEY], P SEOCEF R B RAN
ST XS K AR R W 7 T S 2 PR Al s A B A
PRI R;, YoAHR ZE R S AL B i
T MR RER AL RENFEEE, FE
R BRSSP EN R, ARG L 2B A
RAR/INH 28 I T 5 i B0 7K 43 R 2 02 Hoe - 5

AR RS, BPK R T 4 4p 58 = 1
FAEYRAS AR S ROLA R M E T R A
B 2 an 5 FUR I o A LT Ik S B R (e A T
B LARCR KK o AR X AR AN 2 R AT
FET R T IR EEn AL SR A
b T EREE I B 2 T TR O A R AR
TIRZE IS WA N FETE ML FESI T, AT
IFAERB IS5 AR SATTIB AR J) A A A 385 Ry T 550
Bi, TPV RS T ML A KA
B 1 R IR A 56 2 TP oK o 46 T
HEFARRR i A K i E BRI 7, ASC WUE 5
P AT ARG A 4 SRR W, ARG IF AN 2 38 1ok
WA AR 25 T 3 23 S 0 L A v 1 7K 0 ) L A803 1  Tf
A 3 A R ) 1) A R S LA v 1 K 3 A FH R
(o TS AR Y 5t G 3R A 22 Bt B Al AL I R
(B 6) MRIERAT, SALRR /N, €I 5 il
YA R A AL R 14 32 2L R T, AN [R) 28 B Ak 2
(%) P, LA WUE Y97 C B RGS BIAOCHE (K 4) 456
LAE B4 R AR I, LA S A= 1 A LI P BL
HlLAS 0 PR R O & MR N FEAL T, ok 2
Uk, SAARE A R 2 1) e Z e A R BT
FE il HAESFLHIBR , i LU LT 5K AR A LT RA
TG SRR AR 5, I B AT A 238 i N RS L
PEREDEA AR, SO/ T K 3 W aa X R A A
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2001

R, X T = AR Y K U, BT — 2 5
AREE, MR EEACE T, MG AR
AR PR R ) T IR R B4 A 4 3 2o 446 o e
A7 ThT P8 2R 4 O ) T IR &2 (4 e e, g
R e R R R EE T , RAAZN T Chl a Chl b
A1 Chl a+b 75 & 3 bl 45 30 7 38 i ifi 2 b T3,
Chl a/b ECAELFifi 25 8 157 25 185 0 522 s/ N e 3 i3 BH 3B 1
b B RAA R Chl & &, JUHZ Chl b & &, L
i BAIREAE ARG A EE N i AR T 2 oG fE , 4 9 X
SRR, DGR e AR AR K, gk 2 R,
YIRS RAALTEAE 1200 B2 i 6 B4R )
5 B Fe R, T Chl & S dwe /), T H B S B 4 S 7E
SRR B K, Chl & i, 2007 480 KR
RIS AR B R & it 17 T
W5, 45 R R i T e o AR v SR 3% i A A
FE 25 elAR , BAATEVE 9 YOG RS B Bl 2 el A,
DL SEAT R, RAAAY Chl a Chl b 1 Chl a+b & &
PR B IR FRER B, {H Chl a/b HIFEE G
2 B B AT AT IR /] K SR AR P 6T 55 6 PR B Y AR
B U B I S T 3 B R R L 4%
I B AR I 28 i o X S [ O R 2R AR R Y ZE ML
FE 55 S E XA A P9 AT AL J53 )RR 22 0 43 E 1) 52 ) 7
AT, AEPHE B 0 1) 44 1) Ak e R 2 53 T 20 4
JERGERY 53 v, RIRKE AR 1 19 43 FE G 56 49 TG 381 i
Wers B REEIR A PR R S R BT,
— Tl T EOER A T R W E G E, 5 —
J7 IR BT SRR P 1 SRR K kL R R S
BEARE Y HAEMOCIRAIE R R AR C,,
JfLIE] CO, AT ARG GV T Y B4 IR, LAfE R
AR BRSSO 2R 7 M4 1 8 AR 3
AR T KA 90% 3 1 b 3 RE A5 24t 45 4= A7 1
AAEBLER LT Z —, DL EaWrsd & 2=, R
Az B SR F R AR A A R 1 AL
il P ELA A N RO B BB T H SR LA
RIS AE SH T i & HE 2 202 Tk, v g
B2 B T A A B Y PR 5 i
JE IR FAESE, TUA AR Sk i O A A
FRAR BAFRP BT e R A AR L, T fk
- HRNAT 1L S AR A RN T AR EE A K
Ty, 3K Z50F 1T e LG RE T Ry G, X e i 75 1F
FFRARFFE
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