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Response of stomatal behavior in Populus euphratica seedlings to alteration in

sediment type and groundwater depth
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Abstract . Stomatal regulation is a key way for plants adapting to changes in water condition. Therefore, it is important to
understand the response of stomatal behavior in Populus euphratica seedlings to varying sediment type and groundwater
depth. The newly formed flood plain is the natural habitat for P. euphratica recruitment, and its sediment type and
groundwater depth are highly heterogeneous in time and space. Previous studies have mainly focused on the physiological
and ecological response of P. euphratica to the change of groundwater depth. However, the affects of the interaction between
sediment type and groundwater depth changes on the plant-water relationship are well understood.This study was carried out
at the Akesu National Station of Observation and Research for Oasis Agro-ecosystem. The tested P. euphratica seedlings were

two-yearold, transplanted from the flood plain of the upper reaches of the Tarim River in June 2020. P. euphratica seedlings
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were grown in lysimeters to examine the interactions between soil texture and groundwater depth on stomatal behavior. Each
factor included 3 treatments, sandy soil (S, ), sandy loam (S,), clay loam(S,) for soil texture, and 30 cm (W, ), 60 cm
(W,), 90 cm (W,) below soil surface for groundwater. Stomatal conductance ( Gy), stomatal conductance slope (g, ),
and stomatal limitation to photosynthesis (L) of P. euphratica seedlings under each treatment were obtained during growing
season in 2020. The results showed that (1) the response of stomatal behavior in P. euphratica seedlings to alterations in
groundwater depth was mediated by sediment type. (2) G, was significantly different between soil textures under the same
groundwater depth, with the G, values for S, and S, higher than under W,, S, and S, lower than S, under W,, and
increasing from S, to S, under W,. (3) The largest g, occurring at S,, followed by S, and S, under the same groundwater
depth. (4) The differences in Lg between soil texture varied with groundwater condition, with the values in S, and S,
significantly higher than S, under W, and under W, and W,, the largest occurring in S,, followed by S, and S,,
respectively. In conclusion, the response of stomatal behavior in P. euphratica seedlings to groundwater depth was mediated
by soil texture, which can be attributed to the effects of soil texture on the development of root system and the vertical
distribution of soil water. Thus, sediment type may be a major factor that affects plant-water relationship in early life history

for P. euphratica.

Key Words: stomatal regulation; stomatal conductance slope; stomatal conductance; stomatal limitation
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W% ( Poulus euphratica ) VE A5 BT USSR 2 AT j MRER AN 0 e X Ik 8 20 &y T i 4 2
PEFEET . K18 368 5 0 B T I R TR 8 R S A R Y 1 ARSERTAE BT RSO sh AR UL
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1 HFREXHLR

T XA T o R B B) o 5 K S 52 56 i 3 AR A7 SRy 40°27'N (80°45'E, BIFFT s i 75 IX 1ol 1 1R
W RAE, RN 10.6—11.5 C A F R K 8 45.7 mm , 4FF 3598 76 28 & & A 2000—3000 mm ,
EAETCREIAIR 207 d, H BEESEGE 3000 h 2247, IR DX 3850 AR A 0k Ok S ] i AR, 2 AR AR MR
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GRS BB RS AR Tamarix spp. ) , A F WLFP =22 R AEAESE ( Karelinia caspica) (B35 36 R (Alhagi
sparsifolia) B4 H ( Halimodendron halodendron) %5,

2 WRAE

2.1 RS R

WERTFR T 2020 4F 5 A 20 H Pt 92 d, fEHSHRHE PIARE Ak 147, FEAR 3508 — RO AR ki (402
5) em, ARFEAEE AT KB, ZEBIOE 20 em 5 120 om, BANZEBIEEA 2 Hk, BT A R K
RN L e T A LA, 45 N 3 AR B 3l R KN 30 em (W) ,60 em(W,) (90 em (W) , 3 Ay ith
() EL(S,) FEL(S,)  BHL LB RULR 1, B R i 5 R A AR R R B AL, A
MR OKERE LSO S AT O MR A AR 4 A ERE L I 36 AR AW — 1 A R
FOER A RS IR HA A K il Ab 28, TSR 5, B K 2000 [ F2 il ZK AL AE I 7K LA ORIk 56 39 18] 3t
IRHIRES E AR K

F1 K TEHBELER
Table 1 Physical and chemical properties of the tested soil

+ 3T Sediment type W+ Sandy soil P+ Sandy loam ZFh#E+ Clay loam
ki Sand /% 92.5 55.4 48.5

kL Silt /% 2.8 26.8 33

FHRL Clay /% 4.7 17.8 18.5
+#E75F Soil bulk density /(g/cm®) 1.62 1.45 1.32

pH 8.45 7.84 7.57

F L Soil organic matter /(g/kg) 1.84 6.96 11.92
4% Total nitrogen /( g/kg) 0.15 0.5 0.82

22 ZH0NE

FIFREYIE 112 PMS(PMS Instrument Co., Albany, OR, USA) XFAS[R] b BRA A I SHAZ A 25 OV IR A IE 4F
IRSEGEATIE Wi B g — AL PR ARF 3 AN E R BOLFBEIC K Sl %R IE A K S I B 1)
05:30—07.30 F11 13.:30—15:30,

2020 4E 8 A, R LI-6400 {46414 £ 48 (LI-COR Corp. , Lincoln, NE, USA ) A FACFE T #1147
G B, JtE H AR B E £ B TC = R #f47, B— LB REHLEER 3 fk , BpkiE Y F n)
PHAEE R, 76 8:00—20.00 BERf 2 h M — XA S48 MEMSEEEE 6, dOtaHR(P,) FEBEHRE
(T,) MAKIRE S BYE (D) IR S ALK (C,) MR S bk (C) oG 28, e it
AR AN R A A S TEITR .

2.3 HdlEabr

Medlyn %5 A2 H S AL S BN 255 T collatz %5 A AY BBL #EH11>) Santrackova % A f)G A5 15
YOV Cowan % N EAR S FLAEHIBAL S | BREE A IOMLIR BT — A ALRRYR BE (C,) MRK ISR 5 B (D) Bt
HHE(P,) SR REMRR, HUIFA FELL T AL 2 B R AR, R AL S B LA AR
SILFEHTIIAT

gs:g0+1.6[l+j[%jé, (1)
K, g HAALTEE (mol m™ s7") , gy WEIEA B ILTIE ;4 IIEAE CO,MBGHE R (pumol m™ s7") , RIFTI
P, ;C ARG AR BE , D AR KA 77 5 g A S AL R BE RN BB U WAL BEXT COL MR BE T
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IR 7 B VE R A B B S IER KRR (A = 94/9E ,mmol CO,/mol H,0) i — & LB
RUR(2)) , nTREARAEA K A3 SR
g, & JT/X (2)
K, Tl COMMER (BN ul/L) A R FIK R RCR (347 : mmol CO,/mol H,0) ,
N AR AL BEA A TR FLAT X A IR 22 5 TR T SFLBREIE (L) , LT3R Berry 1
Downtow #2& H A= (HHE(3)) 7.

L =(,-¢C)/(C,-T) (3)
K, o COMERL, H AT, AT S R .
Ci
Bl (4)
e AR ILRRIEH C/6 ™,
IKAYFI A% (WUE) # BB T A0
Pn
WUE = ()

r

A, P oEEE# R (umol m™ 7)), T NZEMEHR (mmol m ™ s7')

R FHXUR R T3 225387 ( Two-Way ANOVA ) A6 50 143 B by | b R /K BRI M2 =35 1 58 B X A <AL B
SALBRAE K53 F R SE AR bR B 2R, 8Os G2 370 B & F SPSS 20,0 (SPSS for Windows, Version
20.0, chicago, 1L, USA),

3 #R

31 AFEFEF T E RS2

W 2 i , e BT 2 AR HE bR S 809 B & (P<0.05) 5 b T ZK BRI XA 47 S FL B i {E
HIEFKBIGH BER M (P<0.05) 5 138 5 A T /K HE IR A9 58 BAE O 3B SALBR(E H W 3 % (P<
0.05) , 2z, HHET RS | R EA AL T R 22 5 00 U0 R 2 I T 7K SR B W 2 38 ELA R A7 S FLA T
SR IGHA A,

F2 TERMEMTKERNAHESEERNTESTER
Table 2 Results of ANOVAs testing the effects of sediment type and groundwater depth on parameters of Populus euphratica

) e iR /KRR 5 b < T K EE VR
RS bR R Groundwater depth Interaction between groundwater
Parameter index sediment type treatment depth and soil texture

F P F P F P

S FLFJE Stomatal conductance 39.94 0.00 0.55 0.58 2.24 0.08
HtA % Net photosynthetic rate 54.38 0.00 0.61 0.55 0.64 0.64
7 )M HF Transpiration rate 34.52 0.00 0.19 0.83 1.55 0.20
KA FIHZLR Water use efficiency 22.57 0.00 1.59 0.21 1.02 0.40
S AL Stomatal limit 39.34 0.00 6.04 0.00 1.60 0.19
S FLFR A Non-stomatal limitation 65.65 0.00 1.93 0.16 4.17 0.00
% 27K # Predawn water potential 53.25 0.00 4.34 0.05 2.70 0.10
IE4F7K# Midday water potential 36.54 0.00 10.12 0.00 3.43 0.06

3.2 RIFEALBEEZAF T iAAmAL Sk $ A8 1k
M 1 AT LAV Y, 7 =i FOK R AT, S, i i & R K R AR, S, W, 2 —2.54 Mpa, S, W, Hy
-2.26 Mpa,S, W, #-2.65 Mpa, H. B F KT S,55 S, ;1 S, T IEF K FE B EMT S, ; LA S5 REM S, Kr5%
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Fig.1 The changes of predawn and midday water potential in xylem of Populus euphratica under different treatment conditions
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AT ORIIRAS A R P B R — e 225 Fig2 The changes of stomatal conductance of Populus

332 ARMGHESA TR ERFAZL euphratica under different treatment conditions
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Fig.3 Relationships between stomatal conductance and the environmental and photosynthetic factors for the Populus euphratica under
different treatment conditions
1.6x(1+1/VD) xA/C,  Hh IAEELEA AT Photosynthetic and environmental factors; D : K5 E 5 it Vapor pressure deficit;A: 1§65 % Net

photosynthetic rate; C, ; 35 S ALK BE Ambient carbon dioxide concentration;g, : XFLFEERFE stomatal conductance slope
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3.3.3 AFEABFMFAILXHEEVE R YR
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Fig.4 The changes of stomatal conductance slope and water use efficiency of Populus euphratica under different treatment conditions
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Fig.5 The effects of stomatal and non—stomatal limitations of Populus euphratica under different treatment conditions
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