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Abstract; In order to investigate the growth of Pinus yunnanensis seedlings and the stoichiometric characteristics of
carbon (C), nitrogen (N) and phosphorus (P) of different organs in response to shade and drought treatments and the
adaptive mechanism, the growth of P. yunnanensis seedlings in shade and drought environments was measured and
analyzed in a potting controlled experiment using 1-year-old P. yunnanensis seedlings as the subject. The experiment was
set up with two levels of 0% shade and 70% shade, and four moisture gradients of normal moisture (CK, 80%+5%)
light drought (LD, 65%+5%) , moderate drought (MD, 50%+5% ) and severe drought (SD, 35%+5%) were set to
determine the growth indexes of P. yunnanensis seedlings under shade and drought treatments, as well as the C, N, and
P contents of leaf, stem, coarse root and fine root, and calculate their stoichiometric characteristics. The results were as
follows: (1) Seedling height, ground diameter and biomass increment were the greatest under 0% shade and 70% shade
conditions with LD; leaf biomass increment was significantly increased under the shade treatment (70% shade )
compared with no shade treatment (0% shade) in all drought stress treatments. (2) Compared with the normal water
treatment,, with the increase of drought stress degree, the C content in each organ of P. yunnanensis seedlings under the
shade and drought interaction did not change significantly; the N content in leaf decreased, the N contents in stem and
coarse root increased, and the N content in fine root decreased and then increased; the P content in leaf and coarse root
decreased, and the P content in fine root increased. (3) The order of variability of each element was C<N<P; C element
had the smallest variability in stem and weak variability in stem, coarse root and fine root; N element had the smallest
variability in leaf; P element had the largest variability in fine root. (4) There was a general correlation among the C, N
and P contents in each organ of P. yunnanensis seedlings. C content was negatively correlated between coarse root and
fine root, N content were positively correlated between leaf and fine root, stem and coarse root, and coarse root and fine
root, and P content was positively correlated between leaf and fine root. In summary, the growth of P. yunnanensis
seedlings in drought environment is mainly limited by N element; shade slows down the growth of P. yunnanensis
seedlings limited by N element. P. yunnanensis seedlings improve the habitat of seedlings by increasing the utilization
efficiency of N and P, and can alleviate the damage caused by drought stress. It is recommended that appropriate shade
be provided when cultivating P. yunnanensis seedlings in the forest understory in the future.
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Table 1  Changes in seedling height, ground diameter, biomass and biomass allocation of
Pinus yunnanensis seedlings under different shade and drought treatments
7 14 A ) YR HAREDE REY R
. N Y RO i R i Mo o
R K TR hia A Increment of
Increment of Increment Increment Increment of Increment Increment
Shade level Drought stress . . ground . .
seedling height 3 of biomass of leaf stem of coarse of fine
(%) degree diameter . . . .
(cem) (mm) (g) biomass biomass root biomass  root biomass
(g) (g) (8) (g)
0 CK 3.46+0.12a  2.53+0.17b 5.70+0.23b 1.93+0.19¢ 0.97+0.25d  0.23+0.17b  0.13+0.09e
LD 3.29+0.12a 4.53+0.17a 6.50+0.23a  5.33+0.19b 2.73+0.25a  0.77+0.17ab  1.03+0.09a
MD 1.74+0.12¢ 1.31+£0.17d  4.70+0.23cd  4.17+0.19¢ 2.3+0.25ab  0.63+0.17ab  0.40+0.09de
SD 1.67+0.12¢ 0.30+0.17e  4.50+0.23cd  3.13+0.19d  1.23+0.25¢d 0.57+0.17ab  0.57+0.09cd
70 CK 2.58+0.12bec  1.72+0.17¢d  3.10+0.23ef  5.93+0.19a  2.17+0.25ab  0.93+0.17a  0.63+0.09bcd
LD 2.85+0.12b  2.46+0.17b  4.10+0.23cd  5.97+0.19a  2.43+0.25ab  0.73x0.17ab  0.90+0.09ab
MD 2.88+0.12b 0.68+0.17¢  3.40+£0.23ef  5.8+0.19ab  1.87+£0.25bc¢  1.07+0.17a 1.00+£0.09a
SD 2.76+0.12b 0.53+0.17e¢  3.20+0.23ef  6.07+0.19a  1.80+£0.25bc¢  0.63+0.17ab  0.37+0.09de

T AR B R [ — 3 B K N AR T 5 b B ) 22 7 2 25 (P<0.05) .

Note; Different letters indicate significant differences between different drought treatments at the same shade level (P<0.05).

x2 ARERMTFELETHNZERYELEZHENRNBERAES(F EH)
Table 2 Two-way ANOVA of different shade and drought treatments on the

stoichiometry of Pinus yunnanensis seedlings ( F value)

WK x 5 e 2

JLHR wE HEEAKP T 5 ia R
Element Organ Shade level Drought stress degree Shade level x
Drought stress degree

i C M Leaf 19.092 = 8.600 = 14.830 ==

Z£ Stem 0.350 1.432 0.085

HAR Coarse root 0.456 5.029 = 1.678

#iH Fine root 1.584 10.510 #x 1.109
AN M Leaf 23 275.278 #x 9 068.252 = 11 857.740 =
2% Stem 705 978.426 #:x 139 767.287 =x 52 006.629 =

HLHR Coarse oot 16.332 = 7.757 = 2.008
4R Fine root 473 705.455 == 1 348 876.074 =x 725 308.124 =
WP M Leaf 85.056 3 11 058.038 s 23 917.182 #x*
28 Stem 458 937.563 s 1 056 672.690 #:x* 499 956.479 =
HLAR Coarse root 32 482.095 #x* 59 738.465 #x* 86 601.943 s
YR Fine root 71.799 s 80.279 48.486
A C M Leaf 49.982 *x 11.865 = 21.897 #x*
Z£ Stem 375.472 s 54.692 s 19.235 s
ML Coarse root 85.585 #* 32.855 #* 86 601.943 #*
4R Fine root 85.290 65.335 #x 66.237 #3*
fk : W C M Leaf 94.434 167.423 #x 323.544
2% Stem 221.072 = 374.286 76.985
HLR Coarse root 1.749 284.017 #x 388.729

4R Fine root 0.651 3.268 * 2.740
A :WEN it Leaf 117.545 = 1 206.526 = 1 994.609 s
Z£ Stem 1 010 770.986 #x* 722 977.533 s 296 797.070 =
FHAR Coarse root 4.529 * 24.625 *xx* 13.716 #x*

4iAR Fine root 3.138 1.578 2.747

T K TSRO R X HAS TARE N = B AR A A B YRR .+ IR P<0.05; #x R P<0.01.

Note : Effects of shade level, drought stress degree and their interaction on each organ of Pinus yunnanensis seedlings. * indicates P<

0.05; ** indicates P<0.01.
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Fig. 1 C, N and P contents of each organ of Pinus
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Fig. 2 C, N, P stoichiometric ratios of each organ of Pinus yunnanensis seedlings under shade and drought interaction

b, =4 iim ¢ - N7 LD &b B F F & T
24.71% ,25 C : N7 SD AbBEF FRET 23.17% , ML
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TE LD MD A1 SD 4 B R 43 5l F B& T 23.34% .
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Table 3 Variation characteristics of C, N, P contents and ratios in different organs of Pinus yunnanensis seedlings

JLHR wE F/ME HRME X o v Al 2 5 5 AL
Element Organ Min. (mg - g") Max. (mg - g") M (mg-g) SD (mg-g") CV (%)
i C M Leaf 396.00 617.10 538.11 57.91 10.76
2% Stem 452.10 537.90 495.41 21.17 4.27
HIHR Coarse root 448.80 547.80 511.50 26.40 5.16
Z0#R Fine root 330.00 458.70 389.19 32.73 8.41
AN " Leaf 22.93 27.24 24.00 3.34 13.91
2% Stem 10.82 22.31 14.80 3.93 26.57
FHAR Coarse root 5.12 15.44 8.90 2.30 25.84
4R Fine root 16.85 36.68 25.59 6.69 26.13
WP M Leaf 0.59 1.91 1.38 0.45 32.32
2% Stem 0.82 4.54 2.81 1.34 47.90
HLHE Coarse root 2.64 7.40 4.82 1.66 34.39
Z0#R Fine root 1.17 18.54 6.26 5.12 81.80
& C:N M Leaf 16.81 26.92 26.92 3.05 11.32
2% Stem 22.65 47.45 35.48 8.08 22.78
MM Coarse root 33.55 106.40 61.55 18.15 29.49
Z0#R Fine root 9.81 27.21 16.25 4.60 28.28
W:WEC:P M Leaf 244.97 1050.07 458.12 238.78 52.12
2% Stem 104.45 651.92 243.72 163.31 67.01
MM Coarse root 66.54 172.28 119.41 43.10 36.10
AR Fine root 19.42 353.90 100.79 73.90 73.32
AW N:Pp M Leaf 12.27 39.01 19.75 8.14 41.23
2% Stem 2.51 23.51 7.52 6.46 85.93
HLHR Coarse root 1.11 4.98 2.12 1.10 51.89
AR Fine root 1.98 23.03 6.27 4.59 73.18

T 25.91%; 5 CK Ab#AH L, if C 2 P #F LD &b
FRTE T 67.64%,2% C : P 7E MD A3 F I+
T74.78% , LR C : PESDABTFIHET
92.82% ,414R C : P 7E LD &b F FFiE T 55.88%;
H5CK ML, N:PELD BT IET
56.52% ,25 N : P 7 MD /¥R FFHiE5 7 173.05%),
FIAR N : P76 MD 238 F A& T 193.02% , 42
N : P7E SD A0 ¥R FRET 31.20%.,
24 BRMTFELAETZERSEHZRELFIT
ENTRHE

A RE(CV) S I MBI = R B Y 4 %)
B, H CVv=<10% K557 5 ,10% <CV<100% H H
EAES,CV=100% M5 As 5, &3 A, 56
PAZH 45 %8 B Al C NP & 128 1k v L 4 31 R

330.00 ~ 617.10 mg + g'.5.12~36.68 mg - g .
0.59~18.54 mg - ¢, I C NP & &AL
SR W N 4.27% ~10.76% . 13.91% ~
26.57% 32.32% ~81.80% ; C : N 7% 5 Z KK /NI
FE R <25 <R <HLAR, C = P A5 53 RECK /NI F
THAR < <ZE <R, N : P AR R BRI/ N
MR <R <22, K8 EHH C NP ITRAZR
PER/NR C<N<P, C J0 % 1E 25 A8 S fe /N HL 7
25 AR FNAHAR Y 2 4E 55 48 5, N JC R 7Enf AR
SR/, P OCRAEAIAR AR Sk R K
2.5 ZEMRYEERENFITENHEXES
HE 3 Al J, = A4 | & 4 B PRy C NP
22 BRI 0 AH P (P<0.05) . C e
RS AR Z [E] 2 AR K (P<0.05) N & EAEM 5
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Fig. 3  Correlation analysis of stoichiometry of each organ in Pinus yunnanensis seedlings
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T 3 7 A (R R % B, 20125 SCRR A,
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R R T R E R R R AR, AR ¢ F i
EEETRHE R N TS, X RE 27 & T
BT YR R R ER R N 57 3 T R AR E M
Xf BRI BEAE AR R B R (4 BT, 2023) B
C Fr i o HLIR A% 8% | T 32 2 AR R X 3 5% 3 K 43
WSS R XA B TR AR B &, AT 4 = 4
HTE T RN ARG A, X 5 R (2015)
X5 e T IR 4 B R A ST A SR AL, RO
HRUSE, i 25 N 5 i 78 4 A B TA] A2 A6 A B 8 R AR
N F e T R A T R T A TR
IK AL B HE T0%BEF 2508 T, Bl & T 5 8 7 B
B, NS AR D TS FRLAR N A T
. BXRTREAE B T 538 R - 5 R R R]
P2 2 i BRI (TR 28 45 ,2012) |, 25 AR 4l 1
fI& T X N JCER B S A R N ST 25 I
AR RS X 2N T 4l i RETE A R BT RE 98 Mt
Rf A 3 H I WSOK g3 SR 3 15 B R B Ak B
RESR 4l B0 N ST R MBI, I W OL IR mE, it P
o B BE T 5 0 AR R A g m AR P
R Rk (HTE T0% A &4, 0 P &
i B A T 5 A AN S B AR TR, S 0% B
AEFRAH L, 7R T0%BEF 26 0F T 25 P S AR I
HRE T S E T AR P S R A R T
P, XTI REAE 2= AL A RN B A R SR I
Xf P ICE B — A SR Gl P TR & &
REWAOCEN, P TR STEM RS it &t
BN TS N IAEE X P OT R W ORI R A
Rt W P TR & ROk S S AR |
HE PSRRI T 4 T AR 4 R R A Kk
B o HeAh, 4 E kbl R R4 PO A AT ok
3 5 A0 R B A B U AR ML R 43 PG
B, A K 3 R W W R i 3 5 R B
BE ( Phellodendron amurense) ( FIN13 7& F1 5 Bk %R,
2022) 1 #2 K ( Cunninghamia lanceolata) ( X H &

4 ,2022) BRI ST A5 SR AL,

N SR I S o8 < o N ) S|
FREE BUSEINGH vE 25 R C 0 N R T
POTE T0% AT , 5 CK ANBAR L, 7R 52 5
T RENA T4 AR C 0 N R ET
A XAT B S B T R e R B R B AR T 4
B N JCE R R0, M C 2 7E A Y R oy 3
AR TSR T AR ME T2
FREE BYBE N, Zh X N oG 2 0 i ok — 2
ZEZW, S 25N BEN R G E R X N oo
F 10RO 4 5 1E 5 B AR 3 ( EEL%,2018) 5
{HBEE BB F 0% 38 3] 70% , 4l $& & 17 %F
NICEMAHBE, BT T2 s mm gt
KA m, 32 T 4h i st 8 N o FE Bk,
ABFIEIE LI, A AR C - PAEEE T 5
38 T S T I K A A B R R R
e b P A RE b3 Ab BEORORLAR C ¢ P g
X EEEEE T RS T P AR R4 AR T
U], BEAR T AL AR Hp A8 L1 5 AN ASCA R T 4 AR
AR 22 B K 4y ARy 3 T ek P
KA HEL) 1 EAT G A AR F, NI AR AIE T 4 i 7
JETRRE T AAENILE, N P ol LU kA B
YA A2 NP o6 2 BR il 1R B ( Yuan et al.,
2011) . MRZEE(2021)WFFT R, 24 N = P EBAE/D
F 14 0 Y ERK EEZHTEMRS ;Y N P L
HAE 14~ 16 B, MY ALK Z 5] N P JCE L[
B2 N - P EBERT 16 B, A K EEZ P
JCE RS, AW LB, 75T S han B B
TEEAET AR AR N P HEE/NT
14, (HFEEE AL BE R AR FA0R A N - P HU(H S
AN [T 4 A LA I B 1WA AE T 5 R ] B
BT N TR X A=A Tl T X rT R
ETEREREREMIKT L5 N P TR ASE, [H
B2 @ T 4 H % NP e A HZ0R (Borken &
Matzner, 2009 ; F 8145 ,2020) ; 2l M 3E 0 T 2 i
SRR R IR B T X N TR B9 i )
FRAER T IR R T Sl i A K, 53K
YR P TR B IHFERRAR (SCRREISE ,2024) 5B AE
WP ER HAR AR N & EAEs i, ME 7 =
B A K52 N TR PRI,

32 EMMTFREEETZERYEURITEETR
HHE
i TAE AN [R) 28 B 110 &5 46 4 B0 I8 5 T RE RS
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o XA REEMAE MY AT R A E I 2
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IR I3 B AR Ak Eb i 0 25 0 SRR O R, o R
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A (FEPLE,2018) . C N FI P A Y 20 e e AR
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