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Effects of aridification on nitrogen and phosphorus cycles in a Pinus sylvestis var. mongoli-
ca sand-fixation plantation. XIE Yao'?, ZHAO Qiong'* , LI Yan-zhen"?, YU Zhan-yuan', LIN
Gui-gang' , ZENG De-hui' ('Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang
110016, China; * University of Chinese Academy of Sciences, Beijing 100049, China).

Abstract: A field experiment with three rainfall reduction levels (natural rainfall, 30% reduction
in rainfall, and 50% reduction in rainfall) was conducted in a Pinus sylvestis var. mongolica sand-
fixation plantation in Keerqin Sandy Lands to investigate the effects of aridification on the nitrogen
(N) and phosphorus (P) cycles. The forest ecosystem was divided into three compartments ( tree,
soil and aboveground litter layer). The amount and rate of N and P absorption (from soil to tree) ,
return (from tree to litter layer) and decomposition (from litter layer to soil) were measured and
calculated. The results showed that, compared with natural rainfall, 30% reduction in rainfall sig-
nificantly reduced the amount and rate of N return by 27.3% and 37.3%, and did not affect N ab-
sorption and decomposition and P cycling. The 50% reduction in rainfall significantly decreased the
amount of N absorption, return and decomposition by 59.9%, 36.0% and 50.3%, P return amount
by 38.1%, N return and decomposition rate by 39.9% and 32.7%, increased litter P content by 27.
4% , and did not affect the amount of P absorption, N and P absorption rates. The decreases in the
rates of N and P return and decomposition following rainfall reduction indicated that aridification
would bring the risk of nutrient imbalance to pine forest.

Key words: rainfall reduction; sandy land ecosystem; N and P nutrient cycling; flow rate;

water stress.
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TRIXF 7K 3 3 B, RO 233 3 K 3 7 i LA DR 2 25 1
TERI (1 T 4845, 2004) o Pk, T Ab 18 i v%
Y, B T30 A ER AR AR B, 7%
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Fig.1 Effects of reduction in rainfall on total N and P storage in soil, tree and litter layer of Pinus sylvestris var. mongolica

plantation at the beginning of growing season
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Fig.2 Effects of reduction in rainfall on annual N and P absorption, return and decomposition of N and P in Pinus sylvestis

var. mongolica plantation
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Fig.3 Effects reduction in rainfall on the rate of N and P absorption, return and decomposition in Pinus sylvestis var. mon-

golica plantation
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Table 1 Effects of reduction in rainfall on the increase of diameter at breast height and height of Pinus sylvestris var. mon-

golica
OB 4 10 A AR A

a4z (em) 5 (m) 4% (em) B (m) W42 (em) R (m)
Control 13.15+0.34 7.67+0.1 13.78+0.38 8+0.15 0.63+0.06 0.3+0.05
-30% 15.1+0.77 7.44+0.28 16.01+£0.92 7.75+£0.24 0.92+0.16 0.31+0.03
-50% 14.39+1.06 7.52+0.29 15.37+1.16 7.8+0.41 0.97+0.24 0.29+0.12

®2 BREBOMEFREREPABETAUENHE (kg - hm™a™)

Table 2 Effects of reduction in rainfall on the annual variation in N and P content in different organs of Pinus sylvestris var.

mongolica

Eiix Aty R R e HAR PR iR

N Control —-18.12+8.92a 1.58+0.24a 34.36+£4.03a 14.46+3.84a -14.84+7.67 6.98+4.83
-30% -56.06+17.93b -4.06+1.61a 105.12+39.86b -11.25+£7.08b -35.82+17.20 15.58+5.34
-50% -52.38+5.55b -12.21+5.88b 100.46+11.18b -16.18+8.16b -22.54+6.24 8.54+1.04

P Control 2.93+0.58 -0.24+0.07 3.70+1.52 -0.67+0.56 -1.36+1.29 -0.25+0.11
-30% 2.79+0.25 -0.15+0.30 2.33+0.97 -1.22+1.06 -0.45+0.75 -0.25+0.34
-50% 4.26+0.92 -0.08+0.07 3.96+0.80 -1.38+2.51 -3.08+0.72 -0.59+0.37

MU > 50% 204 0.97+0.24 cm (P =0.281, P =
0.205) ; X R A1) 55 7 4138 & 4 0.30+0.05 m, PN
WD 30% 20 M 0.31+0.03 m, [ R D 509% 41 K
0.29+0.12 m(P=0.927,P=0.935) , Fi /K F B FE R
P/ D A FERAA A X HL A B R (R 1)

R R HAR AR A A S AR AR A
FE—SeRbHi o fUE , R Gt — R F K,
HA TR, MR iR sp i /S e b P
BIRIEE, RS M ER BN AR, HA S ®E
BN o PN KT 1 o T 2 A 3L Jd SR AR T AR
T (P=0.067,P=0.090) K (P=0.033,P=0.017)
N S paE s fbm, B m T AR A R
AR B (P=0.082,P=0.100) , R8> 509% it
A G E BEAK TR B P A A S R AR AR L R (P =

0.033) , X Hv e B A0 1 A 47728 A da 52 i) DA
F(P>0.1) o PIASIK 14 R 2 Ak B8 R X A1
PSS A B W T O AR AR AL B T R 35 R R (P>0.1)
(%2),

3 i

ROCR EELIEEL (NH,) FIRSEREE (NO, ™) Y
TE AR T, — 35 5 ik 3 7K Hh S A ) AR 3R
WO A% B b3 4, PR ) 7K o IR AR A 25 PR
il AR MO R AL (£ K55 ,1997) . MY 2
B oK 3 1 ihae s, % 2 2R Y IS RIS i g T R
K ( Kaiser, 1987 ; X 75 55, 2006 ) ; [7] B VE R i A= 9
S5 A e, IR R et &2 3] 115
KA SR, K T S R A
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AR BT B B2 AR R0 AT R M (B IRE 345 1998)
W55 BRI /D 50% 35 BRI TR P AT ROt &R
(R MAC B, B8 7 T o8 T/ IS i) 2 2 AL ) 253
1117 A TR UK 21> 30 9% A FH ) A% Xof 40 W MACTE o, 4 355 5 T,
AT BB TZ AL PR A 35 B L 98 1 Mhae K- A1 B RN
ol /A X A B X R A S WA S T B 2
AR A AR K A EZ R R 7, i TR T
FHXSIEANEE =, BT LA o X W A 5 2 il i 3
A

BWFSE KB, oK AL L2 R B T A S R
FHRRAT (R AR 2011) (HEWA AR, BT
FIA SRR 1 ZOKF L 2 R R,
R RET ST LABR I i R o SR G vERE 23
L=l o (11 el s iy e I T (iU
ROKF- (P IRHESE,2004) . B3R 2 AT 0L, PR IK P
A8 W /D A ) 0 S AR v T R A, T A
A 33X P R TR U 2D 7K ST R A A 24 38 1l T R
KA, [FIBEEARRSE i BT SRR T i
R BERE 9 2 REAR (3R 2) AR BLH 2k LA
3R EMM RN A, CAMRERY,E
TR B T S 38 B RACRE 5 43 TR AR, 2R 5 3R A
FECA B 03R40 R K28 B 56 8% (AR AR5, 2012;
FULAE,2017) , ARSI 5 s nTRE Rt T
FEFIATERR BE K 43 3 R BRI R g AR 66
PERE R R XTI (XUPEZE,2006) 11 94N 7K P 1 [
TR 2 A L4 A o g 7 L 0 1A P %) T T 7 W
SO (32 2) , UL WA 52 B K A W ad DL R wi oAk 2
R TR 5 R, A A 0 Wl 0 P I e

IR X BRMAES RGE R 2 2, £ T
5T 5L M X R K 5 R VR e I [ K
v R IEAE I ER (Liu et al., 2004) FIJG B 3%
KFR (A, 2009) (055 45 K & A il , T 21k
X T ) 7 i (A5 ) E R A A L W B A5 e
ARHIFZE H Yok R A B A A N TR A A O 5
3 1 5 (P=0.280, P=0.282) , iX a8l 4 Fz
TAeETREX S TRXMAGLREILH AR, fEIET
X MO 23 38 2ok K 9 i DL 28 I AE T (1 &
BEAE 2004 ) 11 T 5 KT R M RER AROR , WA &5
B (14 A R Y i 7 AR XS TR R ECR 4,
2007) , HFHREEM, HELZ T, I8 30% #1554
EWRWE R ETET 12.9% (P=0.003) , Bk i
THET 6.0%, AR B3 (P=0.271) ; B 50%f#i15
THVEY R IE B TR T 22.6% (P=0.032) , Bk

JERETIET 27.9% (P=0.001) , {# 15 A B )ik &
SRR TR, 5 m, AT R 16 T A
WA B )T A, LT e ) (] sf R AEG (A5 20 0
To i A5 4(P=0.382,P=0.138) , 30 T AR AT XoF
TR Pt A RBE R YR N 2 e o
FIHMITCER , EATHE V5 A1 5 B BAH P R () 3L
bR (HRAE S, 1989) , T 7K 43 Jik 38 7T LA AN il 3
—#a# (Kaiser,1987) , TELL LREMZ T, B Ra 2>
AR5 HE R TR, I B )Z A
BRI R TR

T3 — 7 T, B TR /D I8 23 5 e 8 75 4 1) B AL 1
J5T , DT 52 Wi FE 4 i 3 B . Erhagen 55 (2013 ) HY BF
eI LSRR IE NG S=s 5 SO Al W
Z TR, N F B ED AR E S & & (B
THIE,2018) o AT E SR I W b e o il 1Y
2153, A8 PR T5 W0 ) ) Ao i B2 BE R [% ((Osono, 2007)
ARG TE IR T PR R ) s 0 B 24 i 0 %
VI 3% ( Berg,2000) , 1] RE 2 PR A S04 X S R i A
FH ) LT (0 BE V% 16 Ve B 41 8 AR T ( Aerts,
1997) . FE—SEiRAHF A= A R Ge i, 5 B R A A <
A2 (AR A= Py X 8 9 0 1) 3 AR Ul 0 T B2 T 2
S S i A X 48708 ( Vitousek et al.,1994) |, LU IS
FEI B IX B M D 2 0 R TE 0 0 o e . AR
FEH, BRI 30% A X ZUE 57 53 43 il R 3
B T I RR IR 2D 509% 1 480 410 3 il R ik e LE IR
TRETRE(E2), —ERE LR T X —E%,
11 T A 7 P J2 0 U i 5 o3 A e i e [ s Hh 3
Rk FA A A T4 40 2 R B o0 M BB oA o 3
AL (K 3) 75— 5T, RERN 8D 50% (i 15 At V%
YWETHBEHET B E N EE, TR SRR
PRI /N T T 401 2 38 O, A AT BB 2 R Y ik
IS T REERER BRI, R i AR 4 1 B 5 B
FERTEC(XIFESE,2006) , X S5AERIFRS H K E
BRI AE SRR I BE R A R RS B 4518
— B (BRI A 2004 FAYIEAE 2004) X 11 ]
T BRI 50% W E MR TR R 3) .

TR AR 2 AU A = AN R v | [ RN
WD XTI IA 55 53 fff B ORI 3 T 3 R B
M), T W AR ) S M AN B 3 (TR 3) , X g i %
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