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Effect of Water Conditions on Carbon Isotope Composition, Photosynthesis

and Branch Growth of Reaumuria soongorica

PAN Jia, LI Rong, HU Xiaowen”

(College of Pastoral Agriculture Science and Technology, Lanzhou university, State Key Laboratory of Grassland Agro-ecosys-

tems, Lanzhou 730020, China)

Abstract ; Present study determined the effect of soil moisture condition on leaf carbon isotope composition
(3" C), photosynthesis and current year branch growth of Reaumuria soongorica in the pot experiment,
The branch growth and 8" C of R. soongorica growing in different degraded area were investigated, and
their relationship with soil moisture content that plant stand were analyzed. The results showed that: (1)
The current year branch biomass (DM), length of first grade branches (LFG), number of second grade
branches (NSG), net photosynthesis rate (P,), stomatal conductance (G,) and transpiration rate (T,) of
R. soongorica were largely reduced as water supplies decreased in the pot experiments. 8 C and water use

efficiency(WUE) increased as water supplies reduced, and a significant negative correlation was observed
between 8" C and DM,LFG.NSG, P, ,G, and T,. (2) In the field, 8" C decreased from light degraded sites
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to severe degraded one and significantly negatively correlated with soil water content at a depth of 30 —60

cm and 60—100 cm. A negative relationship was also observed between §”C and biomass per unit canopy

area (BCA) and number of first grade branch per unit canopy area (NCA). These results suggested that

3" C is a good indicator of R. soongorica response to water stress both under potted and field conditions

and R. soongorica mainly utilize water in deeper soil and utilize water more efficiently in light degraded ar-

ea than that in severe degraded area. This conclusion may improve understanding water use strategies of

R. soongorica in the arid environments, and have practical use in grassland management and restoration.
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Fig. 2 The dynamics of soil water content of four potted

treatments with different water supply
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Table 1

Effect of drought stress on plant height and current year branch growth traits of R. soongorica

M AR A R )
=]

. Current year
Plan}cl;flght branch biomass

5 b3 b B

Drought stress

— R B
Number of first
grade branches

— P B
Length of first
grade branches

ZHaEK
Length of second
grade branches

TR B
Number of second
grade branches

/g /em /cm
W, 18.9=%2. 1a 20.36=£1. 30a 46+9. 3a 24.6%1. 14a 143+63. 1a 3.5%£0.22a
Wg 18.94+1.5a 17.364+1.18b 5441. 8a 24. 6+ 2. 86a 89+30.0b 2.840.17b
Wiz 19.24+2. 1a 16.08+1.12b 49+14. 5a 19.540. 70b 83+43.2b 3.040.17b
Wis 15.5£1.2b 8.31%0. 76¢ 50+£19. 5a 15.7+2. 36¢ 29418. 6¢ 3.6%0.61a

T« RSN TR) 2 B e 7R AL BRI AE 0. 05 7K N A7 76 1 35 1 22 5

Note: Numbers with different letters within the same column, are significant difference (P<C0. 05)
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Table 2 Carbon isotope composition and growth traits of R. soongorica in increasingly degraded grasslands

ERS

Indicator of plant growth

B [) 1 28 20 1 812 C/ %o

/NIX Site
REBMAX R AL X A RAL X
Light degraded Moderate degraded Severe degraded
—25.0540. 18a —25.5940. 15a —25.66740. 23a
32.0%1.06a 22.2=+1.35b 16.0+1. 48¢c

¥ & Plant height/cm
56 I8 1 FX Canopy area/cm
I3k HE M4t Current year branch biomass/g
P43 A8 Number of first grade branch
— %R Length of first grade branch/cm
A 5 M T AR A3 A

Number of branch per unit canopy area/(No. * cm™?)
HAN 5 R T B AR )

Biomass of branch per unit canopy area/(g* m ?)

3 453+347. 3a
37.6+1.62a
2 325+59. 9a

3.0£0.07b

71E6. 6a

114.5+£11.7b

3 113+£317. 6a
36.941.70a
1 796£153. 6b

3.340.09b

61+7.8b

125.2+14.0b

1 7334223.5b
36.6+2.20a
846163. Oc

5.040. 39a

5327.9c

220.6417. 4a

T FATAS A 5 6 2R Ak BERITE 0. 05 7K SF N 7 3 35 1 22 5

Note: Different letters within a row indicate significant difference (P<Z0. 05)

*3 TFTErE

TUAMAXEERE(P.) BBEE(T,) KSFHAYLE(WUE) SASE

(G,) AR it i B i & (8" C) H B

Table 3 Effect of drought stress on photosynthesis rate (P,) ,transpiration rate (T,),water use efficiency (WUE),

stomatal conductance (G,) and 8" C of R.

soongorica branch

, Hot G R U
,]{J( ﬁlﬂ IEI Net photosynthesis Transpiration rate
reatmen /(umol +m 2+ s 1) /(mmol+m 2«5 1)

AT

Stomatal conductance

/(molem % «s

I L&
Water use efficiency
/(pmol « mmol ™)

I8 [l oz 2K 25 0
3 C
/%o

W, 2.5740. 26a 2.347+0.27a
Wy 2.174+0.13b 0.86+0.07b
Wi 1.2640.09¢ 0.5070.03c
Wis 0.63740.09d 0.5240. 06¢

0.3040.061a
0.1120.010b
0.0620. 004c

0.0540. 004c

1.17+0. 21c
1.9320. 13b
2.5240. 16a

1.224+0.09¢

—27.37£0. 24c
—26.3620.19b
—24.547%0. 21a

—24.76%0. 24a

T RS ) 5 B 3 7 Ab BB 7E 0. 05 7K1 R A7 78 1 35 1 2 5

Note: Numbers with different letters within the same column.,

are significantly different (P<Z0. 05)
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£4 TEPETAUNERSEMAEZREROBEXE(2HKE)
Table 4 The relationships between morphological and physiological traits of R. soongorica under

drought stress in the pot experiments

ki o /WUE P, . T: ., ) Gy . i . .
Index 3 C/ %o /(pmol « /(pmol « m /(mmol * m /(mol + m DM /g NFG NSG  LFG /em
mmol 1) s hH s hH csTh
WUE 0.505 %
P, —0.779 % % —0.060
T, —0.844 % * —0.516 * 0.835 % =
G, —0.815 % * —0.460 * 0.849 % x 0.991 x *
DM —0.662 % x 0.153 0.843 % 0.632 % = 0.650 % *
NFG  —0.037 0.418 0.042 —0.232 —0.232 0.166
NSG  —0.544 % 0.018 0.517 % 0.421 0.392 0.727 % —0.057
LFG  —0.496 = 0.010 0.441 0. 383 0. 381 0. 486 * 0.118 0.558 %
LSG  —0.040 —0.216 0.035 0.088 0.076 —0.163 —0. 447 * —0.149  —0. 201

TE 08 C MR F A 220 B WUE., K A3 FIHRR s P BOLA MR, T, BB H R, G KALSE; DM, H4ES R EY R NFG #il LEG 43
Fon — R BB H R — BRI 5 NSG A LSG 235l 378 — R8O H A O B B, % Al % 03] 3K0% 0..05 Al 0. 01 K- I 25 4 40 56
KE; T

Note:§'""C. Carbon isotope composition; WUE. Water use efficiency; P,. Net photosynthesis; T,. Transpiration rate; G,. Stomatal con-
ductance; DM. Current year branch biomass; NFG and LFG. Number and length of first grade branch, respectively; NSG and LLSG. Number
and length of second grade branch, respectively. % and % * indicate significant correlated at 0. 05 and 0. 01 level, respectively. The same as below

F5 HEYWEKBHESCRLESKEMNMEXYE(HEIKXE)

Table 5 The relationships among plant growth traits, carbon isotope composition (§"*C) and soil water content in the field

it b 315 C/% Swe30/%  Sweb0/%  Swel00/%  PH/em  CA/em®  DM/g NFG  LFG/em . A/
Index e ! / / ! / ! (No * dm™?)
Swe30 0.145
Swes0 —0.552%  —0.430
Swel0 —0.548%  —0.664% x  0.896% *
PH /em 0.219 0.612 % * —0.634 % * —0.786 % *
CA/em? 0.679% + 0141 —0.417 —0.439 0. 486 %
DM /g —0.124 0.031 0.102 0.036 0.184 0.092
NEFG 0.122 0.580%  —0.498%  —0.71dx x  0.875% x 0,434 0.243
LFG /em 0. 004 —0.451 0.370 0.525%  —0.633% x —0.300 0.214 —0.808%
NCA/(No» dm™2)  —0. 544 » 0.324 —0.164 —0.257 0.352  —0.543%  —0.058  0.407 —0.450
BCA —0.725% x  —0,227 0. 289 0.698% x —0.357  —0.872x% x —0.101 —0.413 0.257  0.586 %

T Swed0,Sweb0,Swel00 43 il KR 0~30,40~60,70~100 em + ZRE I+ 1 &K PH. b s CAL SR 1 AL NCA A1 BCA 43 51| 3 7w 5 4ot 18 B i X
et i AR )
Note; Swe30, Swe60, Swel00 stand for soil water content at depth 0—30, 40—60, 70—100 em, respectively; PH. Plant height; CA. Canopy area; NCA and

BCA stand for number and biomass of branch per unit canopy area. respectively
FEAR A ARG R 200 i WUE 528 S0 A B KRR — 0 RO B 3% i e . )
HARMAA T EERFAMC. MG RS2 S AR S aTRIAE N HEIKR Mo i 8" C 5
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