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Abstract; Nitrogen (N) and phosphorus (P) elements play key roles in the structure and function, stability, service value
and sustainable development of ecosystems. However, since the industrial revolution, global climate change has been
increasingly affected by human activities. Climate change differentially affects nitrogen (N) and phosphorus (P) cycles in

arid and semi-arid regions, which results in changes in plant biomass accumulation and vegetation productivity. Revealing
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the mechanisms of plant biomass accumulation and allocation in arid regions for responding to nitrogen and phosphorus
addition could enhance an understanding of vegetation strategies under N and/or P deposition resulting from climate
changes. In this study, Caragana korshinskii Kom., one dominant taxa in the desert, was selected to elucidate the
accumulation, distribution and allometric growth in aboveground/belowground biomass. The N addition included three
fractions (NH*", NH,NO,, NO;) and P addition included one fraction, i.e., H,PO*". They were all experimented with in
four concentration gradients (4 g/m’>, 8 g/m*, 16 g/m’, and 32 g/m’). Results showed that there was no significant
difference in C. Korshinskii biomass under the four concentrations of NO;, the interaction of added concentration and time
also had no significant effect on the biomass of C. Korshinskii; in contrast to NO; addition, the interaction between NH}
concentration and time had a significant effect on the hiomass of C. Korshinskii, and NH, addition alone had a significant
inhibitory effect on the growth of aboveground / belowground parts of C. Korshinskii; the NH,NO, addition in the low
concentration promoted the aboveground and belowground biomass of C. Korshinskii, but this promotion disappeared with the
growth of C. Korshinskii or the increase of NH,NO, concentration. The high concentration of NH,NO, (32 g/m*) inhibited
the growth of C. Korshinskii; the interaction of P addition concentration and time had no significant effect on the
aboveground biomass of C. Korshinskii, but had significant effects on its belowground biomass. Low concentration nitrogen
(4 ¢/m* 8 g/m’) atddition would preferentially allocate the biomass of C. Korshinskii to the aboveground, while adding
phosphorus changed the biomass allocation strategy to the aboveground, which supports the optimal allocation hypothesis. In
conclusion, the study results highlight that C. Korshinskii changes the strategy of biomass allocation to the aboveground/
belowground for responding N or/and P deposition. This conclusion not only enhance an understanding of plant strategies

but help us revealing N and P cycling and transforming between soil and plant in the arid area under global climate change.

Key Words: nitrogen deposition; Standardized Major Axis Tests ( SMA ); sand-fixation vegetation; the optimal

allocation hypothesis

AL ER RGN S DIRE Y TG T RE I 3h S5 AN R R A, A S RSB
(A P b ERTL A AE IR I 7R BT R AR At & A TWAE AR AL AR ) TR, NSORA BRI A 28 B8R
0 35 BRI T 5 SRR AR RS R G IR AR, Ik RO BR S | RN A it FH 45 B AR T U O 9I
HRRAES ) A5 WY, AT 38 I T 35 9 U - e A AR, R AR K A7 i B B9 S e K R A
e

TR IO T2 TR X R A EE 0 B8 R B AE S RGN R R TR 4.0 ke
N hm™ a™", Bl FRAR A BRI /40 X A 25 R G I AR TR A 3.15—27.92 kg N hm ™ a7 28] &R AY
UK AT R A K AR SRR IR s M, R I i b A 25 AR 0 RO S LAt T 2 22 ) A f e S
W FR I A MR DL B A 25 R G S M R BE = AR 2 AN, i i A DT A i i N -N
AT NOS-N AR, s - 48 ) Ak R B B8 1 bk ok, 330 4 A 2 3 VR G R 1 RIS 3
FURR T A 25 R GG AR BRI AR S R G P T A A RGO S BORVE T R TR RN D 4 1 TR )
Uk, BEE AR AR BT RE TR G R 22—, S BT IEE b R 0E 8 B A, 7ERY 4 Bl ACIRZS
T, B S S5 s, 3 HORAL B I R A B0 5K B8 1, 0D KAy Bk . W i A A AL S
TR A i T 5450 R X /K 43 Ml 45 e B R A RZ i > il fe £ 3R RS sh vk i 22 | 5 i 1
S, TR A R A A, T BRI R

TEANR IR T T R A 2 9 43 e SR s o TR R A B (4 A AP 5 G E T . A T B IR A PR B A
— P SR, 3 L SR BB T L S BRI AN B A K R IR A B0 R BT SR I e . B
YA AL A IR TR AR B B 3 DR s et [ st 52 1 A A R B AR AR A i 202 R4 ok e 2 R A A )
TP SR LA ORI IO NGRS Pt A R (AR A I g, R e A BB > AR UEIA N, M AN £

http ; //www.ecologica.cn



16 4] SR A AT ARG LA i BO AU S A RO SR ARSI A 6629

(A 23 O B BB SO IRZ FR BT IR e B, DAAERR AR I B %, PR A R, Xl B R A S LR B
FAFRY AL SR A Wy AR AR A E TR R 0 . A X NS T R R A S RGOS 2 B,
G4 1A R R IR (R S BB R N R A TR AR AE S R g il
PRIEA TSNS | KA 0 23 b 25 WU R 1) A6 300 Sk 43 T ) 08 2 5 SSCRRPR ) o 4 0 A A8 A2 T
VS ) SN T e FE A A IS b b R AR IR R DL R MRAE S R G, ARG AR 1
Uk R A S R G HAWESS T (RS ZRGE) 1 (b b BT 7 38 8 i 5 Y 5 v 8 o J o T ) LA SRS
PN TAEBE S B RAEIEAE) IR FEIZ M X A S R G, R IE R 32 B/ 3 (3K 3h , /K 428 Ak 25 B
S U (WA | DAL 5 43 RIS 7 SRl 3 B 20 ) RO R F A 2 E KR RNR B, S BOZR 5 T
PR A RAFAE R 3 A 22 S E R O T T R IXAR A TR AR SR T, T 5 T B v A A
I AT MR A ARRIE . R SRER S L ( Caragana korshinskii Kom.) YER BT RV K HAR R REEAR, B
AIRFREIE DU DUIE VDI S0 R P A O A0 B R R T R X A A A A I A
IR, ok B AL E AT AR IE AR R R D0 1 T SR IX e B A A7, SR AT 2% i A= A RN b B/ 1R A ) o 43T
Xf H AT ADTRE H 25 5800 PR5E 25 DL S R DR B 1) SR APUIT 3 i P il R A 4 ) 2 i 3 2

BEXT F 3R ) B, A S i WA A A KO R MR AL BT R SN 1Y A= W i AR AR X LA BT A R AR
KAFMEATZ 2520, A i RBUE R Yk K 558 N A B A AL O RS A E AR i AR 1k, TT
DA 7 A7 25 AR OBIR ) HC A A i 5 0 T AT 1Y 18 FR T L, DA KA 2% AR 0 i T SR xof - 3 AL i A 12 Ak
FRy o S R , B BT R AN [E S BT R UK S A AR K ) i AH B G &R i i 5 A7 A AR K
A BRI, DU T 52 2T B N T IR 5 g 2% |

1 RS

1.1 RS X HENL

RIS T [ RR 22 B V3 Sk VAR S50 0 ( AT AR VD3 Sk ot ) 2 REIR E AT, WDk i T 1955
AF MR S Hs LUV IR i 2k, O T B IRUIR A X DT v sk FAR AP IX N (37°27'N, 104°57'E) |, ik
1250 m, ZAEF- )[R B 186 mm, J& 7 RSB B 2011 45, VDIt k A AR PR Xl o 78 26 1 X
TR 65.65% , N T M7 25 AR G M AR N 37.98% , AP B4 22 Sk VT 2% 9 55 19 N T AR 11 Vb 1 32
BRI SR 3, HOR DLV 558 ( Calligonum mongolicum Turcz.) i (Artemisia ordosica Krasch.) 254 Al
B KB U N T A B 3 R, B RS 2 A BT, A0 B T A S B (RIE T A 22 Ak VD o 3k Bt
WGBTSk i X R AT N T A A R A R S i v B A 0 M DX BR  2 £
s
1.2 Bk

I T 2021 4F 4 AFFGS R HFFARDF (B3 0, CRUER AR AH 22 A 0.1 mm) #E47 A TR = 2k
By, M2 N RER SO (Venlo) 38 (3 J2 B RIRFRER 23 M) 1%, e thl & I AE 25°C Ze A7, 25 IR AE 40% 72
A, JEHENTFFTIX SRR T A BEE SR BE (L% B 6 RAE 95% L b)) o FEARIE TR0 Rk VD 3 Sk VD
FEAR I8l T E 1) B A% BL VDB M s b B ORI VD IR AT e 14 H 2R S N 0.48 me/g, W& &
H0.23 mg/g, AARER BN E 21 em, EREEZRN 31 em BIBRER, RBEE 5 et
B4y 3 NH; (NH,HCO,) \NH,NO, \NO;(Ca(NO,),) F1 H,PO,(Ca(H,PO,), + H,0) LA BAIEFT 1] jife
JIEL A B PR BB ZH (CK) %7 B M DX AR TR I S5 67 4 32 R DR R B A G SCRR I IR e s 7 I 4 4
iR IBREE 430 4 o/m* .8 ¢/m® 16 ¢/m*Fl 32 o/m> (U IR FE RS 4 IR T 2 T /140 | B0 B IR 56
AT 4 WHEE Akt I 5 R A 5 B IS, AR A6 A T AR T B I A, R T A AR
4 YT, 53 5 B A AR BE 18 10% ,20% ,30% F11 409% AR R RN, - it A T B 15 d,

NI AR IR AR R H A4 28 IR AT S AT AR T A B &, MR A 45 SR B4 R

http ; //www.ecologica.cn



6630 xR 43 4

(IR 2550 97% ., PRIIL 3 R s A 2 b 32 b, CRUE AR AL AT 30 B4 . AT AE 15 d JFURIESZ K5y DL R 3%
SR BV INRES K A IR A VD33 S R 2SR X AT S 3 WK B 2 A58, R 372 mm Y Gl R R SRR K R
XK A3 3K HERR PR 7K 43 BR )Xo S 06 45 SR i A s i), i 245 S ZE s sk A o, i 1L KA e, 08
W A1 241 4] A 2 AF X 7 R A 2 e, o PRt FH 2 0, P45 i k10

KRNI R IRBENLIE R 5 BRAEARIEA TIOH , SR I 18] 43 316 24 i S I 2 UG 956 15 K .30 K .60
K90 KA 120 K FFRAERIFESIA 105°CHA T AT 2 h JEEIR 75°C K, e o b/ AR .
1.3 Hdib

RGBT AR BE ] EXCEL 2019 #EAT48 3 fdi fi} SPSS Statistics 26 (SPSS, Chicago, LT, USA ) R 8 4T 1F
YRS , X ARAF B IE AR50 A5 10 508 8 TG B0 A AR B FH A o =5 0 91 )5 ( Standardized Major Axis
Tests, SMA) (5 X BARIATILE 5 A i b/ R A= W 2 Bo /e BB T R AN 19 5738 56 2 (il 40
4 SMATR 3) , % T SMA A7 b 3 22 S i i —20 1Y Wald #l, EF3fH OriginPro 2021 227,

2 ERAMH

2.1 BB S H b3 R AR MR AR R

AAIIEAS A NH; , Hvk B S5t ) 22 BAE B 3 5 m TR 4B (P<0.05, 3 1) 5 Y A B INEZS
R NO3 , Hoyfe B R ] (14 28 BLAE FRH Y 2526 i T8 B &5 A (P>0.05, 38 1) o BLAb, BRES vk B2 S5 st [ 9 52 B
VEFRAGE My 25 T AE i (P<0.05) .

R1 AR AL IR B 7K T F B i) 3o S 3t/ 3t TS A2 0 A B A (AR AT R 22500
Table 1 Effects of different treatment concentration levels and time on aboveground and belowground biomass of C. korshinskii ( Repeated

Measure MANOVA)

o o i I W< T
BIMEE TE A Concentration Time ConcentrationXTime
Adding fractions Biomass type
F P F P F P
Ca(H,P0O,), - H,0 AGB 1.80 0.17 178.89 <0.0001 1.24 0.27
BGB 33.75 <0.0001 76.65 <0.0001 2.06 0.03
Ca(NO;), AGB 3.80 0.02 193.88 <0.0001 1.12 0.37
BGB 1.45 0.25 155.03 <0.0001 0.55 0.90
NH,NO; AGB 4.75 0.0074 64.40 <0.0001 1.25 0.27
BGB 2.71 0.06 37.64 <0.0001 2.27 0.01
NH,HCO;4 AGB 16.12 <0.0001 43.07 <0.0001 3.69 <0.0001
BGB 5.04 0.0057 14.90 <0.0001 2.58 0.005

AGB . #h A Aboveground biomass ; BGB. i F A=Y H Belowground biomass
R RIS s 747 AP 128K (P<0.05) 5 AN Rl B i B Fr S5 N At A
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Table 2 Effects of added morphology and concentration levels on aboveground and belowground biomass of C. korshinskii ( Two-Way ANOVA)

T wE ENIIBIZZ WEXFIIES
R Concentration Adding fractions ConcentrationXAdding fraction
Biomass type

F P F P F P
AGB 0.80 0.53 14.08 <0.001 1.54 0.11
BGB 3.23 0.01 10.77 <0.001 1.66 0.07
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Fig.1 Changes in aboveground biomass with time of C. korshinskii
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Fig.2 Changes in belowground biomass with time of C. korshinskii

2.2 FrgkHh b/ N AR A A BRI B SR A KOG R

W% 3 FIE 4 Fis  AEASH NH,HCO MR BE A 4 o/m® F1 32 o/m> I, Fp 45 Hb /3 T A ) ) SMA LR 5
Hopth e 2 1) HH BB 25 25 5 (P<0.05 ), AR Wi 1) 4 T 1) b T 38 40k s 76 R IR Ca(H,PO,), » H,0 LAK
Ca(NO,) AFETF Fy ki [/ T APt i) SMA BRI ZE KT 1.00(P<0.001) (HA G| /3T
AW EE SMA REREA B E 225 (P>0.05) 5 —25 1) Wald #ill & 8L, ARl EE Ca(H,PO,), + H,0 &b
PR ARG AATE B BRI RS , RIAE S 8 b N AE W B KE R 1 B A K A R 2 5 (P<
0.05) . NH,NO, NN AgF7 55 b/ 1 B AP A5 & S AR K OCR , H SMA LG (P<0.001) H AR
FHRTF 1.00( P<0.001) ,7E 4 ¢/m* F1 8 ¢/m’ B NK T, #7551 ML/ 3th R A= W i 43 il 56 3R kAR i g, H:
SMA b B F W/, WA ] R B, 7E 4 o/ m? BARHEBE S IV FE A, A BRI FAe 5 oy
FiC P49 552 M 03T ] b= 350593, R0 ) 2 (A 45 1 A4 0 e B 22 o [ T 38 0 B 5 (L Bl 85 S VA B T 31 16
g/ IS RN N3 g 1 A 40 i) b 5 o A A 2050 S 28 S D 5553, Tl e 40 A 0 3 T R A 2 A5 SR A 3]

http ; //www.ecologica.cn



16 4

SR A AT ARG LA i BO AU S A RO SR ARSI A

6633

R (SMA RERIER) sTEAR IR BEIAE 32 g/m* I, VS X A= 9 45 43 BE 5200 5 Z HTAH 2, SMA RERBEAR

NG PR IR AN b B B BLAT R 325 5 (P<0.05)

EEMEMAE D ogm? [ 4gm?> [ 8gm? EE 16gm? B 32 g/m?
120
&; a
E/D 100 + a
2 a ab a ab
s 80 _._{— = =
g § ab
B 60 | ab
HE _} b
BE 4!
&
o
2
8 20
<
0 t
E 20|
S gl
2 40 | T a
g% a 1 _fa_? 3 a 3 a
HE 60|
=g
B3 80t
on
3
L2 100 -
Q
m
120 . . . .
Ca(H2PO4)2‘H20 Ca(N03)2 NH4N03 NH4HC03

AFEFINIEAS Difference add fractions

B3 AEFmMAEI &M b/ T EMER I

Fig.3 Effects of different addition treatments on aboveground / belowground biomass of C. korshinskii
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Table 3 Fitting parameters of above-belowground biomass of C. korshinskii at different concentrations of different added fractions

A g

BIEE . . ) AR (95% BAF X)) I (95% AR X [H])
Adding fractions Addmg(cgo/n}iir;tratwn/ R P Slope (95% Confidence Interval) Intercept (95% Confidence Interval)
NH,HCO;4 0 0.915 <0.001 1.900(1.676,2.155) a -1.2384(-1.6059,-0.8710)
4 0.536 <0.001 1.239(0.927,1.656) b ~0.1804( —0.6835,0.3227)
8 0.411 0.001 1.391(1.004,1.925)a ~0.5002( ~1.1467,0.1463)
16 0.597 <0.001 1.682(1.283,2.204)a ~0.8973(~1.5561 ,-0.2384)
32 0.467 <0.001 1.268(0.930,1.728)b -0.3461(-0.9238,0.2317)
NH,NO; 0.915 <0.001 1.900(1.676,2.155) a -1.2384(~-1.6059,-0.8710)
0.744 <0.001 1.399(1.127,1.737)b -0.4194(-0.8872,0.0485)
0.857 <0.001 1.371(1.165,1.612)b -0.3205(-0.6580,0.0170)
16 0.746 <0.001 1.740(1.402,2.159) a -0.9419(-1.5109,-0.3730)
32 0.634 <0.001 1.751(1.353,2.267)a -0.9435(-1.6168,-0.2702)
Ca(NO;), 0.915 <0.001 1.900(1.676,2.155) a -1.2384(~-1.6059,-0.8710)
0.825 <0.001 1.579(1.320,1.889)a -0.6951(-1.1280,-0.2623)
0.784 <0.001 1.862(1.526,2.272)a -1.1764(-1.7495,-0.6032)
16 0.534 <0.001 1.748(1.308,2.337)a -0.9856(-1.8009,-0.1703)
32 0.893 <0.001 1.794(1.559,2.065) a -1.0642(-1.4595,-0.6688)
Ca(H,PO,), - H,0 0 0.915 <0.001 1.900(1.676,2.155) a -1.2384(-1.6059,-0.8710)
4 0.755 <0.001 1.969(1.593,2.434)a -1.1284(-1.7187,-0.5381)
0.747 <0.001 1.865(1.503,2.313)a -1.0744(-1.6628,-0.4860)
16 0.905 <0.001 2.010(1.761,2.295) a -1.3695(-1.7755,-0.9636)
32 0.724 <0.001 1.401(1.119,1.754) a -0.4327(-0.9118,0.0465)

AR FRE IR AR R KRR Y 28 5 3
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Fig.4 Relationship of allometric growth between aboveground and belowground of C. korshinskii biomass
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