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Abstract: [ Objective ] To study the differences between C, N and P contents and their ecological
stoichiometry ratios of different organs of different coastal tree species under drought stress, and to reveal the
physiological adaptation mechanism and nutrient cycling law of different coastal sandy afforestation tree species
to drought stress. [ Method | One—year—old C. equisetifolia, E. urophylla X E. grandis, A. mangium X A.
auricultformis and A. melanoxylon seedlings were used as research objects, and control, mild, moderate and
severe treatments were set.to explore the ecological stoichiometry of C, N and P of different coastal tree species
under drought stressd. [ Result] Tree species, organs, drought stress degree, pairwise interaction and joint
interaction have significant effects on C, N and P content and their stoichiometric ratios (P<0.001). Different
tree species respond to drought stress with different characteristics of C, N and P and their allocation strategies.
C.equisetifolia will conserve water by increasing the distribution of leaf N; E.urophylla X E.grandis increase the
use efficiency of N and P in leaves, and slow down its growth rate by increasing the C content per unit mass of
leaves ; under severe drought stress , A.mangium X A.auriculiformis will decrease the P content of the whole plant
and increase the N use efficiency of the whole plant; under different drought stress severities, P accumulation
was present in the stems of A. melanoxylon.Correlation analysis shows: drought stress affects the physiological
and metabolic activities of plants, resulting in the decoupling of various elements. The distribution of C in
different organs of each tree species is small, while the distribution of N and P is quite different, therefore, the
change of ecological stoichiometry ratio of each organ is mainly related to the change of N and P content.The
absorption of N and P by roots is conducive to the assimilation and redistribution of C by leaves.[ Conclusion ]
C. equisetifolia can conserve water by increasing the allocation of N content in leaves under drought stress, and
its growth is relatively limited by P elements.A. mangium X A. auriculiformis and A. melanoxylon have higher
organic matter accumulation capacity and stronger ability to resist adverse external environments ; E. urophylla
X E. grandis has low N and P utilization efficiency, because it does not have the ability of biological nitrogen
fixation, its growth is mainly limited by N, and it is necessary to pay attention to the application of nitrogen
fertilizer or mix with nitrogen—fixing tree species during afforestation.

Keywords: coastal afforestation tree species; drought stress; ecological stoichiometry; organs; carbon,

nitrogen and phosphorus content
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Tab.l Three—way ANOVA analysis of C,N,P content and ecological stoichiometry ratios of tree species,
organs and water stress (F value)

BEF T RO AR A 4 TR B U A 25 A~ T RRAE 14 e 0 R e + 509 -

JLR RFH(T) #E(0) TR (D)
Element Tree species Organ Drought stress ™o D OxD oD
C 153.042 26.788" 1531.451° 13.565 180.423" 16.855 14.442°
N 2631.749 157.493" 3666.919° 24.164° 1615.812" 48.616 38.123°
P 607.043" 58.611" 422.571° 8.428" 161.647 12.535° 13.795
C:N 2979.889° 64.455 2 635.851° 15.435 1013.928" 7.556 9.127
C:P 917.359" 39.115 299.701° 11.532° 202.983" 14.299° 12.474
N:P 832.219 22911 439.036 12.405° 289.965 22911 15.504"
*:P<0.001
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Tab.2 Effects of drought stress on C content in different organs of different coastal tree species g/kg
s e R Tree species
Organ  Drought stress PN FREZ HRAHE FRAAEE
C. equisetifolia E. urophyllaXE. grandis  A. mangiumXA. auriculiformis A. melanoxylon
Ui CK 423.36+12.02"* 414.54+5.10B* 434.41+2.76" 407.13+9.34%
Root D1 416.77+5.61" 412.06+2.61"" 403.48+9.66"™ 387.23+2.43%
D2 415.63+£2.51™ 408.42+4.51™ 451.79+7.70™ 352.99+17.66"
D3 424.25+4.18™ 407.37+3.62% 436.30+2.12" 399.29+2.48"™"
e CK 431.60+1.37" 427.81+1.19" 430.49+0.74 409.80+1.77%
Stem D1 432.63+2.29" 426.11+0.75% 436.49+0.92™" 409.71+0.25™
D2 433.14+1.54" 427.50+1.39" 441.66+6.11"" 416.93+0.81“
D3 445.57+1.46" 431.10+1.64™ 444.17+2.12™" 414.46+1.97%
33 CK 409.46+1.86 414.80+1.39" 413.70+0.70™ 436.12+0.69"
Branch D1 424.03+0.75™ 419.79+1.73™ 417.91+6.59™ 440.49+1.14"
D2 422.61+1.00" 419.45+0.95“ 416.41+2.70™ 443.82+0.38"
D3 430.41+1.53™ 420.01+1.04“ 420.74+0.76“ 441.74+0.71"
it CK 454.99+0.51" 435.38+1.96" 474.57+0.22" 473.23+1.39"
Leaf D1 463.28+0.72% 443.64+0.54™ 476.24+1.05" 483.09+2.58"
D2 459.06+0.66 442.09+0.72™ 473.73+0.53" 477.79+1.26"
D3 466.93+1.18% 443.83+1.65™ 487.17+3.16" 476.97+0.69"
CK: X R s D1 AR BE A s D2 h BRI E s D3 EEEMNA . [A147 RS R [A) 3705 [] — Ak BEA ] 4 b 1] 22 5 4t 35 (P<

0.05) ; [ F /NG AN R 7 [R]— A4 FloAS [R] 1 52 b B ) 22 57 4 3 (P<0.05) o

CK:: control treatment; D1: mild drought stress; D2 : moderate drought stress; D3: serious drought stress.Different uppercases
letters in the same row indicate significant differences among tree species under the same treatment (P<0.05).Different lowercas-

es letters in the same column indicate significant differences among drought treatments for the same tree species (P<0.05).
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Tab.3 Effects of drought stress on N content in different organs of different coastal tree species g/kg

s T RRRRE F§Fh Tree species
Organ Drought AR R LhR AR A
stress C. equisetifolia E. urophyllaXE. grandis ~ A. mangiumXA. auriculiformis A. melanoxylon
i CK 16.04+0.61% 8.37+0.23™ 23.40+1.83™ 34.78+2.10™
Root D1 16.34+0.41% 8.66+0.41™ 22.72+0.92™ 30.94+1.34"
D2 17.63+0.41% 7.49+0.17" 20.96+0.73"" 26.29+0.90™
D3 16.65+0.20° 7.27+0.35"™ 20.06+1.35" 28.89+3.53""
£ CK 43.42+1.36™ 24.39+0.45% 21.61+0.96™ 72.24+2.10™
Stem D1 40.81+0.79™ 24.05+0.71% 21.10+0.10™ 74.06+1.38"
D2 43.36+2.48™ 24.55+1.49% 23.86+1.06™ 67.11+1.02"
D3 31.05+0.93" 25.68+1.28 21.12+1.15™ 58.14+0.80™
33 CK 72.04+1.99" 32.64+1.00™ 34.62+0.67"" 22.66+0.32
Branch D1 51.61+1.92* 30.46+1.08" 32.30£0.71™ 19.36+0.93“
D2 44.60+1.48" 26.08+0.56 35.53£1.23™ 21.10+0.94®
D3 45.73+1.87" 23.27+1.35“ 34.36+1.99"" 18.79+0.29™
iy CK 21.78+0.72" 11.99+10.57% 22.42+0.48" 25.37+1.37""
Leaf D1 24.18+0.77" 10.57+9.75% 21.25+0.86"™ 23.03+0.19*
D2 25.90+0.54* 9.75+0.17% 23.97+0.75™ 27.16+1.20™
D3 22.96+0.23" 9.40+0.42™ 21.04+1.07% 24.46+0.86""
CK: X HRZH s D12 il s D2 AR s D3 B IA o [AA7 RS FREA R R [ — b BN [ A% Rl ] 22 57 . 2 (P<

0.05) ; [F)F1 /NG F-BEAN R 27 Al — R R AN ] -+ 5 Ab 3R] 22 57 .35 (P<0.05) .
CK: control treatment; D1: mild drought stress; D2: moderate drought stress; D3: serious drought stress. Different uppercases
letters in the same row indicate significant differences among tree species under the same treatment (P<0.05).Different lowercas-

es letters in the same column indicate significant differences among drought treatments for the same tree species (P<0.05).
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Tab.4 Effects of drought stress on P content in different organs of different coastal tree species g/kg
s TELRLRE B Tree species
organ Droueit SR [T B A
stress C. equisetifolia  E. urophyllaXE. grandis ~ A. mangiumXA. auriculiformis  A. melanoxylon

H CK 0.36+0.01" 0.39+0.01™ 0.86+0.12* 0.76+0.03"
Root D1 0.42+0.00” 0.45+0.03* 0.73+0.04" 0.80+0.05"
D2 0.46+0.02" 0.42+0.02"" 0.93+0.03" 0.89+0.04*

D3 0.42+0.02% 0.46+0.01 0.64+0.04" 0.56+0.02"

£ CK 0.44+0.01% 0.82+0.05" 1.11+0.10* 0.53+0.11*

Stem D1 0.52+0.01™ 0.92+0.07" 0.92+0.08" 0.82+0.11*"
D2 0.36+0.03™ 1.21£0.01* 0.81+0.01" 0.70+0.02%

D3 0.41+0.01% 0.82+0.05" 0.84+0.08" 0.92+0.05™

53 CK 0.43+0.02% 1.29+0.07* 1.03+0.11* 1.28+0.06™
Branch D1 0.46+0.02" 1.02+0.03" 1.08+0.07* 1.10+0.02*
D2 0.40+0.00™ 1.29+0.11* 1.29+0.05™ 1.22+0.06™

D3 0.42+0.01* 1.12+0.10*" 0.77+0.05" 0.81+0.07"

it CK 0.91+0.01% 1.52+0.03" 0.70+0.04™ 1.15+0.08"

Leaf D1 0.82+0.06"" 1.32+0.11" 0.68+0.07" 0.97+0.04"

D2 0.78+0.06" 1.33+0.08" 0.81+0.02 1.07+0.05""

D3 0.64+0.09 1.30+0.09" 0.58+0.02 0.91+0.06"

CK: XL s DR BEME 5 D2 P B2 E s D3 B WA o [AIA7 RS FREAS [R5 ] — Ak B[] g Ao 7] 22 57 (2. 3% (P<

0.05) 5 [FIZ/NE B AN s [l — W b AN ) o SR AR 3L I) 22 57 . 25 (P<0.05)
CK:: control treatment; D1: mild drought stress; D2 : moderate drought stress; D3: serious drought stress.Different uppercases

letters in the same row indicate significant differences among tree species under the same treatment (P<0.05).Different lowercas-

es letters in the same column indicate significant differences among drought treatments for the same tree species (P<0.05).
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Tab.5 Effects of drought stress on C:N in different organs of different coastal tree species

e TRRE Rl Tree species
ore Drough KR Rt I RAHIE

stress C. equisetifolia E. urophyllaxE. grandis  A. mangiumXA. auriculiformis A. melanoxylon

i} CK 26.43+1.39" 49.55+1.23" 18.63+1.29% 11.73+0.71"
Root D1 25.51+0.57" 47.65+2.56" 17.79+1.15% 12.53+0.45™
D2 23.59+0.68™ 54.57+1.53* 21.56+0.61“ 13.42+0.23™"

D3 25.48+0.55" 56.14+2.57* 21.82+1.53% 13.86+0.93"

£ CK 9.95+0.29® 17.54+0.29" 19.95+0.94*" 5.68+0.14"
Stem D1 10.60+0.23% 17.73+0.50* 20.68+0.06™ 5.53+0.11"
D2 10.01+0.55™ 17.46+1.08* 18.53+21.08" 6.21+0.10°

D3 14.36+0.44“ 16.82+0.91* 21.08+1.24* 7.13+0.73™

/33 CK 5.69+0.16™ 12.72+0.43" 11.95+£0.21% 19.25+0.30™
Branch D1 8.22+0.30” 13.80+0.53" 12.95+0.41™ 22.79+1.07*
D2 9.48+0.34™ 16.09+0.38" 11.72+0.33“ 21.07+0.95"

D3 9.42+0.37™ 18.09+1.07* 12.27+0.72%" 23.51+0.37"

it CK 20.91+0.71" 36.48+3.24" 21.18+0.46" 18.69+1.07"°
Leaf D1 19.18+0.62¢" 42.02+1.80" 22.44+0.95"" 20.97+0.24"*

D2 17.73+0.38" 45.34+0.86™" 19.78+0.63" 17.64+0.73“

D3 20.35+0.28 47.27+1.98" 23.19+1.05™ 19.51+0.69"

CK: X HEZH s D12 Bl ; D2 P BEA s D3 FEEIA o [A] 47 RS T REAN [A] 7 [ — b PHAS [ A% i ] 22 57 . 2% (P<
0.05) ; [AIZ1/INE “FBEAS [R) 273 ) — A8 A ] - 52 Ak B ) 22 57 2. 35 (P<0.05)

CK:: control treatment; D1: mild drought stress; D2: moderate drought stress; D3: serious drought stress.Different uppercases
letters in the same row indicate significant differences among tree species under the same treatment (P<0.05).Different lowercas-

es letters in the same column indicate significant differences among drought treatments for the same tree species (P<0.05).
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HH 22 6 7] 41, KRR 8 1 R ELARARL Y G P43 571 K 909.98~1 192.76 F11888.09~1 059.89, 75 A [a] 1+ 5L Ak Bt
T 2 T AR B S R AR B R ORRR B ZE AR | AR S C 2 Pt g e T A F s R B R
C:P(285.76~342.04) . th KA AR C: P(488.52~678.82) A A AAH AR C: P(395.48~709.27 ) fE AR AL BE
80 AR T AR A X BRAE A L, 3 B T 0 T R RR B AR B AR v C P R RRAIG, E A A
AR L T L 4 R R R A R RCRIN T G P BB TR R B ARAH R ZE b P R RSN, oAl 3
B RhZE E R 30 25 C PR AR BE BTt

F6 TEPMEMAEEREHNMERE C:PHZM

Tab.6 Effects of drought stress on C:P in different organs of different coastal tree species

wH TRRERE

Organ Drought stress

Rl Tree species

NN

C. equisetifolia

FE iR

SRS

E. urophyllaxE. grandis ~ A. mangiumXA. auriculiformis

A

A. melanoxylon

R CK 1192.76+74.13" 1 059.89+31.63™ 513.39+76.89 537.69+33.80"
Root D1 982.23+14.49" 910.37+73.37" 556.39+41.48" 485.89+27.77"
D2 909.98+53.05" 972.62+32.37" 488.52+10.36™ 395.48+35.07“
D3 1 009.62+50.76™ 888.09+31.58™ 678.82+£35.41% 709.27+26.75“

£ CK 990.58+22.79" 525.30+31.66" 388.50+34.05 791.80+£175.14™
Stem D1 839.39+23.41" 465.54+36.87" 479.03+45.74™ 507.49+68.95"
D2 1204.14+89.44™ 352.77+1.49 542.23+9.46™ 594.98+12.60™
D3 1099.78+12.30" 529.93+32.58™ 531.96+50.84™ 449.21+24.13%

05 CK 960.66+57.88"" 323.08+16.41" 405.35+46.79" 342.27£16.24"

Branch D1 922.75+35.04™ 410.35+10.17™ 386.55+20.46" 402.22+6.30"

D2 1 055.52+7.54™ 327.42+28.49 323.75+12.27¢ 363.26+17.62™
D3 1019.43+27.92™" 375.58+36.07" 551.02+34.02" 549.89+47.73"
- CK 497.89+7.51" 285.76+6.58" 678.02+37.67" 414.95+32.72"
Leaf D1 569.94+41.78" 338.03+£27.78" 707.93+72.41" 500.08+21.69"™
D2 591.23+46.45" 333.86+19.53“ 583.92+11.05" 448.70+18.58"™
D3 734.77+96.47™ 342.04+22.46"™ 842.56+21.56" 526.90+32.77%

CK: X IR s D1 B2 B2 A s D2 Hh BEB A s D3 L EEMA o [A147 RS T BN ) 73 ] — b BHLAS ) AR Ao ] 22 5 W 25 (P<
0.05) 5 [A181) /N “FBEAN ] 2735 ] — A8l A [/] - S 4k B ) 22 5 2. 2% (P<0.05) o

CK:: control treatment; D1: mild drought stress; D2: moderate drought stress; D3: serious drought stress. Different uppercases
letters in the same row indicate significant differences among tree species under the same treatment (P<0.05).Different lowercas-

es letters in the same column indicate significant differences among drought treatments for the same tree species (P<0.05).

70, B8 T 5B R , RBRE ALY N: P(108.36~168.94) ¥ i 2 Fe iy , B B #ie i (15.86~
21.39) 25(20.26~31.64) I (7.24~8.04 ) F1 5 K AH 25 (19.55~29.28 ) ) N = P 34 i K T HoAth v . L
T AT, AR AN FAAR A N PR T X BR AL, T KA S AN B ACH SR B AT N P 2y X R
2RI AR R R b I v TR R A
24 EFHMARREE CNPEERESUFITEL Z BHHEXLHE

TR A FPAS [ 48 B C NP & & AR b=t L 22 (R A Se 2 B (32 8) L AR 5 i A 5 i
C NP & it S A Ak 2 v i L =2 ) G 40 B 35 AH G, 1T 25 551 € NP5 et A b 2 1 i Ll a2 4K
FETE B EHEE, WA N P& NP SHF C NS HN: PH & IEMSE(P<0.01), 51 d P&
L CoNA R E AR C:NLC: PSP C N i N:P B A E, St Co N R 3 IEM G, 25
FCHEFSHHP SR B ENME, SHFC:P N:PREFFMAE; ZPNSESHHCNSERE
FAEADE, S N B B 2 RO 25 P i CoN RIS e NS R B 3 R G, SR G N
i 2 IEAR G 25 CoP NP 5 N B A 0 35 IR AR G, 5t C N ARl 2 AR G .

Kb &St C N & B B EASE, 5ot C:N BERAHX B P NSRS P& &R E
FARG, St C:P NP W E IEADC B0h P& s il 5 b N & i (C:P NP R E A, 5 pE
L Co N IE A SC  A CoN i P i g 3 IR ARG, S5h b € P 3 A G A € PN P 43
it P& (CoN B EAAHDC, S rp C:P NP I EIEA X,



% 2 3 BAF IR AT S0 AR A 4 R A R U A A A R R A A 0 R ) 513 -
®7 TEHEMNAREESHMEHREE N PRI
Tab.7 Effects of drought stress on N:P in different organs of different coastal tree species
. TR Rl Tree species
ifn Drought I e DA HAHIE
stress C. equisetifolia E. urophyllaXE. grandis ~ A. mangiumxA. auriculiformis  A. melanoxylon
lind CK 45.15+2.35" 21.39+0.44% 27.63+4.28"" 45.93+3.64"
Root D1 38.51+1.09" 19.13+1.61 31.27+0.85™ 38.83+2.90"
D2 38.55+1.17" 17.83+0.59™ 22.68+1.09” 29.45+2.12%
D3 39.60+1.26" 15.86+1.30™ 31.26+3.53% 51.26+2.58"
E CK 99.67+4.08" 29.96+2.11°" 19.55+2.52% 140.06+34.38™
Stem D1 79.15+0.48" 26.26+1.83" 23.16+2.16™" 91.80+12.40"
D2 120.61+12.16™ 20.26+1.20% 29.28+1.15% 95.75+0.83"
D3 76.63+1.86 31.64+3.57% 25.38+3.81™" 63.10+2.88"
53 CK 168.94+9.44™ 25.43+1.86"" 33.97+4.53" 17.80+1.11
Branch D1 112.40+8.08" 29.77+1.06"™ 29.88+1.93" 17.69+1.13%
D2 111.39+3.22" 20.39+2.25% 27.64+1.53" 17.25+0.44
D3 108.36+6.89"" 20.75+1.30% 44.90+1.33™ 23.38+2.82
At CK 23.84+1.16" 7.88+0.76“ 32.04+2.21" 22.20+1.09"*
Leaf D1 29.70+1.20" 8.04+0.47% 31.59+3.53" 23.84+1.06™
D2 33.34+2.40™" 7.37+0.54™ 29.55+1.30" 25.48+0.26°"
D3 36.25+5.18™ 7.24+0.42% 36.35+0.93" 27.03£2.07™
CK: X0f HRZH s D1 B2 EE 30 s D2 P EEA s D3 R EEA o [R1A7 K5 TR [R] 7 [] — b BRAS [ 4 i ] 22 S 1 25 (P<

0.05) ; [FIZ /NG F-BE AR 27 Al — R FhAS ] -+ 5 Ab B 6] 22 53 12 2% (P<0.05)

CK:: control treatment; D1: mild drought stress; D2 : moderate drought stress; D3: serious drought stress.Different uppercases

letters in the same row indicate significant differences among tree species under the same treatment (P<0.05).Different lowercas-

es letters in the same column indicate significant differences among drought treatments for the same tree species (P<0.05).
*8 AEARBRNMERENCN.PEERESHUFITEL Z EHEXME

Tab.8 Correlation between C,N,P contents and ecological stoichiometry ratios in different organs of

different coastal tree species

515 Index "t Leaf
C N P C:N C:P N:P
#H C -0.073 -0.099 -0.336 0.006 0.383" 0.230
Root N 0.845™ 0.795" -0.428" -0.768" 0.346 0.555"
P 0.718" 0.503" -0.302° -0.458" 0.272 0.368"
C:N -0.901" -0.936" 0.675" 0.933" -0.581" -0.791"
C:P -0.742" -0.472" 0.273 0.409" -0.253 -0.335"
N:P 0.510™ 0.723" -0.461" -0.742" 0.349 0.562"
= C -0.084 -0.105 -0.463" 0.040 0.547" 0.343"
Stem N 0.399" 0.556" 0.059 -0.483" -0.190 0.111
P -0.055 -0.492" 0.232 0.491" -0.146 -0.362"
C:N -0.239 -0.528" -0.080 0.455" 0.240 -0.086
C:p -0.027 0.439” -0.301" -0.442" 0.215 0.398"
N:P 0.224 0.612" -0.082 -0.560" -0.053 0.261
53 C 0.481" 0.449™ -0.009 -0.355 -0.050 0.150
Branch N -0.182 0.167 -0.347 -0.255 0.285° 0.306
P -0.077 -0.354" 0.550™ 0.391" -0.479" -0.524"
C:N 0.260 -0.005 0.338" 0.103 -0.347 -0.278
C:P -0.006 0.376" -0.480" -0.404" 0.394" 0.489"
N:P -0.120 0.281 -0.388" -0.337 0.295 0.372"

":P<0.05;":P<0.01
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T 538 2 R WAEY) C N PRI S iz, RIS 4% 0 2 WG 32 07 U], T RE S 8Ot R 7
A E MR R AR, AR AR R, 5 AaRRE AR Y T3 C 5 i (464 g/kg) AH L, 45 Ab 3
ARREE -2 C 5 (461.07 grkg) 5 HAN Y, B E#Z (441.24 g/kg) A, S AR ERT B AHH 8 (4351 K
477.93 ¢/kg 477.77 g/kg) Mt iar , Ui W & LRI v G A DL 4 B e A, AR SECE R R B T 3
AHLYFRRE S IR B R, BE A R 3N & 5 (10.43 o/kg) B E LT 2EK
AR R (20.1 g/kg)", WA T TR AR e LA AR S R SR 102 MR 3F I B N 7 5 (18.3 g/kg)™,
WA IBR B | 5 AH R A AAR S Fr v N5 it (BB 1) 23.71 g/kg 22.17 g/kg 25.01 g/kg) B 5,
T PR A3 3 AR A T 0B A, T e AR L s A B N T 4 BRI ST P i OR R B
0.79 g/kg; BEAE 1.37 ofkg; Ey KA 0.69 o/kg; A 1.03 g/kg) I BAL T 23Kkt 7 P& (1.8 g/kg)™,
5T L M 2T AL P e 2 A5 OG0, AR &, ARBREE T BA IR C L s N AR P AYRE AL, B E A B
A C AN AL P AR, S RAHRFBAAR R R BA S C M N R PAYRERL

FEAMEZE b, 50 B AR B, 52 B 1 SR R 1 4 R FPAR Hh % € i, a1 28 R ) C
SYHE, C 7% et T 22 WA ) A ARG G248 ™Y, 130 B A I 0 8 B T S ), A ) 3 IR AR R 1) R T, 4 In A Ak
(AR IEE HE , 1) B R 2 G 3R BUK 43, 53X 5 58 AE £ 5F (Stipa breviflora) 161 5 ME T 58 KM O BIF5E 45
SRR, X RRALAR B, TR A B0 T R RR # N AEAR AN R A3 L, 5 B 230 (Vitex rotundifolia)
FEAK AT BRI S5 A B 3Gt R R N B i BT 45 AR ™Y, it R N & s s e i it i & O 2 1A
VEFI R T4 TH G A 0% Rl a i n] RISt 7 ARG G 25 B s 2R B, DT = 20 N 1)
B P 28 K AR B N g T G PR T R e R ZE N AR T AR SEN, FR i
ZBH, HARRRE B A A Y E R DI, N AE AR IR R . R raa R R, T2 S EBORKE MR E
FEAR P BEBEIN, 0 P i, T RE R T R e R AR T A E AU R B R R AR S 2 P
SBAEAEAR 2 TP DA 3 4 v A7 3, (R E SC PR R T 520 R 5 4 ia i 32 B 8ot P kb . AR
7 STER MRl 12 05 o 7 S ) s e Y A S I 1 o s i =) 8 S e = e 2 135 MO E T QT =W R R i N
o A2 IR A JC ML ) R o5 3 A MR 2R IRMAL %) P2, B LA 4 Wk ) P Bt 20/ 5 i SRR A SR 48
T3 T FE AR BRI ) P SRR ACZE T B P T X T AR T R BRI TR AR
W T P IIIEAE
32 FEETAREEMTCN.PLFEITEILIFE

TR & E T C NP EREEM A RS T CN.C:PFIN:P KA, R C:N
H1Cx P AR A A WAL 350 I AT Bk (R AR (R BB T, 43 501 S5 AR 0 % NI P ) I RRCR B E LR AR
W, 4 R R RN R G N R S BRI B E A% (42.78) L E RKAH L (21.65) AR #E(19.54)
FTEEAHH B (19.20) , AR B FE & 1 v B 2R 38 m L AR Al AR AR AE S R 48 102 MR E Rt C: N 1A
(29.1)"; 4 Fofr J5 vl A o it ey Co PAEL PR BRI R 5 KA SR (703.11) AR JRR % (598.46) L SE A AH &L
(472.66) M E #%(324.92) , H C: PAHIY & T o B A B JLFE A R AE B R 58 102 MRS Fhnt - C: P
BIA (313.9)", BEEAAHXT I BB B A EA NP FHECR, HAA Fi N R R P A HRCR
Fo WFFE R, AT S R R E A CoNAIC: P Y 20 TX A, X 5 EYLS 6T 1 2
B RIS /N3 38 )L ( Caragana microphylla Lam.) Z¥ M C:NFIC: P B B E WG5S E R, X
Al BB 2 PR o R 38 R SR A DG . /NI ER XS LAE T R A R i R CoN R C: P EAA BR i R
PE TR e DO 3 165 o L i 955 400 1 %) 2 1 4 O K, DT 38 3800348 im0 A67 J5 & P C 5 3, BRI
AR WK ERN H B, LR IE BT R PRE AR E M T, S RAAELSE C:NAIC:
P4y T BE A SXU6 B B T R T S KA R A A E NP A HECR . ARSI Z I, AN TR
AR A, SR SRR T B ZE P, B T Rl B E R BT PR R R &
PUAE T Whae T SR AR L AT A AR A 35 S 208, I 25 v P A A 51 AT BB 2 SR AAH SEUR R I AR AR AE T 5 b
T I AR A 38 0 SR
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MR NP2 s B 4 885 3R MR 0 i SO Y 8 AR, TR B A B A ) A K I 5 A A R
Giisewell ™A, i - N: P<10 BHAF 9 A6 AR XS 32 N R, it R N = P>20 B A 4 A= K AR 52 PRR I . A5
L BR R E A N:P(7.63)/NT 10, R A AZ N BRI A1, HoAl 3 R N: P(24.64~32.28) ¥ K T 10, %
MR AR AZ PR . O AT BFFE B AR AR 75 I XK B8 Jolh 260 B A 2 50 2% (e S AL ol X e 5 e ol
ATIE A T2 = P RE ™, R e AR K 32 31 P BRI A/ . SR, 8 A Ry il A AR, th TR L
2 Wy [ R RE ST, AENE R AR K i B P I AR A N 235k [ 8, T LA A BN BRIk, R A5
AEBR R E R N:PASMEA B3, ] R E A N:P B SR AR g P, B T 5200 A s, A RR 8%
FEACHE L N P52 B TR 34 16 BH T 52 38 A JRR B AR ACRE R4 v A 4K A2 P BRIV FH R 8 ot
555t FEALAR EL , 5B e S KA A 2 B NP RN, n B2 T2 sl B 1 38 b NP A REOHE AR
FMG SR 5352 B, AH E A LT 3 2 A [ 202 A T 5 X0 N WA R 4 kAR 3 380 RORE SEU I e iy P AR
XA/, 52 PRI
33 AESHEEESKFITEHMERXES T

FE )10 25 25 B ) LA 52 2% A B VR F R R DG 3R, O HLIXRP OC 3R 32 B 28 80 A K PR R
T B TR 2052 ™7 8 S Bl A A ) AR S AR T i AR 1A A, RO IR C 5 NP FAUA DG G
Z, NFPEIEMIEKEER, AT AR ZE T ¢ 5k P& 2 GG, i N 58 P 20 B 3 1
FOE, Hofth 5 IR R IR AHAT (36 8) L 3k nl BEJ2& T 2 W3 52 ) 1 A 40 % 3% 0 i W i 5 32 B IV A7, 4
BLAE ) IE # AR AR, S 8088 J0 R Z M3 6 R R AE AN 3X SR (Ulmus pumila) 1) AH GBI 58 45 R
ARARAR S ASBIFSE A R, VS F2 245K ) J5T 1) C 7 45 A% Tl A [ 45 1 =2 1] 1) 43 T 22 S AR B8/ TR R 32
B KR A N P TE RS B 0] A 20 L 22 AR R (K3 R A TNHK S) , X 5 [ SE 3 S50 B 4 7 JF 2 A4t it
REFIAS [F] 45 B C NP Ar A% Ry i F SR 25 AL F ] D0, S 380 2 B AE S AT e e i AR ik 2 22
5 NP E RS ¢, I 5 AEXFRE 1) C & A HER/N, iR 5 it ZE 5 b N 5 C N Z [ AEZE )
BEAAC, RGPS C:PZ MW W AR (FK8) . M2 R Fff £ 5% 43 14 3=
BLARE MR RSO 8 TR AR RN R R A AR i R ZE s A TR L B g 1) s, 3 A il
SEAE Y R R AR M EGR P A E N A BTk — 20 R AR 5 N B A AR O AR
ik P e LA A IR RN L3 I e N A P S N 4k Sz BRI Hoas i, A N SR
A B F R AR /MR AL T BT 3R B R OB & BB, BRI A1E R 09K 20 8R4k st &
FERRTR USRS A AR P A2 6 6. SR AR TP NP B 5 it C 5 A 0 25 IE AR DG, U AR BB X N AP A
WA A A6 €A ) A K 0B
34 #ig

AR R S E TR KPS BEAE S =& S BRI C NP & LA S
b A R S (P<0.001) o AN [RIR i 0 T 33055 14 C N P ARFAE S 43 Be SR AN [R) , AR 3 253
T BTN N A2 B AR K 5 R R 23 o B T NORIT P AR R, 488 in B BB - C A i LA %
A RKGHR s TR IS ZE FE 38 T SRR AR AR P i, [ = 4 ik N R HRIOR 5 BEAAH AR AN [ i
FRRE 22 /e PO R . A SR BH , T2 W3t sE i T A4 19 1E 5 A BRARIS 2, S8 T R
ZIEAT . CHES BRI R B 18] B 40 B 22 S0/ 0 NP I BL 25 S 30K, A #8 B AR AL
AP AR BT S NP E RIS G, M NI P By WA R X C Y AR AR A
25 TR R BREAE T 5 0hA T 233 et N (9 73 ook Aok, HAE K32 Py BRI ; S R BRI R
AR A SR A ML R R EE T HRAN AN AR R PR 0 BE 7t S5 5 R EA LA R A NP R AICR
FE RIS P a4 % 5045 I L AL (0 RN BLag AR W B U RE 0, FLAE I 22032 N R, 76 5 ARES 75
R AN R , o nT 5 A R AS

Bigt : 4w N TR TR0 (2022-8-004) [RII A TGS 45 T 1 %8 B0 L S0 25 )

£ 2% 3Lk References:

(1] i fESE, 8, skakk, 55 BB N XS W HHT A2 A MM -8 P59 - 3 A2 e AR B2 i [ ). VI PO Rk K22
#%,2023,45(1) :134-145.



516 - RN AN I 3 4 48

HE J H, WANG F C,ZHANG L S, et al.Effects of nitrogen and phosphorus addition on plant-litter-soil stoichiometric char-
acteristics in a subtropical fir plantation[J].Acta agriculturae universitatis Jiangxiensis ,2023,45(1) : 134-145.

[2] ELSER J J,BRACKEN M E S, CLELAND E E, et al.Global analysis of nitrogen and phosphorus limitation of primary pro-
ducers in freshwater , marine and terrestrial ecosystems [J] .Ecology letters, 2007, 10(12):1135-1142.

[3] ELSER J J, FAGAN W F, DENNO R F, et al. Nutritional constraints in terrestrial and freshwater food webs [J]. Nature,
2000,408:578-580.

(4] Rlig . 5 s qal i 4l v e U b A R RHE RS2 [ D L JsURH - PU B AR AR R, 2015.

LU Y.Effects of drought stress on carbon, nitrogen and phosphorus stoichiometry of Robinia pseudoacacia seedlings [D].
Xianyang: Northwest A&F University,2015.

[5] SAINJU U M, ALLEN B L, LENSSEN A W, et al. Root biomass, root /shoot ratio, and soil water content under perennial
grasses with different nitrogen rates[ J ].Field crops research,2017,210:183-191.

(6] 45, T 5t . AL S R A BT R (A B AT HE AR AE L) ] A 257741k, 2008, 28(8) :3937-3947.

WANG S Q, YU G R.Ecological stoichiometry characteristics of ecosystem carbon , nitrogen and phosphorus elements [ J].
Acta ecologica Sinica,2008,28(8) :3937-3947.

(7] 55585 ART, ol AL, 55 TR U0 3 N TR R K 43 1 PR A 3% 53 Wk H A B LG & 4 17 [0 ). P LA ) 2
#2,2018,38(7) : 1332-1339.

GE L L,LIN Y,MENG Q Q, et al.Comparison and relationship analysis of water use efficiency and foliar nutrient concentra-
tions in different tree species of Southeast coastal area [J].Acta botanica boreali-occidentalia Sinica, 2018, 38(7) : 1332-
1339.

[8] WANG F M, XU X,ZOU B, et al.Biomass accumulation and carbon sequestration in four different aged Casuarina equisetifo-
lia coastal shelterbelt plantations in South China[J].PLoS One,2013,8(10) :77449.

[9] SCHMID J L, ADDISON D S,DONNELLY M A, et al.The effect of australian pine (Casuarina equisetifolia) removal on log-
gerhead sea turtle (Caretta caretta) incubation temperatures on Keewaydin Island, Florida[J].Journal of coastal research,
2008,55:214-220.

[10] JEAKAR BV 4 R TARTA 759 3025 B T 52D AR AR AR AROR 7, 2018.

FAN Y F.Litter dynamics and decomposition of four plantations in coastal sandy land [ D ].Fuzhou: Fujian Agriculture and
Forestry University,2018.

[11] TOWNSEND A R,CLEVELAND C C,ASNER G P, et al.Controls over foliar N : P ratios in tropical rain forests[ J].Ecology,
2007,88(1):107-118.

[12] HE M Z,ZHANG K, TAN H ], et al.Nutrient levels within leaves, stems, and roots of the xeric species Reaumuria soongori-
ca in relation to geographical , climatic, and soil conditions[ ] ] .Ecology and evolution, 2015, 5(7):1494-1503.

(13 ] BRIGIH, B/ AR5, 55 T SHBRME XD A Rk a5 Hasana [ ). PUIekepe a4, 2024,39(1) : 125-131.
ZHANG M X, HUANG X Y,ZOU Z G, et al.Effects of drought stress on hydraulic structure of main afforestation tree spe-
cies in coastal sandy land[J ].Journal of northwest forestry university ,2024, 39(1):125-131.

[14] EJL, 60T, £ 3R, 46 T 2 W0 T /N3 LA C NP B LA Kb s R ik [ ] MOk B4 5%, 2019, 32
(4):47-56.

WANG K,LEIT H,WANG Z Y, et al.C,N and P distribution and stoichiometry characteristics of Caragana microphylla seed-
lings to drought stress| J].Forest research,2019,32(4) :47-56.

[15] BISTA D R, HECKATHORN S A,JAYAWARDENA D M.Effects of drought on nutrient uptake and the levels of nutrient
uptake proteins in roots of drought-sensitive and -tolerant grasses[]].Plants ,2018,7(2):28.

[16] HE J S,FANG J Y,WANG Z H, et al.Stoichiometry and large-scale patterns of leaf carbon and nitrogen in the grassland bi-
omes of China[]].Oecologia,2006, 149.:115-122.

(17 ] FAI w25, 5200, 55 A [ AR SR - % it - S i A A A 2 T R4 [ )AL 9 U5 PR 05 2741, 2022, 31
(2):64-72.

ZHOU L L,LI S B, WU Y L, et al.Ecological stoichiometry characteristics of leaf-leaf litter-soil of different Acacia planta-
tions[ J].Journal of plant resources and environment,2022,31(2) : 64-72.

LIS ARAAS, T ot di , 280, 45 R AR PR g U AR AR A 25 R 8 102 M3 Fh it Jr i B AL 2 T 2 e R R [ ). 1

FIA: 5241, 2012,23(3) : 581-586.



55 2 3] BEF T RO AR A 4 TR B U A 25 A~ T RRAE 14 e 0 R e - 517 -

RENSJ,YU G R,JIANG C M, et al.Stoichiometric characteristics of leaf carbon , nitrogen, and phosphorus of 102 dominant
species in forest ecosystems along the North-South Transect of East China[J].Chinese journal of applied ecology,2012,23
(3):581-586.

[19] REICH P B,OLEKSYN J.Global patterns of plant leaf N and P in relation to temperature and latitude [ J].Proceedings of the
national academy of sciences of the United States of America,2004,101(30):11001-11006.

[20] XU, o] [ 3% , sk A5 , 45 . Fe B R [ 3RS [ BORE 5 R 33E vh NP Al 2 T B R A [0 ] AR A S i,
2010,34(1):64-71.
LIU X Z,ZHOU G Y,ZHANG D Q, et al.N and P stoichiometry of plant and soil in lower subtropical forest successional se-
ries in southern Chinal[ J].Chinese journal of plant ecology,2010,34(1):64-71.

[21] POORTER L, BONGERS F.Leaf traits are good predictors of plant performance across 53 rain forest species [J].Ecology,
2006,87(7):1733-1743.

[22] B, £ FNME, J T, 45 L IRLEE SRR K BIRR) A PR A AE 515026 Wy e B AR IE R 52 [0 ). A2 25241, 2015, 35(3)
752-760.
LYU X M, WANG Y H,ZHOU G S, et al.Interactive effects of changing precipitation and elevated temperatures on plant
biomass and its allocation of Stipa breviﬂora[ﬂ.Acta ecologica Sinica,2015,35(3) : 752-760.

(23] JAIZLHE, 37 PRI, &5 BRIV Ll St SRl [R]85 1 e 0 B A s T Rk [ ] A A= 25741, 2017, 41(4)
461-470.
ZHOUH Y,WU Q,CHEN M Y, et al.C,N and P stoichiometry in different organs of Vitex rotundifolia in a Poyang Lake de-
sertification hill[ J].Chinese journal of plant ecology,2017,41(4) :461-470.

[24] CHAPIN F S, BLOOM A J,FIELD C B, et al.Plant responses to multiple environmental factors : physiological ecology pro-
vides tools for studying how interacting environmental resources control plant growth[ J ].BioScience, 1987,37(1) :49-57.

[25] WRIGHT 1 J,REICH P B, WESTOBY M.Strategy shifts in leaf physiology, structure and nutrient content between species of
high- and low-rainfall and high- and low-nutrient habitats[ J ].Functional ecology,2001,15(4) :423-434.

[26] RAZZAQ M, AKRAM N A, ASHRAF M, et al.Interactive effect of drought and nitrogen on growth, some key physiological
attributes and oxidative defense system in carrot (Daucus carota 1..) plants[]].Scientia horticulturae ,2017,225:373-379.

[27] ROUPHAEL Y,CARDARELLI M,SCHWARZ D, et al.Effects of drought on nutrient uptake and assimilation in vegetable
crops [M]//Aroca R Plant Responses to Drought Stress: From Morphological to Molecular Features. New York : Springer,
2012,171-195.

[28] BELNAP J.Biological phosphorus cycling in dryland regions[ M |/BUNEMANN E K,OBERSON A,FROSSARD E.Phospho-
rus in Action: Biological Processes in Soil Phosphorus Cycling.Berlin: Springer,2011:371-406.

[29] HE M Z, DIJKSTRA F A.Drought effect on plant nitrogen and phosphorus : a meta-analysis[ J].New phytologist, 2014, 204
(4):924-931.

[30] 285, s e, 55 , 25 .6 TR R R B 45 1 S 4 ZENE S PE A5G R LI ] A A4 2541, 2016,40(3) :255-263.
LI R,DANG W,CAI J, et al.Relationships between xylem structure and embolism vulnerability in six species of drought tol-
erance trees| J |.Chinese journal of plant ecology,2016,40(3) :255-263.

[31] SARDANS J,PENUELAS J.The role of plants in the effects of global change on nutrient availability and stoichiometry in the
plant-soil system[ ] ].Plant physiology,2012,160(4) :1741-1761.

[32] STERNER R W, ELSER ] J.Ecological stoichiometry : the biology of elements from molecules to the biosphere [ M ].Prince-
ton: Princeton University Press,2002.

[33] GUSEWELL S.N: P ratios in terrestrial plants: variation and functional significance [J].New phytologist, 2004, 164 (2) :
243-266.

[34] FHECRE Aot K, A8 B0 R E R4 0 v A PR SR 20 RS2 [ ). PEAE AR MR B 24l ( H SRR R , 2023,
51(11):65-75.
YANG Q C,YANG M, CHENG F, et al.Effect of phosphorus on physiology and nutrient utilization of Eucalyptus urophyllax
E. grandis tissue culture seedlings[]] Journal of northwest A&F university (natural science edition),2023,51(11):65-75.

[35] SPRIR, A, M , A5 RGeS &Iy v Xof SR P ) A WA AR, 3 IR A3 4y o 102 [ ). P AE A7 41, 2014, 34(5)
970-975.
WENG C F, TANG J, WU L J, et al.Sparingly soluble phosphorus absorption and root response to phosphorus deficiency



- 518 - RN AN I 3 4 48

stress in Eucalyptus seedlings [J].Acta botanica boreali-occidentalia Sinica,2014,34(5) :970-975.

[36] BORKEN W,MATZNER E.Reappraisal of drying and wetting effects on C and N mineralization and fluxes in soils[ ] ].Glob-
al change biology,2009,15(4) : 808-824 .

[37] 5K KAk, BRVAZE, SR, 45 L B AU AT B TR S AROA ] i B sk 8l 0 9 A 25 Ak 2 H i AR [ ] MOl B2 RF 5T, 2021, 34
(2):149-157.
ZHANG TL,QIUZ J,WU Z M, et al.Stoichiometric characteristics of carbon, nitrogen, phosphorus and potassium in organs
of coniferous-broadleaved mixed forest in northern Guangdong[ J ] .Forest research,2021,34(2) : 149-157.

(381 L, PLi, #hok, 55 . T R Wia X BHRIC U T 21 1 C N PARZE TR RAAE 52 [ ) ). R AR 452741, 2018,29(7)
2286-2294.
WANG K,SHEN C,SUN B, et al.Effects of drought stress on C, N and P stoichiometry of Ulmus pumila seedlings in Horqin
sandy land, Chinal J ].Chinese journal of applied ecology,2018,29(7) :2286-2294.

(39] BRIEFE R M, AT , 46 B0 4 g S PR b RS AN [R) i B K i U8 20 O Jm B AR AR 22 T i ReAE [) ). Bk PR
*#412,2018,9(1) : 54-63.
CHEN M L,CUIL J T,DENG L, et al.Distribution patterns and ecological stoichiometry of water, carbon, nitrogen and phos-
phorus in different organs of two conifer species on the Loess Plateau [J].Journal of earth environment,2018,9(1) :54-63.

[40] #T Mg §h 8T, 55 T 57 DXRR IR B2 0 U0 2 5 MR- 25 - AR 25 Ak 2 TR RRAE A 2 0 [0 ] MOl B 22 05, 2023, 36
(5):60-71.
DONG X, HAI L, HAN C X, et al. Effects of precipitation gradient on ecological stoichiometric characteristics in root-stem-
leaf of Ammopiptanthus mongolicus in arid region[]] Forest research,2023,36(5) :60-71.

[41] SCHREEG L A,SANTIAGO L S, WRIGHT S J, et al.Stem, root, and older leaf N: P ratios are more responsive indicators of
soil nutrient availability than new foliage [J].Ecology ,2014,95(8) :2062-2068.

(REHEXNEE)

FE—EEE N BEF W, 20254F 6 Bl TR A MO 24 B8 5 5 P53 2 Bt 0 U5 R F S5 A A AR
Pl AL RFFT A ], JRAR AR AR R 2 2023—2024 A 2Rl B 4 =450 ] 2024—2025 5
AR M 4y T AEAE L EEREE T W AR IR 50 R M AR S AT R RHIE , S S E K A SRR &
& AREA MOV IR H 255,

BEMEEE A, BB 5, 1 R S 2K CRAA HECR ML RO TR %
IR A 515 GEUR FABIE ST, TEARATR IR S A D7 T A — s st ERFEZR A AR
A AR FORBR LA RN T T R 45 8 35T, £ Frontiers in Plant Science ){Science
of the Total Environment){Annals of Forest Science){Environmental Science and Pollution Research)
CORE A A 2400 5 T R R AR SC30 A0, SRS ATRN AL & W 0 7 300, 48 S0 L AR A= 7 44
2013 A AR R A4 2014 Ji 42 EARRMIE 75 Bl AR 7 K 2022 45 B2 4 M i 26 R




