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The photosynthetic and physiological responses of six shrub species to drought dress in

Northern Hebei Province
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Abstract: In order to provide theoretical support for shrub species selection, breeding and
vegetation restoration in northern Hebei Province, the physiological and ecological adaptability
and drought resistance of shrub species to drought stress were assessed. Four local shrubs
(Potentilla fruticosa, Artemisia ordosica, Ostryopsis davidiana, Lespedeza bicolor) and two
introduced shrubs (Hippophae rhamnoides, Vitex negundo var. heterophylla) were selected as the
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research objects. Four water levels were set up for indoor pot experiment of drought stress, and the
biomass, plant height change rate, root-shoot ratio, relative chlorophyll content (SPAD value), leaf
water potential, net photosynthetic rate (P,), stomatal conductance (Gs), transpiration rate (T,) and
water use efficiency (WUE) were analyzed. The results showed that: (1) Under the influence of
drought stress, the root shoot ratio of P. fruticosa and A. ordosica increased significantly (P<0.05),
and the loss of biomass and plant height change rate was small, however, the change rate of
biomass and plant height of Ostryopsis davidiana and Vitex negundo var. heterophylla was
significantly reduced by water restriction (P<0.05). (2) Under the condition of drought, the
relative content of chlorophyll, leaf water potential and Photosynthesis of 6 shrubs decreased in
different degrees, however, WUE varied with the decrease of water. WUE of Lespedeza bicolor
decreased significantly under T3 water treatment (P<0.05), Hippophae rhamnoides increased
significantly under T3 water treatment (P<0.05), and Potentilla fruticosa increased significantly
under T4 water treatment (P<0.05). (3) The absolute value of the load between the growth,
morphology, physiological ecology and photosynthetic indices of shrubs and the main components
was greater than 0.7, and the comprehensive score order of the main components of each shrub
species was: Potentilla fruticosa > Artemisia ordosica > Lespedeza bicolor > Hippophae
rhamnoides > Ostryopsis davidiana > Vitex negundo var. heterophylla, except Potentilla fruticosa,
the scores of T4 level factors of other shrubs were all negative, showing strong drought resistance.
Therefore, in the arid area of northern Hebei Province, the local shrub species of Potentilla
fruticosa and Artemisia ordosica should be planted, while in the area with better water condition,
the local shrub species of Lespedeza bicolor and the introduced shrub species of Hippophae
rhamnoides can be selected as the vegetation community restoration species.
Key words: growth form; photosynthesis; drought stress; chlorophyll; leaf water potential.
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Fig.1 Biomass, plant height change rate and root shoot ratio of six shrubs under the drought stress
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Fig.2 Relative chlorophyll content and leaf water potential of six shrubs under drought stress
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Fig.3 Net photosynthetic rate, transpiration rate, stomatal conductance and water use efficiency of six
Shrubs under different drought stress
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Table1 Two-way ANOVA on the effect of shrub species and drought stress on plant physiology

W5E R FR HEAH T-E i FEARFh T B fihia
Measurement index Shrub species  Drought stress  Shrub species>xDrought stress
HE
nE <0.001 <0.001 <0.001
Biomass
MR AR
<0.001 <0.001 0.061

Change rate of plant height
R (BEED

<0.001 <0.001 0.058
Root-shoot ratio (Fresh weight)
3 AT X B
<0.001 <0.001 <0.001
Relative chlorophyll content
T K
<0.001 <0.001 0.065
Plant leaf water potential
¥k £k P,
<0.001 <0.001 <0.001
Net photosynthetic rate
IS G
<0.001 <0.001 <0.001
Stomatal conductance
MR Tr
<0.001 <0.001 <0.001
Transpiration rate
K53 FIFIR%E WUE
<0.001 0.0012 <0.001

Water use efficiency

#: RPBTFAZRET Z DTS E R P AH, P<0.05 3B 1% K 25 i Fe br =4 B 3 520, P<0.01 R B Z4b
PR PRI R bR P AL AR 25 S

Note: The numbers in the table are P value of each factor of multi factor analysis of variance, P<0.05 shows that
this factor has significant impact on the index, P<0.01 shows that the treatment factor has extremely significant
impact on the index.

MR TT Z W 85 R B, EARMAI S e A2 B AR PR 2t 3 MR bL (fif
H) | SR FRARXS 5 5 (SPAD) A /K34 P Ges T Al WUE 7742 4 4. 25 521 (P<0.001) 5
T VEE A T > 52 JHp e ) 28 LA O AP0 8y S AR 2 & (SPAD) Phy Gs, T, AL WUE
FAER R 2520 (P<0.001) .

25 TEPEN 6 FEARS A FIEAR A R 2
x2 FRFRHERRRK

Table 2 Correlation coefficient of physiological indicators

B Mg (D HEFHN SR W KE EtEEE P, o U EES
AT G, AMHET,
W Change rate Root-shoot Relative Plant leaf Net WUE
Stomatal ~ Transpiratio
Measurement index Biomass of plant ratio (Fresh chlorophyll water photosynthetic Water use
conductance n rate
height weight) content potential rate efficiency
A
1
Biomass
P AL
Change rate of plant 0.059 1

height



iSRG )]
Root-shoot ratio -0.026 -0.462" 1
(Fresh weight)
R AR R
Relative chlorophyll ~ 0.281" -0.150 -0.035 1
content
T 7K 3
Plant leaf water 0.210 0.442" -0.334"™ 0.470" 1
potential
HIARE P,
Net photosynthetic 0.125 0.597" 0.111 -0.073 0.523" 1
rate
KALFE G,
Stomatal 0.033 0.349" 0.143 0.343" 0.688" 0.787" 1
conductance
ik Tr
Transpiration rate
K5y FI 2% WUE

Water use efficiency

-0.109 0.705™ -0.310™ 0.129 0.509™ 0.650™ 0.621" 1

0.206 0.022 0.480™ -0.323” 0.008 0.498™ 0.168 -0.252"

*P<0.05; **P<0.01.

BE—2 %) 6 FHEEAR 6 MNMEBRARAR AT M T (R 2) , FFEbrZ [ R A FE )
M, Hd G5 P, EIHEGRM EMSNE (r=0.787, P<0.01) , HIAHREBHLRE
T, (r=0.705, P<0.01) . MitRjet bl CHF 8 ) 5k s Ae b 28 1) A G 1t e 5 (r=-0.462, P<0.01) .
HAN, SRR AR R R KRR E R T, AN aEE Py, BWIEFIHEZE (r>0.5,
P<0.01) , 1if WUE S5#stt () | P 3 EMREE IEMHK (P<0.0D) , 5T, 25 fifH
% (r=-0.252, P<0.05) . £ LRrid, AFRTREMHEFEET, 6 MEANAEK. BESH.
FEr LA 7K A 85 AR BEAE AURFIE AR AL FE R B 1, S48 AR 2 IR0 AE ELOGBRER I £, SR
ZIRPR T Tk, RS A RIEAR M PR EE ST .

2.6 6 FERDIFEMELE SN
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Table 3 Principal component analysis of the effects of drought stress on physiological indexes of six shrub

species
N2 ix
E Fa 7 Component
Measurement index By 1 gy 2 FE g3 EHo 4
Component 1 Component 2 Component 3 Component 4
ask7/ho
0.141 0.140 0.526 0.758
Biomass
[k S
0.742 -0.146 -0.471 0.294
Change rate of plant height
R (BEHD
-0.257 0.771 0.245 -0.399

Root-shoot ratio (Fresh weight)



HERERARX S &

0.253 -0.326 0.846 -0.167
Relative chlorophyll content
7K
0.810 -0.144 0.330 0.067
Plant leaf water potential
Pl puES
0.841 0.485 -0.154 -0.001
Net photosynthetic rate
AL
0.835 0.253 0.234 -0.340
Stomatal conductance
Pt e
0.840 -0.243 -0.245 -0.209
Transpiration rate
UG ES
0.078 0.903 -0.058 0.260
Water use efficiency
TR (%)
38.59 2151 16.94 11.99
Contribution rate
RHATTER A (%)
38.59 60.10 77.04 89.03

Cumulative contribution rate

TR TR R 3 PR, T 1. 2. 3R 4 R T 25093 o B 7 %41 38.59%
21.52%- 16.94%7F1 11.99%, H R TTHAZ Jy 89.03%, DRIt IL Al R JR 4 9 A1) 89.03%.
B 1B S E TR CBIE Py G T AR IEA SGHE, HUCR M K F Ak S22 1L
;92 B S5 WUE ARG A AR s G IEA G, 5 SR AR & A B i SRl 58 58
5 3 E RN 5RO S B IR A IEAHGOR R, 5HREARAF A BRI U SR R
%4 EROr SAEYEAGRIIERE KR
R4 6 AT EMEZEIIH
Table 4 Comprehensive evaluation of drought resistance of 6 shrub species

AbER

AT LEE1 R
Drought treatment
Shrub species Overall score Drought resistance rank
T1 T2 T3 T4
HART L. bicolor 0.7482 0.5845 -0.0833 -0.6071 0.6422 3
Ih% V. negundo 0.3438 -0.0163 -0.5927 -1.1521 -1.4174 6
b H. rhamnoides 0.2314 -0.1010 -0.4194 -0.6187 -0.9078 4
B A. ordosica 0.5676 0.4400 0.0667 -0.3432 0.7312 2
FAET 0. davidiana 0.3817 -0.0543 -0.5019 -0.9898 -1.1643 5
& FEMG P. fruticosa 0.8303 0.5690 0.3204 0.3962 2.1161 1

FR A - E AT (1 8- T A2 BEFE bR 5 32 B0 BIARFAIE ) 2 SR AR B0, I ek e 5 SRz i
AHFHEAT B, e 24 (R — PR 1 25 N A2 BRAR AR BV SR A, 155 S EARFIEA R 5
BRI E1R5r, o IER, PrRrME. RASERUEK 4 PR, BREeBEls
Gh, HoAth 5 FEEARLE T4 FESYWNTUE, £ T3 FRABWE S &EHES NIEM, H T3
134343 728 0.0667 #1 0.3204. Tz WA FFR T1E TL T30 NIEZ Ak, fEHAR 3
NF R AR E RSN E, SRR E; SRR ERE, HEAERN
21161, mETAL T4 2. 3 LRI EYE (0.7312) FHHE T (0.6422) HI%ZEHIFE) .

3 W #
3.1 6 FEARTETRIHNE AR KEEL
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PR AR R T R 0 TR Z BB E W, B TEKS K, 2 T Ak
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X— i NGB WUE 76 T4 T2 B el & W iRl & M pe i 12 1 R A g ik,
MR 52 /K A3 5 AR A2 2 = ), BRI ) T RS R R AR I 22 PR A, TR
JERIAE PR3 B PRI LT, AR A A A R, AR et LU A e 2E 3 AR A
3.2 6 FHEEANT TR M B A fe A E A A B

MR F SR AE B A R EAEY A E R AR R R E A, Y
HAEHRE] BRI A KRS BN HEERE T (H¥ES%, 2015) o fEE TR PHa iy
n, AR TS R E M SEAAEN SR 2 TR GRS, BAE T2 FiAREE, &
ATAT 03X P PP EARAE B T R e 5 P SR M S B T K R f e E T 5
B A A TR, X 5 K B AT AR BH ) S EK R R b T PR 0 4 SR AN s A — 3
(Flexas et al., 1999; FS#HFZE, 2003) , XAREeh FE—EEHAN, TRasdHsr
HRyE R S KE TR, 0E] T R, (B E,  [F R X AT R
T T IE T S R IR B R AR > CBRRESPAE, 2011) e REAE T R Ea s i,
M4 A B KR PR AR, X2 TR 5 P R e T R I SR A I B A T 5 8
(Anjum et al., 2011) o 6 FPJEAHT, 4 Fa Mg 1) 2R AR & 2 AE A [F] 1) 52 a2
EH/h, TLE TAMGRMANGELREES, HRWH, RAG T3 THERMEN SRR
FART FHoAth 3 A /K A BE, BRI T e 6 4 #a A 5 VD R A i S AR B R T AT
AR, X52HK (1991) HIHFFL4s AL

NS HEAFP ] 1 K A AR AL 3R] LG H, 6 FREA (I A /K 35 BE 26 T 52 Bl 1l o
JlTT G AN [FIRE S (O RRAG, X5 B 4055 (2017) FIBTST 45 AR A, I F 7K 345 Hysd 5 e
TR . MAEA T A FREEE T, V0 b 52 B i K A BEAR e e/, 3
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R, XM R KA AR FEELRE (Verslues et al., 2006) o % LL E 6 FEAK KW 5 &
W, BEET 2RI, SR Py G M T, X6 NFFEE R T &Y, xR
GRIZRIANFIREEE . A RS0 A4, R b 0 20 R 308 Je << Y B T 905 ) 5 S SR o
WiBE (2230, 2010) , 4 Fetfpimid X opp oy =X, A & BE T 5 B B E AL AR R A,
IR, HREFEE T, KKIEAT BHKDRHZE, 58T RS IR i E
Fil, FASLIN TR IREERNE R, Wt R B, AT FR AR PR AR AR r R T
JEFE M E T REE T, T T KW, PRI AR KR B ) o
3.3 6 FPEEAK T 538 ()3 R PETE A

TEPIFIBTRPEVEN A B 2 PR R e AR R AVE A, B —Fi AR BRAB AR A E AN R R JE 1
BoRT HIURME R, BEAFIBRAHEYPT R A A [, A 7 i G st — MR T
e R R . AR AR E T (Mao et al., 2004; #5344, 2016) , A#FFH M



S NTERVENM IR BT R, S5 R B N E LR (BRaH 4%, 2018; fE#FF4, 2019) . &
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