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Responses of root morphology and functional characteristics of Reaumuria
soongorica on CQO, elevation and precipitation variation

CHONG Pei-fang, JIJiang-li, LIYi", SHAN Li-shan, LIU Sheng-tong
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Abstract: [ Objectives | Reaumuria soongorica is a dominant desert steppe plant in the arid region of China.
The objective of the study was to evaluate the interaction of elevated CO, concentration and precipitation on root
morphology and root function of the desert plant, to provide scientific reference for the growth of R. soongorica
under the background climate change in the future. [ Methods ] A pot experiment was conducted with three CO,
concentrations (350, 550 and 700 pmol/mol) and five precipitation levels. Taking the local natural precipitation
as control (100%), precipitation of 30% less (=30%), 15% less (-15%), 15% more (+15%) and 30% more
(+30%) were designed. The total root length, total root surface area, total root volume, root average diameter,
root biomass, root/shoot ratio, specific root length, specific root area, carbon content, nitrogen content and C/N
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of R.soongorica. were investigated. [ Results ] The total root length, total root surface area, root biomass and
average diameter of R. soongorica were significantly affected by both the CO, concentration and precipitation and
their interaction (P < 0.01), while the root/shoot ratio, specific root length and specific root area of R. soongorica
were significantly affected by CO, concentration and precipitation (P < 0.01), but not by the synergetic effects.
The increases of total root length, total root surface area, total root volume and root average diameter under the
—30% and —15% less precipitation treatments were averagely18.53% higher than those under the +15% and
+30% more treatments (P < 0.05),while the root biomass under the +15% and +30% treatments were120.8%
higher than those under the —30% and —15% less treatments. The root/shoot ratios under the —30% and —15%
less treatments were 57.1% higher than those under the +15% and +30% more treatments(P < 0.01), and the
root/shoot ratios in all the precipitation treatments were significantly decreased by the elevated CO, concentration.
The specific root length and specific root area were decreased significantly with the precipitation increased
from —30% to +30%, and they were increased obviously by the elevated CO, concentration. The carbon and
nitrogen contents were increased significantly with the precipitation increased from —30% to +30%. Under the
high CO, concentration, the carbon content was increased and nitrogen content was decreased. The C/N ratios in
roots of R. soongoricawere were significantly increased under the high CO, concentration, and there was a
fluctuant variation of C/N according to the precipitation increased. [ Conclusions ] The elevation of CO,
concentration has a positive effect on root morphology indexes except the root/shoot ratio. Under the high CO,
concentration, the total root length, total root volume, root average diameter, root/shoot ratio, specific root length
and specific root area are significantly affected by low precipitation, while the total root surface area and root
biomass are affected by the high precipitation. The root C/N of R. soongorica has positive response to the elevated
CO, concentration, while the response of C/N to the interaction of CO, and precipitation will not be predicted,
depending on the different CO, concentration and precipitation.

Key words: elevated CO, concentration; precipitation; root morphology; functional characteristics;
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Y (g)
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FLAKE 43 AT A2 /2% F Microsoft Excel 2010,
K SPSS 17.0 FLE 2 7 2250 8T (two-way ANOVA)
X AN ] [ K st [ 2T AP AR R LS8 bR B il (C) . &L (N)
A C/N #1722 7 B 3 KRS (P = 0.05),

R 1 1961~2008 F A K ERTREKE
Table 1 Average monthly precipitation during 1961-2008 and each irrigation amount

4} A #E/K & Monthly irrigation amount (mL)

JUSLIDERD) JIF¥IRE K & (mm)
Treatment time Monthly precipitation ~30% —15% 100% +15% +30%
5J1 May 11.2 9.41 11.42 13.44 15.45 17.47
6 June 15.0 12.60 15.30 18.00 20.70 23.40
7H July 23.0 19.32 23.46 27.60 31.74 35.88
81 August 28.1 23.60 28.66 33.72 38.78 43.84
9} September 18.2 15.29 18.56 21.84 25.12 28.39
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FEARF BRI TS0
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1R R KR AR AL B = A8 AR DR LD AD SR AN
ST R R (P < 0.01); FE/K BT EAR
BB 50 (P < 0.01), T CO, ¥ M H 5%
7K 138 AR IR SRR BT B 252 (P < 0.05)

CO, ETHR, AWM ARDREK . BRmMH
SARRFR 3 MR ATRIRE 5 FhFE/K N Y 280t
#O(E 1), CO, HERNE] 700 umol/mol B, FEK
—30%. —15%. 100%. +15%. +30% AbHEAR K [t
350 umol/mol CO, ¥ JE T 4334 33.3% . 54.4%.
23.5%. 59.8% H146.6% (P <0.05), AT 5]
TN 38.2%. 41.4%. 29.2%. 48.4% Fl 46.4%, AR
FUAY 38T 28.9% . 31.5%., 24.1%. 26.8% Fl1 27.3%.

BE# KA (D Bg ), LIRPAR R
MRAC L R T BURLEAR R B L A SR BEAK R 1A T
B, CO, B i B AR BN T X LA BR Y
B, (H I A ol AR Bl R K B A b i 5. Y
CO, W E 700 pmol/mol, [&7K-30%. —15%.
+15%., +30% Ab B EARA 230 LT IR FFIK 100% o3
N 38.8%. 21.9%. 11.6% Fl25.5%, &30 FL535
N 51.6% . 32.2%. 43.5% F1 62.9%, MAKF;
FIEIN 82.7% . 62.2%. 25.51% FI 33.7%.

22 CO,KREASKEKTUINIWIRFEINE
7. REMEMNIRT LT RIS

XU ZRT7 22 e R (3% 2) s, CO, kg T
L K AR AL B Y 28 HAE X LA AR 25
TR ARy B Y W 35 52 ) (P < 0.01), ARFEEEKAY
£ CO, TR . BKE AL TAMBEEES (P<
0.01), Tizg HAEFRXTHEZmA L (P> 0.05),

CO, WREEH N E A2 T 5 PR K AL 3R 21
R B FARAE Y i (K] 2). 4 CO, MREE
350 umol/mol #iN#] 700 pmol/mol i, [F/K—30% .

®2 CO, REASKEKBUNIWRALSIEGREMONERSESTER (FE)

Table 2 Root morphology indexes of R. soongorica affected by the elevated CO, concentration and precipitation

. SR MEEBE SRR g o S AR
A N - - WY ER e _ HeR A
L Total root Total root Total root . . Root/shoot  Specific root X
Source of variation Root diameter Root biomass . Specific root area
length surface area volume ratio length
CO, 76.134™ 24.593" 20.415 103.637" 12.016™ 11.749™ 7.412™ 3.189™
Precipitation 53.748" 16.376™ 104.584™ 52.622* 93.852* 122.131™ 15.236™ 10.912*
CO, x Precipitation 27.411™ 11.512* 7.168" 9.358"™ 6.327" 5.485 2.574 1.635

I (Note) : "—P<0.05;"—P<0.0l.

600 110 ¢ . ad 200 a 0350 pmol/mol
g 00 a b 100 . b L8 F ab [ 550 pmol/mol
e a b b =8 90 | ¢ by -~ L6t l 700 pmol/mol
= c ccC S = 80 | S o a b
&0 a dd s a S g 14 A b¢
= 400 I =38 70 | d 23
2 b T8 b d b =% 12 |
5 c 5T 60t 52
S 300 | W 4 =32 c =3 10t
3 Kz 07 B2 el
5 200 =2 40} &3z
= I K 2 0.6
N ~ & 30 ol =
X e W 04t
= 100 20 | .

1 10 F 0.2 |
0 - 0 0 -
=30 -15 100 +15 +30 -30 -15 100 +15 +30 -30 -15 100 +15 +30

[% 7K 4B Precipitation treatments (%)

1 A[E CO, iKEFMEEKBLAM 2R, RREDMNSMRAERHTH
Fig. 1 Variations of total root length, root surface area and root volume of R.soongorica affected

by CO, concentration and precipitation

[ (Note) : Fh: EARF/NG FHRARFE M — CO, #EE R A /KRR 22572 .3 (P <0.05) Different letters above the bars are significantly
different among different precipitation treatments under the same CO, concentration at the P < 0.05 level.]



54 Fsi 5, 5. PR RIESAIIRERAEXT CO, ¥R BT s R 7K 5 A5 A 14 1) 7 1339
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69.3% F1100.6%, AR LS5 137.3% . 56.0% .
5.0% 1 38.3% (P < 0.05).
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g5 000 08 15 L
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FBE 7K 2t A8 A X 208D He AR RN B 2 i R A A (e 3
M (P <0.01), {H 35 M58 BRI 52 ma A i
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CO, VREHE IR B EHINLTRPAE 5 KR Y
AR AL R AR (& 3). CO, WM 350 pmol/mol
Hafn3| 700 pmol/mol I}, FEK-30%. —15%. 100%.
+15%., +30% ALFET I HEARAC S HIHE A0 19.0% . 19.4% .
25.3% . 13.1% Fl 16.3%, 2% 1 F2 4 51 34
17.3%. 15.0%. 14.6%. 6.2% F 13.2%.

Bl K M —30% F+30% 281k, 0P AR K
AR M FLTE 3 Fh CO, WRIE T ¥ 2B iR
M CO, WEW M ZE 700 pmol/mol, [FE/K-30%.

a 070 r 0350 pmol/mol
i o 0.60 -; 0550 pmol/mol
=i H 700 pmol/mol
a £ 050 }
il :
= 040
2
=}
S 030 |
B
2 0.20 |
m
=010 |
- 0
100 +15 430 =30 <15 100 +15 +30

[% 7K Zb 2 Precipitation treatments (%)

2 RE CO, REFMEKETAMRENER, REVEMRELLH T
Fig. 2 Dynamics of root average diameter,root biomass and root/shoot ratio of R. soongorica in different

CO, concentrations and precipitation

[# (Note) : It EARFR/NGZRAER— CO, B ARFRE/K SRR 2T 2% (P<0.05) Different letters above the bars are significantly
different among different precipitation treatments under the same CO, concentration at the P < 0.05 level.]

250

gﬂ al ab
& a b ¢
= 200 F T 1 b
on
o c
Q d
= 150 ¢ e
: Sl e
Q
=100 F
3
o
w2
W 50
m
=
X
0
=30 -15 100 +15 +30

c 50 - 350 pmol/mol
g 45 . a a2 O 550 pmol/mol
5 40 F ;1: b bb W 700 pmol/mol
5 35+ T] ¢
R cez ¢
% 25
3 20 |
a1 |
\]—):é 10 +
=
® SrE
H g . .

-30 -15 100 +15 +30

[ 7K AL B Precipitation treatments (%)

3 A[E CO, iREFIFEKE TR LLARKA L RE R T
Fig. 3 Dynamics of specific root length and specific root area of R. soongorica under different

CO, concentrations and precipitation

[iE (Note) : Hi: EAF/NG FHRACEFR— CO, A FK R 2ZF 23 (P<0.05) Different letters above the bars are significantly
different among different precipitation treatments under the same CO, concentration at the P < 0.05 level.]
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—15% . +15%. +30% AbBR A FL AR 430 Fo X R [ 7k
100% FOBETN 15.8% ., 10.5%. —28.9% F1-33.4%, L
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24 CO,REASKEKTUIIWHEIRSR
k. [EERHENEN

WA ZRT7 220 A4 2R (% 3) s, CO, kg T
. KR AR AL B = 1 28 HAE TR LA AR 2R ) ik
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T e XAl & AT A B 2 R (P < 0.01), BE7K X ik
RITCBELI (P> 0.05), THH IS TAEH X
BRA AT B350 (P < 0.05),

CO, W& T nl i R LT AE 5 FhEEK T 1
MRS, D EREIRRA S (B 4). CO, %
FEHEZE 700 pmol/mol A, FEK-30%. —15%.,
100% . +15% . +30% AbBEAYHR 225k 75 5 4 51 384 Jin
89.9%. 145.7%. 163.0%. 200.4% #1193.9%, #H
R BRI 38.2%. 28.5%. 36.1%. 29.0% Al
15.4%, CO, WRFETH i & St 140 R C/N i3
3 CO,RERMEKILAMIRAK. RE=EZMAINE

FRESH (FE)
Table 3 Two-way ANOVA of the effects of the CO,

concentration and precipitation on carbon and nitrogen
contents in roots of R. soongorica (F-value)

hn, CO, W EEBE AN ZE 700 pmol/mol B, £ /K 4b B
[ C/N ZX BTN 246.7% . 402.97% . 447.1%. 363.5%
F1317.2%.

TE=Fh CO, WREE R, 2P . 2070 i BEREK &
4 Z MM (K 4), 18 CO, ¥ JE N 700 pmol/mol
BF, FEK-30%. —15%. +15%. +30% MILTRbARRR &
BELEXTREEE K 100% A9 3138 IN-41.1% . ~12.3% .
25.5% F149.8%, F T RMHEIN-20.4%. -16.2%.
43.8% F1 63.5%. CO, WHEHIZE 700 pmol/mol i,
IR/, C/N JElb s G, —30% 450 I i) 24 5
B (P<0.05); 7EXFHEILR ERRKEIE I, C/N %k
WNEHE, FLIY S0 2 5 B (P <0.05).

3 hig

3.1 CO,REHSFEMEKZTUITAMIRATTH
=20

e AR A 2 5 RS [R) Bl 8 7= A AN TR (18 2542
b, LA IIRER LR, AYIE S E R TR
HAEB AR UL . 2 BOCHER B IR 523
CO, W2 FHEARYIMR A . M2 BAR AR 1 A
BEmee, AR A, CO, WETHE, LLWHIMR
PN S Y Y AN S S = Rk A TR T
I, X AT A RIBETES R, B CO, WL T

A et Aow TRA L o \ .
o - - XTLLAOAR F B A AT IR, B4 CO, AT £Lmb
Source of variation C content N content C/N N L
WARS R E A, WA B TRERAX +
CO, 156.823™ 98.934™ 113.573" e
IR W RE
Precipitati 41.736™ 13.625™ 30.417 - y . S L R = NRITINN
recipitation KR CO, ETE T B E RS AR RS
CO, x Precipitation 13.261 7.146 9.160 ﬂlﬁ/‘ﬂ%%ﬂé&iftj]m]o ZKHF?L?EP , CO, {;{Qg,ﬁr‘tiﬂ‘ﬁi
HE (Note) + P <005 "—P <001, LTRBTER Fi K 42 5 PE T AR A 0 i 834 20%
9 r 0350 pmol/mol a 4r Sr a a
80 F @550 pmol/mol b 4} . a b b
g 70 | 700 pmol/mol . g 3L % I Ia
59T ¢ m O g3 . : 2 ol B b
g 50 ¢ g C b b
S d S 2t C
O 40 Z. d c
I L a i 2
& 30 b b b 4
® 20 | =T a a a a
10 + Lr
0 1 1 1 1 0 1 1 1 1 1 1 1
-15 100 +15  +30 -30 15 100  +15  +30 -15 100  +15  +30
[ 7K AL 3 Precipitation treatments (%)
4 [E CO, REFMMEKETLAMRAR. AEERKRALLHNETL
Fig. 4 Dynamics of the carbon, nitrogen contents and C/N of roots of R. soongorica at different
CO, concentrations and precipitation
[£ (Note) : I EARFE/NG FEARE R — CO, WEARFRFKER £ 57 B # (P<0.05) Different letters above the bars are significantly

different among different precipitation treatments under the same CO, concentration at the P < 0.05 level.]
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ST CO, W EEXTA Y AE K AR s, JEIEXTAR
5ek LU s e

RSP WK o FFE o E AR, HA
TSR ARy e 07 7K 3 3 v e R BN . BRI, UK
Sy TEAE P R 735 CO, e X R 22 I 285 114 52 Wi 473 3
EEBEAEN, ARG R R, FEAEMBEKET,
CO, ¥ 38 it £ AP R AR OES L LA AMI B AR RIEA
FEPR A W E AR HEME R . (R SR AR X [ /K o 11
Me 7 HE MR AN ], ARG . AR . AR B AR AR
5tk LU P 4 R A B 7K St D/ s R TR K S G s,
BIK Ay R = 45 g B I CO, MMM AMMREK . &
FRAARFR . A3 AR AR 5 bl J LA T A48 45 1 42
HAEM . X5 Berntson SFVBFSEZE R, 5
Gorissen 51 Owensby S AT FE AR CO, THE 4%
P T AR A By s 3 e YR I A K F T R A0 1Y 45
WA . 33X AT RE L PR R 20 b o Sie M A R A= Al 4
KRN AR E TR BEWRIEEH, K5
Fo I HAR RS HIA R Z R A, N
AR R A TESTE ARG I . EAERE KR . 7K
O3 I8 2 B 2D SR BN B AR AR R AR, R R
KEAWIHIN, BARY K. SARARBURAR L W 2
P v AR IO Y B 7K 43 DR, 1 AR AR T LA A
TEHE 2K R LR E K . B R ARSI
Bl A 3T SRR AR, SR A S R G AR

A E RN, AR RIREKE TR, AR
AP R IR WL, FE RS RN
] o XS K AN [RIAE P 6 CO, ¥ 2 T i 1K 43 (R
TR EEANA] , ZIRDAE R K 3 22 s/ i 34 ] 4 0k
i E R AR AR, (HAEREK SIS 2
AR B R R T AR Wy i B AR R K
Bk M T A= 3 R L AR R, TR B
2T R AR TR L A 8 K a0 s 3 R R K 3
1 B AT LY/ FAR U BUNG W [ W= NERA L/ s
SR ] X AN ] [ K a e AL . AR 2258 B
TERE KB D B3 CO, WREETHR B OL T, MR R
) SRL Fl SRA 23 i 34 hnee= ) AR R, +
KT MN SZ B, PR RAARTER &R A,
SRL Fll SRA Jli /o1, AHFoE &P, Bl KK
WA CO, VREERYHE N, ZILAVAR RA S i,
SRL il SRA 4K, HHj ANBIFFTRLE /AT 2,
A AEE P CO, MR T s Al LK 3 FRAR T AR R
FriEee | 530 SRL FI SRA B4, 7] Bt 15 WA ) A
WX AT S5 S A g i ] 2 S A K
32 CO,KREASFEKETUIMLAMRALS
E5h. @HEHEXRNEN

—MINHy, CO, MR FETHE A P 23 R & A T
& v A BIAR B A ok et DG AR LA RO SR I T
KGN, C/N $hntr=81 0 RFEFEFEEIH NN,
CO, B YRR C/N e B ETh. EWfErE
CO, YR B TH i X 2 3K & 1t A ARl s i [ B G 00,
WA DB RY] CO, e BE T+ 2 B InA¥ ) Fh 1 458
AL RM & &S, AR, 75 5 PRS0
T, CO, e B T i nT d 25 b B v 2D AR AR R B
MFFEREN &, RASHON A, X—455%
MRFAEEN RS —8, 5 H 545 R AH
K, Ui COo, TR, YL R A S =
HAR AL P RE S IR A 1) 22 S [R] . Zak SR A5
FWIHL T ERAE YRR CO, VR EE TS G G0 T i 5 4
i, TESRE M E BT A o B AW R Y 50% ~
70% B, AT, CO, WEETHE, ZLAPIR R
AN, A SRR, TR A AL

IR0 22 06 TR W) 35 O 1 W WSOR 5 BBC Ak A G
BEAER . KRB, T 54 B T A AR &
XTRE B CRRI ], TG C/N BRI . Bt
TCAFHFRE R I, Bl B K T (AR R ke B i A
A Em, MNNFEER R CO/N BERIK, A5
SRR, AR RIS EMA S E S KRR
B EMEKER, W CO, W =4 W E X —
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ik ESEMFIE Y B RANAR ,  EK AR Mg A 2D
YR (IRRAR ) A7 it P9 R K 5 0 3 T R K
W TR I RCR B, S ECIR R =
BB AR R (B PR T ) WA F T AR P X
WREIAEAE . TEATFSE P LLAAR R BBk . Z0&
EITAR RN, SEEFRE R KD FHALT,
R KN CO, ¥ BE Bl A8 X A ) AR R 4540 2 7 Ak B 3
s, JEIR P A AR B Ak, AR R G5 L 2>
05 AR Nk AR R SORUR T S e AR
R C/NWe, AR5 RI], 2OAMR AR C/N 7E—Fp
CO, YR BT B R K it AR Ak 77 AR i AR fh e 348 A8
[, HAR CO, REF S MMM ARN C/NIE T,
HESBEKEREGE, ToiRkEK S 2 808 20 R
Z 1 C/N 1E C0,550 pmol/mol F#423 BZFEK . %
A RESEONFERE K B EH R Z 0, 20 A K E W
YA, T AAR XS K A R AR B, (R 2
RAOBEMR RS, FECON R, et
RIS W A T AR B E58 ;R K 34 e,
RPEARESI ISR, BRI, I AR S A
it TR Z N E SRR, MRS =, C/N
A, CO, 700 umol/mol ¥ FF N 2L MR & 19 C/N Al
Pk EZ AR E AR, HTE-30% FEK 2y
C/N fefik. HARK (SRL) Fitb R ML (SRA) 2457w
WRARINRER EESGIR, FILEG AR Y W ISCE 57 1Y
BE S 5 AESTE N ME . CO, YR BE 3G T A0 7K ik 2 (5 A
YIRKAE A, S20 SRL A1 SRA ¥4, M
IERAR A 2 37 TN e 9 S0l R 48 5 S5 Al
M A A HUR BB RS N, C/N TRE R AR
REE LI, CO, BRI . Rk, i
HEZ SRL Fil SRA K, & apdghn, A& mml,
1M C/N AR bR R 5 2% . X LS5 5 — 5 it I %
K R /D B T D R R I AR HL A B S A T
PR, RIE AT IR AR . U AR Abok S B W aa
TSR AW 5 —Jr AL U] CO, IR K
XL AR R B SR o — DR a i #E, JEm
XFLLRP AR R Al . AT LR A o R 2 . NI
A X LA AR RIEAT A BAEGE, FTLAL CO, FIRE KX
H C/N BYFEG R e 22 T — 2R R 3 AR
AR, FFE 5.
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