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Abstract: Cryogenic extraction of water from plant and soil samples constitutes a critical element in isotope eco-
hydrological studies. This study was undertaken to examine the stability and reliability of a new generation of water
extraction technology based on cryogenic vacuum distillation (CVD)-automatic cryogenic vacuum distillation water

extraction system, and to optimize the extraction time and improve the extraction efficiency for this system, as well as
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to explore the applicability of this system. For these purposes, water extraction from tap water and leaves and stems
of four species of woody plants was carried out by using manual and automatic CVD systems and then the hydrogen
and oxygen isotope values (6°'H and 6"°0) of water extracted from the two systems were compared. Besides, rehydrated
leaves, stems and soils were extracted by manual CVD system and automatic CVD system under different extraction
time lengths, then the 8°H. 8"™0 of water extracted with the two systems were compared too. Moreover, we conducted
a separate experiment to use the automatic CVD system to confirm the depth of water absorption and the utilization
ratio of source water of Osmanthus fragrans (Thunb. ) Loureiro. The results are as follows. There is no significant
difference in the hydrogen and oxygen isotope values (6°H, 6"°0) of water extracted with the two systems and that data
obtained from the two methods are strongly linearly correlated, with the correlation line being statistically
indistinguishable from the 1:1 line. The §°H and 6"0 values of rehydrated sample water extracted from leaves, stems
and soils for 1 h, 2 h, and 2 h by automatic CVD system are not statistically different from those extracted by manual
CVD system. The depth of water uptake and the proportion of water use of Osmanthus fragrans (Thunb. ) Loureiro
determined based on 8°H is inconsistent with that determined based on 8'0. Therefore, this study systematically
verifies for the first time that there is no difference between automatic CVD system and manual CVD system, which
provides a guarantee of reliability in the related application of isotope eco-hydrology; further, this study enables us to
establish recommendations on optimizing the extraction time and improving the extraction efficiency for the automatic
CVD system. Meanwhile, our finding of that the 8°H of water extracted from the rehydrated samples were more
depleted than the reference water adds evidence to the recently revealed phenomenon of "deuterium deviation" as
caused by CVD in the ecohydrological field; as such, we suggest more caution in utilizing CVD-generated 6°'H data to
trace plant water sources and determine the water use strategies in plant and ecosystem studies.

Key words: plant ecology; stable isotope; deuterium isotope; oxygen isotope; the offset of cryogenic vacuum

distillation; automatic cryogenic vacuum distillation system; plant water source; root water uptake
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Table 1  Sampling locations and textures of experimental soils

EHOEE RBELS oCUEEEKEDS o RO wCBRD ok O PR S
(g-kg™) (mmol -kg™)
Bkt I RGN 27.52 16. 40 63.70 19. 90 0.51 1.91
A BRI 32.40 9. 69 47. 41 42.90 32.05 16. 71
Wt THEP B 19.52 0. 00 0.00 100. 00 2.85 8.16
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Fig. 1 Effects of different CVD systems and extraction

conditions on tap water extraction. (a)8H and (b) §"0.
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Fig. 2 Effects of manual and automatic CVD systems on extraction of leaves ((a) and (b)) and stems ((c) and (d)) of plants sampled in situ.
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Fig. 3 Comparisons of water isotope ratio (a) ’H and (b) "0 extracted by automatic CVD systems (horizontal axis) versus manual

CVD systems (vertical axis) for samples of leaves, stems and water.
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Table 2 &°H and 80 of water extracted from the rehydration leaves with manual and automatic CVD methods under different

extraction time

EiE Bul Fv Ls e
WIS 8H / %o 80 / %o 8°H / %o 80 / %o 8H / %o 80 / %o /%
Tz -38.52+0.87  -3.83x0.22 -45.05+0.79  -5.15x0.20 -45.89+0.60 -5.21%0.13 >99

A3ilth -39.73+2.15 -4.88+0.25 -43.38+0.83  —4.88+0.19  —45.14+0.75 -5.25+0.12 >99

H312h  -36.16+£0.90  -4.33+0.32  -44.31+0.85 -5.46+0.33  —44.15+2.05 -5.67+0.34 >99

A33h -38.02+0.58 -4.73+0.18  -43.41+0.67 -5.51+0.15  —45.46+0.44 -6.17+0.17 >99

3.2.2 STERM AL R L

FIH T3 K CVD £ G806 52 /KR 45 dEAT Tl 4R 1)
ghnEE 3. mE3I 0L, il F sl KON IR
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R 5 MAECRK PRI, @it A3 CVD &
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EEEFEA T S NN TR b= Y (NG =S DS NP
CVD 2 40 X A3 S5 42 J5 (R B K °H 38 5 %5 K 3%
b, FALRREER R, ASFER R A2 5

FACTEREE ] 6. T7%0 ~ 10. T7%0, ENFIFH CVD 24
Pl 5 KB K SHIRE 255K 1.
3.2.3 AR EEIMRLE R LA

FIH CVD R GExt 5K R A7 dh 2 i 45 51 an
Fed. REAVU, W T B KRR AR I ] R )
H3I CVD Rt fa, Bk ALY > 98%.
PLF3h CVD 2GR H oK A S % H, WLE
H 3 CVD RGEHHE | h G s 5 g k2
S BRI, FIHFR CVD RGNS AORE K 8°H

H6"0 B2 H KPR AL G, SHITEE N
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Table 3 &°H and 80 of water extracted from the rehydration stems with manual and automatic CVD methods under different

extraction time

EiliE Bl Ls EiliE

I 8H / %o 50 / %o 5H / %o 50 / %o 8H / %o 80 / %o /%

T3 -40.9120.29  -5.27+0.09" -48.65+0.63 -6.32+0.14° -48.30+0.63 -5.74+0.25  >99
H31h -41.64+0.60 -4.48+0.18" -45.76+0.61 -5.22+0.16" -49.26+0.38 -5.67+0.07 =99
H32h -42.82+0.94  -5.13+0.33" -46.04+0.27 -6.43+0.10° -46.76+0.76 -5.67+0.34  >99
H33h -40.14+0.89  -5.25+0.10° -46.42+0.54 -6.23+0.05° -49.99+0.65 -5.84+0.14 =99

VIRIG [ AR RS [ 3R AN R 2R 0 AR AR R S AR K [ AL 3R R A 3B 22 5, T AR BRI R FR T 8 M2 5, 3R 4 — 50
F4 T SAFEREERTEIT [ 35 CVD RGN IR 1Bl 5 R K 8 H 80 H

Table 4 &°H and 6"0 of water extracted from the rehydration soil with manual and automatic CVD methods under different

extraction time

it et Bt w4t it

EN 8H / %o 8"%0 / %o &H / %o 80 / %o 8*H / %o 80 / %o /%

T3 -43.40+0.38  -5.79+0.06° —44.45+1.05 -6.34+0.10" -39.76+1.55 -5.47+0.33" >99
AZi1h -45.09+0.13  -6.87+0.08° -45.88+0.46 —6.87+0.11" -42.52+0.56 -6.51+0.12" =98
A#I2h  —43.16+0.19  -5.86+0.09° -43.97+0.70 -5.71+0.12° -41.84+0.82 -5.86+0.10° >99
AZ13h  —43.51+£0.23  -5.22+0.03* -43.51+£0.20 —6.11+0.05" -41.84+0.65 -5.69+0.04° >99

3.17%0 ~ 9. 29%o,

8"0 # 1k B N 0.29%0 ~

(=50.07 + 0.25)%0 5K = T K PH(-51.38 +

1. 94%0, o, Zhige+ KI5+ R Kobr
HERZEH K.
3.3 ARERIRAKREREEKREF AL R
] 4 SR AR BT HS K 5 A R TR BE 1 187K 8°H il
SPOMIRR. AEREW, AN L2005 k)2 (0 ~
25cm) . 1 EJE(25~50cm). FRJZ(50~75 cm)
FIR)Z (75 ~ 100 em) 44290, AR K fil+
HEOK 1 8°H A1 8™0, g5 R E B, K B K 8H

() () ; .
RRR ol RE
I E I
g Hiprzt
W WE
- |3k §-+i%m
55 050 45 —40 8075 7.0 =65 6.0
5*H / %o 5'%0 1 %o
B4 AREEAFERKS K (a) &M (b) AR E LR (4

CRELACFRA K R0 R AE)
Fig. 4 The relationship between hydrogen and oxygen isotopes
in stem water of Osmanthus fragrans (Thunb. ) Loureiro and soil
water at different depths. The red dotted line represents the

water isotopes of xylem.

0.96) %o E I, 1T LAHERT AR ) 3= 220K 1 )2
75 ~100 em. 6"0 4 R Wk, AR K 80
(=7.27 £ 0.05)%c5 " I )2 £ 18K 6"0 (-7.26 +
0. 01)%0 Je 1 )2 137K 60 (=7. 23 + 0. 09)%oHH VL
Be. FHOERT DAEWT, AOB 2R A BRERRE L
250K

I FH MixSTAR AR B 1 — 25 X5 AR A8 7K 5 1]
L sy T 25 AL LI 5. BB S AT, MoK IR K £ s

100
< T5T
= +2
= L RE4
=50 )R
E IﬁTE
% W2
25}
0
5'%0 5*H S*H+6"%0
TR AL 2 A
5 RIETEBEE A AT AR 4 4B )2 KR
I e

Fig. 5 The relative contributions of soil water at four varying
depths to the total water uptake of Osmanthus fragrans (Thunb. )
estimated by inputting different type of source data.
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