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Characteristics of water uses of trees in plantations with different configuration
patterns in Xining City
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Abstract. Water was the primary limiting factor for plant survival, and understanding water utilization in urban plantations
was critical for ecological conservation and sustainable vegetation management. This study focused on the water use
characteristics of species in four distinct plantation configurations on the campus of Qinghai University in Xining, Qinghai
Province; pure Populus cathayana plantations, pure Picea crassifolia plantations, mixed P. cathayana and P. crassifolia
plantations, and mixed P. cathayana, Syringa reticulata, and Amygdalus triloba plantations. Using hydrogen and oxygen
stable isotope techniques combined with the MixSIAR model, we analyzed the water sources of species in these plantations
during the 2023 growing season ( May—October). The results revealed that the total precipitation from May to October was
406.88 mm, accounting for 89% of the annual precipitation (454.7 mm). In the early growing season, P. cathayana and

P. crassifolia in pure plantations primarily utilized soil water from above 60 cm depth, with utilization ratios of (70.58+
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58.15) % and (72.21+61.33) %, respectively. In contrast, species in mixed plantations exhibited a more diversified water
uptake strategy, utilizing soil water from all depth layers. During the mid-growing season, increased precipitation led to
higher soil water content, and most species, except A. triloba in the MPSA community, predominantly absorbed surface soil
water (0—20cm depth). At the end of the growing season, as precipitation decreased, soil water content stabilized at
(13.61£0.94) %. In pure plantations, P. cathayana and P. crassifolia shifted to using soil water from the 20—60 c¢m depth
as their main source, with utilization ratios of (35.90+29.63) % and (43.17+33.73) %, respectively. In mixed plantations,
these species, along with S. reticulata, began to utilize deeper soil water, while A. triloba continued to use water from all
soil layers throughout the growing season. These findings indicated that the water sources for plants exhibited significant
seasonal variation, and the water utilization patterns of the same species differed between pure and mixed plantations. The
configuration of plantations altered the competitive dynamics of water sources both between and within species. In mixed
plantations, interspecific competition for water resources led to niche partitioning, enabling different species to utilize water
from varying soil depths, thereby reducing direct competition. In contrast, pure plantations exhibited intraspecific
competition, where individuals of the same species competed for similar water sources, potentially leading to resource
depletion in specific soil layers. The water utilization patterns of plants were closely related to their plantation configuration,

root distribution, and the spatial-temporal variability of soil water content.

Key Words: seasonal variation ;stable hydroxide isotopes;campus green space; plant water sources ; different configuration

patterns
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PR N TARHAE WS RE R, 350 0 B 4Rk (LR AR PC,) E = 240 (LT ##K PC,) \HH—5 1
ZRARZEAR (LT RFR MPP) R H—2 5 T H—Hi MRS (MPSA) (FEULER 1) il A iEAH SC PR RIE
Vit N T B AL 51, W B AR M S AR Tl 7E B0 3 01 5 B 3 A4 10mx 10m A [ E R, T
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Table 1 Ecological characteristics of plants at study site

Rt 42 TRy m?@‘ o Mtz . dt-ma iR PU-FRFESE IS FA) £ R HeT%
Sample plot Tree. Age of Height/m Diameter of North-South West-East Car?opy Densities/ EIE%’ i3
name species trees/a chest/m length/m length/m density/ % 7S Richness
PC; i 12 14.01+3.38 0.62+0.16 3.06+1.37 3.32+2.13 90 10 1
PC, HilE st 10 5.87+0.69 0.46+0.06 4.19+0.59 3.74+0.35 88.89 9 1
MPP Hh 13 12.04£1.78 0.600.19 5.36+1.81 4.90+1.71 87.5 11 2

HilEsA 11 3.64+0.74 0.18+0.027 2.03+0.46 1.95+0.54 5
MPSA BT 6 5.00+1.09 0.340.02 4.55+0.51 4.38+0.49 76.47 5 5

T 13 10.98+1.58 0.55+0.17 5.50+2.45 5.60+2.43 4

HiF =K 12 5.50 0.42 2.69 2.98 1

Bk 6 3.3320.38 0.29+0.13 3.82+1.04 3.65+0.89 3

Hi A 5 2.55+0.25 0.14+0.09 3.74+1.65 3.53%1.80 4

BHEF R EARER , PC, . HLEM pure P. cathayana plantations; PC, : FE = AZLEMK pure P. crassifolia plantations; MPP . 5 -5 1 =~
FZIRACHK mixed P.cathayana and P.crassifolia plantations; MPSA ; % 4#%-2 & T - MR 3K mixed P.cathayana, Syringa reticulata and Amygdalus

trilobal plantations

H W (Populus cathayana) (LN T EHR Pe, ) ZHIRH & 175 IR 3R EREA (9 3R EARY) R 7278 T
X EA BEAEE N, S MORCR B AP IE PURReME T B ST A BOR iy T 52 Ak
T XK AR R FIK IR 55 07 T R A5 5 B EAR TG K2 (Picea crassifolia) (VLT & FR Pe,) & H EH
R AR AL G A, 02 2 SR ) SRR Ao L 5 H 0 T S T SR 5 3 ) RE T, AR R S ] 1Y
KA, TCFM, FEK F AR A S 440 0 B B s BT & ( Syringa reticulata ) ( VLT fa] B
St) B TARBR T &E N ZAEAEREARSUNEAR FEFRE R AL AL APa AL S A o0 A, Bothise ks, A
A BRI M (Amygdalus triloba) ( LR RIFR At) J8 #5452 8 V5 I INR AR SRIEA 76 AR [ 3R 855
HR S JRE L AR (3 B, LA B T SRR T P T R R AR RS X P A A R AR ) R
AP AR 58 4 L I B i 45 T4 1

2 WRAE

2.1 HWIFE SR
2023 4F 5—10 A, fELL @ MRETS P, 4 H ARy A IS SE PR I K IE 443 315K 55 LA AR R B K BB A
A TERRETT N BEE AR AR KOR A B A AR B TAR I, FE M SEERAEAS . 7E MPSA BEJ7Hh , LIS R K
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(4% T T F AR M AE N BORERE AR . VBEARAR AR A BRI 3 AR K8 3—Sem , A% 0.3—0.6cm HAE
ki 2%, Zoad 22 AL B B DI E) A 3—4em BYREL, Bl G BT 10ml BRSO BRI N , f H Parafilm 3 1 &
AT E B AL PR IR R B AR AR B P i TR
2.2 HHERESCRAE

TELL ERAERI AR R 50em 24235 BN, H 45 ( B4R 50mm) £ 0—10cm ( ZBRAAE T2 ) . 10—20cm |
20—40cm ,40—60cm ,60—80cm ,80—100cm Y + 2 R AR T IEAE A | B2 I 3 A PATHEAR . SRR
IR A B HEAT AN R AL B — 5 B T AR A P SR M T L K A 5 53— BB WA 10m ] SRS 3 0
i, I Parafilm B 0B85 B DU G35 B 2R A Tl 16 RS 75 - 18 C IR TR B HH R4,
I S AT AR AR B LA 2 S AR R R i, 76 10 H KDL 3 RE e , R Mastersizer 3000 S#0OGH B
X (Marveln Lit. , %2 [ ) 300 5 4 33007 3 4 A, 445 35 [ 4 3500 bR X e S5 R E A7 202 (6 2) . ABFSEFT
B IR WA I — VLR AR A AR O [ R S S = P E

F2 WFTHEH 0—100cm 3R E TR EHBL %

Table 2 Particle size composition (%) at study sites

ES RN Bk kL Wiy b SR HLED ik
Sample Clay Silt Very-fine sand Fine sand Medium sand Coarse sand very coarse sand
plot name <0.005 mm 0.005—0.05 mm  0.05—0.1 mm 0.1—0.25 mm 0.25—0.5 mm 0.5—1 mm 1—2 mm
PC, 13.81+4.38 71.40£2.14 7.90x1.72 0.84+0.16 0.13+0.05 3.50+1.27 2.12+0.85
PC, 11.93£1.27 73.02£1.03 5.75+0.82 0.90+0.25 0.61+0.48 4.48+1.00 2.87+0.68
MPP 8.30+0.41 76.90£2.15 7.63+£0.92 0.56+0.11 0.16+0.04 4.06+1.69 2.08+0.93
MPSA 10.03+1.84 77.73+£1.80 7.30+2.66 0.64+0.26 0.23+0.22 2.56x1.52 1.31+0.89

2.3 FROKFESIREE

FEAR XA A ZE R ZEWFFE AR PC, A MPP &7 T 44 fr F- 2H DX 35553 ) 15 B 7 1 SR Ao 2 e A0 4 R K
BERh, FEASEE R FHTRG S1- RR A2, TR B = Bk LU K 378 K o BRURFR /K S5 5, BRIV 203000 R W °R
WK AEAS . FEASBE S04 2 10ml RS B3 T , f J Parafilm BREAT %5 B A0 3, IF 78 338 3R H AR
KAEHW], FTAREARYITERE G IR B0 =, T 4°CHBIREE R~ AF, 175 Seilt A1 & A R 7 R A
FFXPHERT K (< Th) | FEREZKZC 1R I 58 BOBORE s XEF A DTET K (> 12h) |, WIAE S H A 5CAS ] 8,00 A1 2000 34
IN—VCRAES W5 I [E] E W 51) 68 R /K =R 44, Horh /NN ( H B /K B < 10mm ) S5 PR 3R 2 1 T PR
(10mm< H 7K it <25mm) FIRH (25mm < H FE7K i <50mm) F44:

ST IX 3 T /K A R R 1.8—27.3m" ™ | AW 5E HHEURERIE Ky 100em JE I, A% &L T /K XHE)
IR AT R TR G 52
2.4 [ ZR ST

SIS TAE IR T 1 K2 R — VLIRAE 28 5 e I Ml 1 K o 0 S 3 = FF i, SR AT Li- 2100 Pro 14>
FI 3l B3 Ve BERN 3 8 (b mt NI & R AT FRA R ) SEATRE S AL B 3205 1 R RS THE R IBURE 49 A B 7 B 138
HR K AT REAS . REASTRAL BRI B, 43 136 1 0.45wm F1 0.22m FLAR 14 k60 387K 5 A Bt 38 /K 347 2 i Ak
B B SR IR IS KRR RS 2 2mL SRR . TS K AL R /AT (ABB, Canada) , X FE i H & AR
FE IR AT R I 25 2R DA AE B AN AR E - 2018 7K (VSMOW ) Ry 551, 2R F %0 B 3271 [ 38 LU A
(8°H.8"0) , Bkt AKXIT .

R ample
8°H(8"™0) :[”‘”l—ljxlOOO (1)

standard
R e TR pea 73 N FTRFE SRR UE S Y2 H/H B0 0/°0 {6, Hordr 87 H A1 8™ 0 MRy 2253510 8°H
<1.2%0( ) ,5"0<0.3%0( o) .
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[T, 2 T BN Pt | C B S AT LT e Rt S 30 48 S s S ) 0 A O 25 , PR s v v A R T S e A
7% K LGR %4 ( LWIA-Spectral Contamination Identifier v1.0, LWIA—-SCI) & 25 61875 Ye ke i, B , A DLT-

100 S BT, Xt — ZR BIAS [l vk B 1) 2 Bl R s VB0E A 73— 2, DA A SR £ 8150 MuBIE ik A
ZN /(T
RS 7 e i 1E 2K
A 8"0=-0.049In (NB)*+1.426In(NB) -2.3267 (R*=0.9681) (2)
S A LT
A 8"0=-9.692In(BB) +9.7429 (R*=0.9526) (3)

KH,48" 0y EAH 8" 0 1A 19 I 22 {8, NB F1 BB {H AT LA £ )6 3#% 12 W 4 #F ( LWIA-Spectral Contamination
Identifier v1.0, LWIA-SCI) E 475 i,
2.5 Hduortr

i3 MixSTAR ARSIl 45 KK IR AE B 9 DTk LU ) IR RSP S ik AR vh 7 432 1R 1 SR G S5 1R A
R F [) o 28 B A e s R e B AN s 1, A SRR R

Op = Zfzas,- (4)

A, 8, RN AR BT K A AL R HUME (8°H 3K 8°0) 36, 3R A § M E /K IR Y[R 3R HUAE 5 /i FoRER @ Fh
IK PRI TTHR A 5 n AR K IR SEL

L5452 e KR R 7 2 HLAE AN 3 Bk B i A8 S D R K A LR =2

(1) FJZFHHOK(0—20em) : HHEK R A SR o3 (048 S35 2 00 25 10 R KT RRAE , Bk 2%
R ZETT AR A H R i K

(2) HJZ HHEIK (20—60cm ) « I FAR A [ R LA, AR T R)Z L1k HR A F Az =128k
SEMAL /N | R B R R

(3) )2 1 HEK (60—100cm)  FEBL T HIXTHE 2 By e S K 2 AR R 4LaL, Wom s i fase v,

F£ MixSIAR A 4% 4 )2 3K BOR TR K 9 82 H A1 8" 0 19 - X8 bR 1 25 43 SR S o U6 (5 1R
BIEHA IR ME R B E R 0, [FBRREAR LA 1 TR BSE 2 S 1000000,

J T IRAIRGE 3965 7K | 3K A IR0 2 40 A A B /K 431 R L A9 22 1) A 22 53, 1A SPSS 27.0 X 75
BN BRI TR R 225081 (ANOVA) |, FF R TR /IN i 3 1 25 G 587k (1SD ) PR /K 154 0.05, 43 #r
WM VLT EARTE Excel 2021 HAMHE FF7E Origin Pro 2021 H42 &,

3 ZBRE5SM

3.1 ST X B AKCORD 38 & /K R AR AE

ME 1 A%, 2023 4 5—10 H Wila], BRI AR 406.88mm , [ 4F E K i (454.7mm) 1) 89% , £
SR FE S .8 H AT 9 A A RE K SR A iy H Ay, RS R & 43 )4 85.85mm i 68.45mm , A [b 2 R A 2
T,6 A 10 H 05 B BAR I FE K KT, 28 51K 56.48mm Fl 62.25mm, KA IR BE RS Ab30 Fl hy 3—23C , A
SRR T A B, 18.129C,10 A A%,k 7.14°C

TR K B ZET A EE R (B 2) 5 X 5—10 A T3S KBRS TE Y 6.86%—21.48% ,10
A, M (13.61£0.94) % ,5 HIkRZ , (12.32+0.51) %, 8 J MK, 7 (9.88+0.39) %, 4 HE/K /75 A [a] bRt
2 2SR EE (P>0.05),PC, 1Y+ & /K B 5= (13.39+0.46) % , MPP i) + 38 7 7K B 5K (10.04 +
0.51) % ,PC, Fl MPSA 1% 1388 5 7K i 22 504K, 735014 (11.01£0.55) % F1(10.55+0.47) %,

ANTFI AR ST 387K S BEVR BE B AR LR AE N IE] 3 FIE7R . PC, AR 3 S K R AE 32 20em 52 B 3 41
B 98 2 60em DL R # TR, FOg(E HIRAE 10—20em +)2 . #HEZ T, PC, MPP 5 MPSA i+
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o+ KRS TE 109 KF 80— 100em RIEISE] S 2 13
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K R 3 04 (1 (P 1), 5—10 A ek S

(9 850 Fl 8D 75 Ak 15 Bl 43 31 K — 21. 05%0—5. 28%0 1 A} Month
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1& {E ILH Eﬂﬂ’f EE {/( é;’{,ﬂ)ﬂ B(J 10 H N TL)( %% 7J( 58 0 5 D Fig.2 Seasonal variation of soil water content at different sites
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3D =83"0+10, WWIRIERIMKFE M AR K EMBIIER o o e it
H AT U T BRI e UL AR X K 32 4
FIKZE KT B
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Fig.3 Vertical variation of soil water content at different sites
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Fig.4 Linear regression relationship between 8D and 8'® O in precipitation,soil water and xylem water at the experimental site
GMWL: R KK L LMWL K AR K S s SWL, HHEK 2 s XWL: AR TR IR L ; Pe, XWL: H M A B KL ; Pey, XWL 759 25 A2 AR
HKZ ; Sr XWL: 22 5 T B AR KL 5 Av XWL Ay A A STk &

LI 45K 80 5 8D i £ 455] PC, . PC, MPP F1 MPSA )+ 3E/KZk (SWL) , 730518 8D =15.398"0~
14.11(R*=0.92,P<0.01) .8D=6.548"0-3.90( R*=0.96,P<0.01) .8D=5.483""0-14.86( R*=0.92,P<0.01) F1
8D =6.158""0-9.27(R*=0.94,P<0.01) (& 4) , & T RAIREKL N T T, L HOKL MR/, X —FFIER
B EHOK 2 T BN ZE Rt i R, %2 EHOKE 80 R R & EML B B, PC, Ml MPP 1 SWL B4}
RFFERIEAR L , PC, Al MPSA 1) SWL (8 AR AT , SWL F9ARR AR BEHMIE T LMWL Al GMWL, + 3K
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Fig.5 Seasonal variation of 3D and 3'30 in soil water at different depths at the experimental site
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