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Abstract: [Objective] In view of the water-limited habitat characteristics in the dry-warm valley of the
Lancang River, this study quantitatively analyzed the photosynthetic physiological responses of Sophora
davidii across soil moisture gradients and determined its limitation thresholds. Based on these findings, a soil
moisture classification system based on photosynthetic productivity was established to provide a theoretical
basis for precise water management in regional vegetation restoration. [Method] Using a natural drying
protocol, five relative soil water content (RSWC) levels (95%, 80%, 65%, 50%, and 35%) were established.
Physiological homeostasis was induced via gravimetric moisture control. Leaf gas exchange and light-
response curves were quantified using a Li-6400XT system. Nonlinear models were employed to
characterize the response of photosynthetic parameters to soil moisture. A soil moisture classification
system based on photosynthetic productivity was constructed using key physiological inflection points.
[Result] (1) With the intensification of soil water deficit (RSWC < 80%), the maximum net photosynthetic
rate and apparent quantum yield of S. davidii generally declined, with pronounced reductions under lower
RSWC conditions. As RSWC decreased from 80% to 35%, the light compensation point shifted from 27.95
to 38.88 umol/(m*'s), while the light saturation point decreased from 1 423.72 to 1 159.56 umol/(m’-s),
substantially narrowing the effective light-utilization range. At 50% and 35% RSWC, pronounced
photoinhibition was observed when photosynthetically active radiation exceeded 1200 pmol/(m?:s).
(2) Both net photosynthetic rate (P,) and stomatal conductance exhibited a unimodal response to declining
soil moisture, peaking at 80% RSWC. The transition from stomatal to non-stomatal limitation in S. davidii
may occur within the RSWC range of 35%—-50%. As RSWC decreased from 80% to 50%, the decline in P,
was primarily driven by stomatal factors. As drought intensified and RSWC fell toward 35%, the
intercellular CO, concentration shifted from decreasing to increasing, while the stomatal limitation value
shifted from increasing to decreasing, suggesting an increasing contribution of non-stomatal limitation with
increasing drought severity. (3) Theoretical optima for P, and water use efficiency were identified at 75.6%
and 61.8% RSWC, respectively. When RSWC decreased from 80% to 65%, the transpiration rate (77)
decreased by 26.1%, whereas P, decreased by only 1.1%, indicating that in the early stage of water
limitation, the response magnitudes of P, and 7, to decreasing soil moisture differed. The model-extrapolated
water compensation point for net photosynthesis was 26.3% RSWC. Based on key indicators such as
theoretical optima, the water compensation point for net photosynthesis, and the transition range of
photosynthetic limitation, soil moisture availability and photosynthetic productivity were jointly categorized
into five hierarchical grades: non-productive and ineffective water, low-productivity and low-efficiency
water, moderate-productivity and high-efficiency water, high-productivity and stable-efficiency water, and
surplus and low-efficiency water. [Conclusion] S. davidii maintained relatively high photosynthetic
capacity and water-use efficiency under moderate soil water deficit, indicating its physiological adaptability
to the water conditions of dry-warm valley habitats. We propose 50% RSWC as a reference early-warning
value for supplemental irrigation, whereas the model-extrapolated value of 26.3% RSWC may serve as a
reference physiological threshold under severe soil water deficit, and its ecological applicability requires
further experimental validation. This quantitative framework provides a scientific approach for assessing the
stability of planted vegetation in the dry-warm valley and has important practical significance for precise
water management in vegetation restoration in this habitat.

Key words: Sophora davidii; dry-warm valley of the Lancang River; stomatal limitation; water use

efficiency; soil moisture—photosynthetic productivity classification
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Fig. 1 Simulated light-response curves of leaf P, in Sophora davidii
under different RSWC

FRIH TR s MR, BI P, BE PAR T+ 1%
B BE A s 17 7E RSWC80% 5% 65% 115~ , P, 7E &

Jo X ORFF AR E , BRI BRI & RS KRt iE
JIVA

B 1 BAL, AR &L A IR S S 5K
Iy R BEAR AL 22 7 . (P < 0.05). AQY B K48 &
i1 BT B S, F RSWC N 80% i IA B i K
EC0.07), KK 5 56 AF N MO B 30 T5 Rt
5; 7E RSWC35% B¢ 95% %4+ T, AQY 340 1K,
S H B i 7K A 2R A TR I R 55 6 R e D2 PR
LCP 5 LSP JL[A] je it 7 AE 4 (1) 6 HEE N VG e o Bl
Ky FEAK, LCP B4 f f5 THi&a %, i LSP 2567+
Ja bk . HARIMN S, /£ RSWC 4 80% 43, A
Fl4E LCP #1% (27.95 pmol/(m*s)), H 5 65% Kb
ZRARZE, FEB BE RS LSP(1 423.72 umol/
(m*+s)), R EIK 73 S5 A N RE R 5506 1R H fig
Bk Hot A A 80R H X E 258 . 1 /£ RSWC N
35% T, LCP # 80% 4b ¥ & 2 F+ &= & 38.88 pumol/
(m*s), LSP [ & % KA (1 159.56 pmol/(m*s)), £
IR A A X TR B USCAF e K A T R
(Pyma) B RSWC (3G 0 256 B Tt = 5 218 T %
HI# . RSWC N 80% AL FE R [ Py B¢ 171 (18.46

umol/(m?*-s)), Z1°8 35% MFE N 3.3 . EHFFEE
) %, RSWC80% 5 65% I ] P 22 7 A 2 &
(P>0.05), XY ERITEAER K56 FRA — &
(AR BRAE . Ry Bl 8K 7 M BRAIK 2 5ETH G Fetadh,
T RSWC80% I ik B W AE, Fifi J5 it 7K 4375 Bk 1 m Jl)
M35 N . £ RSWC A 35% %44 F, Ry FIEE &
fRAE.(0.65 pmol/(m*s)).

2.2 SEZIRSET 15K 53 Bl 56 R K R S
X F 51

FRIE I B & S AR A e S 500 38K 73 I B )
TRUR A R i R AIE 22 S 4R 2 (3R 20 ] 2). B RSWC
Mg, P, 5 G, ¥ 2 gEAR B, HI/E RSWC
N 80% 113 B /K 73 4k A R ik Bl B K AE, 4 N
18.19 pumol/(m?*-s)F1 0.25 mol/(m*s). 24 RSWC Ky
95% I}, REJISRY 72, (B G, 8 RSWC
80% Kb HLH 25 N T 34.4%(P < 0.05), P, [l
£ 16.31 pmol/(m*s), KT 7K 73 54 A HITE
HA T FEZR —E M. LN, AR
TR I I 2 RS T, 75 RSWC N 95%
AP R IK B E A (7.26 mmol/(m?-s)) . iXFh P, T FE
5 1, FFARAERI P R, F 3 WUE £ RSWC95%
T8 RSWC80% T i & PR (P < 0.05). HIE 2 7]
A1, WUE fii RSWC [ FRK 256 TG BB 3, H 1
RSWC65% I} 1A F| U {H (4.52 pmol/mmol) . iX 3
TEK 5 Z RV, ERIAE P, AT 4EFF 5 K, T T,
FAR, {f WUE fREFEER E KT .

AT ERIAE S A T8 AT [ 1 P9 7E R AL
AT IEIE AT C; 5 FLPRBINE (L)X 3K 51
ey S A AIE CEEL 3D, % A BR il B Uk AT 1 B B Ak 7t
5E . 1 RSWC Hi 80% P& % 50% It 72, C; Fifi /K
4y T BRI R %, HAE RSWC N 50% AbFE R iAF]
e/ ME (273.21 pmol/mol); 5 BL[FIN, L &3 &3
B KME (0.34, £ 2). XFh “G, FF&. C, B#K. L

& MR AR RIER B, %K X A, P, TR
T BT A ALIT NG B CO, 3 HUH 34 m, &

&1 AR RSWC TERIELNIMEELIESH

Tab. 1 Fitting parameters of leaf light-response models for Sophora davidii under different relative soil water contents

RSWC/% (um:;'Qu\r{rfol’1 ) (umol{er(llri 2gh (umolifrfl)’/z‘s") (umoLl~Srr[1)’/2~s") (pm(fln'r:rixé's D K
95 0.052 +0.002b 1.629 +0.028a 33.320 + 1.300ab 1380.200 +20.538a 16.360 + 0.777ab 0.999
80 0.067 £ 0.004a 1.756 + 0.042a 27.946 + 0.847b 1423.720 +£ 12.281a 18.458 £ 1.045a 0.998
65 0.057 + 0.002b 1.478 + 0.035b 27.326 +£0.760b 1395.380 + 19.493a 17.868 + 0.868a 0.999
50 0.035 +0.002¢ 1.015+0.027¢ 30.082 +1.023b 1291.180 + 6.947b 14.266 + 0.595b 0.998
35 0.018 +0.002d 0.648 +0.019d 38.876 £ 3.620a 1 159.560 +20.318¢ 5.568 +0.658¢ 0.996

NG FRERIRAFRSWCIH 22 7 2.3 (P < 0.05). TIAl.
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Tab.2 Leaf gas exchange parameters and water-use efficiency of Sophora davidii under different relative soil water contents

RSWC/%  P,/(umol'm?s™)  Gy/(mol'm™*s™) C/Cumol-mol ™) T/(mmol'm™>s")  WUE/(pmol-mmol ™) L
95 16.309 £ 0.831ab 0.162 £ 0.005¢ 311.922 +3.542b 7.255+£0.103a 2.254 £ 0.094¢ 0.245 £ 0.008b
80 18.186 £ 1.127a 0.247 +0.007a 336.285 +4.039a 5.406 + 0.081b 3.368 +0.179b 0.187 +0.010¢
65 17.981 £ 0.859ab 0.189 +0.007b 325.609 + 3.369ab 3.996 +£0.121c 4.517+0.143a 0.212 + 0.008bc
50 14.479 £ 0.729b 0.127 £ 0.004d 273.207 £3.725¢ 3.437 £ 0.082d 4.215+0.147a 0.340 + 0.009a
35 5.754 £ 0.662¢ 0.100 £ 0.005¢ 289.301 £ 6.616¢ 2.073 £0.188e 2.810+0.210bc 0.299 £ 0.016a
1 G AL G MIRICOMREE; T, 28538 % ; WUE. /K3 FIF 0%, L. AALIREIE. FIE.
a b
307 0.35 1
25 0.30 a
—~ ab a.
W20} b ab - 0.25 b
9 o Q
g = 0.20 ¢
= 15t \ E
g g 0I5t d
=9 : e F;I
T -
~ ¢ = 010} <
A &)
51 0.05
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Fig. 2 Response characteristics of leaf gas exchange parameters to different RSWC in Sophora davidii
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Fig. 3 Response characteristics of C; and L, to different RSWC

in Sophora davidii

A S FLR A o 1024 RSWCIE S 35% B, A= 3
MAER R AR, RS G, R RIKTE, C

50% ALEEFY) 273.21 pmol/mol F+ % 289.30 umol/mol,
S [a T, 1 Ly B 0.34 FZ 0.30, 7R R,
KAMESILFIET G 2ETHERH L TR
FRAE, $&7n Bl A5 T 582 B i, A <AL R i
WA

Ntk — 25 43 At RS LR 1 1) AL BR i)
FEARESAE, AT AR T Py 5 G A
BRAZMAT T EARIA (B 4. S FE AR I, A
[ LK VEEN P, 5 G, HIH N 5 RAFAE B E 4
5: 2 RSWC = 50% i, P, Bl G, 3400 2 8 2 2k
R R W N T T o A
RSWC 4 35% i, P, 5 G, 1% R S 2k k. iX—
FERHIE AR S AT G A Ly AR B gE IR — 3, 4t
[F) 2 B 1 S AL PR A1 1 =l AL PR 1 % A2 ] R
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st 60 s %% WUE =
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= 80% 1 (95 )
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0.05 0.10 0.15 0.20 0.25 0.30
G/ (mol'm™2s™)
B4 RIF RSWC FEHILE P, 5 G, 11 R RAFAE

Fig. 4 Synergistic response characteristics of P, and G, in Sophora
davidii under different RSWC
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ETHETEM—NSHEEN, i(tHEH P, M
WUE HIERSIE(E 5167 F RSWC N 75.6% #F161.8%
o LI, Py B R A K E 18.92 pmol/(m’s),
il WUE % # £ KA# 4.38 pmol/mmol. WUE ik 3|
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1P, 5 T, (N AIR AR ZR . 5 RSWC A
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Fig. 5 Nonlinear response models of P, and WUE to RSWC in Sophora davidii
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Tab. 3 Joint classification of soil moisture availability and photosynthetic productivity based on the photosynthetic

physiology of Sophora davidii

K=t 1% RSWCIX ] K43 e A
1 B~ TRk < 26.3% RSWCA TPk 73 f M 5 3 R ) - 35 K &, P, < 0
G 4Ok (26.3% ~ 50.0%] RSWCH TP /K 43 #M it N 25 7K B BB A 5 AR X 8] - (RSWC=50%);

T = E koK

IV &= FasiK

(50.0% ~ 61.8%)]

(61.8% ~79.4%]

PAEF I 318, WUER ST
RSWCAT-50% 2 WUEAE X B ) 5 7K i s WUE R T H AR 3518
78 5 P A (RSWC=T75.6%); P, 5WUEX A& T & B H1H

V AKX >79.4% WUEMK T H AR 3548, 7K 75 ) FH B0 B
3 3t i 32 ERITER A R E F R EMERR S 4 B

3.1 BRITEXT £ 8K S S ERAY SN R R4

FRIAEAE I B K 3 56 R R B DB 6 B
73, AT IR ALK . 7E RSWC 2 80% I, A
FIAE Popax 15 18.46 pmol/(m*-s), & T4 Vb T Hi]
B A 519 K (Simmondsia chinensis)(10.276 ~ 11.206
pmol/Cm* ) (I 5 >, 2 BH A A A0 2%
H & B LA Bk B AL RE ). R AQY ik
0.07 wmol/umol, &bF 4 H T (Phyllanthus emblica) A~
[E R AQY 4 Aivu [ (0.058 4 ~ 0.074 5 pmol/umol)
[y b KSR SR A e ) O RE A 3R S R AL e
AR T HAEK A3 BIH N LI S R AR R,
HAERE S5 b SR A R A B0 T ORBE

K G35 SRR AN ) D' e )L 8 US4, e Bk T R bR
B R R H R R RE (1) A BEAAT . B A RSWC
i 80% %) 35%, FIHI{E LSP 235 T, 1 LCP &
PLAZIEMETE o XA OIS 1t i AR = SO
e AT BRI A X R E RSWC N 35% R R A 0 & K
U o Bz 1 S PR $AGRT 2y O A kA R
WEIT R B, ASE AR FP ¥ LCP F1 LSP A7 76 B i 2 57,
. LCP #1 LSP %3 5l 43 4 T 14 ~ 37 pmol/(m*-s) I
1015 ~ 1 648 umol/Cm* ) [IE 4 o AHF 50 (15
TAEARF K445 LCP #1 LSP R AW 481k, %
B 1338 7K 3 AR A RS 1 — 20 s HONIE VG

PR K 5> 77 R AR AT R I PAR I G, i —
W BT RIS K 53 5 0 HE 2% A B e R AR AR o X
J ARG T RRI AT 3 Tl L R e K SRR R R I TR
B, ANEIRFRLE R PAR 2500 T 2RI H B 6 (%) D' o 7
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W, 2R B K 73 5 B SR A T HmnD R e ) 32 3
] o

AERR 06 A 1R P 52 BH B e 4715 R, AT
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1 300 4 AL BR ) 1 Sl 0L PR il 6 2 AR 1T R R AR AR
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HAEEBE C, [F25 R Mo 31X — i AR QA A< FLBR il )
28 WA, RAEAE AR 32 B I S AL T 4ERE K 47
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%, 1M C; B R R NI, ARSI SET ¢ 2
5] 55 ) AR AR AE B 7 JE AL BR 1 P 3 5, 31X
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