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Root Water Source of Pinus sylvestris L. var. Mongholica Litv. and Influencing
Factors in the Southeastern Part of Mu Us Sandy Land, China

PEI Yanwu' %>, HUANG Laiming"**', LI Ronglei’, SHAO Mingan"*** ZHANG Yinglong®

(1. Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research,
Chinese Academy of Sciences, Beijing 100101, China; 2. College of Natural Resources and Environment, Northwest A&F University,
Yangling, Shaanxi 712100, China; 3. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and
Water Conservation, Chinese Academy of Sciences, Yangling, Shaanxi 712100, China; 4. College of Resources and Environment, University
of Chinese Academy of Sciences, Beijing 100049, China; 5. Shenmu Ecological Association, Shenmu, Shaanxi 719399, China)

Abstract: Water shortage is the main limiting factor for vegetation restoration and desertification control in the arid region of
northwestern China.  Objective Investigation of the root water source and influencing factors of typical plants used for
desertification control can provide a basis for scientific sand control and efficient water use in the region. Method Pinus
sylvestris L. var. mongholica Litv. (P. sylvestris) is an evergreen coniferous tree of the Pinus genus. It is widely used in wind
sheltering and sand fixation in the north of China because of its strong root system and ecological adaptability. In this study, the
hydrogen and oxygen isotope composition (8*H and 5'*0) of plant xylem water and its potential water sources (precipitation, soil
water and groundwater) were measured monthly from June to November 2018 in an artificial P. sylvestris forest (18~20 a). The
experiment was carried out in the Gechougou watershed in the southeastern part of Mu Us Sandy Land. The dynamic changes and
controls of root water sources were studied by the multiple linear mixed models.  Result Our results showed that the range of
8*H was —69.95%0~—49.25 %o, —144.81%0~—6.60%0, —83.62%0~—48.57 %o and —65.63%0~—53.65 %o for xylem water,
precipitation, soil water and groundwater, respectively. Also, the range of 0'*0 was —8.77%0~—8.21%o, —18.86%0~—2.07%o,
—9.45%0~—6.54%0 and —9.97%0~—8.26%0, respectively, during the period monitored (June—November). The weighted mean
values of 8°H and 8'0 in soil water were between the precipitation and groundwater due to the influence of precipitation
infiltration and groundwater recharge. Rainfall amount, soil water content and groundwater level in the rainy season
(July—September) were 24.80~90.10 mm, 3.36%~8.40% and 5~15 cm higher than that in the dry season (June, October,
November). Iso-source model predicted that P. sylvestris mainly used the nearly saturated layer water (>90 cm) (15.40%) and
groundwater (70.10%) in June. However, from July to September, the root used water source mainly came from the active and
stable soil layer (<80 cm) (61.03%) with the increase in rainfall. Compared with the rainy season (July—September), the
contribution of the nearly saturated layer (>70 cm) and groundwater to the root water source increased by 5.82%~28.00% and
20.64%~23.30% in October and November when precipitation decreased. During the detection periods, the average ratio of
absorption and utilization by P. sylvestris root from the active layer, stable layer, nearly saturated layer and groundwater were
21.48%, 31.13%, 16.42% and 30.98%, respectively. The dependence on groundwater for P. sylvestris was significantly higher
than that of other soil layers, which may be prejudice to survival under extreme drought environments in the future. Conclusion
The soil water content was positively correlated with the root water absorption of P. sylvestris. The uplift and decline of
groundwater level significantly changed the position of the nearly saturated soil layer, and then affected the absorption and
utilization ratio of P. sylvestris from different potential water sources. Therefore, the root water source of artificial P. sylvestris
forest was affected by both supply-consumption dynamics of soil water and seasonal fluctuation of groundwater level. This study
provides a useful method that identified the absorption and utilization ratio of water by plants from different potential water
resources, which will be significant for vegetation restoration in the Mu Us Sandy Land soil-plant ecosystems.

Key words: Mu Us Sandy Land, P. sylvestris., Stable isotope, Shallow groundwater

TET R R, KRR ARAA™ MY YRR R f e 1 a—
ERERAESRERENEZERBE Y. Koamt  EERGEEA T MAS REMS R, st

http://pedologica.issas.ac.cn



1338 + S

¥l

59 %

R YA 28 WK R 5 B H 2 AR AR R AE X T P L 2
DX A S K B R e AR L B
AR A TR K U B4 AR 156 100 T D ik 22 ik
B, WRRIZIEY | WA (Sap flow ) P,
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ERID) V45, SR1MT, (&40 07 iAER 2% 07 . Reoe IR 2%
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BEIAARZAERG AN, F RS 10%LL T 38 0 2= 30 AE 1Y
20%~50%, WBorH XA T T EE R 50%. R
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WA — R STA Ry SR 2K 22 30 e b = A R KO
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TR VR S R T S i A AR K P g
BN R REOR TR R LR, %
T AR A, FEUEAEY N E, B
i EE (8. viridis. ) FIT5H (S, bungeana. ). IT4F
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Table 1 Vegetation growth status in the studied P. sylvestris. land
A ek S AERE B B -4 6L e HE
Dominant plant Vegetation types Age/a Plant height/m Basic stem/cm Average crown/mxm Coverage/%
REFAAT FeA? 18~20 4.40+0.80 17.50+4.50 3.40%4.80 73.40+4.60
i RAT 5~8 0.34+0.10 6.62+2.80 0.35x0.45 8.15+1.25
(DP. sylvestris. @A. desterorum. @Arbor, @Herb
2 HIEEAKRBEUMER
Table 2 Basic physical and chemical properties of the studied soils

\ , - HEHUAR A AL : .

THOREY  AEY RASIKEY HERKER SEAHLE e - e

Soil mechanical composition/%
/cm /(grem®) (10C,ecmh™") /(gg') (gke!) (gkg') (gkgh)
Fh#i Clay  By#i Silt  #0%7 Sand

0~20 1.68 18.48 0.11 — 2.51 97.31 2.07 1.18 1.24
20~40 1.71 22.56 0.09 — — 100.00 1.41 0.81 0.63
40~60 1.68 19.98 0.08 — — 100.00 1.08 0.68 0.58
60~90 1.65 18.48 0.09 — 0.28 99.72 1.09 0.54 0.40
90~120 1.66 17.98 0.10 — 1.07 98.93 1.29 0.44 0.51
120~150 1.67 17.88 0.09 — 1.07 98.93 1.06 0.66 0.71

DSoil depth, (@Bulk density, (®Saturated hydraulic conductivity, @Field water holding capacity, B Total organic carbon, ©Total

nitrogen, (?Total phosphorus

1.2 HmEE

2018 4F 6 A& 11 HEWIREMK ., 5.
VI ZERT RN K RE & o SRAE MORE Sl B A5 B 38R
(30 mL ), IR i A% &, JF s T-20°C
(1 VKA IR VRO AE . IFAE—A A N SE A A B
A RE A B . AR X 224 B K R
Kt B AR AR IR 25 G /N AEAR AL X SR A i 5%, o 1
B REY)ZEFT R R KRR S SRS N g H R
1R, REREY R AR KBEKEME 2~3 dH
YIZERERERRA) 9~ 11 h IE47. FEAKBEARYE & A= oK
FFATREE

- ERE S BT RAE AR MR A
3 ARSI TR A ERE . M EZ N T 2T
KSR B 10 om SRAE—IK o K 19 AR
SrE TG M S =BT ARE, T+
J K, 5 — R R I R R R A B TR A
VERIRA RS T 2R 250 B o R A i 60
cm LANTEIFE A 20 cm, 60 cm DLF 2 2K v (8] &
H1 30 em. TRAJE W EHOK S AR R RS E T

FEEIIERD, RR TR (20°C ) IRF& . [AT,
FEARRRE (HFE 20 cm) +)230 HHTE
FLFEA AL I

FERE TSR 3 MR S AR — Sy i 1
By, MEEHLTE 1m DAL 0562 AN [R5 0] o0 0l SR 4R A
K 2EMERA 1~2 cm MBS BT BB SR
HEREWRGR A HYI 3~4 cm /NEERHE AR T
PEFSI P, IR 2B O R O IR IR A A —20°C )
PRAFE . [RIRE, RAIMR%EY (D=9 cm, H=10cm)
DA PR R AT, S RIFE R AR 50,
100, 150 #1200 ecm &b #HATRLGIEERFE (n=9), H
i ZR 17 T RS 10 om HUFE, B % 2R BURE R & BIAR
A1k

Hb T KR i B A1 WA b b T K57 O8I
B3 ADNEE, PRAF TR S B AR R
1.3 HEmath

TR AR BT . SR AT (105°C) R
RN E RIS KR SR BR TR K Sk v 430
D2 - 8 25 R0 - K PR ()4 K o AR
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TG ), FIENURA BCR HBOCR B 2 . +
e (TN). 2@ (TP) AU HLT 4 32K FH 21
HIFIGHL . NaOH #5 Rl —EH 86t Lb (8 7 1 5 4% i
AMMPTE AT AE o

T HEKRHE Y K B 5 S0 o SR AR — 1
Bk Ea MR RS (L1-2 000, s, $E) X+
ERRE N ZE TR B AT, SR WK R
Z M1 ( Los Gatos Research Inc, Mountain View,
CA, [, MEHEE. §%0£0.3%0, 6°H+1%0) X+
HEK . bR K AR SR Z ALK (8'°0 i §°H )
HEFFISE R Sy kb G R 4 R i R A AL SRR
R A A5, A g Rk AR [R5 R L T
J%1% ( Isoprime 100, Thermo Fisher Scientific, 7 [F ,
MHAHRERE . 8'°0 < 0.3%0, 8°H <2.0%0 ) XHEFAAA
JRRIK 810 1 8°H HEATINE .

THEEKE . AR R B WOK R
FIES KRR AT

M — Ms
Ms

SWC = (1)

K, SWC R HIESKE, gg's M ERiEt
ik, g5 Ms R T, ¢ HeMEPRE R
P br A 7 1, X RAS I SR R R AE AT RR AL
[ 67 2 e AR TRk F

R
SXx = amle (2)

stand
A, x FRAFMR CH) sA R (o),
Rsample *ﬂ Rstand %%U%@%ﬁﬁ%ﬂi‘/ﬁyﬁﬁﬁz (1:/3?7E—T'Z‘
itk ) TR R EE/R B H (PH/H A R0/°0 ),
KRB K 8°H A 80 IMACT34ME (5,
mean ) VFRANT ¢

Zn:é'l x PPT;
5 — =l

p,mean

- (3)
> PPT,
i=1

rf, 8 A PP 235l 27 A R ek S i Rl i 3R 4
JAN B T

SX,
OXey = S d

m

(4)

K, SXeoy WESFREL, 0X , Fon& b
AR R ER, 6X, RRIMEBCE-BI{E

>R FTR) 7 2R Bt e~y 40 22 0 43 A7 6 0T AR
XA TR AU A8 WSO e 9] o A Bl J i~ e
HAHA A r

Ox = fi0x,+ f,0x, + [30x; +---+ fiox,  (5)

Srolosfs+ot =1 (6)

o, Sx AP FEBK H 8'%0 Fl 8°H U , o,
5x, « Oxy Fll 8x; 435 R4 K Wb 81°0 i 6°H AEA
Siv o S5 T2 R AN TR AU AR ) ) DTRR %6, ABEAY
TR B R 1%, A KR 0.1%.
BHngeit 508, Kk SPSS 16.0 X g4
HATGE T, R S%EFEKEFTRNEEER
( Least significance difference, LSD ) £ 8 L EAG K
SHAIS'0 P Z A 2253 83 R IsoSource
AT AR R XA TR K A W s R L ], D
Origin9.0 X 44l AT VEIK .

2 45 R

2.1 AREKIE 8*H 1 6"0 £ 7

%3 MR T 6—11 H RIE KI5 & R
2 0% 1 8"00 43 A HERAE o a6 I 4 18] B AL A
AR (BEK . 3K AR K ) b 8°H EHAETE
Bl 43 311K —144.81%0~—6.60%0 . —83.62%0~—48.57%0 Fll
~65.63%0 ~ —53.65%0 , V- I {H 73 51 24 —55.74%o .
~62.36%0H1-64.61%0 , [ /K Al +- K §°H {HAE 5 R
Bk 58% M 25%, J& TiAES (>20% ), 1l
TK SH S RZECHN 2%, B THER (<10% ).
AFEZKIE (B HHEK R R K ) 8'%0 EAE 1k
70 B3 91 2 —18.86%0~—2.07%0 . —9.45%0~—6.54%0FI
—9.97%0~—8.26%o, “F-FI{E 537 51-8.29%0 . —8.35%o
F1-8.61%0, 7 HIN5EAE S (49% ), FEEFALST (15% )
MRS (4% )o AFEZKIEH 8°H Al 5'°0 FH ¥
FRHONEAK > HHOK > #HFK, RHEBKHEE
[ R oK F FKEA A E 5%, X2 TR
TKAE B 3K 1 T 22 117 32 By 1) 28 A FH i 7 A [
MR X TR0k, M KA AR R
S —ERENEE (£3).
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Table 3 Descriptive statistics of 3°H and §'%0 values of different water sources in P. sylvestris. forest-land from June to November

8°H /%o 3"%0/%o
RIPAIR" ) S . . . S ,
FME® BT MBCESMEY b BREARU%T BUMEY BREY IBCEBEY a2 R A%
1/
—144.81 —6.60 -55.74 32.05 58 —18.86 -2.07 -8.29 4.05 49
Precipitation
3K
—83.62  -48.57 -62.36 7.92 25 —-10.83 -5.48 -8.35 1.04 15
Soil water
H R K
—65.63 —53.65 —64.41 1.48 2 -9.97 -8.26 -8.61 0.37 4
Groundwater
(DWater sources, @Minimum, @Maximum, @Weighted mean, GStandard deviation ( SD ), ®Coefficient variation ( CV )

B 3 FRoR Iz H I /N AR A AR AN [ 7K I8
8°H M1 80 MM HR . WK 3 s, ARFEZKHES
8°H Ml 80 ¥fffe b FH MR R, HApW
K 8°H A 8'°0 ELA R AL R R*=0.96( P <
0.01), THKRZ R*=0.89 (P < 0.05), HiF/KFI
WA TR K 62H F1 6"80 ELA B85 ARG, e
ERB(RY) 43510 0.77 F10.79. AR 8°H Al
80 A ML AR MBI FEZES (K 3), A
BT 26 1 RERFNAREE /N T 2Bk K AR LT, A
A RN RB T AT E 4, RHIZHE
TR ZE R AEH @ TRk KAk K. HHK
LRPR A A T 2 M K 2 R T K 22 1]
FEH PN - K Z BEK R K LRI g, HLAE
WERR P AT T 528 R AR R 2R A5 & 4
.

22 TEBASEEESERNEARIESH
$51E

K 4 FoRBETARHL 6—11 H 3K
AR 57 2220 ) 1T 43 A R M@4TU%$
AV ) 301 i 4 5 K e Y B SRR EE R R, B
HAWRE P (RS0 8K a2 ey 8
BOE AR £ 2 2 R K AR R >
200% ), HRFEH G “Ha” HEMREARFR. W
& (7—9 H) “Ba7 BIGHRER N 60 cm, 1MFZE
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Fig. 6 Schematic diagram of water circulation and soil profile characteristics of P. sylvestris. forestland
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