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Root stoichiometric characteristics of desert plants and their correlation with soil

physicochemical factors in the northern Tarim Basin
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Abstract ; Stoichiometry is'becoming increasingly used as a method to understand ecological processes. Owing to their direct
contact with saline and arid environments, the roots of desert plants play an important role in nutrient absorption from barren
soil. The stoichiometric characteristics of roots are affected by several soil factors, and are effective indicators of the
functional characteristics ‘and survival strategies of xerophytes. In the present study, to understand the influence of soil
factors on root stoichiometrics, we analyzed Glycyrrhiza, Phragmites australis, Karelinia caspica, Alhagi sparsifolia ,
Tamarix chinensis , Kalidium foliatum, and Populus euphratica Oliv from the northern Tarim Basin, and used previously
collected data to investigate the stoichiometry of plant roots by experimental methods and analyzed factors, such as element
content,” using classic statistics, and multiple comparisons between different plant types and the stoichiometric
characteristics of root carbon (C), nitrogen (N), and phosphorus (P). We studied the relationships between plant
ecological stoichiometry and soil factors using redundancy analysis ( RDA). Classic statistical analyses indicated that the

concentrations of plant C (average: (443.62 + 70.84) mg/g), N (average; (7.44 + 3.59) mg/g), and P (average: (0.
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46 £ 1.92) mg/g) were lower in the Tarim Basin than global averages, because the sterile soil could not provide sufficient
nutrients. P had the highest and C had the lowest coefficient of variation; the ratio of C/N, C/P, and N/P were 63.37,
964.39, and 15.22, respectively. RDA revealed that soil moisture and EC ware the key soil physicochemical factors
influencing root stoichiometrics. Both soil moisture and EC were significantly correlated to root stoichiometrics; however,
soil stoichiometrics did not show a significant correlation to root stoichiometrics in this study, and these results differed from
those of other studies. The hierarchy of importance of soil factors to root stoichiometrics could be arranged as soil moisture’ >
EC > soil P > soil C > soil N. However, these results verified that water salinity has a greater effect on root stoichiometries
than nutrient element content, because the shortage of water made soil moisture a limiting factor, and desert plants have
changed their physical characteristics to accommodate high-salinity environments. The results also indicated that water
availability and salinity are the limiting factors in arid areas. Our study also confirmed that RDA could effectively be used in
research to determine the relationship between stoichiometric and soil physicochemical factors. Duaring this-analysis, we
studied the factors separately and ignored the interaction among them, which may have led to inaccuracies; therefore, this

should be improved in future studies.
Key Words:; desert plant; root; stoichiometrics; Tarim Basin
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9 4201°C , o 200 d, AEREK i 44.7 mm, AERZE% B 2498 mm A5V 1 H BRIHECH 2729.0 h, 3% 4%
FACHHEE A+ AR L SR LD+, EAY O R A AR SRR RN R TUR 8345 ( Populus
euphratica Oliv.)
1.2 BFRTE

FEACRAET 2014 4F 8 A5 BRI L JEiBe X 1R 3 458 B T3 B AR B4R LI & 6 N
Hb, AHSBAEHBE B 1 km , BEREMD 3 N EA IR 3 A A MR U AH R AR RFITIR S . TEIRE DT
I, FARET A 5 mx5 m, HEARA 15 mx15 m 858 BEAFET AUEER X 3 BT iR Y AL B, A2 5
2 1.5 m B BOL FARFMAR , R75 2 B R &, Hh REARRIR SRR S0 g, #EARM R 100 g KR AR
FEMBEAT R R AE . REFETTIN 0—20 em RJZ A JFHIPD 32 A 500 g, [A] 000 A Z b g &
K,

FEWNITINAE ST AR PR IR R S R ALK R e E a, AL A R B k-
P, 4 AU SR - R TH AL I 5 | W IR S -AH BT L BRI E
1.3 BdEatr

SIS IR FH Excel 2007 SE1 73 A SPSS 17.0 #EA 758240007 . AP C N P .C/N .C/P N/P
K H One-Sample Kolmogorov-Smirnov Test (K-S K5 ) #47 IE A MRS, T16 H O E S5hrE2: . AR R
T3 2253 Mk e i 8 F0 - EBRAK R 7 1 22 53, S if AT O 28 P HERG IR (F RS ) A 25 R S I LSD O i i
TR E L E R 5 AR, A Tamhane's T2 T2 E L, B EFHEKFE N «=0.05,

AWFFCREIR R B2 R PR T &, DL RISk R S8 N+ C N P & IR
i, FHIUAR T ( Redundancy Analysis, RDA) ZMTAR R C N P SIS R AR, i, R b2 hR ik |
TSR R SR SRR R R BN 4/ NTAVE IR AR 5 A Im FHE 20, RIATRE AR N R85 28 B AT 1
B, HEF RIS EE K RE LCA<3, RIVAE 20 PREE AR f ity e b 2k, A5 G etk HEF 15, 7T RDA X HGHAT 23047

2 HREHS

2.1 HEPRER C NP ITEMEEANRHE

H 1 AT TERFGEIX 6 PSRl BAR AR 2 b, C N P & {4303 443.62.7.44 (1.06 mg/g, C/N,
C/P N/P {EAKIK Hy 59.64 418:91.7.02,, 85 RECEHiR s M) A8 e fo e M) R 2R AR PR IXA R R C N,
P R EAR A K B R L3R 1, MRS R 1) MR A NGRS P o R (R’ = 0.339,P<
0.05) .P JLE 5 N/RP(R*=0.266,P<0.05) 2 BE MK KR, C U R HHMAMR RAEBMATHRFEA R B
FAAAE

F1 RE CN.PUFTHEFMEAHERESITFE

Table 1 Descriptive statistical parameters of root C, N and P stoichiometric characteristics

B N TR i R RREE | R PR R RREK
Index Mean SD CvV Index Mean SD CV
samples samples
C/(mg/g) 18 443.62 70.84 0.16 C/N 18 59.64 40.67 0.53
N/(mg/g) 18 7.44 3.59 0.48 Cc/P 18 418.91 991.88 0.84
P/(mg/g) 18 0.46 1.92 0.82 N/P 18 7.02 10.46 0.67

22 AFEFEYIEBIR AR C NP A2 R e 1y 22 7k

C NP & AEA RS R ] A A2 AR o D 5 TOTCS 12 25 > H RS AEMIS AEAE 58> SR SR | H >3RI
JTSBRBER > AEAESES NN > 725 ERITUTS FEAESE S IR GE R > H SIS /3, C & AN R ) R R B
WEZESE N SR A H RS PR BRI AR 3 25 57 (P<0.05) , P OCER 7R £ TUTUE JH At 26 U AR 49y 18] 477
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Fig.1 The relationship of stoichiometric characteristics among root C,N and P

2 F (P<0.05) , TEAEAL SRR 5 A SR Y ] LA A 18 25 25 55 (P<0.005) (3% 2)

AN FEAESZEA C NP HAY 22 SPE AT T, C/N /P N/P TEA RIS ) A A8 Al 34k 2 25
ST S AEACLE > T8 G| > ER TOURS H 5 72525 > H B S AR>S R A6 58 > 5 TURS B 3E i, H R0 6 B i) > 25 = > ) >
EITURSHEALLE . C/N ZEERTUR SRR 2 35 vh B B35 25 5 (P<0.05), C/P 5 N/P AR 235 5 A S A
Py R B 25 5 (P<0.05) (K 2) .

*2 AEEHEBREZ CNPURTEFINESEER

Table 2 Multiple comparisons between different types of plant in stoichiometric characteristics of root C, N and P

sk e P TEELE % S FEM HITUR
" ) . Phragmites Karelinia Alhagi Tamarix Kalidium
Index Glycyrrhiza . { o1 . . .

australis caspica sparsifolia chinensis foliatum
C/(mg/g) 472.45+31.09a 506.78+74.08a 438.62+56.54a 433.32+38.21a 456.62+10.91 a 510.30+55.56a
N/(mg/g) 10.91+1.47a 4.09+0.49¢ 5.58+0.54ac 7.76+0.72abc 4.89+1.28bc 10.62+3.37ac
P/(mg/g) 0.37+0.11¢ 0.24+0.07¢ 0.99+0.17b 0.37+0.05¢ 0.30+0.13be 1.52+0.39a
C/N 43.64+3.92bc 124.31+17.13a 78.63+5.90bc 55.86+1.30¢ 103.16+37.73ab 49.33+5.79¢
C/P 1325.92+£246.10b  2348.99+1040.41a  451.57+86.52b 117.76+£200.59b  644.42+611.23b 350.45+53.41b
N/P 30.36+4.99a 19:18+8.99b 5.71£0.72a 21.11+3.88a 17.59+17.45a 7.07+0.25a

AEVNG FRACREPAR R C NP &g RSt LU E A R S BB Y 2 A7 e B35 22 57 (| P<0.05)

2.3 YR RAEBETFREAAE S L AL 19 RDA
231 PR RAESF AR S H L T RDA HEF

X 6 FAE YA A S LT ERE S H AL 7 64T RDA J5, ISt RIS K E SR C NP &
XU 4 HERAL RS AR XS R AR 2R AR S A2 R B i AR R ARSIk R R AR5 T 4l 565 1T 4
fife B o3 Mk 85.0% F1 3.7% , &6 T 5 585 IV h i it e i 2 RS 1.6% , HLRT P il R H i BAR RAE S b2#t
ERHIETN 88.7% , WHAE AR Z AN - e ¢ R 09 BT R 91.2% , i LRl 0, 1 7R Al AR 8 AR 4 b Js A
YIRS LRI PO 5C R, RS T e,

K] 2 xR R A S AT RS IR N T O R i P R, SR CR YR R A S
TR, 25 08 AR R BL 7 8 Sk B R KA R R RAE S LA R IR S HIEE AL R RN,
7Sk R TR ICMERE A, I 228/ 17 3% 5 HE P 5l 00 5 £ A Sk B RN, e b AR S PR R
ME T LA FE A B3R b, RIS K S S5 SR s Sk R R K, AT A IS K E S SR
YR R AES AT R AR A S 3 TR e, HIES KEMHEYRAR C & & N &8 NP xS
RAM C/N.C/P P & EIEH, Hrp KRR C/P BMCER A SR A N P FREIEM%, £ CN
TEESEMACNERE NP BIEL; HIEP SESHA P FEAUELL, BAHCHHE R TSHMRRAES
fl2f AR AR G
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TCHEFRLT PP [ SR C NP frigepy  Prcdema by e
AR R T R
RIS C LRI TR BB A, T BT RIR o 1hem o i Soil Cbs £ HUR S BE Soil N os 1 HER & it
YR ARG EIEAR -2, HHA RPN TRZEL P & 7 Soill Pyd: +H& K Soil moisture e T3 $% EC
YRS R RN SRR Z . C TR Y A A i
bR TR RS, FTREH T C JTTRA HIES S HY AL S Hkg N JTR N TR BA K
1 RS R, o R BE AR AL B e A GORR ™ s POT R R T AR AR e M, B 3 P A s b
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Table.3 Tmportance equencing and Duncan test of physicochemical factors

B BRI TR Bt
s TE I PP FiEr
. Ecplained variation of F P
Index Importance sequencing i R .
various physicochemical
+ 35 /K Soil moisture 1 63 49.75 0.008
IR EC 2 57 11.55 0.026
A3 & 18 Soil P 3 7 11.38 0.311
R A Soil € 4 4 1.92 0.856
1355 1 Soil N 5 1 1.08 0.950

R4 2ICEE BEAT LR RN FETERE

Table 4 Comparisons between world-wide ,northern Tibet,upstream of tarim river stoichiometric characteristics

5T X 38 Study area C/(mg/g) N/ (mg/g) P/(mg/g) C/N Csp N/P
4 FBK Global 535.58 11.10 0.77 48.25 1158.00 24.00
ARHHFFTE This research 443.62 7.44 0.46 63.37 964.39 15.22

C/N.C/P BT N.P FFCRFAE Y A K 3% N/P (U R B 452 N % P ISR HIRE 0, angs 5 F
7N AHIFSE C/N (B K TR K At E ZE XA RIS X ek B R G A B e & )
FHRCE, C/P N/P AENGL/N T 23R K s B0, A543 B N/P {8 (15.22) 5 Han' " A 4 ESE K
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PEATIFSE A5 AR A K 2 4kl BRI FE R pH O R TRIREE RN, B Thevs 257 7538 BLAT Rt 25
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