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Influence of elevated CO, and precipitation regimes on biomass allocation and

carbon and nitrogen content characteristics of Reaumuria soongorica

CHONG Peifang, LIU Shengtong,JI Jiangli, LI Yi®
College of Forestry, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Atmospheric CO, concentrations are predicted to increase from approximately 350pwmol/mol today to over
700pmol/mol in the late 21th century. In the future, elevated CO, levels are likely to have profound effects on precipitation.
This change would seriously affect the desert ecosystem, above- and belowground biomass, and carbon and nitrogen
allocations of desert plants, leading to changes in ecosystem structure and function. Although many studies have examined
the effects of precipitation and CO,, the interactions between changing precipitation and CO, on desert plants have attracted
little attention to date. A pot experiment was conducted to study the interaction of elevated CO, concentration and changing
precipitation with biomass allocation, and carbon and nitrogen content characteristics in roots, stem, and leaf of Reaumuria
soongorica, a dominant species of the desert steppe in the arid region of China, in order to assess the possible effect of
global climate change on desert ecosystems. The main plot included two CO, concentrations (350and700wmol/mol) and five

precipitation conditions ( natural precipitationas control [ 0], precipitation minus 30% [ —30% ], precipitation minus 15%
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[-15%], precipitation plusl5% [15% ], precipitation plus 30% [30% ]). The results showed that: (1) above- and
belowground biomass of R. soongorica were increased significantly with elevated CO,, and this effect was promoted or
inhibited when precipitation increased or decreased, respectively; When the CO, concentration was increased from 350 to
700mol/mol, the aboveground biomass increased by 61.28%with precipitation plus 30% ( P<0.05) , whereas root biomass
was increased by an average 84% with precipitation 30% , and 3.21% with precipitation—30% , respectively ( P<0.05) ;
Therefore, the root/shoot ratio( R/S) of R.soongorica with precipitation plus was greater than that with precipitation minus,
and this effect was significantly inhibited by elevated CO,( P<0.05).(2) Elevated CO, significantly increased the carbon
content in the root, stem, and leaf of R.soongorica, and significantly decreased nitrogen content in those organs; this effect
was promoted or inhibited with precipitation plus or minus. The C/N ratio of the root, stem, and leaf of R.soongorica
increased by 80.22% (root) , 103.02% ( stem) and 199.88% (leaf) with precipitation 30% ( P<0.05) , whereas, the C/N
ratio of those organs increased by 24.99% (root), 30.27% ( stem), and 104.45% (leaf) (P<0.05) with precipitation
-30%, and elevated CO, significantly promoted the effect ( P<0.05).(3) These results suggested that, under future
conditions of elevated CO,, R.soongorica would be restored due to sufficient carbon and water resources in the area where
precipitationis increased; Whereas, in areas where precipitation is decreased, R. soongorica would retain its dominant

position for the high root/shoot ratio, because there would be compensation of elevated CO, to drought stress.

Key Words: elevated CO, concentration; precipitation ;biomass allocation; C/N ratio; Reaumuria soongorica
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(4 ] — L B BRI 2 48 AR SCAE W ORI AR, 4 RS, DR IR BEIRCAE K —BUW 2 5 B 4k 21 30em x60em ,
50cm MR & NG R, TERFD 8 #k ., S/ SEI0 A - X I [ i I bl B B 2D APV AR AR R 0—20em 38, Rl
EIETA HKAL  FFTEHK AL N SRS LIB k/KEE . Frgeii 1 DM HE T 5 ARG T Co, A MPE
IKAEPR, VEFE RENF IR LLAME AR R . (1) REELLE HARE T A X, (2) BIX 43k
1B AR W12 X B KA Jmy 2B T B AR Ak, BRI T A BE R K I 6l L B 3 A R R K b 2
1.1.2 KBt

ST PR IR (BAE RS CO, M, 345—355wmol/mol ) Fl 690—7105pwmol/mol2 4~ CO, ¥ i /K-, 454>
WA 3 AES % 6 NPT CO Ml A%, AEMM 1.5mx2.5m, & 1.5m, LURIEIIH CO, R,
CO, A st R4 24h ANRIB AT FMEINAE COMRIE . NGRS H ARG, 15 8 3 3o T00 < 1A I i
MR SN R £1.5C S W B EH TR R T T E . EEA COMEAKT- R
P LT b R AR PR AR K 2 (5—9 A ) A A F K (1961—2008 4E3T 50 4F3x JLAS H 9 A S HI{E K &8l
B ) BEERRK . AR X SRR R 1961—2008 4F 4R oK EEAE R LE 5—9 A4y, LA
AW SRR R A 95.5mm, H BIFEKE N 19.5mm, 54K R 86.08% ; BORHA /R IZ X Z 4 F-BIRK 70
116.7mm , /K B85 AR 20 154.2mm 2247, L2975 1 29 30% , FE/K B e fh 81.5mm, [ 245
SR IR 30% , DRI T 38 S S 60 400 1] o4 7K 0 309% (R AL B, I 76 v 0] 38 T8 188 0 159 Ah B4 A Ao 173X
FERE R PR IR BEE 5 BB . FEAK IR 30% (=30% ) I8P 15% (-15% ) FFHR(0) 340 15% (15% ) Fni
T130% (30% ) , %F BE AR DL R B B IXGIT 50 4RZ0RD A K HE I (5—9 H) A H AR K 2 o S Xt IR, 3534
AL PRAE A B 43 10 WA (BF 3d —IK) , IR S BHD_E S PR, B E WA Kb P 3 4
Hii, A FBIRE KR RS K o A B R K LR 1,
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Table 1 Average monthly precipitation during 1961—2008 ( nearly 50 years) and the irrigation amount every time

A R K J#E/K & Trrigation amount/mL

Month Precipitation/mm -30% -15% 0 15% 30%
5 7 May 11.20 9.41 11.42 13.44 15.46 17.47
6 1 June 15.00 12.60 15.30 18.00 20.70 23.40
7 A July 23.00 19.32 23.46 27.60 31.74 35.88
8 1 August 28.10 23.60 28.66 33.72 38.78 43.84
9 1 September 18.20 15.29 18.56 21.84 25.12 2.84

1.2 MEFRIR S 7k

T 10 A hATERA LI T 38 3 Zi200b , B2k 2 PRELA IQSRMEAE PR IE A 70 SR 1 HIURE | 51 DA 2R TR AT,
X bbb R34 A i RIZE  BORE A R AR 2R 8 Bk A 0 A 2 AR R AU | OB AR IR 2 A LR
T, 20 B FR B B S A 105°C HERS TR T 10min, SR )5 7F 80°C T LT E 46 8, AR A48 T2, i —2
BRI, B ZE A LR E S TR S AN BGE I AR 2R e AR L ICOE A A (CHT A
XA PR H) KDN R 50) M7E , AR 4R LI & B 1 C/N,
1.3 Bl srir

FEABAEG 43 M A1 22 R Microsoft Excel 2010, 2K F SPSS 17.0 3R 4 #E 47 5 A & 7 2 43 M7 (one-way
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ANOVA) , B PER IR ] LSD 4k ; JH— MR M AR 3R f2 R CO, ¥k 2 114 T2 2000 L K 58 HL AW A7 WU 3R
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2.1 CO, T = A I H AR A 0 21 b A 4 e Je L0 P )5 W)

MR R T 25 Bras R (3£ 2) BoR, CO MR E T & FEK A8 b I — 3% 1Y 28 AR XL b 2Ent A= i FIAR
AP B (P<0.05) , FEKEAE AR 5 A 2520 (P<0.05) , CO, R ) 5K & 38 B AE
FAXIARIEE L JC 5200 (P>0.05) . A 1 FifzR, CO, M FEAF34 (700 mmol/mol ) i 25 PB4 F T 21 0b 250 4
S, WO RN S 0 B A T A R S S R T AT 2 AR RN, S R R AT (-30% .- 15% .0,
15% 30% ) 73 B EE 18R CO, M BEE R AU N 44.81% 17.92% 42.14% 64.82% 1 74.32% ( P>0.05) , CO, Hk 1%
BT DL P AU AR R A i, O T e 1 ek Dt G S R i s R T LT AR AR i 3 n L 5
FEMI 2 (=30% ,—15% .0 . 15% 30% ) 435 L H 8k CO, W FE R B934 i 22.98% 17.82% .21.15% .39.74% Fl
31.60%, CO,¥&BEATHY W E AR T £0A0 AR S b, 5 I 2 10 o sl ik />, S 38 1 19 0 0 sl 0 ) 77 20 b 1) AR 9
Ee, 5 FREER S5 T (-30% .~ 15% .0, 15% .30% ) 535l Lk F 28 CO, MR EE N IFEAR T 4.57% .16.88% . 14.77% .
15.22%1 24.51% .,

R2 CO,REARRBAEAMAMEHEYE REVENRBILEWHNERAESNER(FHE)
Table 2 Resaults( F-valuer) based on Two-way ANOVA of the effects of elevated CO, concentration and changing precipitation on stem and leaf

biomass, root biomass and Root/Shoot ratio of R.soongorica

At ENURAELY/By AP ML
Source of variation Stem and leaf biomass Root biomass Root/shoot ratio
€O, 131.341 *** 10.850 *** 20.415
[T & Precipitation 62.705 """ 21.335 104.584 **
CO, x[&WM # CO,XPrecipitation 6.411* 2.308 *

# FIRTE 0.05 FRFRANA L 5+  FIRAE 0.01 KFREML R 5+ x x FORTE 0.001 /KR 235

2.2 CO, T FIRE RN AT LIRPAR (25 I i 28035 R Y 52 )

MR ZE T 2250 BT R (3R 3) on , CO, W BE T+ | R K & A8 Ak Je — 38 1 28 A FA XL RD AR (25 ik 75 it
I B (P<0.05) , Wi 2 iR, CO, M FEAEHE (700 wmol/mol ) i P AE UE T 2004 25 A% & i,
o T St T bl A, S 2 M 1 £ A B ) T £ AP AR ZE I i e L S RN A T (-30% .- 15% .0, 15% |
30% ) MBR S 0 B EE AR COL YR IE RIS T 62.99% 38.63% 14.19% 11.53%F1 12.91% ; 25 & H+ /3 5134
N 45.82% .34.04% . 32.12% ,22.51% F1 18.55% ; M Tk 75 1 43 5 35 M 61.65% ,39.96% | 35.33% ,32.85% FlI
30.48%, AILAE Y, CO,MEHENTLIRPAR (25 v e 15 f AR SRR FHZE o TR St 0 /D B R T 4 W 2

£3 CO,REABTRBEAREUNAMIR ZE HIRASEFHELWHVNERFTEINER(F H)
Table 3 Resaults( F-valuer) based on Two-way ANOVA of the effects of elevated CO, concentration and changing precipitation on carbon and

nitrogen content and C/N of root,stem and leaf in R.soongorica

ASEE fitk &t Carbon content & & i Nitrogen content A C/N Ratio

Source of variation H ES iy R ES iy R ES m
Root Stem Leaf Root Stem Leaf Root Stem Leaf

CO, 26.134*"  62.611*** 128.570"**  25.593  15.057"" 56.614** 20.415*** 92.265*** 152.981**"

[T it Precipitation 18.748 " 24.924™*  38.506 """ 42777 7.481"" 9.249** 14.584 10.840 " 81.202°

CO, [ i & CO,xPrecipitation 6.411°  3.184" 9.603 * 1,512 2.154*  5217%  0.568 2.347" 3.311°

# FIRTE 0.05 FRFFLNA B3 5 = FRAE 0.01 KFREMAT R 5+  FIRTE 0.001 /KFR20A 235

XURZRTT 2200 WA 2R (3 3) BR , CO MR E T Bk i A8 Al K — 3% i S AR O £0RD 28 28055 i 24947
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Fig.1 Dynamics of root,stem and leaf biomass and Root/Shoot ratio of R.soongorica in different CO, concentration and precipitation
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Fig.2 Dynamics of carbon content, nitrogen content and C/N of root, stem and leaf in R. soongorica at different CO, concentration

and precipitation
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AWy 3 BAT 3 BT AL AN, (E M D R A A I R 0 22 I 1 39 W DR T D 8 W
LLAPLEREXT CO, BRI REAF AR 7K 7322 57 , W T304 22 L o R il D i g 5 A AR

HOE L (R/S) B 2 A T AR Wy i 23 B AR A O 5, O 11 2 Bl A 25 R AR SRR R A B 2 2
B PRI S AR EE L B T S B E AR AT NS AR g R B, B L AR FREK
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