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Effects of water and nitrogen additions on the allocation pattern and
stoichiometric characteristics of C, N, P, and

K in Xanthoceras sorbifolia seedlings
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China)

Abstract [ Objective ] The study aims to investigate the response of C, N, P, and K distribution to water

and nitrogen addition in Xanthoceras sorbifolia seedlings in order to provide references for water-nitrogen
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environmental adaptation strategies and high-quality seedling cultivation. [ Methods] A two-factor (nitro-
gen and water) randomized block design was adopted in this study. Four N fertilization levels [N, :0 g/m”, N, :
5g/m*, N,:10 g/m”, and N, :15 g/m” | and three levels of water addition [ well watered (W), drought
(W), and fully watered(W ) ] were set up to explore the impact on the ecological stoichiometric charac-
teristics of X. sorbifolia leaves, branches, and roots. [Results] (1) The C, N, P, and K levels of seed-
lings were independently or interactively influenced by nitrogen and water, while the stoichiometric ratios
were mainly affected by nitrogen addition. Under well-watered conditions (W), nitrogen addition in-
creased C, N, and P levels. Under drought conditions (W,), high nitrogen addition (N;) could resist
drought by increasing K level and decreasing N and P levels. Under well-watered conditions (W, ), only
high nitrogen addition (N;) effectively alleviated nitrogen limitation. (2) C, N, P, and K nutrients were
mainly concentrated in leaves, supporting photosynthesis and vegetative growth. The variability of N and
P contents in leaves was high, but the N/P ratio remained stable. (3) The same element exhibited a high
correlation among different organs, particularly between leaves and roots, maintaining stable growth.
[ Conclusion | Nitrogen addition alleviates nitrogen deprivation but increases the demand for P and K. It is

recommended to reduce nitrogen fertilizer application under suitable water condition to reduce pollution and

maintain growth potential.
Key words

stoichiometric characteristics
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Different normal letters in the same water treatment indicate significant difference among different nitrogen levels,

and different capital letters in the same nitrogen level indicate significant difference among different water
treatments at 0. 05 level. The same as below.
Fig.1 Response of C nutrient concentrations to water and nitrogen addition in leaves, branches,

and roots of X. sorbifolia seedlings
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Fig. 2 Response of N nutrient concentrations to water and nitrogen addition
in leaves, branches, and roots of X. sorbifolia seedlings
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g
=
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Fig. 3 Response of P nutrient concentrations to water and nitrogen addition in leaves, branches,

and roots of X. sorbifolia seedlings
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Fig. 4 Response of K nutrient concentrations to water and nitrogen addition

in leaves, branches, and roots of X. sorbifolia seedlings
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Table 1 Response of stoichiometric ratio of nutrient elements to water and nitrogen addition in leaves,

branches, and roots of X. sorbifolia seedlings

A b 7

Organ  Treatment C/N c/P C/K N/P N/K K/P

N, 25.1%£2.1Ba  286.9421.3Ba 83.445.4Ab 11.440.92Ab 3.34:0. 34Ab 3.434:0. 24Aa

N, 20.7+2.5Cb  292.8416.7Ba 88.2+6. 3Bab 14.7+1.03Aab  4.3+0.38Aab  3.5+0.32Aa

W N, 19.442.2Cb 294,323, 4Ba 94.5%5.1Ba 15.3%1.12Aa 5.140.31Aa 2.94-0. 39Aa

N, 17.542.9Bb  304.4428.7Ca 104. 644, 9Aa 16. 61, 32Aa 5.740.45Aa 2.74:0.27Ba

N, 30.243.1Aa  345.4+24.3Ab 82.9+7.5Ab 11.54+0.93Ab 2.740.29Ab 4.240.41Ab

at w N, 29.3+3.6Aa  349.4+27.6Ab  106.348.2Aa 14.84+0.89Aa 3.6240. 43Aa 3.324:0. 26Ab
Leat ‘ N, 25.122.5Ab  364.4219.8Ab  103.627.2Aa 15.4%1.11Aa 4.240. 28Aa 3.44-0. 19Ab
N, 28.1+2.3Aab  409. 622, 6Ba 63.4+6. 3Bc 13.2+1.03Bab 2.44-0.37Bb 6.140.45Aa

N, 23.6+2.5Bab  300.4424.8ABb  74.6-+5.3Bb 12.8%+1.12Ab 3.240.25Ab 4.140. 34Aa

N, 24.1%2.8Ba 334.3222.3ABb  98.124.9ABa  13.5%1.06Ab 3.84-0. 39Ab 3. 73420, 24Aa

W N, 22.241.9Bab  300.7418. 7Bb 100.846.4ABa  13.320.99Ab 4.140.42Ab 3.44:0. 28Aa

N, 20.2+2.3Bb  443.3427.6Aa 103.2%46.9Aa 17.3%1.05Aa 5.240. 34Aa 3.3740. 33Ba

N, 28.144.3Aa  288.5422.5Ba 72.345.2Bb 10.321. 03Ab 2.84-0. 28Ab 3.7420. 27Aa

N, 27.443.2Aa  288.8423.1Ba 85.745.9Aa 10. 440, 87Ab 3.24:0. 18Ab 3.44-0. 33Aa

e N, 23.843.0Ab  299.6+27.6Ba 87.8+6.3Ba 13.5+0.83Aa 4.240.32Aa 3.240.42Aa

N, 23.742.1Bb  312.7+30.1Ba 94.5+6.9Aa 13.3+0.92Aa 4.540.33Aa 3.24:0. 37Ba

N, 29.244.5Aa  345.4F19.4Ab 79.845.3ABb  11.820.99Ab 2.740. 43Ab 4.34:0.39Ab

¥ w N, 27.944.1Aab  350.8-+23.1Ab 90.44+7.8Aa 12.6+1.02Aab  3.3+0.27Aab  3.940.28Ab
Branch ‘ N, 24.24+2.5Ab  348.3+32.1Ab 102. 6+8. 3Aa 14.4+1.11Aa 4,24+0.32Aa 3.540.31Ab
N, 29.945.3Aa  389.52430.8Aa 81.8=47.1Bb 13.020.78Aa 2.44-0. 29Bb 5.44-0. 29Aa

N, 29.344.7Aa  326.3+28.9ABa  84.3%7.3Ab 11.240.93Ab 3.04:0. 43Ab 3.740.18Aa

N, 29.1+4.9Aa  338.2+27.5ABa  91.245.8Aab  11.740.81Ab 3.140.29Ab 3.840.22Aa

W N, 26.942.4Aab  351.1233.4Aa 96.746. 4Aa 13.1%1.08Aa 3.534:0.43Aab  3.82420.18Aa

N, 24.1£2.1Bb  340.94+31.5Ba 101.44-6.7Aa 14.24+1. 14Aa 4.240.29Aa 3.44-0. 26Ba

N, 28.1+3.3Aa  284.4+21.5Bb 63.4+6.4Bb 10.1#1. 02Bb 2.8740.34Ab 3.640.27Aa

N, 26.3%2.8Ba 305. 6425, 4Aab  78.826.7Bb 11.6+0. 89Ab 3.24:0. 19Ab 3.63-0. 33Aa

Ve N, 21.442.1Ab  318.1%29.1Aa 99,15, 2Ba 14.840.93Aa 4.240.33Aa 3.534:0. 29Aa

N, 20.8+1.8Bb  322.2+33.5Ba 108. 645, 1Aa 14.740.98ABa  4.540.32Aa 3.3740. 38Ba

N, 26.6+22.6Ab  335.1427.1Ab 64.86.5Bc 12.540.82Aab  2.940.17Ab 4.24:0. 41Ab
i w N, 30.7+2.2Aa  333.9+25.4Ab 86.345.6ABb  10.94-0. 89Ab 2.84-0. 23Ab 3.94-0. 37 Abc
Root ‘ N, 23.4+1.6Ab  328.2422.3Ab 111.747. 8Aa 12.9+0.92Ba 4.44+0.27Aa 2.940. 35Ac
N, 27.1+£2.4Aa  375.6+19.7Aa 90.2+7.1Bb 13.44+0.81Ba 2.540.19Bb 5.640.39Aa

N, 26.942.7Aa  313.1420.3ABb  79.2245.8Ab 11.620.79ABb 2. 94-0. 28Ab 4.0320. 41Aa

N, 26.741.6Ba  308.4417.6Ab 93.944.7Aa 11.34+1.06Ab 3.340.31Aab  3.540.21Aa

W N, 23.941.5Ab  335.2426. 3Aab 96.247.3Ba 14.24+1.13Aa 4.240.27Aa 3.4740.19Aa

N, 23.742.1ABb  361.8429. 4Aa 97.845.5Ba 15.3%1.17Aa 4.4740. 32Aa 3.43-0. 35Ba

AR /NG SBR[ 7K 43 4 3RS [R) i 280 /K T 1) 25 5 2, R [ K5 = B AR 2 4 [l it 207K 1 AS (] 7K 43 Ak 38 ] 25 53 25 (P <<0. 05)
Note: Different normal letters in the same water treatment indicate significant difference among different nitrogen levels, and different cap-

ital letters in the same nitrogen level indicate significant difference among different water treatments at 0. 05 level.
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R2 XEBRHEH B RUCNPHMKESERITERNNEZFENNT
Table 2 Two-way ANOVA of C, N, P, and K contents and stoichiometric ratios in leaves, branches,

and roots of X. sorbifolia seedlings

S M Leaf A% Branch R Root
Element N w NX W N w NXW N W NXW
C 23.355 " 19.028" 10. 141 9.456" 6.723" 4.147" 18.343" 11. 028" 7.1417
N 14, 345" 23.213" 8.978" 9.384" 12.1127 5.998" 16.384 " 12.112" 7.978"
P 5.033" 6.601" 3.333" 1.923 4.032" 1.011 7.782" 4,523" 3.234"
K 6.341" 3.127" 4,285" 2. 939 2.127 1.485 6.992" 4.327" 3.485"
C/N 21.343" 9.454™ 7.242" 4.546" 6.673" 0.935 11.342" 13.321" 5.245™
C/P 10. 742" 1. 957 0.877 6.722" 0. 957 0.529 12,047 0. 957 1.765
C/K 13,597 0.334 4.651" 7.593" 0.134 2. 644 9.556 " 0.134 2.132
N/P 7.4677 10.361° 5.694 " 5.4517" 7.3617 3.691" 10. 451" 11.361° 9.694 ™
N/K 9,732 0. 865 0.214 5.777" 0.561 0.092 5.776 " 0.961 0.103
K/P 4.558" 0.599 1.432 3.158" 0.023 0.122 4. 056" 0.763 1.023

TE . % IR P<C0.05; #x /R P<C0.01, N EnRjili gl & W ZmK A,
Note: * indicates P<C0.05. ** indicates P<C0.01. N indicates nitrogen addition. W indicates water addition.
3 XERHENT RN CNPMKESERITE LK S BT
Table 3 Distribution characteristics of C, N, P, and K contents and stoichiometric ratios in leaves, branches,

and roots of X. sorbifolia seedlings

JLR =, fe/ME PN IE FHME T o 2 A5 5t REL
Element Organ Min/(g/kg) Max/(g/kg) Mean/(g/kg) Standard deviation/(g/kg) Coefficient of variation/ %

i Leaf 403. 21 583. 41 493. 63 42. 34 8.65
C ¥ Branch 501. 42 415, 11 459.75 20. 89 4.54
R Root 415.16 543,47 461.91 23.07 5.01
M Leaf 15.45 33. 41 17.03 1.58 9.33
N k¢ Branch 14. 22 22. 34 11.32 1.71 15.15
i Root 15.31 26.01 14. 89 1.88 12. 62
i Leaf 1.15 2.21 1.55 0.13 8.45
P 1% Branch 1.09 1. 71 1.38 0.17 12. 34
M Root 1.11 1.83 1. 44 0.19 13.27
M Leaf 4.03 6.67 5.33 0.31 5.81
K A% Branch 4. 84 5.51 5.12 0. 37 7.22
i Root 4.23 6.01 5.19 0.42 8.09
M Leaf 17.51 29. 34 23.79 2.18 9.16
C/N ki Branch 23.72 29. 24 26. 97 3.91 14. 49
# Root 20. 82 30. 72 25.63 3. 64 14. 21
M Leaf 235.14 403. 31 336.75 20. 06 5.98
Cc/pP K Branch 288. 42 389.52 416. 63 25.08 6.02
R Root 284, 41 375.12 365. 86 24,41 6.78
M Leaf 11.42 17. 34 14. 21 0.83 5.83
N/P ¥ Branch 10. 21 14. 27 11.78 1.12 9.52
R Root 10. 11 15. 30 12. 44 1.14 9.22
M Leaf 79.16 104. 32 87. 04 5.12 5.88
C/K K Branch 63.41 119. 66 99.61 6.43 6.52
# Root 63.45 114. 31 96. 12 6.61 6.67
i Leaf 2.42 5. 21 3.96 0.43 10. 86
N/K K Branch 2.41 4,56 3.43 0.31 9. 04
R Root 2.83 4.57 3.52 0.32 9.09
- Leaf 3.05 5.27 3.23 0.36 8.51
K/P K Branch 4.11 5.76 4.68 0.32 6.83
i Root 3.22 5.56 3.72 0.34 9.14
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2.5 XERYEMH K. RAPHCNPHKIE
KA ZF T B LR X1t

TEA K B I 2 F T S SOE R 4w 4% 4 H ]
AR TR) 0 2R & B SR B R E A SR ME (R ). HLUIE
Ul , C & AR SR AR 2 E A G, i S5 AL Z (]
AR DA O N2 i U A i 5 R A S AR TR 4
BEIEMG:P SR 58 5SR-S R

P8 3 TEAE OC s K & 5 I A i 5 48 R 5 AR =2 [A]
FIEME,

BEA, A — 2% B NS 6] O 28 22 18] 1 4 6 1 5 3k
BB CH NP CH PN KR
N5 PRI EEFEFEMC, 540 NS
HHIAMEN K &aRE EME B C &
WS TASRERN N & & EEHX,

R4 XERHYBHCNPHMK EEEM R RPHEXHE

Table 4 Correlation between C, N, P, and K contents in leaves, branches, and roots of X. sorbifolia seedlings

C N P K
D
Index i 53 U n 5 U nf: 53 L i 53 i
Leaf Branch Root Leaf Branch Root Leaf Branch Root Leaf Branch Root
M Leaf 1
C #% Branch 0.672" 1
R Root —0.240 —0.180 1
M Leal  —0.491" —0.627°  0.265 1
N £ Branch  0.658°  0.906" —0.223 —0.634" 1
R Root 0.579°  0.937" —0.221 —0.552°  0.960° 1
i Leaf 0.501" 0.602"°  0.125 0.557" 0.595"  0.272 1
P 4% Branch  0.198 0. 008 0.529°  0.088 —0.016 —0.053 0.301 1
# Root 0.883"  0.896" —0.116 —0.522" 0.880" 0.850" 0.701"  0.145 1

- Leaf 0.372 0.947" —0.186 —0.714" 0.939"
K #% Branch —0. 233 —0.185 0.921" 0.265 —0.222

# Root —0.302 —0.214 0.514" 0.543" —0.393

0.935™  0.821" —0.124 0.879" 1
—0.221 0.654" 0.529° —0.117  —0.183 1

—0.253 0.789" 0.265 —0.351 —0.352 0.315 1

. x IR P<C0.05; xx /R P<<0.01,
Note: * indicates P<C0.05. *% indicates P<C0.01.
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3.1 KEHRMMXLBERLE CN.P.KLFEITEH
A:pA

N.P.K Z#m iyt K5k B8 MR TE,
HoA A2 i R XA A K R B SR A g
RO A FERVEH, Kbk B C/N AL C/P 1y He
B, R A ) R CE SR 2E T R R g [ 4k C
AR RE 7B L S W TR 0 X 3R O 2 A T Wi S R
HORPY . N/PUN/K AT K/P R AR U I i A
) N/P . N/K 1l K/P 1] LL$§ 7= A5 9 4 K 3 o 2 R
W TR, — MM N/P<<14 B3z N B L N/P
>16 132 P & AT 14<<N/P<{16 If5Z N fl P
AL BRI s N/P>14  K/P>3. 4 B, #8 #1 151 =) F
% PR s P A N e E RS S 2. 1<<N/K<<3. 4
I A T 52 KRR KA N3 [ BR L N/K
>34 Wz KRR, WA A Sk 2s ko AR
D A DA O o N i N o S R I N i 5
UYL DUERFSE & B A TR AT L AU i Al

Wy Ay g SR A T o 04 5 e A X 8K 55 5 T AE K 43
Fo AR I U R T R R A A A S
RS OARAFSE K B SO R A AR T CL
NP K & it 32 ) K Z0 i o sr 5% 28 5AR 5
), 1 JFE Ak 2 T o b O RS Rk, AR S EOK
(W) 51 F, Bl 25 200 It i 38 s ik L AR 19
C.N.P.K & # P& C/P.C/K.N/P Fl N/K ¥ g %
o, HA C/N 2 Ea#, XafEksS Nm
ARCESR FH A G, R R 5 e B B L Ny 3
L3R T N R WCRE 1 SRR R N IR
Z SO R4 RN NI RCRBEAR, 1 P ALK Y
FIRRCR BT 78 AR A0 (N A &L ON,) 38
A, i N/P 4T 14~16 Z 8 \N/K>3. 4, % W 0 E
AR Z NP K B PR H 5 24 @ & (N 3
Af A r AL AL, i N/P>16 \N/K>3. 4, L8 N
AR HK SR Z P ALK A BRI, X s 25 L
URUE ST A 4 A 3% 43 A4 07 AS e B0 ) 1 48 1m0 5 43
BRI AR, T RWHO R T M %
RS0 EE A BGI0, SCRIR 48 & 4 E NLP & it e
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JE U o AT VD b R bR A R K 43 BRI Ui
B SE R Y T AN B B A B NP
B PRBEE A VR IR Al A K B AR R
M A (N WIS, T 5138 T & v BE 5% 5 77 A 1
FEM G A R W S s L S NP A
A KB o R 3G B X AT g R A 458 i
Baom K &K e S Rt R ot G  ZE B
PTG P DUIRA T S e Y B R R & B, 1E A
(N AR N T IEF i N/P LT 14~16 Z[4],
N/K>>3. 4, 1 24 & 2 (N Btk N/P<<14,2. 1
<N/K<{3.4 FH2Z N Bl N F1 K 3 [H R 6,
PR UL 7E T 5 R BE R 38 Y AN (AT D28 A T R X A
W% 43 - B 52 e L i HL N A BR A AR 2 0855 L 3
I D R NRR AL RS K (W) &
PE Bl R I 380, SCoE SR G R AR
C.N &HEBFEWM. M P.K FEILEEZL.IFH
EACN AR, N/P>16 \N/K>3. 4, i ] 52
P ALK BRI, s R e S v+ R R K AR T g
J13Z B R BUG BRI A % PLK =
PG L I IAERRI0 U b X R A B BT b, i
JEE W T AN SR X6 7K 5 R ) A IR 2% L S B R K A
RS LR R TR W 3R R A
T oA A S RGN IR R T R
3.2 XWERLHEM KRB CNP.K TESHSE R
SRR AE CONLVP K JTTE B R B
FUEPE e b B R B E AR R (R ).
FEARZET H, 4 58 o R R WK i NLPLK 3%
g3 RS & 2= R DR AR BRARGE SR A5 21 il
JE o T A Bl 4 v R TR AR KL SR X AT g
FORT NP LK B A X e =, 1738 55 i Ah I8 &I
E—ANER T EN . SOERIE R C/NLC/P A
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ARG AR LI AR T, X EFEER

BT C 1 g b A 0 2 0 SO 1 3 2 B 4 B
MRS M NS E FERES C o
10 2 WY BN OK R R 2T 4 2% 2 L I e H AR E
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Y T B ek B I e AL DR
MR R E M T AR AR, N/P AR S A B
JF R RAR R T 0t ik it — 25 UE B T b AR R g R
Sy ASEVE DT T A RE D5 T M ER T . WA R LA A
B N/P R g T N M P AR, X5 L
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