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Abstract

Aims Plants of the same life-form may utilize different forms of nitrogen to avoid or reduce the competition for
resources, thus achieving co-existence. Studying on whether niche separation exists in nitrogen uptake by plants
of the same life-form in desert ecosystems is helpful to understand the survival strategy of desert plants and the
effect of nitrogen on the survival of desert plants.

Methods Two annual plants, Ceratocarpus arenarius and Suaeda glauca, are widely distributed in Gurbantingg(i
Desert. 1°N isotope tracer method was used to study the nitrogen uptake strategies of two desert annuals in different
months and from different soil layers.

Important findings The results showed that the nitrogen absorption rates of the two plants in shallow soil were
higher in July than those in June. Comparing the absorption rates of different nitrogen forms, plants preferred inorganic
nitrogen to organic nitrogen. Ceratocarpus arenarius preferred nitrate nitrogen, and the highest nitrogen absorp-
tion rate was 3.81 pg-h™* per gram dry root, while S. glauca preferred ammonium nitrogen, and the highest nitro-
gen absorption rate was 4.74 pg-h~* per gram dry root. The contribution rates of nitrate nitrogen out of total nitro-
gen uptake ranged from 35.7% to 43.9% for C. arenarius; while the contribution rate of ammonium nitrogen out
of total nitrogen uptake ranged from 40.0% to 48.3% for S. glauca. The two annual plants can not only utilize inor-
ganic nitrogen, but also directly absorb organic nitrogen in soil. The findings showed that the nitrogen uptake cap-
acity of annual plants in GurbantUnggii desert was different and diversified, and all of them could absorb the sol-
uble organic nitrogen sources in the soil.

Key words annual plant; isotopic labeling; nitrogen absorption; GurbantUnggii desert
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FraE ALK BRI AR T EE . K
SAEFYIR. MMAERS R H, RRE—NMESR
GRS REER, W2,
TR IEAZ [ —Fh 07 T B2 il 72 R] L B )
SR E TR 5 TN R — 2R 25 R G0 b 3 R
BEAT RIS, AT SEBUE FRAE S AL 735« ZU(N)
ek e N RSN A/ P = S N e S L T
#(Zhu & Zhuang, 2013), {EREYIAR N 3= 4 %
MR SO BEEYI, FOEHE RO A A
REMBEDEK., BEMELFNEERR
(Jantgd&d et al., 2010). HIEHIFELEFEE LA
FEAS, MR R 04 EE(NHD) . FEER £ (NO3)
FIA P S IR AR IREE), XEFESEA
ANFEEIPER, Blan: nrEtE. el mE S, X
S P I O 5 T A ) R A D R R A R AL 7
FEMFEEE b, R A YA R T3S B D A
PP A S R ENE IR e S B F (Kaur et al.,
2017; Tegeder & Masclaux-Daubresse, 2018). #XT,
WG HEDNA RSB m i 4edE 2 5, 5 5 H
g IR FETE S B FEE . L E A2
P 5T B 3 350 R A ) G R 2803 AN ] (Weigelt
et al., 2005). /EVFZ TR, YN E IR
w LA VA, (ERH Sl 2 A R kcE HL
BT H B YERIGE ST, FERI B ARA 1)
Wik iF (McKane et al., 2002; Zhou et al., 2017;
Moore et al., 2018). A, —LERFTT R I, —LEAEY)
SAEAFE A T W A R RIS, XA F
TR 37 (Wang et al., 2016). WF7EEH, 72k
77 M4 45 2 45 (LeDuc & Rothstein, 2010) A7 1L 7
HiAE 2 R G0(Gao et al., 2014) 1, AEYIAEAS R A Al
7% ) FA AN [ () SO SR =X, P SR i e A A7 B R )
S, MY A RS BB i A R T 3G TR
BGTEE A ROrEL, TR 2R M A7 R 4
K2 FEE (Ashton et al., 2010). H R T AN
TEA BB BOIR R E AT 7340 D)L N EE . X
PR RA [] A= K5 2 f A (Eucalyptus  robusta) %l i
DA K — /N4 (Populus simonii) BT 58 26 81, A4S
Bl EERIE, HIRREESR, TEEAL
BXES RGUEY BRI I TTERR /S, F ELbe in i
AR B AR B A = s Gl Z AL AR ) & (Zhang

etal., 2016). [FIFERIHT LS RAET R IR R G
WA (Huygens et al., 2016). 2)LIEEASE AT .
X S ARty o v el QM 2 SRR M R BIF 5 A L, AE R AR
A, AR T BN, R S BRI
f(180%, H: KM R(14%) FIE 22 (6%)(Li et al.,
2016). J)LAHENENE . TE—DERGIFIARMES
RGP, BIARFEA KA VLR i = T TEHUA,
I HAA MU ZET A AN, EEFMAHRE R
wi(Lietal., 2016). 4) Lz . X—A 2 HREIEH
FL G R AN [ AR B RE A A U B, A AT AR
BRI R, (B2 FTH YA FIE S R A
ZE e, AN I 2 A (R S R (R TA ) Wi e D,
PR A K A G 4tk (Harrison et al., 2008).
I, P SRR A S e Rl e P BF 9 G S i,
E BIRHI R G FERRBOL SRR B2

FEADS AN [ T 25 R MR SOR) FH A B g A 3
PR, R R AE A R U Bl AR S R g
(T 2Eim%E, 2007). Sl R A A = R
g8, WA R IE BRI R A2 a) 3 i, A
T B 7 I (A, 2019). b4, Sl
ARG H G LA K GRA AR, XL
AT RES R MR D0 B SCAA , BRI e, K AR
1 B AR AT TR A S RGN BAE I 256 B 2 (Reed
et al., 2012). FrLA, FRAMENTEREAS KRG HE
VXt B R F S S s 5 A AES REGA —EN
it. RMEIH AL, RTIREAS RGP HEY
B I A RIE . R, RADA LS
TR B B AR YIAE TR 5 4E R 00 /E H (Kaur et al.,
2017; Tegeder & Masclaux-Daubresse, 2018), 4
IR e AR S RGN LI 2 AN F] /D
(Wang et al., 2003).

R YR R OB IR A R SRS RS
AR FE, E£FF, MOiE—FAR
AFE 2 B AT E Y 47% (K Aris A
WRE 1, 2002). Witk 2 KEYIF0 2 B AR R I
B N T BN A K TR ? — AR BRI A
IF) A S0 R RSO G fer? AT T2 A5 AT A
WA I A LR AT AR KR E? BAACEAT
TERMIRI A BRSO 3?2 RG]
BT AT R . ik, FRATIREL 1 20— A 5
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¥ (Suaeda glauca) 3 17 1 N [A] fi7 & A5 id A K&
BC-ISNRUbR L HH 1] 5256, B FOAS [R) AR K BT RIS
17 it 0 3 X R ) B SR FH AR S o FRAT T4
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1.1 #HREXER

T SERE AT T H R B B 3 B R e B i e i
5 R Y R B R B K AR, R R
WA B, Bk A iEsh L s sgm, B
HEFT 4. 20194F, FERAFEHLA, P #5718,
SEROR BRI 8, MR B LY — 1 IX 3, &
BEH41M10 m =< 10 mIFEdy, AR AHRE30 mEl b,
MU FANER, PR TE. BRI REEE
R, TEBNEINEI2UR G A, B A BRI o S
HHTAIRE Hh 39 B A3 23 1 LR L
1.2 HERIEE

TERETT N, B2 8 LI — A M ) ——
RHEFNGGE, X2 HEMES H WG LK, 6H
H AN DOEAE K, 7 N AR B KA Y&, 8H
WIKEZE . fERF—10 m <10 mEEJT N, EHCER—FE
V&R (BHE RO 2B AR YY), % EB0 em =
50 cmf¥I/NEETT, RERTEYI B B 16N T, JEIEAT
20K 2 IR FE L 4N FEUE A SN N, %
TN E] 7379096 A W7 H K AN AN R B E A AL 2
He SRR CR AR IC &) R IN-NH4CIL 70
15N-KNO3FI# IIBC-15N-Glycine (HZ& ). ZbricsL
B, P RE—ANMET, A& N06 gm?2, 3
TSI ENHL-N. NOs-NFIC-N-Glycine H. A3 k1%
M (#0.2 gm?), HRG—F& R RSN, FA7
RIS 23 59 BN-NH,Cl (99.14%). 15N-KNO;

(99.19%) F113C-15N-Glycine (99.04%). 5 ZIR & Vi
BN Z& oK, 3R R [FAL 2 00 ORI I —
ECFEHLATAN10 m > 10 mEETT TR ZINEE 5 3EAT 5
Wn. R RIS S A TRETT IR,
50 cm x50 cmP)/INETT 7 AN T #, BN TR
KEEZINT.L em, fER—T7 IR NGE 7 B
(3 mL). WSk (Rl NIGF R AES), SNV T
0.5 cm, R ERTH RN E. /£0-5815-15 cmt:
9, VRS 3R 4 B N2.5F110 em. VR HVE
W28 TE GRS, DN Sy et By, AEVEST
B, FE BRI . B NS5 75 7% 2 2% Wang 55
(2016).
1.3 HEYIRIREMS T

T P RAE 53 R AR SR RN S IR 7 1)
Wk, fEAF—10 m <10 mEETH, %&4%14M50 cm x
50 cmiPRE T AT A E R, HF H X AR
o MRS EAYESR X FEIENCE, A
B2 (FF 7% 54, 2005), B350 cm % 50 cm %
5 cmFE 7 UNEE0-5 cm - BERE AR, K54k
F2EL5-15 e L FE, AR T AEY . fEA kL BN
HR 5> /E65 C N RIER R, .

FERMENN24 g, EE—ANFEJT T FE5 A A
HATUSCEE . AP 3o FIAR — A B, 75 H
KK R e, BrEMRER -, 7£0.5 mol mol?
CaClya iz 30 min, [ 22 B 26 AR 2R TH O 1ON,
B Jo T 280K 3T R o B BRI R 3820 /N0 20 T,
1E65 C FEF FriE, I HHERE(MITR-YXQM-
0.4L, MITR, Kb)idtAT /B (McKane et al., 2002).
FREX2 mohe i, @i A e R 3 kA -Te R i
1% (EA-DELTAPUsXP, Thermo Fisher Scientific,
Waltham, USA)XIC. N & & K& E413C (Glycinetrid
AEERYFISN S B AT T, FIFXTRRVE N e R B4R
FR.

RL ARPEE SRR [ 0 2 SRR BE TR 2L U 3 M CP I it 22)

Table 1 Composition analysis of soil samples at various soil depths in different months of Gurbantingglt Desert (mean +=SD)

AL R ST & & Soil composi- A June A ly
tion content
+IERE Soil depth (cm) +IEVRE Soil depth (cm)

0-5 5-15 0-5 5-15
+IAEHRE Soil organic C (%) 2.20 £0.26 1.40 £0.10 2.37 031 1.63+0.21
S Total N (%) 0.159 +0.008 0.086 +0.011 0.188 £0.030 0.091 £0.007
NH;-N (ug-g™) 12.563 +0.897 10.150 +1.697 13.800 +1.456 9.783 +1.262
NO3-N (ug-g?) 22.357 +£3.446 18,587 +1.216 23,597 +£3.118 17.407 £2.298
HHLE Organic N (ug-g?) 12.747 £2.034 11.217 +1.216 12.717 £1.975 11.210 +1.800
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ZIR W (Clemmensen et al., 2008; Wang et al., 2016;

AREETESE, 2017), AR
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FRE T AR REDF . BUEES. RIERE,
H ) RHEY NI ISCE R 22 TAER, &40t 244k
I 2R B ENME(p < 0.05), FISPSS 19.0% 43T
it/ #r. HOrigin 201904 14 5¢ i P #2241

2 #R

21 £YIE5EREE

TEARFEKE, BEEMEERE S T AEE
(p < 0.05). 7HIEEARAYEIATIZE A A L2 1
LR AR S T A VIR A KN, HER
23 (p < 0.05) (1), Scge HATR], Hazs i =
ETAREEE IR . PINIR LG, A R EE R AR
FrE2N H A 22 v T IR e AR B (p < 0.05) . &4
YRR ER I E6-T HH R EAER, REREE
(p < 0.05)(K&12).
2.2 RIRPURFTL

— MR M AT AN AR 23 AT A SR VA A
T A5 8] PR A2 ELAE FF XN AL 3ok 6 1 AR Ak (6 2) o
ARG T AN E 2R L HATEAER @
BIEA LIERERAG). WAMIETHO-5 cm
e gER BE A RSO R A = (B13) « NEUERS B,
A AR FE T AS B R ST 2 5 2 v TR S R
IR MPOE R (p <0.05). fMAREXHER. HE
FH 2 B -T2 WS 22 43 1) 93.030. 2.267 41
1.693 pg-gth?t, AFRZ A B RSE %

3 [ 6H June 10 - 75 July An
Ca g L
- B
2 6 | b
Db
& L
g 1 - 4
&g
2 2
=
o 0 '
3]
Cd

i
£
&y

1 1 F

Ac
2 L R T 2 b yopis T
Ceratocarpus arenarius Suaeda glauca Ceratocarpus arenarius Suaeda glauca
)7 Species
[ | HbF Aboveground [ #F Belowground

Bl H/RPEE AR M A b N BV R CPIE R HE ). AFIRS T REROR [F — R R (b L s R AN £y
X ZE R R 2 (p < 0.05); ANFING FRERIRIF — H 4 fAS R 2 0 B 22 57 525 (p < 0.05).

Fig. 1 Above and below ground biomass of two species in Gurbantingglt Desert (mean +=SD). Different uppercase letters indicate
significant differences (p < 0.05) among different months for the same level (above or below ground); different lowercase letters in-
dicate significant differences (p < 0.05) between different levels in the same month.
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53 H; Root-shoot ratio
(=)
T

0 1 ]
I
65 Tune 4 Month 7H July

0 A% Ceratocarpus arenarius || W% Suaeda glauca

B2 dRYLE AR E2YIF6. 7 BT AR B
%) ARIRG FRFRIRF — B R L83 F) AR A K
MHZEREEEP < 0.05); AFENGFEFRRE—EKFN
AR B0 e 2 S 2. 2 (p < 0.05)

Fig. 2 Shoot-to-root ratio of two species in GurbantUnggit
Desert in June and July (mean =+ SD). Different uppercase let-
ters indicate significant differences (p < 0.05) between different
growing seasons for the same level (above or below ground);
different lowercase letters indicate significant differences (p <
0.05) between different levels in the same growing season.

/2 PR RINBRS. LHEREE. H O B AR A R 5

Wiy 7 D R 3 75 222 43 BT

Table 2 Four-way ANOVA analysis for the effects of species, month,
nitrogen (N) form, soil depth, and their interactions on nitrogen uptake
rate by plants

AR Effect indicator af F p

)% Species 1 21.042 <0.001
A4 Nform 2 98.604 <0.001
L HERE Soil depth 1 22728 <0.001
At Month 1 4110 0.048
PIRG4S Species xN form 2 55760 <0.001
Py <t+ 3R E Species < Soil depth 1 0035 0852
YRt =<3 Species xMonth 1 0106 0.746
B <LHRE N form xSoil depth 2 5956 0.005
RILA >4 N form xMonth 2 0823 0445
3365 < 43 Soil depth x<Month 1 6813 0.012

e A e s H A
iﬁejﬁh@%u&%ﬁ Species x N form < Soil , (cas (560

IRl <R A5 <1 4 Species <N form xMonth 2 0883 0420
Wb <t 3R < 1 Species < Soil depth xMonth 1 0.356  0.554

T A< TR <A 4y N form x Soil depth >
Month

T AN x| J3E Y iF i
WRIGUAS<E R ) Species < N form >, o) () 099
Soil depth xMonth

SR A ELAF F A U2 7= (p < 0.05).
p values for significant effects and interactions are shown in bold (p < 0.05).

0.499 0.611

DR AR HZAFRL.3AFL7965; Bl 8
BEWCEREE S THSEMHZ R (p < 0.05),
Tilioe o 42 A5 U T IR A R (3,398 ngrg T h ) 433l
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FSTHAR(2.695 pg-gt h)FITHEIR(1.425 pggthl)
SR IAGE FR 1,26 F12.381% « MASF] 38R T R A,
FRZEAE 2N AN F) H 43 o 3R R I 88 N T
0-5 cm-T 338 F 5 T-5-15 cm (p < 0.05); Hl;% NI 7E6
HAXF0-5 em-F 8% B H SR IR OE 2 BN T
5-15 cm, HAMM#AL A REE—E(p < 0.05). *fLt2
IR A A Gy, MR ZEFIBREAE6 H £70-5 cm
TIRIR R3S R R O R IR TTH, A
F RS A H 4 AR TR AS I R OH % 22 7  R
F(p <0.05), #£5-15 cmT-3EERAE, AR EXTHER
A EBCORRICER, He A KR oERm T7H,
A B KR OE 2, H6 A iR ICE R & 17
H, AR 2 H A 2F0 U8 2 R S 235 9 7 H
mT6H(p<0.05). ZREH, AEELE. AEY
Pty ANEL A A3+ AN TR - S0 X SN MR WALk 56 5 il
¥,

FRix Lo i — AR g b, 4R B W] (128 HAT G
NI e AT AR KRS . ) odsUE A5 0 EUK
WSCHE A 3 R ) ELAE RN (3R 2), B B A 2
s T AR, X RfETHO0-5 cmt
SRR PE IR A SRR AN GE RIS SN (B3, El4).
BEAk, G2 < R TR FE X S O R B R
i (22), 0-5 cm 357 FE IR AN A BRI B A R R
A R 1515 em-L IR B (B13) o LIRS < Xt
BRSO R AR AT B E M5 (R2), 7TH0-5 cm1- 3
TR FE X SIS 2 5 F-5-15 em 3R FE (K4)
AN FEPIFRTA R SRR BCE R ZE S, HiX
Tolt 22 57 38 52 - R VR FEE RN H 43 (R R4
23 FEWE, REKEREPIRAFECHONGE
EREFAELLENTK

R E%E24 hf5, 6 130-5. 5-15¢cm. 7THMH
0-5M15-15 cmt IR FEAIHR R 15N-NO3 ¥ DTk % Lt
1B 7359 °939.5%. 42.4%. 43.9%7H135.7%, #AMA &
KA EE; N-NHZ 5Tk 2 LB 73701 9 37.4%.
33.8%. 30.3%7F134.3%, Ti*5N-GlycineX} SN o1k
R 1E23.1%-30.0%2 8], WAR, AHAEE MR
IWRMERES. HILZ T, WEEEER24 hE,
IN-NH4* %N BT ERZ BT o5 1) BB e K, 43 ]
i%44.5%. 40.0%. 48.3%#1142.0%, 5N-Glycinef(JLt
B/, 3RA17.1%. 21.8%. 23.2%H124.6%,
I5N-NO3 [ 5 #k % VU [ }928.4%-38.4%, 4 35S bl
HERR AR A RIS 5 H AR EAH L, 2P —4
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8TA 0-5cm B 5-15cm
| Aab
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T?”

2

#

2 _

% D 5-15¢cm

= Ba

4

N

#

=

=3

®

6H June 7H Tuly 4 Month 6H June 7H July
[ 7475 A Nitrate nitrogen [ | #7%5% Ammonia nitrogen [l H & # Glycine
B3 WFh, BB, TR A R RPEE AR R AE (A, B)FITHIE(C, D) WSCHE 2 1 s (I E R HEZE) o A

RGP RERIRIF — 3 A R SR A RO B B2 2257 (p < 0.05); ARG FRERIR A — MR R GUE A5 AN 7 - 3
FE T LA 5535 % 5 (p < 0.05).

Fig. 3 Effects of species, nitrogen (N) morphology, soil depth and month on nitrogen uptake rate of Ceratocarpus arenarius (A, B)
and Suaeda glauca (C, D) in Gurbantinggt Desert (mean +SD). Different uppercase letters indicate significant differences (p < 0.05)
among the three forms in the same month and soil depth; different lowercase letters indicate significant differences (p < 0.05) be-
tween the two soil depths for the same species and nitrogen form.

12 A - B
ABa

—
<
T
(=
T

Bab i Aab ABbc
Cb BCc

T e E S
I

Total N uptake rate (ug'g"h™")

0-5 5-15 0-5 5-15
+HERIE Soil depth (cm)

N 6H June [_17H July
B4 b /RBEE oRR VB A AL (A)FIIRE(B) 6 H FI7 H - N SCE 2 (P R HE2E) . AFRIR'S 7R RN A — LR A
[F) 4 Ffosn bE 22 5 2 2 (p < 0.05), ANRI/ING S RER IR 7] — A A A [F) 3380 B X EE 22 57t 2. 25 (p < 0.05)
Fig. 4 Total nitrogen uptake rates of Ceratocarpus arenarius (A) and Suaeda glauca (B) in Gurbantinggit Desert in June and July

(mean =SD). Different uppercase letters indicate significant differences (p < 0.05) between different species at the same soil depth,
and different lowercase letters indicate significant differences (p < 0.05) between different soil depths in the same month for the same

species.

TR HZ IR TR B O AR, THHERRK  #=10-5 om (1&15). 2R A — IR LM AR
kR T6H, 5-156 em bR HARM TR ECRZER 83 (p < 0.05), 6-7H, #£0-5 cm+ 1%
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TRPE, 1 R ZE R % 5 T A SN AL B RN SCR I
AFIFREERIE N, &5y 2R B3 (p < 0.05), AF Tt
BRI R RWCRI T ES, BT HENESR
AH B I [ R 515 em - 3R i s 4b, 3
fih % TEAS ONFIY TS AR 3 H0-5 em 3R
fE @ F5-15 cm (K3), Hp—E2REE@p <
0.05). ZiREH, AEZEES. ARYF. A H
N Nl SRR N[BT &S - Ao i
HEFARIE H R )G, R R BCHISN
) AL B JR B B i LA B - S R P 388 o B
H EFESR, MREEE2N AR IMA—E 1E0-5
cmyk = LI, AR S AR R ISC AN LAy JEE
IR IR E 578 LU AR B 5 R A () A KB T g, 5-15
e JZ LRI LU ELE T BRI o A SR ZEFIGE 7 il E
7H0-5 cm 3R A6 H 5-15 om 3R FE R,
1BCISN I ! f% /5118, (0.9704110.876), A L3 H
MR H 5 BCHIN EE R H 448 L 2:01% — 18 5 18 (K]
6). FH—FAEMYEK TR AT LS TEE
SR 1 R e MRS R A2 R 1) A AN L 50%0
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3 g

TEREFL T B — ikt 3 S AR RS A
IR ISR I, Bk R 22 (R IF 50 46 D% A= K AR
I (PR ) A2 75 R DA P E 398 FR 07 BL AN )
&, NI 8 G ) [R] — e Ui 3 B 5% 4 (Uscola et al.,
2017), IXtHIEETA IS H ): e A KRR
UL R SR R VD — R A R AN [ L
TREE A FRE RS B 15 i
31 HIERERREMIF T R REF

FE T /R YEIE AR, A RAE R E R R
FE SR S B W H E IR, 1X 5 1 #aly FR Ak
(EI/INFIEE, 2020). BT /R B 1711 Bk (Gao et al., 2014)
P B R (Z= 0, 2020) A1 #i HE (Weigelt et al.,
2005) A 7T 45 R — 3. H el e i A K I &
FANARIR . A T AFRCHAREL T, &
W 2s R T 2Rk A H &R AN K
W ST RE 0 B 3 FEL#E 17.1%-30.0% 2 1], 3% — LAl 4%
AT SV T 5 R (M) Rl (10%-32%) (Weigelt et al.,
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Fig. 5 Contribution rate (%) of nitrate-nitrogen, ammonia-nitrogen and glycine to the total nitrogen uptake of two annual plant spe-
cies in Gurbantingg(t Desert. The area surrounded by the black solid line refers to June, while the shaded area refers to July.
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Table 3 5N recovery of two annual plants in Gurbantinggtl Desert (%)(mean +SD)

[A1i% Recovery (%)

fi# Ceratocarpus arenarius

6H June 7H July
3R Soil depth (cm) +3ERE Soil depth (cm)

0-5 0-5 5-15
15N-NO3 0.330 £0.070A% 0.323 +0.057A% 0.423 +£0.07442 0.270 +0.036A°
5N-NHZ 0.313 +0.048A%® 0.223 +0.04250 0.337 +0.051482 0.260 +0.046A®
BN-Glyc 0.193 +0.02952 0.190 +0.03652 0.237 +0.03852 0.227 +0.03242
[A[1Z% Recovery (%) 3% Suaeda glauca

64 June 7H July
+ IR Soil depth (cm) +HERSE Soil depth (cm)

0-5 0-5 5-15
15N-NO3 0.420 £0.036A%® 0.290 +0.0508¢ 0.503 +0.06742 0.327 +0.060AB
5N-NHZ 0.487 +0.116"2 0.493 +0.07142 0.527 +0.04742 0.410 0.04443
5N-Glyc 0.187 +0.0215° 0.237 +£0.051gap 0.287 +0.05582 0.240 +0.0365

AR S TR R R — PR AN L3 R BESFIB S B I e 0o L 22 57 B3 (p < 0.05), ANANG FRERIR A — IR AT ZUE S A H A & IR EL RIS LE

Z 5 # (p < 0.05).

Different uppercase letters indicate significant differences (p < 0.05) in the recovery rates of the three forms of nitrogen for the same species and soil depth, and
different lowercase letters indicate significant differences (p < 0.05) between soil depths for the same species and nitrogen form within two months.

2005), & & L He 404 (30%—-40%) (Gao et al.,
2014). R4EFT AMBEIT, FRATRIHEDR R HBC
TSN g A JBE IR T 4 8 EUARL ) 1R 05 5 FE A 2R 5 )
L Z AR EY) (H & BR) HH BCRIISN ) B BE R 1 50 8
FUARL (2.0) 1 22 57 Sk £ < b A I 2 AL 40 B B i 1
BRI A 2, GEETTERIE 206, £
11 1009 ) 22 5 8 4 A 0 AR 38 B 4 RS (48 0 0 55,
2017). i, AT, EEN ARG H 224 h
J&, B AR B FIREAR R R H 2R E g o
1 N 41.56%—48.49% A1 40.65%—43.79%, X i B if
B2 HEAR RN N TEHLEGE A BRI
X Re 5 R PEIE R B )RR A WL H R
R & = BAK, WL R PR ¢ (Zhuang et al.,
2020), AW 5T Hb 1 358 CIN A X AR (M vh &5,
2017), T HIEFEMAEKZCIRE, A e HA
KRBT CHFEA T K, ALY AT B 2 i [ &
I )R B UK SRR I B B AR, T S BUE R
A . AT R, A A2 B BB A i
TSR, 7 U % 11 35.7%-43.9%; il 3%
Pl TREASE, d SRR 2= 140.0%-48.3% (I&15).
X — 25 R 5 NBEF0 45 31 0 [F] XSS A Aot A R
BREEA MRS (LI et al.,, 2016; Wang et al.,
2016)HH J=, 52 B oREE AL ENTE S BT LR A
BB 45 5 (McKane et al., 2002)# [, X4 7
6B T EAR2FIAE Y BE M 3 R B R ICE HLA,

(R S Al B RS TC AL, 2P A AT e A2 d i X A
[FTEASTTHLE R RO, 58 e B 377 . 1X
AR LS R —80 SRR A [FVR EE A, AE
Yyt T AL AT i T A HLA(MeKane et al.,
2002; Li et al., 2016; Wang et al., 2016).
32 RIRYHIRTE-ZEER
S A8 A 7R AR K S W LG AT IR 2 1
H(GER3; El4), Souummt s RERES, 2019)— .
TEAT FEH AT LALEE 2 SRR FNEET H Ee H
RAEWES(EL), 7HRER RS H A g hn (&
2). bReE R, RIS AT
IR T HZ MR R A&, AL R AEFE
TEAEK G IRE A R S & T A E R
Wi 23 Ak S, REIFE0-5 emt 3 F H5-15 cm
I THZIEEL) . NT T X R I EREA,
FRATTET [ SCHRAS S0 1) SR LA 56 it B A AE ) 7E
K2 TIEP R R Y R E TR R
Hilw, 2004; 559, 2019). FEALRZE M HIEA B
(17K 53 FIVE 3% 0 T a] ) A DA R AR R R S 2
(ZMIEEE, 2014), XEAEYE SR E LIRFLR
IR R o ¥R AR R LLER E AR R 0T DL A 2
Hiy 3% 4+ 75 7290 (Schenk, 2006). [RIith, £ 52 F15;
HEAE R 2 g b ) U R TR R I A
. AN, BARIRE T3E(5-15 cm) &
205 cm)26%, Hi%)Z ARt s
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SCRNIRE/R T8I A

Molar percent super ratio of *C and *N

3.6 3.8 4.0 4.2 4.4

= 6H June 0-5 cm
C36H June 5-10 cm

r B

3.6 3.8 4.0 4.2 4.4

== 7A July 0-5 cm
B8 7A July 5-10 cm

B6 i AL (A)FITHE (B) AL 22 rhISCANIN 1 A7 B R 5L 11 43 LU AE PR 22 e (CP 3 R 1 22)
Fig. 6 Differences in the ratio of 3C and 1°N per mole atomic percentage in the roots of Ceratocarpus arenarius (A) and Suaeda

glauca (B)(mean £SD).

WO ATy TR 2 I P A R R SOE %, H
PIAN H IR T 2 ) 22 7 1B 35 (R 3, K4), XK
J2 - T R PRI R — A AR R Y I R
pa S/

TE T AN (5] T 25 B ST 26 1 B 18] - 2 [A) AR 4K 1)
B R I i R ACEEAE A 6. AE g
TREEXS S TS RIS 2k, HARIH AN [F] i)
AL (EI3) . AE0-5 e 38R FE, 7 £ SR Bl
EXHAR . BARMHRARMBIISET6H;
5-15 em3RERE, 7H MRS R BN RE
SEEASER IR T6 5, (HH AR AR I 7
H %6 A A BT EA% - 1 R Z S A B -5 80 A BT
FL(Ashton et al., 2010)75 2 ¥4 4 f 1 W SOFA ) FH
T S E I AU — B, FRATHENNX P R S
TRYEE dARR DB R S S A S EA O, MY
SRR L33 RS RIS T B 1 B X A AL
iF(Song et al., 2015). X 5F 1+ LIEE S EHILM
SERA—E, VLR RIEE AR, AR
%ot R AT FRD F 1] - 72 i) PR A A 5 3 U )
Ak BB AR (PR 48, 2017).
3.3 H/RVLBEGHDR—FE AR RIRBUR

i1 BRI X B ) 22 S UK (33) o LA
ME, BEEr SR RCE R & T MR (E4), EY
XF AR R oE R i T AL, HoRIE TS
BANES FUR TCHLEAEAN R T A FIAS [F) 4 Ao (] 22 5
2% (K3, KEI5). M ROX LG IR AT RE R el
IRYEIE AR, TOHLEUK A2 — AR A
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R, SENRHAR)MEL, THEPOA 2
o SRR S R 1 B 75 (Gloseffi et al., 2012;
E/NFTAE, 2020). JLIR, AAREEER LG T HGE,
AR R AR 2 AR EERSOR B I Rk 4 ¢
PR K. I R 2 AR PR, AA
FEOO RS R U M S, T 7 SR [ U A S s A
X SN RE, SR T LA R R A B AR A
Rtk (EI5). sk, IW6H FI7H, i R PEE &b
SR EA IR, GRS R (GRL); 25
EWETH R BEAE SR, XT38
T2 BRI R SRR, R A4 B S AL ST 2 (1
B, AN S A A A T, I IR P ) 4 i Y A 2 B
e, JF AT AR WO % 251 (Barber, 1962).

WA R, YRR TP
RIGA LRIy LU B 22 HAE
AW 58 A X 2 R ) B — R AR AT LR,
R 28 [ — A % Y (R ) AE BB g b AF A
ZE5, R T AFE BB -2 A4 SR o dE— 20 1A
Fe I T 45 A3 B A T DL AR R A P Rl B
JRAE R R BEAT 70T W TTAS B RIS BE X i
/R P RV — R A A AR SR A A 3R
R LA K IR R, LA — B A R A
XPREPAE K ST A B2 . Ak, ARHEFRAL
PR 7 B — R (0 B ORI R, R T
AR PR RIS TR o BE IR PRI L 11K
BT B 2R YY) b LA SR, DA
V] BH AN [R) R P dond 50 A PR 52 0 DL B A ) 5 5 %o
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