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Abstract: [Objective] This paper aims to investigate the effects of drought stress on growth and
photosynthetic physiological characteristics of Leucaena leucocephala, Pueraria montana, and Cajanus
cajan, and to evaluate the drought resistance of these three typical plants, providing theoretical basis for the
selection of drought-tolerant plants and vegetation restoration in the dry-hot valley. [Method] Using one-
year-old seedlings of these three species as experimental materials, a pot experiment with controlled water
supply was conducted. Four treatments were set as followings: control (CK, soil moisture content was
75%—-80% of field capacity), mild drought (LD, 60%—65% of field capacity), moderate drought (MD,
45%—-50% of field capacity), and severe drought (SD, 30%—35% of field capacity). The growth and
photosynthetic physiological indicators of the three species under each treatment were measured, and the
drought resistance was evaluated by membership function method. [Result] (1) With the intensification of
drought, plant height and ground diameter growth, relative water content of leaves, net photosynthetic rate,
stomatal conductance, transpiration rate, carboxylation efficiency, and maximum photochemical efficiency
of PSII decreased, while the water saturation deficit, malondialdehyde, and proline contents increased.
(2) The intercellular CO, concentration decreased under MD stress, and increased under MD and SD stress.
(3) The water use efficiency (WUE) of Leucaena leucocephala and P. montana increased under LD and MD
stress, but decreased under SD stress; the WUE of Cajanus cajan continuously decreased with the
intensification of drought. (4) The initial fluorescence of the three species increased first and then decreased
with the intensification of drought; the maximum fluorescence and variable fluorescence of L. leucocephala
and C. cajan increased first and then decreased, while that of P. montana continuously decreased. The
potential activity of PSII varied significantly among varied species, with P. montana increasing from MD to
SD, and L. leucocephala and C. cajan continuously decreasing throughout the drought process.
(5) Correlation analysis showed that plant height growth was significantly positively correlated with net
photosynthetic rate, stomatal conductance, transpiration rate, and chlorophyll fluorescence parameters (P <
0.01); the relative water content was significantly positively correlated with plant height and ground
diameter growth, net photosynthetic rate, stomatal conductance, and water saturation deficit, and negatively
correlated with malondialdehyde (P < 0.01); the chlorophyll fluorescence parameters were strongly
correlated with each other. [Conclusion] Drought stress significantly inhibites the growth of three plant
seedlings and reduces their physiological activities, causing damage to the cell membranes of leaves and
slowing down the growth of plants. The seedlings enhance their drought adaptability through osmotic
regulation and reducing stomatal conductance and transpiration rate, maintaining a relatively stable
metabolic level. The comprehensive evaluation indicates that the drought resistance of the three species
decreases from strong to weak is P. montana, L. leucocephala and C. cajan. For vegetation restoration in the
dry-hot valley, it is recommended to choose P. montana as the preferred species, with L. leucocephala as the
companion species.

Key words: dry-hot valley; drought stress; photosynthetic physiological characteristics; evaluation of

drought resistance; vegetation restoration
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Fig. 1 Plant height and ground diameter increment of three species under drought stress
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Fig.2 Leaf photosynthetic gas exchange parameters of three species under drought stress
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Tab.2 Chlorophyll fluorescence parameters of three species under drought stress
Yol b F, F, F, F,/F, F/F,,
CK 463.333 £ 6.110d 1250.333 + 14.295b 787.000 + 14.799b 1.699 + 0.044a 0.629 + 0.006a
AR LD 579.333 + 15.308b 1518.333 £6.658a 939.000 + 11.533a 1.622 +0.061b 0.618 £ 0.009a
Leucaena leucocephala MD 625.667 + 3.055a 919.333 + 6.429¢ 293.667 +4.163c 0.469 + 0.006¢ 0.319 £ 0.003b
SD 507.667 £4.041c 694.000 + 11.533d 186.333 + 14.434d 0.367+£0.031d 0.268 £0.016¢
CK 568.667 + 11.846b 1433.333 £46.544a 864.667 +£40.821a 1.521 £ 0.066a 0.603 +0.011a
B LD 698.667 = 51.926a 1305.667 = 115.036b 607.000 + 64.211b 0.867 +0.036b 0.464 £0.011b
Pueraria montana MD 738.667 = 20.526a 1119.333 £45.545¢ 380.667 £ 26.350c 0.515 £ 0.024c 0.340 £0.010c
SD 690.667 + 19.009a 1116.333 +£10.017c 365.667 +26.839¢ 0.529 +0.025¢ 0.328 £ 0.027¢c
CK 618.333 +£19.630c 2027.333 £31.134ab 1409.000 + 15.620a 2.280 £0.061a 0.695 + 0.006a
Ko LD 722.333 £12.220a 2 182.667 = 173.903a 1460.333 £182.719a  2.024+0.282ab  0.667 £ 0.030ab
Cajanus cajan MD 686.667 + 20.232b 1 892.000 + 36.428b 1205.333 £ 56.660b 1.758 +£0.132b 0.637 £ 0.018bc
SD 508.333 + 15.695d 1303.667 +5.033¢ 795.333 £ 10.786¢ 1.741 £0.131b 0.610£0.011c

W F R WIIR TN, FoRm K, F R 8%, F/F RRPSIIETE G, F/F, RRPSIE RS, T,

(1) FJF, U624 R %, A5 LD, MD. SD Ab# [a] 2 A
% . SDAHT, 3 MWK F/F, %1/hT CK, H
AR A W [ £ K (78.375%), K58t /IN(23.640%)
3 FRAE A1) PSIL 5 KOG Ak 5 B2 (FJF ) #E B T 5
IR T ARAXK BB RS Fy/F, H5 50N
0.268 ~ 0.629. 0.328 ~ 0.603. 0.610 ~ 0.695. H:H14H
G Fo/Fy N FRIR BB K (57.363%)

24 3 MEHREENEESITEN

FARME BT (B 3D IR, AH 5 Py G Ty X Fs
F FJFy\ FJFy Z AAFAER 2 3 TEAH R (P < 0.01),
AH 5 P,(r=0.73)F G(r =077 K38, F W]
HE 5 A R E VIS . RWC 5 AH. AD. P, fl
G, B R FE ISP <0.01), 1] WSD Hix tbiEbx
24K MDA, Pro 5 AH. AD. P, G,. T, & fitiHl
X, H MDA 5 P,. G, i i X & 8.3 (P < 0.01), &
WIS R AT RE D G R . Py 5 G T, B #
IEMZR(P<0.01), ] WUE 5 T, 2B fiMx(P <
0.05). F/Fy 5 FJFy F, 5 Fy, Z B[P C R 5035
40098, FREAFH AR LEERE, 3 MEYT)
fiif S bR AFAE — R WA M, 75 I8 3 B a0 B
Yk, BE GRS LI SR B VRN

NIRRPTRVE LR GV T Z AR bR E N A G —
15 B H B 1 1) B, ASHIE 50 5 5 45 AR HEAT AR AL
MR 3.

F R o T S ER I 4 A F RS, FRAEAE 4 A
9.123. 3.217. 2.122 F1 1.368, J5 % 51 Bk K 4 5 A
53.664%- 18.923%- 12.480% Fl 8.044%, RitJ7 £
BRZA 93.111%, FWAHT 4 £ RS BE T JOHEFS R
A B E B (K 4). PCI fERR AR K& 156

AR, SAL R BB E R RIACRESEER LR
A EBCE R, TAEK 7 SRFI N S & BRI
N AT . PC2 ERHERR & & e Kk, n A8
eI PSIL VLRI VE K e KA 5 8 e S5 Fe b L R
A e R AT, T 7E RS B K B R K 43 D 2
R HAB AR . PC3 EXIIRTE . H K>
I B A K95 48 bs E B A B 847 . PC4
TERRIE] CO, W RGBS R . & F ok
Tof 5 R AR AR AZTE 22 5, RIUIA [FHBARTE PR 1L L
A VE R DTERAR B AN [
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A 2, Z, 185 = 05, fREWLE 2, 89 =
0.5, REAE Z,Bn = 05. NI F &6 kix
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IR EZE R
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B 7K E (RWOFEAR I i Fr oK 7375 64 (WSD),
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Fig.3 Correlation analysis of drought resistance indices in three species
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Tab. 3 Relative values of drought resistance indices for three species

AW Bk KRE AW B AE
b Leucaena Pueraria Cajanus Febr Leucaena Pueraria Cajanus
leucocephala montana cajan leucocephala montana cajan
AH 0.359 0.342 0.491 T, 0.130 0.084 0.071
AD 0.290 0.464 0.268 WUE 1.200 1.709 0.366
RWC 0.549 0.613 0.595 CE 0.135 0.171 0.025
WSD 3.216 3418 1.882 F, 1.096 1.215 0.822
MDA 1.769 1.518 2.021 Fy 0.555 0.779 0.643
Pro 11.871 1.450 53.669 F, 0.237 0.423 0.564
P, 0.175 0.143 0.026 F/F, 0.216 0.348 0.687
G, 0.083 0.049 0.052 FJF,, 0.426 0.543 0.878
G 1.294 0.838 1.028

T A AN TG KB (Haymondia wallichii) [P Bl 5¢

SR, HERREEP, EREEPCT TS
PRSE Hp B TR 3 S A AR A %F'/‘XAH#%%&
BOREIK T AERE ) SEEETEPHE T, AW
My BB AR SRR L, Ul A K 7 2 IR 5%
R RE4ERF — A K . E N oRER A ERmER
R IRAE AR, G B MR AR, AT R0
WOk JZ L83 K 4y, AT G2 A 3R )2 38T S x0T b |30

KB RRE . [, ABA /S AR S 2K 43 A
TS AT (L AR RO I 725 s, AR T 4ERE
B RWC AR 1) WSD, fREE A & B A&
UK AR RPN, XA — B R R TS
XK BRI AE T FT 23 h XCRRR E AE A, HAEAS [R] 98 B
TS B E R B R s B R R AR,
aﬁ@%%ﬁfm, KRG EBA — & MIRAREFIAR BR 7K 43

W RE PO AR AR S OR S AR R KA R T
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Tab. 4 Principal component loading matrix and cumulative contribution rates of different indices for three species

~ F R - S
Ei=tan izt
PCI PC2 PC3 PC4 PCI PC2 PC3 PC4
AH 0.821 0.297 0.302 0.288 WUE -0.200 —0.676 0.580 -0.223
AD 0.791 —0.477 -0.159 0.151 CE 0.917 -0.151 -0.079 -0.281
RWC 0.785 —0.487 -0.079 0.245 F, -0.086 -0.171 0.931 -0.187
WSD -0.785 0.487 0.079 —0.245 Fp 0.672 0.521 0.488 -0.169
MDA —0.748 0.141 0.401 0.383 F, 0.734 0.589 0.294 -0.139
Pro -0.521 0.728 -0.369 0.136 F,JF, 0.779 0.598 0.040 -0.067
P, 0.929 -0.130 0.054 —0.050 F/F,, 0.778 0.579 0.008 -0.003
G, 0.937 -0.159 -0.103 0.219 RHEE 9.123 3217 2.122 1.368
G -0.152 0.106 0.369 0.842 J7 ZE DTk 53.664 18.923 12.480 8.044
T, 0.952 —0.044 -0.105 0.056 Ay 53.664 72.587 85.067 93.111
=5 AREWSERESENSESHFE
Tab.5 Comprehensive evaluation and ranking results of different plants based on multiple indices
- PR LA TRbE [fiﬁgf} -
Z Z Z Z

%51t Pueraria montana 1.817 0.525 0.166 0.061 2.569 1

AW Leucaena leucocephala 1.476 0.324 0.083 —0.025 1.858 2

ARG Cajanus cajan 0.039 0.851 -0.022 0.072 0.940 3

BE 0.576 0.203 0.134 0.086

a2 B B B AN G], UEH K A MEE R TE
SR PE T B SRR N AR AE — IR o B e AU U T
T I T I AR S A B 98t 3R B, R S AT
R ROK g — R, (RERREE T 2R T, 3
& L RE 7752 K 3 Ak 25 i FE A R 2 SR (R S MR K .
PRI, A S B 4050 1) AR 7K 53 SR UK 4 1 A B ),
{HAEK A B E B R e R, X DL 58 A K M 135
SFHIZEEI R . SARTH, SRETREXME TR
I LR S R A SR I dEHRRE s T S ARG AR, &
FER (1D AL 1) 5 00 2 T 7K 43 L 5 AR ER R Y
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B T IR RS E 1 2 M A HRAE T 5 b aE ()
BN AR BRI . A IUR I, 3 PRI E WY
W5 AR TR AN i i AR B T T A AE 2 e o B R AE
T2 Wa T AR RN R, WHHBE R
A B AT VA T B S T AR B, IX SRR A A
FI R 7T 25 B — 3™, 5 &8 (Merremia boisiana)
() L BCRIE e R B, B8 R AE T 5 260 T B b e
FHXTEC S5, MDA 2 8505, v B H B i S AR 2
IS, BR ik, 5 i PR 572 1 9 Al 3 B R A R 11
AR ERE 77, T 5 n] Rl I K A 4ERE ATV YRR
WA A G N LR A LR SE . A RAEE T

A i 2R (Pro) & & 2 25 19 I, 50 BA L Ak
P41, [, ARG MDA #5538 I AH X /N, 3R
A B i o SR PR P A A, A 0 P A P B oy o 2
B S VO B T TUIN O, R X v FA AN T N 17 PR
P e B 58 3 M TR AL B R S0 A B i B s 1k
S AR . T AR A T 7T R, SOD.
CAT S P A AUl 2 ) P R4 L, R A 2 45 B AS E
Pk I 3 T 5 PR 8 0 B LA T DR, BB
JR ORI E 7772 R WAL T 5 18 R ORFF AR A E A2
KR AR BIEA . REAE TR E Tt IR
MR, JFHERE LEA 8 [ ki QSR 12 55 PTadi i
B2, (AT MDA & B 7R 5 5 F iR
R, 3B B IR e S A0 e, A D 2R Gt 3 A0 B P
XU BB EAT € (9518 W T AU A i 5
BEJT, (IR EEH R A L LLE S R L T F i
I FR) 0 0 J5E AR BE 453 4%« DRI, RS R AN 2 W g
FEPRAIA EAE R T F e T e A KR B A
3.3 RAHEFRNSERIMES

AR R SER LTI RS ALY S
YEFFRE T o B HRAE T S I T ot A R (P )R
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