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Nitrogen absorption strategy of Stipa purpurea, a typical species in alpine
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Abstract: Nitrogen is an important limiting growth factor in alpine and polar ecosystems. At present, the research on the
mechanism of plant N utilization in permafrost area mainly focuses on the complete thawing period, while the strategy of
plant N absorption in the freeze-thaw cycle is still uncertain. In this study, the absorption and preference of plants for
("NH,),S0, and Na”’NO, were analyzed by isotope tracer technology in freezing period (late autumn) and thawing period
(early spring) . The results showed that the growth of Stipa purpurea canopy had stagnated in the freezing period, and its
canopy had not turned green in the thawing period, but the root system and standing dry could absorb and assimilate "N,
which had the need to absorb nutrients. The total recoveries of "N-NH; and “N-NO; in thawing stage were 4.44% and
6.91% respectively after 21 days of "N labeling, while the total recoveries of "N-NH; and "N-NO; in freezing stage were
8.65% and 3.55% , respectively. In the early stage of thawing, the overall recovery of "N-NH] was higher than "N-NO; ,
but in the later thawing stage of thawing, the recovery of "N-NH; and "N-NO; was not significant or °N-NO; was slightly
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higher. The recovery rate of "N-NH] was higher than that of "N-NOJ in the whole freezing period. This study supplements
the nutrient absorption data of plants in the non—growing season in the alpine permafrost region, and provides a scientific
basis for a comprehensive understanding of plant N nutrition strategy in the permafrost region and its response to future

climate change.

Key Words: nitrogen preference; nitrate nitrogen; ammonium nitrogen; permafrost; freezing period; thawing period

AN e e FE AL S RGP R A R SCBE TR 20, A N VR AT D SR W S P et s T R 2 7 ) A
A EEEEALA o IR S 305 P N R AR T v i oAy b o e i I U5 7 2B S 4, 76 NIk
A L TS B e U SR RS R W - R A ( Carex) TR AFIILANZS N(NOS) , ¥
7 & ( Eriophorum ) FIEAE & ( Vaccinium ) ¥ e i W WSCH 2R , 101 1 7F J& ( Ledum ) FIMEAR R ( Betula) i)
P b MBS N(NHY ) o gt ZE R JFAE M 0T N & A S i ot B A 22 o0k, A () B B A A ) 70 A K =Xk
NH; F1 NO; WU b - AE—E B Ak . P R E SIS 3 (Stipa purpurea) FITH LR BK ( Poa
litwinowiana ) WU NO; | 2% B2 E R B R (Arenaria musciformis ) i 0 NH; N - & 0L Y E =
FEPIXF NH; 1 NO; WIS -2 Bl G 1 3B 008 1T & A R N/ 7 25 & 5 | IS SR AR 51 5 (Stipa purpurea)
FEC 8 (Artemisia nanschanica) % NO; WS AT g o) B AR N Wi {98 22 58502 35k T B
WEN [ R bRIC, B2 XA N (Rl 28 M A i 2 s 2 Wl

i Hb A 25 R G 60% 1) X SR8 7 36 2 1 MR ARV 7 2 ol 2 Y b R VRS i B e TS R R i A
ARES BB I i | TR R ) SRR £ X, VR AR O 150%10* km®™ o 38 B DAk VR RO 2 J01 TG TR B /) 1
10 FE b XA ) MR AL A 0GR AR (H T S5 8 /R - 0 0 Rk B R A o B AT 5 08 OIR S
A IERERT | ARREIEER ] (1 I RK ) 13T 2 7R 0°C sl , 0 B Y Rl 52 1 A 3 i A 47 T
A BB A T A AR AR AR SR AR, AT S e - S AL RN S AR VR T, R B A N B A VR
FECBIA Tk SRS 21 flobR B AR 2R A K WA T RS A S /s, 0 AR 2R 7 O T 3 U 47 T A e v 1 9%
J1U HLE A RS 2 R Rl AR 0 AR 2 0 3 gl 5 T i YR (A T SR A T 3R AW S AR T B A
BT HE 28 20 A BT 3 0 Y Jb B A B 9T B, UK BE B EE ( Carex aquatilis ) . V5 ( Eriophorum
angustifolium ) LA S FE3% 5 ( Dupontia fischeri) iR Z2 W] LATE 0°C 2247 WO R BE A5 140 F 35— € T T, I ELYEfff ok
12 /NI R DI REBE AR R AU E B X 3 AT 0 A IR i AR 2R LI 500 th /s i AR R R K
JRAE K F el AR TR R, RS B 0 - N RIS DA AR AR R 3 0 ZE T T AR A T
REE— D R FERE ) N R SR () 2 2k

e FERL G P F 6 X T AR 3 A ) W RE 2R | DL AR 50 AR 00 BB % EL A TR S RIS 52 1 3 e
SR M A S R RO B IE ARG R Al SR A S R B T ) N R R R
("N-NH; FI°N-NO3 ) , FFJR VR R P00 (e fk A 45 ) A N W 5 w7 s A8 A2 A SE . ASBIFFE 0090 TE 7
APHAERIBE: (1) IR TR (R ) MY B A N WIS oK 568775 (2) ARG R 0 AN B2 N
WOl GF RS AR 22 5 . AT ST TT IR 15 TR AR 76 19 FE VR b XAE IR AR A K 2= i 37 70 WSO | ] R Ay 4 T 3L i
VR A XA N B 55 SR S HC o) A ke Mg 22 Al 1 o 7 S AR 22 AR B

1 HREE

1.1 W5

ARS8 R DY R 1 33 DB pH 7 R P L HE L ey D A e O 00 6 % O Ji (30 °57 'N, 88 °42 'E,
4750 m) (1), LW R R EI0EF S, PR A P AL 46 5 9 & 52 ( Carex moorcrofiii) %% ‘K 9 5 ( Leontopodium
nanum) VK BEEZ ( Oxytropis glacialis) FNEEESE S

TR Oy v P R, SRR B (015 om) WP ER BERL RS AL 5 AR 225008 91.23%, 7.24% F
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Fig.2 Changes of soil temperature and moisture in Xainza alpine steppe
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SCEOAE LT 2013 AEEES IR AR B 1k 5 A BT AR S e 2017 AEFERE P PR EE — B O
A 35— R BT — B 525/ NX 50 mx50 m, LAAREPIFR AL ET 55 050 52, BALEE ST 108 /> X BE
P10 emx10 em) , fIX PS40 55 (19 26 B8 R AE ) AE RV N o LU SAIHE 90% LA - Ayl S fl X 22 TR A9 T4
PRI TR EE AR T 50 em,, #F (°NH,),S0,(°N, 98%) Fl Na"NO; ("N, 98% ) PiFift [l fir 2 i 41 & Wi AH 55
PPN I TR ARG AT TR IC SE 00 . ZERR IR A% (2.5 emx2.5 em) FEF R 7ERIAS e
P FEGT R ZAR L, CRaR 7 LI A 5 a0 A . B PO TR0 18 (1 mL) | B RUX
16 £ (16 mL,2.88 mg "N) "N [RZEFESEE R S em, WL PR AR EE A2 PN FA Ebric Lk
STPRURTT I, UREEIIT 2017 4F 10 H 25 HIFGG, AlfLIF 2018 4F 3 A 25 HIF45, 40 i 7E AL R bnid 5 1Y
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2/NEF 1R 3R \T R 14 KN 21 FEREMYIFE M ON AR S AEFRIC T 72 DMIX (6 YCRFEX2 A~ N 264
x2 ANZENIX3 WHR ) . BT K BAE I 2 35 R S A R AL TR B ES R RR SR SRR R AR
i AL AR A AR (K T8 R 10 em) R AE S K T R B A EAN RS R S E R g, O
FRAE A € SR AE X AR R S R SEAR A TR 2 SR AR R I AR A HL ), i SEAR WE v K . S 4h,
SACE IR 22 IR B o ok o, T AEAR 38 60 22 St SR A sl (6, A S R SEAR R v, P SR IX P
FELE /D R HABAEAE DR — I T DAL BR AUR AR SA R AL P TR 8L i, MR AEEH P HE T 0.5
mmol/L CaCl,# 30 234k A L BRAEMER A IR0 R ) SR IG AR R SEAs o AR, WS s A 52, 7
36 PMARPRICEN BITIX (6 YCRHEX2 D1 x3 RE K ) KA T FE S (0—10 em) 7047 HHETCHL N W, +
BERE N R AE SHIEES R BRI BT 4°CHRA7, 0 138 NH 1 NO; W,
1.3 SrritsE

N [R5 2 FC A E A DELTA V Advantage [R5 % HR B GNE . #EH74 N FIH Flash 2000 HT JTE
SIHTASGINAE o BEAAETC R AMTAN R i IR ARG I AR i N, B ASGE A N, AN 5N R I 5 [ brbs
Y1 ( RN, LERHETHE ARG A 8 N R, +3E NH] 1 NO; FI R sh B S0 2 . FE4' N 0 i 7 F)
FARREDA3HT, °N WWUE F=[ T(AS-AB) 1/AF [ Horh T RFES R N & i AS SRR TP PN R H 08,
AB S EON R T H A AF RERIHON JLFEH . AB &8 RAR e N IR 3 28, 3l 5 ok [
FE{H 0.3663%
1.4 Gitik

148 NH; F NOS R B 22 R A ST HEAS T ARSI AT 500, 28 (RRAR SAh) (21 (UREE I (Rilfe 1) An
SREERFE] (2 /MBS 1 R (3 R \7 R (14 KA 21 K) XA N HBE A N A& i sg A H = IR 05 225
Ft (Three-way ANOVA) #4708, NIEA(NH; NO;) =59 (RESHA RlALIYT) FERAEME] (2 /Nmf 1 R 3 K
7 R 14 KA 21 K) XHEYIRT N ISR 52 0 A = 2 5 22 53087 ( Three-way ANOVA) #4750 81, #0478
HEFT 5 25 53 BT WG BCHE 20 47 B30 e LA 2 500 (E A RN 5 25 50 SR . T Ge i /0 BT 7E Excel 2007 il
SPSS 16.0 Bt #fF L5e ., EIEZ: iz H Sigmaplot 11.0 224,

2 ER59H

2.1 3 NH] F1 NO;j He

VRAE I I 9 2 BCRAE BT ]+ 3 NH 355 T NO; MREE (P<0.05) . FRESI 13 NH WA T 1.16—
2.86 mg/kg, IMi 14 NO; W ES T 0.09—2.46 mg/kg([3) . FlALI L3 NH] #E AT 0.80—2.70 mg/kg, i
+ 3 NO; W EANT 0.33—0.79 mg/kg(K3) .,
22 MYAEYE N WKEER N fif 5

F CRAET XS AEET 5P N R AR RCRT N i A B TR IR (P>0.05)  {HX =M EARFEAR Z A
NG TRIAAAE 22 5 (P<0.05) (R 1) o TRAEFISEIEET PR R N WRBEXI(EN 6.38 me/g, TN A N WYY
{4 4.49 mg/g( [ 4) , LA EMRMBEY RN T 217.8—718.5 o/m> ZJ8], T T M YHEAT 116.5—539.0 g/m’
ZIE(E4) , FRAEAIISEAEE AR R N AEEIE N 2.97 ¢/m’ WSS N FEIER 1.37 ¢/m?* (Kl 4) .
2.3 ¥ N-NH] FI°N-NO; [n[ir%

URES ISR AEET AR % N [T S 25 b 0 R B B i i i 46 8 5 (3% 2, 181 5) , N-NH;, F1N-NO; #5
10 21 KI5 SRR 53518 8.65% 1 3.55% (1 5) o UR&S IS AE 557 N-NH;, [ TP N-NO; [l %2
(E5) . BEISALET PR R AN AR N RSB E bR iC A B I mi g b4 e (% 2, | 5) ,bmid 21 RJE
PN-NH; AIPN-NO; (8 FISCR S8 4.44% F1 6.91% (& 5) . BlALRTIERAEET 26 BN BUSCR I R R B R
SN-NH; % T "N-NO; , i AL J5 1 " N-NH] F1°N-NO; [al iR 22 7oA i 2 5 "N-NO; I (&1 5) .
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Fig.3 Changes of soil inorganic N in alpine steppe
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F1 HRE.FTHMREMEINEY NIRE EWEHN N HFEHN
Table 1 Effects of organs, seasons and sampling time on plant N concentration, biomass and N storage
. N Ve iz 7 N fiff i
v AUIEES N concentration/ ( mg/g) Biomass/ ( g/m?) N storage/ ( g/m?)
Factor
F P F P F P
#%E Organs 135.42 i 80.07 e 201.57 e
Z=7Y Seasons 3.12 NS 1.63 NS 0.03 NS
SRHFERT[E] Sampling time 1.37 NS 2.16 NS 1.19 NS
B XZETT OrgansxSeasons 1.12 NS 0.33 NS 0.01 NS
B X SR RERT [E] OrgansXSampling time 1.18 NS 0.77 NS 1.35 NS
ZE )R FERT ] SeasonsxSampling time 0.24 NS 0.87 NS 0.54 NS
PR X BT X SR RET A
AR ADOR R T 0.37 NS 0.77 NS 0.89 NS

OrgansXSeasonsXSampling time

N WREE AW N A e AT AT T 0 B e s NS P>0.05, =+ % P<0.001

Table 2 Effects of N type, seasons and sampling time on '*N uptake by plants

R2 NRB FFRRAER EXED N R0

HER N B3

SEAGN IR

ISR &3

P SN recovery of root/% 5N recovery of standing dry/% Total "N recovery/%
Factors F P F P F P
N 2% N type 46.54 5.76 * 61.00
Z=17 Seasons 0.33 NS 7.39 o 0.32 NS
SKAERHE Sampling time 126.86 e s o 22.07 o o 160.07 ok
N ZEHIxZH5 N typexSeasons 14.39 s sk 6.09 * 24.34 s sk
N ZBEDCRAERT ] N typexSampling time 5.40 ok 3.83 e o 7.57 ¢ ok ok
ZECRAEHT H] SeasonsxSampling time 8.52 T 5.42 T 13.18 ok
NREEWREHE 5.52 . 0.47 NS 5.44 -

N typexSeasonsXSampling time

SN [l A TE B AT AT R B ;NS P>0.05, * P<0.05, * * P<0.01, * * * P<0.001
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WSR3 R JE S 2 D) Bt 3 o A K ARAT A AE IR 407, TEVRALOR BRI 28 A6 A2 N [R5 40 e 2
RHNRARTREIZ (SLA) o THEA LU =5 (1) gt i 28 e Ui i AR UL R H B0 i
T 0 oy BC B ) T A AR R 5 (2) SR AR AT 30y o FE B JEU LR 5 AR ) , 35 00 i A T AR R BE A R T
SYBE EBRNY RAEAF AR (3) MR R AR — BT 7, 2 AL T BOIRES X N A7 RE 15
PRESI AR ] 21 KA S8 TN S4B 525X NH] 1 NO; B IEICR KT 10% . Zhang 251" 75 15 58
FAR TR AN AR BRI ST B, A A Rl s L& 7 ( Kobresia pygmaea ) 78 1 2 H N X NH; FlT NO; [FIIKCR 25K
10% /545 o 1o FERT R oy FE ) [ 07 R A 10 S 945 SR 141 3 W R 0T IR ) 0 A 2880 N TRl 5 S A A BR , 7S
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E AR ON R T b (R Ry ) o SRR R AR LG T A o P B A AR R
B LK N I BE F7, SR RS N2 e YR B i oo 2 04 N A7 e LR P s 4 N
TEAES R G Il Z R R | 105 0 B R 7E A Wb N B A R n] LA AE ) 5 2 A K AN b o 7
o3 JE I Y - R BRI A RS R G N ERERLA] Y

TE N #4532 3 5m ZURR ] A b s FE B AT N R W ISw i BoA Zotis s, AL P TE A K R s
WL NOS ™! RS — 25 Ha 7 i FE VR - XA N S g I A S 1 s A A5 19, T £ LR i 5 e 1 398 N
T TR S B AR AR R R N B AHSA MRS SR T AR 55 A
PR, B 258 AR AR EE FUK 40 H, o JE R 5 R N G R DA AE TN & |, 5B L) NOS
BT BRI NO, ™ R VR - X RRAE R 5 L K 53 22 RARAE | 23 il 98 1A SR A 45 F e e A
RO A 2 R RS FR T OF HL R B RS I R HOR A R R BUE A T A Z
MRR SIS 2% 8  TT 52 0)  8  Ak R SAE A A T, S B0 S A A N TS 25 9 vk BBE R LG ) ek T 8 Bl AR
A ARBRSE AL  FE R TR ALE SR REOK () b, RH B2, 28R HE G AR 2 B0
il o SHAh e TR A S TR T K A3 AR AR 5 R Y I RO B AR A A R, - N OB S AR B I 5
PEEEILLNHG S ES, B, GRES BT SR 20 0 N WS 4 AR B 5545y NH, . S F8RHAES &R
Git R BT RIEEIE, 14 NH/NO; Fi 2=y il shi 1 AL B i (Medicago sativa) %2 (Avena sativa) B}
Wi 5. (Vicia sativa ) FIE B ( Hordeum vulgare) X NH; F1 NO; (9 S R , T R E A P00 < A - S
REREEL | TR 40 A R N, T TSR (0 RE AR, W7 AR 03 o 1o JE R M PR 4R A R 2% 10

EAERN R, RS B - 5 N B NH; (SR04 2% NO; MRl 38 28 T i, 28 i )
NH; Wi, 5HA K Z N iR R —200 nTEEIRRURER 18 5 5 N B, HAh R e R FE A 2
SEm A N WO Ar . BN SRR B RS R S AR AR T LA SR X AR FIE A N [F
LA

4 #Hig

WS KBRS (WK ) S AL 2P T2 R KOsl , Rl (1R ) T2 R IR 7, (AR ZR FISLAG 35 7] LA
ML N, SEAEETSE N IISCRES B X B RN IR R R T2 (L Ah) . RALHTIHIEAEE P BN ]
IR AL AR I O N-NH 7 T N-NO; , Ifii @l {6 J5 391> N-NH} F1"° N-NO; [l R 22 5 A B 3% 5k ° N-NO; s 5
VRESHI S AEET 5P N-NH , [EISCR R TP N-NO; ISR ABIEFERMIE 1 FE R b DRI AR A K A 57 70 I
Bt , Sy 4 00 B O L DAY N R SRS B O 2R ke e Al oy i B AR AR A AR
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