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Effects of soil drought stress on photosynthetic characteristics and antioxidant

enzyme activities in Hippophae rhamnoides Linn. seedings
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Abstract; Water deficit is one of the major limiting factors in vegetation recovery and reconstruction in loess hilly region in
semi-arid area. Hippophae rhamnoides Linn. is one of the common trees grown in this region. However, the mechanisms for
the decline of photosynthesis in leaves of Hippophae rhamnoides Linn. under water stress are not very clear. The objective of

this study is to investigate the processes and mechanisms of drought stress on photosynthesis and the relationship between
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photosynthesis and soil water content, which will help us to further understand the photosynthetic characteristics of
Hippophae rhamnoides Linn. under water stress and to guide cultivation in the loess hilly region. The gas exchange,
chlorophyll fluorescence and antioxidant enzyme activities in leaves of three-year-old Hippophae rhamnoides Linn. grown in
pots were tested under 8 different soil water treatments. The results showed that; (1) When relative soil water content
(RWC) was 70.5% , the net photosynthetic rate (P,) was maximal. When RWC was between 38.9% and 70.5% , P,
stomatal conductance (G,) and intercellular CO, concentration ( C,) significantly decreased with increasing drought stress,
meanwhile, stomatal limitation (L_) significantly increased, indicating that stomatal limitation was responsible for reduction
in P,. When RWC was lower than 38.9% , P, and L_decreased and C, increased with increasing drought stress, showing
that the main reason for restricting P, had turn into non-stomatal limitation. Turning point of RWC from stomatal to non-
stomatal limitation was 38.9% for leaf photosynthesis. (2) Moderate water stress can improve the water use efficiency
(WUE). When RWC was between 58.6% and 82.9% , P, was maintained at a high level, and when RWC was between
48.3% and 70. 5% , the WUE was maintained high. (3) The maximal fluorescence ( F, ), maximal photochemical
efficiency (F /F, ) of PSII, actual photochemical efficiency ( @,s; ) and photochemical quenching (¢P) all showed
declining trends under continuous drought stress, while minimal fluorescence ( F,) increased significantly, non
photochemical quenching ( NPQ) increased and then decreased. When RWC was between 38.9% and 70.5% , thermal
energy dissipation was the significant photoprotective mechanism. And RWC lower than 38. 9% caused the inhibition of
photosynthetic electron transport and damage of PSII. (4) The activities of superoxide dismutase ( SOD), peroxidase
(POD) and catalase ( CAT) increased and then decreased with the deepening of drought stress, while malondialdehyde
(MDA) contents increased continuously. These showed that the activities of the antioxidant enzyme were activated in the
region where SWC were from 48.3% to 70.5% . Under severe water stress ( RWC<38.9% ) , the antioxidant enzyme system
was damaged, the activities of the antioxidant enzymes declined and cell membrane was destroyed. These results implied
that: the function of photosynthetic apparatus in Hippophae rhamnoides Linn. seedling leaves was maintained by a
synergistic effect of thermal energy dissipation and regulating the antioxidant enzymatic activity jointly in the region where
SWC were from 48. 3% to 70. 5% , and the decreased P, were mainly due to stomatal limitations through stomatal
regulation. Major non-stomatal limitation responsible for reduction in P, was associated with the impairment of PSII and
antioxidant enzyme system under severe water stress (RWC<38.9% ). RWC 38.9% was the soil water maximum deficit
level allowed in the semiarid loess hilly region for Hippophae rhamnoides Linn. ;, and RWC from 58. 6% to 70.5% was

economy water threshold value maintaining the largest WUE and the higher P, .

Key Words: Hippophae rhamnoides Linn. ; drought stress; gas exchange; chlorophyll fluorescence; antioxidant

enzyme activity
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Fig.1 Light response curves of net photosynthetic rate (P, ), transpiration rate (7.), water use efficiency ( WUE) , stomatal conductance

(G,) , intercellular CO, concentration (C,), and stomatal limitation values (L_ ) of Hippophae rhamnoides Linn. under soil drought stress
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Fig. 2  Changes of minimal fluorescence ( F ), maximal fluorescence ( F, ), maximal photochemical efficiency ( F,/F, ), actual
photochemical efficiency ( @,¢y ), photochemical quenching (¢P) and non photochemical quenching ( NPQ) of Hippophae rhamnoides

Linn. under soil drought stress

AP RFRRZER L (P=0.05) s FEAER T HEAMbREDR

TR (qP) B S PS T R4 WU 6 B FH TGk 24 i A% 36 1 0 40, — o A b s
T PSSR At B FFORR RS, JLAE A, B PSTT A HE T8 76 Mhk i L AR 2B K (NPQ) J& PSTT R
2R Z W) DA AR T CRE I (135 432 2 X Y B WL A — Ff [ FR AR P ML, R AE PSIT K2R AP0 i K 4%
RIS FOGRE IS M AFERLRE ) SOC AU iR . AR5 R (18 2) B RWC (B EREAIL, oP
BB En NPQ WIZRIL S EFHE R, RWC 70.5% B qP fe K, BE%E RWC BT P
TR M T %, RWC 48. 3% W I W] S A REAIR , 7 2250 H 25 5 1 35 (P<0. 05) ;RWC<48. 3% I, 4 1 387K 43w
T qP AEFFAEBARACE HARAAN K, R W] 5K 43X VD PS T S Aoy 1) FL -1 338 6 PE AT B K s i), ™
BT S0 3 gP 1Y 0 FAIK, PSTT B HL AL BTG PE N I, Bl RWC AYZ iR, NPQ 16 5 Wrad w1 301 1

http ; //www. ecologica. cn



1392 JAE = 33 4%

UG LT HE RWC 48. 3% WA R KA, F WA IE BE A 7K 43 e rT 3 v et - PS I R A 3 i BB HE, 75—
TR 2K i XA Ve IR RWC<48. 3% BF NPQ X IF4h R, 5 RWC 48.3% ML ,RWC<38. 9%
BT NPQ 2% F R, KWL PS 1 52 RIBE , RAEHE 1 TR,
2.3 KA X UR R R b A B T RN R S R

AL YIE ARG (SOD) (it ALY (POD) | AL S ( CAT) ST A AL RAE G TG BR R 4
S, REAEREIE PR R R AR SIS R R G0, N R (MDA ) 2 i Bk S E R B EE 2
— FLE BN AR — R L R i R A FH K OB S A 1 A2 AR WFR 5 R (16 3) B, RWC
1670.5% 3] 96. 2% WG, 4% 13K 4346 5 T 19 SOD POD . CAT 3 #E LA K MDA & %A B E 25 (P>
0.05) ; i e &K AREAR, SOD . POD Fll CAT JEPEY R BN STt i3 Ja MR A ka4, FLARAE RWC 48. 3% It
IEF KA, 5 RWC 70. 5% BRI EC 20 WG I T 38.9% 25.7% F119.3% . FWI7E 351 S AHXT 442 (48. 3%
<RWC<70.5% ) i}, VPRI F 9 SOD POD Al CAT & P T+ 5, e B AR P 6 A 1E ML o 52 B2 1 540 1Y
VEFH 3 ET 55 380 7 5 38 ( RWC<38. 9% ) i}, SOD . POD Fl CAT F4 15k & A= W 5 (R AR, B Vb i 1 0 4
LR GIE I HE T R, 3 RS LB (SOD . POD il CAT) A E, T S Al SOD A% % M 42 v e e K, Hik
J& POD 1 CAT, 2B SOD X 12 a8 Sz by B AUk , 2 V0 s 1y + S 38 1) =2 hr A Ak, B 3K &
R AR, MDA 5230 B 9k 18 B #4378 RWC 26. 1% I H I KAB (J& RWC 70. 5% I 2 4% ) | 7 B it it
VPR PR R G YE R R TR E R A T A TERREE ), S EUE R E R R LR TR EES RS
0 T AR AR A AL IR TR A IR R 45

140

- 250 @
3 a N , b
gE 200 b g 120 be g
g2 od 522100 | g “ C be
2D 150 f od g o g2 4| d
3 d d £
] 100 t RE 60 ¢
50 + A
8 o 207
175) (=%
0 L L L L L L L J 0 L L L L L L L
261 308 389 483 586 705 829 962 261 308 389 483 586 705 829 962
- 140 | . @ 60
L b 3
wi 120 a b e be S S0 f b
g2 100 q o bed M3 40 ¢
B2 80t 4 £ 4 e
®> 60 %i 30 + e e e
= o 1 g
Jf!%% 40 t we 20
= 3
£ 20 = 10 ¢
O 0 . = 0 . . . . . . . )
261 308 389 483 586 705 829 962 261 308 389 483 586 705 829 962

Bk

Relativesoilwatercontent RWC/ %

B3 KSBETIHRITAMEABEENRI _BSEXNTH
Fig.3 Changes of superoxide dismutase (SOD) , peroxidase ( POD) , catalase ( CAT) activities and malondialdehyde ( MDA ) contents of

Hippophae rhamnoides Linn. under soil drought stress
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