556 45 45 3 01 + O R Vol. 56, No. 3
2019 4 5 A ACTA PEDOLOGICA SINICA May, 2019

DOI: 10.11766/trxb201807090294

B e R MEEER TR S BR M REEWE R
%}%#@,\ 1,2 ’:‘%:A;K%I 3, 471 EF/JWI@L&Z‘ QISEU:]}/?IZ 3, 471 5&)&7’%5

(1 ERR 2 B R 15 0 PRI 90 BT A 25 R G0 I 45 W 5 AU A s 3%, Jbt 100101)
(2 PHIEARAMBIH A BRI = Be, Beditae 712100 )
(3 v EIRL 22 g K R AR K BRI 0T 88 L g SR R R i 5 R AR I R S, PRVIHEE 712100)
(4 P EBEBE R PR S BB, bt 100049)
(5 Bepi piR AL S H 2, BRVERIAR  719399)

 E SN RE S T T A Y KW R BE ( Amygdalus pedunculata Pall ) FIVMHI ( Salix
psammophila ) 1A F A BEEBR K 0 ABE R , SR 20 AGRES , BFSE T 8 i JE 2 R i
Mo CRD A AL ) T AR i Ak AN VA0 A v AN ) A B AR BE AR XS I E KR (R HEE KR G I )y
KR WAE ) BhASAE L, S5 RRM] . 20 STl 1= 3 AW e BE AN VA0 405 1 45 2 A A A X 7 AH XS 2
P2 1 1 b 7 7 = [ = 1 K2 R DO - D (1 11 2R (L 1 DO e 9 51 S (T B S VN S R
FHARZE M 2 R BOR LA (R7=0.890 5~ 0.986 4 ) . 2780E ) 39K 5947 %5 DR 32 B s A) AS [ 1 s A
25, HLABE SR SCHAR R X EOG S HRR,, X LR EE R, ) NP AR bR, 0 17K oA 3%
PEm THE A Y RUMIXT K 3 R BOR Ry o A VEN AR, S8 Tk o0 A M & TR0 o BRI Ag 3ds
br (RpaMIRG, ) 7K BIE R F A ARk br (FEXT H 28 R R, ), 32 B 88 it A st (|) RO ¥ &5
M AR ) A B A - K S A RO R A I o PRI, 7R v R A T AR B K S A A T I
5T Hb X6 A 1 7K 3 A AR B

KA TR, KA R VM AEBRER RS KA R

FESES S728.2 XHEARIREE A

FHUK AR TR T R KR KR o T UK BB SR
EERGEAET N —ADEERBNR . AREE L M IR IR AR, Hrh, RS e
U X, ORI R R Y AR K R TR BT o R 5 A RO ROE IR UL, T RN TE
R, W EHOK AR B SRR R KR T (R K A R O 2 S K R A A
Gk, MHOKE S EELRE RIS p ORISR, SRR R

*EFERBERGTH (41601221) | EEEGWFL TR ESLTRE (2016 YFC051605) |+ [E Rl B Hb 2 A
FHEREMA RGN T TEAATHE (2017RC203 ) A 25 P 25 WL 5 A% 1005 4 92 30 % 75 4F 6187 BF 50 141 BA 33
(LENOM2016Q0001 ) #tHiSupported by the National Natural Science Foundation of China ( No. 41601221 ) , the National
Key Research and Development Program of China ( No. 2016YFC051605 ) , the Outstanding Young Talent Project of Institute
of Geographic Sciences and Natural Resources Research ( No. 2017RC203 ) , and the Youth Innovation Research Team
Project from Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural
Resources Research ( No. LENOM2016Q0001 )

i iHAAEH Corresponding author, E-mail: huanglm@igsnrr.ac.cn; shaoma@igsnrr.ac.cn
PEE A 2R (1992—) , 55, WE =T, MEoRA, FEAHF LY AT . E-mail: peiyanwuxn@163.com
Wk H9: 2018-07-09; WBMEEs HIYl: 2018-11-22; SR i H (www.cnkinet) : 2018-12-17

http: //pedologica. issas. ac. cn



628 + i

¥l

56 &

ARG T I 55 K i 22 1A WA R, AR T oK &
5, BEE AR R R IR AL, i AR
IREEFR A KA B BT, B R X
AKX AR A R ERE S S SR, AP
W 22 2 4 SR - SR A S R i e B X R
AEITAVEY R RS, e B s R K
XTAE D) A R AE P 3R . (1) FEHIHE]
FF 7K BT B 2 9 S KGR T R T R T R
(2) M +HEEKELEL0% ~ 80% H [A] FE/K 1931
BB, KA 8 AR R AR A . FE e FE A
b, SRZEMAEEL R BRI AL T+
e I S X S K o XA A AT R ) B A A
JF48 HAE K 53 A AR T Rl 4K i 1 55% ~ 95%
0[] PN B 2 7K G ) R AT S 4 A e R A U
B, Bk SO BESE T s R S IX
A K Ao, R EH, HEHEEK
AR T 4.5%MET19.0%0 ¥ 8 “HRoK” , I
B EHOK R R ARREOK” L R AL
KL CREECRKT M R PIRAOK” o Sadars
FiMilroy 7' MZSHT ANDFFEHE 1, 50K 2 B R
YR e s . R AR P AR T AN
[/, I HAH [ AR 4 Ja A [] 35 PR 75 1) i ) 2 B i AN [
) K Sr B Y Yan%E D0 SRH R [F] 45 bR F
SC T RIME . SERERE . EAE AR 1 IR ) K
SIARUE, AERERW, RAHEY) +HEK 53 A R
EARTRAMY), It LA, YA ER
TRHAE, IR A RO B 2 AN R AR R
v, BT Mt XS E B T E ok
B A AR bR K o A RO T TS, SRR, &
S8 oMb I8 255 W) B KO R AR B AR K B RO, R
RN B REMRIC b+ P+ E
+, FfiE 248 R [E AR RS BR K AT R A AR
25 o VAFE R IT &L X 8 4 i B b DX B — PR s PR
—M . BRI L BOK A S T TIRADESE,
FEIS T R O R [R B e - 4T ]
—AE Y BN [RIAE P 7K 53 R = A A7 A 25 5 H it
G A R T S AR AR, AN TR
WAz H L BRI R M R A
A HEIK oA OPE 25 R n] Ay e D R M AT A
PR PR LR A

KWtk (Amygdalus pedunculata Pall )
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Table 1 Basic physi-chemical properties of the studied soils

A AL ZH K
e % EmY MSKES mEEfkE®,  Soil mechanical composition/% i LR/ 2 LY
Soil type  (grem™) (10° C,cmh™) (g'kg™ (gkg™) (gkg  (gkg™
kL Clay  Fibr Silt  #0FL Sand
W 1.64 13.42 146.7 5.95 31.28 62.78 2.49 1.34 1.68
et 1.37 8.21 273.4 13.88 50.13 35.99 3.27 1.52 1.48

1) TRESFHMR L, 2) #EIEHH ML Note: 1) Sandy soil (Aridi-Sandic Primosols), 2) Loamy soil (Loessi-Orthic

Primosolsl); (DBulk density, @Saturated hydraulic conductivity, @Field water holding capacity, @Total organic carbon, 3 Total

nitrogen, ©Total phosphorus
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Table 2 Regression analysis of the dynamic curves of soil water availability relative to soil texture, plant species and physiological

index used in evaluation

Ei=L7 FHET R [l =1 7 K EIE AT Y
Index Soil type  Plant type Equation of regression  Soil moisture threshold (7,) Coefficient of determination (R’)
LIRIRE IO/ e & S VE A 7=0.98(1+¢ 100027 0.70 0.962 8
KRB
B y=1.03(1+¢ #7029 0.61 0.939 9
b y=1.03(1+e>"#020) 0.58 0.902 0
- W
4 y=1.20(1+¢ 704Dy 0.61 0.893 8
HRSALREY o o ymLOS(1e ) 0.63 0.963 4
KRB
e+ y=1.07(1+e7>"007030) 0.58 0.956 7
w4© i 1=0.99(1+e 71402y 0.62 0.918 5
B W
Bt© y=1.10(1+e >3 0.68 0.934 5
XM COMKIEY b 4-© C y=0.62e7"1+0.95 0.75 0.928 7
=L
B y=0.37¢7"""+0.96 0.70 0.952 8
b+ =1.09¢""%+1.02 0.66 0.906 2
y
, v
ge4? 3=0.48¢7°%+0.99 0.78 0.8905
HIXT H 25 R w+© ~ y=1.06(14e ) 0.58 0.914 3
o Kb
Bt y=1.07(1+e 7019 0.60 0.903 6
b+ y=1.18(1+e 600038y 0.55 0.890 9
] 7o
e+ y=1.05(1+¢ 72767027y 0.62 0.967 4
IR FIIRS B W y=1.04(1+¢ 70702 0.52 0.974 3
e+ y=1.07(1+e™"70701) 0.58 0.989 4
b+ y=1.02(1+¢ 636019 0.56 0.951 1
b g
v
2 y=1.05(1+e 707029y 0.60 0.9850

W R BE R A logistic R (AN MBI CO, M BERGBR AN ), HIZR 45 s % 07 0 = 38 & K Rk - HEK 43 B{E (W, ) Note:

The functions in the table are logistic functions (except for relative intercellular CO, concentration (R(;)), the soil water content

corresponding to the reflexion in the curve is deemed as soil moisture threshold (W,). (DRelative net photosynthetic rate (R,,),@Relative

stomatal conductance (Rg,),@Relative intercellular CO, concentration (R;), @Relative daily transpiration rate (Ry),&Relative water

use efficiency (Ryuz), ©@Sandy soil, @Loamy soil, @Amygdalus pedunculata Pall, @Salix psammophila

2.4 HRBUBXR B S BRI

P 358 7s 2 70 Jo M - 398 FR R AP Jd B AT VDA X H
ZRIEHEA (Ryg) FARXS REZEEHE AR (Ry ) Ko
AR S INEBTT LI 1, KA i B L AH
Xt H 2B AR (Ryg) VR 3K 90 A B g
PRmt, KA R RO S TR L, i
A9 - S AR S A AR5 T ) 2 S /S o A e AR A D

WA SRARH ZE M R ( Ry, ) ML IRIA7 72 22 52

AT ROEE 7, B o PP A e b SR BR 28 I 3 R
KGR R I 5 K R B AR IR 2 1 TR K o
AN, TV W SR B S AR A R e
KRMEEO.6ZAIRFIM 25, e kHEHE L&
IKAFFEE AR, D L Vb R ARG 3 R K A
ROV T HE A, WA B - HEK 23 5
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Fig. 1 Variation of soil water availability based on photosynthesis indices of Amygdalus pedunculata Pall and Salix psammophila

relative to type of the soil
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Fig. 2 Variation of soil water availability based on water use efficiency (Ryyz) and relative leaf water potential (R.,,,) of Amygdalus
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Fig. 3 Variation of soil water availability based on daily average transpiration rate (Ryy) and cumulative transpiration (R,) of

Amygdalus pedunculata Pall and Salix psammophila relative to type of the soil
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Soil Water Availability and Its Influencing Factors in Soils under Two Types of
Shrubberies Typical of the Loess Plateau
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Abstract [ Objective ] Amygdalus pedunculata Pall and Salix psammophila are shrubs of the Loess
Plateau in China, which have widely been used in recent years as pioneer plants in vegetation restoration
on the Loess Plateau, thanks to their good ecological adaptability and high economic value. However,
how Amygdalus pedunculata Pall and Salix psammophila utilize soil water and its influencing factors are
still unclear. This study is oriented to investigate soil water availability in soils under and two types of
shrubs (i.e., Amygdalus pedunculata Pall and Salix psammophila seedlings) typical of the Loess Plateau,
but different in physiological indices and its influencing factors. [ Method ] A pot experiment, designed
to have two species of shrub (4dmygdalus pedunculata Pall and Salix psammophila) planted separately in
pots containing separately two types of soil (sandy soil and a loamy soil) combined with five levels of
water regime (100%, 80%, 60%, 40% and 20% of the soil water holding capacity) and 5 replicates for
each treatment, was carried out. Dynamics of physiological indices (net photosynthetic rate (Pn), stomatal
conductance (Gs), intercellular CO, concentration (Ci), water use efficiency (WUE), leaf water potential
(Yw), daily transpiration rate (Td), cumulative transpiration rate (Tc)) of the seedlings in each treatment
were monitored. [ Result ] Results show that all the physiological indices of the Amygdalus pedunculata
Pall and Salix psammophila seedlings in the pots regardless of type of the soil they containedremained
relatively constant in relative value till the relative water content fell below the soil moisture threshold
and then they declined rapidly with soil water depletion going on. The variation curves of the indices
could all be fitted with the nonlinear continuous function with R ranging between 0.890 5 and 0.986 4.
The inflexions on the curves could be deemed as soil moisture threshold (W,), which varied with species of
the shrub and index selected, and with type of the soil too. The soil moisture threshold (W) corresponding
to the instantaneous gas indices (Pn and Gs) was higher in the loamy soil than in the sandy soil, whereas
a reverse trend was observed with soil moisture threshold (W) corresponding to the water use efficiency
(WUE). The soil moisture threshold (W) corresponding to the daily transpiration rate (Td) was higher in the
sandy soil than in the loamy soil. Water availability was higher in the sandy soil than in the loamy soil when
instantaneous gas exchange indices (relative net photosynthetic rate (R;,) and relative stomatal conductance
(Rgs)) were used as evaluation index, whereas an opposite trend was observed with relative water use
efficiency (Ryye) used as evaluation index. The soil moisture thresholds based on instantanecous gas

exchange indices (R;, and Rg,) at the transient scale were higher than those based on index at the daily scale
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(relative daily average transpiration rate, R.;). [ Conclusion] All the findings in this study demonstrate
that both soil texture and time scale affect response of the plant in physiological indices to soil water
availability. Continuous nonlinear function can be used to well describe dynamics of water availability under
Amygdalus pedunculata Pall and Salix psammophila. Net photosynthetic rate (Pn), stomatal conductance
(Gs), water use efficiency (WUE) and the transpiration rate (Td) can be used as indices for evaluating soil
water availability. It is, therefore, essential to take into account effects of soil texture on water availability
to plants in vegetation restoration and ecological construction on the Loess Plateau.

Key words Soil texture; Amygdalus pedunculata Pall; Salix psammophila; Physiological indices;

Water availability
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