55037 B 13 W) S &~ £ Eild Vol.37,No.13
2017 4F 7 A ACTA ECOLOGICA SINICA Jul.,2017

DOI: 10.5846/stxb201603170482

R, TR, TR, IR B R AR FEAK AR 5K R R AR 485441, 2017,37(13)
Li K, Wang L, Wang X R, Li Z H.Study of water consumption characteristics and water use efficiency of poplar. Acta Ecologica Sinica,2017,37(13):

B AR A 5 7k 4 F PSR

F ORL,E OB ZHR a4
| RHRZERERS S TRR, LiF 200433

2 R ERR 2B TGO A BB BT, K 410125

3 WHE R TR =L, B 430062
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Study of water consumption characteristics and water use efficiency of poplar
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Abstract; Changes in the water consumption characteristics and water use efficiency of poplar, and the influencing factors
were investigated, which is significant to the study of the physiology and ecology of poplars, selection of tree species for
forestation, and forest ecological engineering. Four treatment groups were set up for pot culture experiments on poplar.
Quantitative analysis showed the relationship between the following characteristics of poplars: water consumption, water use
efficiency, soil evaporation, plant physiological properties, meteorological environment factors, and soil moisture. The
results showed that: (1) the changing curves in the graph on water consumption in the four treatment groups showed single
peaks, and that the curves reached their maximums in July and their minimums in February. (2) Water evaporation of soil
used for planting poplar accounted for 15.9% of the total water consumption in steady — state situations annually. The
background loss accounted for 30.4% of the total water consumption. (3) Water consumption of poplars under surface

covering accounted for 53.7% of the total water consumption, and the annual change curves also had single peaks.
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Furthermore, the total water loss of soil in which poplars were planted was 2.77 times more than that of soil without poplar.
The total water evaporation of soil on bare land in which poplars were planted was 7.9% higher than that of soil on bare land
without poplar. (4) The average transpiration rates of leaves of poplars under surface covering and on bare land were 30.8
and 9.5 g em ™ a”', respectively, whereas the average water consumption per gram of biomass was 39.61 g. These results
indicate that poplars have a strong water—seeking capacity and high transpiration rate ; therefore, planting poplar will cause
significant soil moisture loss in afforestation areas, resulting in the desiccation of deep soil and limited regulation of soil

water storage in this area.

Key Words: poplar; water consumption; soil moisture; environmental factor; water use efficiency
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SR BN T JCHAE K o Z 3 DX Bl AR ) 32 K BT IR SR A B BE g St TR A B0 K o R
RAEFRIFACTT Rl R AE PG AL T 5 2 T 5 X R BEAR AR 2445 1 [ 19 A IR Ak 5 4 1, 6 BT TR 2 PR 1Y)
W7 R AR SZ B T P E R, S B I 25 R AR SRS LU WAL AL TR R T i
M DX, AT (Y R R e M FROK SR TE AL A AR AR KRR LAk T N TR AR (R 73
PR B R G R A RIS A Xk 7K 3 T AR ) RELAR 22 B 2800, %o FLAF St S A B v 7R 3R 20T AR, Mot
SRR bR AR E MR DT AR R K 5 T8 R 2 TR B8 7K G R RS AIE B HL A5 B A A= B K 7
KERBIWIFE AL UL RIS O T8 N bR K AL, T AR R 25 PR A 2 bt T /K 246,y /D R i i, 3
JROK R E KA I+ A W 325G 22 R, B FE M FE K RS RIK 43 R IR, 43 BT B4
PSR IR I3 26 F A S R ARG AL IX A2 K SCRE R Y2 AR 1 B2, AR S 100 2 i AL 4 R wi AR
T3 MRBR Fof 6 BT T e 4 TRl , e8] 104 © 22 i AR AR B Ag B okl , AT JE i s e £ | e il
TIOR8 SRR A R AR K R AR AR, AR DR AR 0 AN R R AR A T AT
1] B (4 SE PRFE K EEREA T RE AT, 2o i 1 HE T HOK I E R A T IR R IR K A AR Bk o R HIBCR
7R T M A B R AL AR A PR IR T XA R FE K BE D0 A R R, DUIER AT b AR AR 3F
S5 A A i AL LA R A A VP i L A i 1) AR B AR AP P B AR o A e AR AR i S
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1 #MRERFE

|1 R v g SRS POR S

IR H AL A 5 L& M FP A% 214 5 (Populus euramevicana cv. * 1-214” ) 1 4E AR H AR 564 K
PR <2 m, BB AR I Al B A2 RIS AL 306 1 R v [ ARl B 2% B it B HE 5 0T 5 e (AL ) 1
R+, FR00 & B B AL 69.13 mg/kg A AL 4.68 mg/kg JERLEN 82.91 mg/kg M 0.68 g/kg i 0.35
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o/kg, KPR FRIRARVE N R b 28, B AR 3—4 BRI, B S 5 e B A K Age iR B8 1 Bk, &1
KT 2012 4 6 7 20 HAEA R K 500 mm, b EAE 350 mm BYEEME AR — 2 /NS /A 5 em
f, FAEFLAS 1 mm DER)S PR+ & SR ARE 5 cm b, YRR 13 26 P & /K48, B 1k /K 20 B T AZg & 1Y
ik,

THOK A RO EGZEEFKE B EAARIEL & 3 50, 5T 4 424 J X FR AL FE

x1 ARABAMIEIZITTE

Table 1 Experiment settings for different treatment groups

IS Tt ks KT R B

Treatment groups Planting poplar Bucket seal Pathway of water loss

T1 4bBELH Treatment 1 v vV BAZENBFEKE AR K&

T2 AL PHLH Treatment 2 % — EHAEBFEK R IR AR R I
T3 AL HI4H Treatment 3 — — TR A AR K

C 4L F4 Treatment C - vV ARHE K

Horp g B R B A o5 (R R LR S AR, R (BT B R S em BRIFLAIL A 3 1R KA b ek
AP ETAD, UHESR 1428 % S R00 gl 7 i s 10 208, R A0B0CE T T B A SR AR K i By I B 5
Jr W g R IGFE St Jy 58, Se 8 R o 2012 4F 6 H 20 H %2 2013 45 6 H 20 5,
1.2 DEFAR B 7 ik
1.2.1  FREE T AAE KA AR

I DX 35 PN A AR EE () R EE P A G0 W, A% Pt R TR R FH v e AR 2 43 (L5 YMJ -B)
WE T 2012 48 6 H 20 HINEEREEW M T ( Leaf area) fE A SZIRHIIATE (LA, , G 1E S M H T IR & %
PHZEHT (2012 49 7 25 H ) Wit Ak A M 1 AR S i AR E (B (LA, ) o RERR A i M A2 R i br R R
FEFEA-TH 10 em (A0 &, B (H) SRATRSEE 0.1 em RN

7Yy hE (Biomass ) ML 76 2012 4 6 7 20 HEMESARIT LK 2013 4F 6 [ 20 SR80 45 B FIRGEE 0.1 ¢,
T 30 kg ML F RV FREMAEMREEE W, , W,
1.2.2  FEKENE

BH 1S HRE 0.1 g, iR 90 kg (ALl LT RERR I B9 0 F 0y W, MR A8 o Yk S5 o SO DU 155 100, ¢ - 1o D
W 2L RN 7K #h 78 HL 2R S 45 0 RN 4k 15 o ) R HE KR B AR TR IR IE K & A, 1 A P
IKEZHH W,

T 1 FE AT K E,= W +W-W,, ®
— A BRI R K i T.= YE, @
B TR A K W,= ST,/ IA, ®
B A ) K W= ST/ (W= W) @

EFRARP I<n<12,W E T, W, WEBLH g, W, 00K g/em?,
1.2.3  HAhERE R

WIALAE I 40 AR A R IR T db A R WG i 326 . 2012 A0 A= 1 FE K & Al FEZK &
o BRI AR TSR K A B SR IR T A6 KR T A Y 2012 AFIK IR A

2 ERE5S

2.1 FkE A R ALERE
M T RTLUE W78 1 AR RE SR A Y, T, T2, C T3 4 BRAH AR M FE K AR YK b 36676 43601 13257
40161 g, 4 PACHIZH FEK R H Brasfb il £ 35 sig A8 s il il 58 & — 30, BT R, 6—9 H#E
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1 1% ,2% 1% 2% , X — 35 505 X5 H S
TRASAL—B, R T REXT R 28 IS FE K AN T 1%
Ko EEHEEWEM(F 2), FE T T2.T3 =41
K Z [ 25 S TE AR A R AR AR /N K- (0 T2 2
HIAEZK S 7E R 245 T AL R | Fe W kD [ A 4%
MBI T EHOK R 5K C AFEK B R
HBIEAR, 2 AT H 2 78 55 W0 AN P A 1 2 14
T EHOK AR AR
22 HHOKSIERE

T1 AbFRZH K 532K 1t M 28 IS FE /K i FIAS IS 7%
RARPR AR G, T2 40 R B ZE B ek i | IR R
AR ZE R 3 HR5F B, BT DA 20 B 7K S i 25 (E AT
IR A 1) 1 78 R 5 (SE)) , &R 24 SE,
9 6924.8 g, i MAEK RN 15.9% , HAE 6 H k5 Sl
1538.1 g, s ARMH 1 B AE 11 H 28 329.5 g, JF H M 2012
47 A% 2013 45 1 A, SE, Ab T — N MR E IR A,
W shIX 8] 4 329.5—510.6 g, [n] B 76 <R = ) 7—9
18] SE, FAEHR/IN , 22 B2 B B (8] P4 B AR /K 4T 2
BHR L HEHOK S ZE L TR S Y ERE R
MAAE (B 3) KA R T LA A 2R B AR Ok 31 2
S J3Ah,CUT3 R AR A, C KA R
[URAEZR R, T3 Ak 7k B A - 2k kit
FIARJECZE K 1, T LA 2 25 (6 D0 T Ak 2 T A AR A 1Y
T K5y K1 (SE,) , 224F SE, 4 26903.6 ¢/a, £ 8 H
KRB KAH 3979.7 g, 16 1 A Ab FRAK(H 715.8 ¢ (A
3),SE, H brAsfb#a 4 5% H A8 ka3 — 3%, &R
TCHE A 55 1 R oK sy 78 R FEAZ R AR

IR
2.3 EZEEFKE SRR

et R UK A S B (T R R B
- HEK AN B (C) 1Y 2.77 1%, W1 B A/ K
MR R T KA IR T RO AR % e

Foka

Waterconsum,

9 10 11 12

1 2 3 4 5 6 7 8
H 43 Month
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Fig.1 Monthly change curves of water consumption of poplar in
different groups
Treatment 1 (T1) JyFHE R , % AL, Treatment 2 (T2) HFiHH
AR B AL Treatment 3 (T3) SHRFME R, IE 8 EHAL 1L,
Treatment C N ANFE N , 8 £ AL P
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Fig.2 Monthly change curves of the average temperature in the

experiment area
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Fig.3  Monthly change curves of soil evaporation with and
without poplar
Soil evaporation 1 (SE,) N 4% & % i L 3 28 & &, Soil

evaporation 2 (SE,) NTCEAGARAL I 13K 378 4

SEY R, N A e AR PIASALL M R AR AT 3 AP, IR T1 5 C R ik B 2 22 R AT S A

REEY N EEBFOKE (WC) A RIS WC, 2 23419 g, HK MR BB 53.7%, TR AN
AL BRI, T RRIBZEAF, T2 215 T3 AR MR i 22 28 B AT DA 2 4R 26 A T O A 28 I FE K B (WC,) |
AR RIAEY) WC,oh 3440.2 ¢/a, di/K TR Bt 7.89% , BHE R M 35 5508 F I B K 4 AE K
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SR TR AR (I 5) o BeAh AT HIERBE Y T B T B8 IE 98 BEF- 100 30.8 g em™ ™' s #RIB SR
T B T Y ZE S SR B4 9.5 g em ™ ™' FRIIERML b R As T 2 0 B TR T b SR AL S T A
T ZEME SR, A AR AR /K B R 15 A I T 2 i 58 1 PR 5 8 — ok — 20 U WD 7 M e ) 8 i L ) 3t (A
Mo L), e K JE R AR AR W LA I L T2 R SRR B A

4500 4500 -
294000 | w4000 —¢—WCI
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Fig.5 Monthly change curves of water consumption of poplar

Fig.4 Monthly change curves of water consumption of poplar under different conditions of covering

and soil evaporation under land covering Water consumption 1 (WC, ) T H R TE Y T S 2 e ek

Soil evaporation 1 (SE,) 4y MM B4 19 £ A KA, Water g ater consumption 2 (WC, ) JyBHb 2 fF F B 2 IS ALK it
consumption 1 (WC,) WA MFEHEBY T HEMEBIKE

WC, A PR 2 S B Al | BT S e ka3 7 ik Bl iR miff 4124.3 g, HAE 7—9 A4 T 3693.7
o/ H U R RIKF 2 J5 W F 3 2 AR 148.1 g, 7E/K AN T8 2 Y s IR R AL, BAn A H 28 REK
AL (79 ), AR IR IR (10—12 7)) B 28 B FER BB ok, AT 148.1—737.5 ¢ Z ],
FWZ BN ] AR Hb AP e R A e b 7 (A il ) | b 09 rhoK G JE SR A I € 1, A BT A K
SEATE RS T  FE K FE 11 B AR T LA BN BT R T 06, WO, H BRAs b 2R i 722, =2
RUERY | S ARRRAERF e B R AR BOA KRB A ORI AR, 72 3 AR 6 A IAFIIE(E, @ {HIX 8 5.6
7H . 6 ARKIERRE N 602 g,2 HIRMRMEAA 48 o, F/KIEM/N, BSOS TE R B 359 T M B FEK
LR 14.7% , TR R A7 ) 1 e SRR/ i (T2) (UL BEA B I (T3) B TSI FE 7.9% K 71, RIS ]
TERACL "™ BRI A #R M | E 3K o3 T B M AR S MR R, A X 3K Wil A1, X 3K 20 1Y
TRFIARK

HATE WA H R S5 W T AR A W B B R TE 503—836 g Z[H], P34 640.60 g/a; i A K A
34.3—56.1 cm, F-X 20 43.1 em, FEREBCR N 43 T E YT FEK 20—48 o, F 1270 39.61 o, FERRH /BB R
BAE 207—391 g Z ], SF3 8 299.6 o/ a; A K 18.6—32.8 em, V-2 28.4 em(# 2) . [IE 3 2 Bl
BT T2 Ab BEH A% B AT fog LI I At AR A ) B R B0 S A7 35 PR 25 5 (P<0.01) . T2 Ab B f
TEZET T e AR A I AR 2 e A K R A ) SR IR T T AR B, J3 5500 T1 AR PR 65.89% F
46.77%.,

x2 AEBERGTEOREEKENENENEEEZRESNT

Table 2 Difference analysis of biomass and high with poplar under different conditions of covering

AbFRZH e BEHE R AP R
Treatment groups Height increase/cm Biomass accumulation/g

T1 AbHEZ Treatment 1 43.1+£6.57a 640.6+124.52a

T2 Kb FEZ Treatment 2 28.4+7.16b 299.6+61.66b

Treatment 1 (T1) NFAE A , BEAL I | Treatment 2 (T2) M FAE B4 |, AR %5 B4 1

2.4 EHRBAFFK RS Y BES BR CAE  Hr
N TRV 2K | R A PRE I A AR R i 7, 358 DR 258l ) BE S RO S RE K
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BAn b EAL A S BEAT R SCIE 23 A, 26 3 3R M1, SE, 5 R S ME & T SE, 5 G A A S, i — L IE IR
ORI R R TIREE , WC,, WO, 5 R BE 0.01 /K BRI B IEAC R R MR REEEA
#m T 0.8, VLT EAFEKBE 1 5 R I BEAT R RIARSEE . il B %) 2 1 1 P ) 32 i) B 3l i ke i e
BINRI KRR JEE T 52 ) 2 P 3 B8 ) 53, 2 R B T e 2 S O e B T v DA B A At 22 RO A 22 4
IR AR A B AR (¥ A 8 588 B R R UL, b 1™ b K A3 iR

WC,,WC, 5 MA2fAR S R L7330 0.752,0.867 , 2 W A% WK 3 %of A W IR e AR T, (U
WC, 5 MR GAHSE | SR EDIEAE 3K Bk Z I, SO LU ok 3 M R 2B RS2 B, We,
IR SO R AN 3, al B i TS B0 ) i A I AL T bt 400, ot A 2 R A g 2R K W R IR B AR

X3 EHEBRAELEZFLESSEVESHNAXEY

Table 3 Correlation coefficients among water consumption, soil evaporation, air temperature, and physical parameters

#E/K# Water consumption S Air temperature T F Leaf area Hij#% Diameter at breast height
Water consumption 1 (WC,) 0.914 ** 0.468 0.752

Water consumption 2 (WC,) 0.812"" -0.660 0.867

Soil evaporation 1(SE, ) 0.035 — -

Soil evaporation 2( SE, ) 0.926 ** — —

# % fE 0.01 KB - 5 EHISE; Water consumption 1 (WC, ) HH HIRE Y T M EMZRBFEK R, Water consumption 2 (WC, ) A
HZAE T AR 28 IS FEK &, Soil evaporation 1 (SE,) Ak EAAAY 12K & i, Soil evaporation 2 (SE,) A TCEAGARM A K 7% 5 &

3 Wit

3.1 ARV RN S ZE ISR K SRR

IR BR AR AE KA A B ZE R, B A 2R Ko A v A BRACISERD T4 SRR 2R 1 75 R 75 B2 A - 48 vp
WK AR Sy, TR A AR o3 PSS S A AT — e PR b BB AR R . AN R b 7 o 2 8 1
ANTR] AR b R PRI | 1 152 M A ) 422 S P b R S TR PR LA R HbR BABE AN [R) 22715 I B AR K Rk T
REANS AR,

AHREZY T EMZARBAEKETE 4 5 AAEB/MERER LA, HPTE 5 A ZEr LA a3 mb 7
A Bk e miE 4124.3 ¢,8 A2 FREREE, BRFEFEEE KD FE T, BB R E KRR “S” B
AR, 3—4 HAKENE 4 A TRIVUG AR 2RI 5 A A K 2 okl S P A= 4 0TFN-T9) Jo3 fin 32 24
Wit 5—6 A ,7 A LIS ZHT P9 AR EHRARY e A Kot R b 75 2 e sp ik Bk 4y, B xt K
SrHTEAERE W 3.4 A0 1345 .1376.3 g, 28 ETFE 5.6.7 H1Y 1950.2 ,2208.6 .4124.3 ¢, %¢Hi— H 1y ETHIE
FEAr AR 41.7% \13.2% 86.7% ; [RIBTTE 3 4 H A TAEK Sl e i, AR SR T (HE M I i AE KA A, T
A, SALBUBE B, T A K B & . 7 A B E KA XIS, (102 7 A KRR S8 E RS
T FE AR SE3E I LA Ko 28 SRR B [ (it e AL T R e K A B3 K, K A 2K IS 3 i, RE K St AR I pRe, 78
S G T AR (A IR SE I STt R B, A W 0 28 i S K B L S SR KR
TR ELAT S R AR G, R P B 25 A BE 4 S B SR T B o, SR 2R T 8, 2 S S R T 1 i 2k B g
Jei , Bt K PE R B s 557 , TR AT, 25 R AR O, R R 5—7 A AR B B B 1R X K 4 Y
FEEARE K, 2K R 1Y 35.4% , KK 3l i AR R DAl 8 Ktk AREI iR . 8 H G FE/K I iR 2
MR R, 7E 10 H B 2R F RS 2357.6 ¢, FREIRIEIR 36.2% , FE RN A4 10 H H K 3 45 565 1 i
I 7T 320 2, I 2R i i D | o B VR P RGH R AIG , AL R o0 06 P - B M AR/ N TR i 7
X BEN TR AT FEKRE IR LR IR TR, 7F 2 H B2 FEK B O R R B R 148.1 ¢, BMRKA
HIZE & AR AR AR 7K S 2R A H 32 1) R BH v s S BB S, RE MRS 22 ) b T AR T FE T 28 10R
FTEEHA, LR IE AR TR X L2 R Bk A 22 BAGHE A2 1 K BH 14 53 A 1 PR AT, 28 IR B /N, AR R 7R
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WD K 43, AR A R 2% R VR LA DM R R A 1R PN 114 5 7K Ay, 447 25 B FE K B Bh R LA IR 5 B iy
Kiseeva, FeFhE 3 alaL 7—10 H Zm 8B Fe K AR 4, B2 R Bk, 78 AR IR A -, %
HI7E 7—10 H 3K 4y 322858 i B A WSO ZE S i 2% 78 2 Ay Rl i 36 H IR R Tk

WIALE ZAE - BB K ik 1194 mm, 25 [0 B AT AN 5] SRA e M X R /K i 4 22 (1483—1585 mm) |, 1%
PEALHL X K 0 (709—841 mm) , RSB i e ) JLas i i R 3428 Bsf ] o A AR Y 5] AR R T
W EEAENAE 5—7 I H B 6 7 2247 (A ZE R R it 5 AR R Y 18%—28% , B RN I A93E H 431
i A K R S S A A — 2, L, 7RI 04 B 043 i X 7K 20 380 (4 7 b 2% A1 T AR R AZ AR 1T A3
B PR A RN 40 SRR BRI K A A WL, PR UE 2 B TR A A %) 1E R A A (R T In . T X A AR e AR
KA 3R K KRR R 200, (B AE 8.9 H FREL IR, M /K /328 S B B, R R - 2 M ek /0 (14
WEE T A JE W AE & A K T B K A3 25 A T BE 2 2 B PR, JE T S B AE KRR B, AR ) Ak i
FEBASE A8 S5 K o SR B ST AR E R RERE IE AR 4 (EL R A AT SR AN I ‘B AR Bl 72 [ T R 3447 (39 b
AU HIE R A A AR A A0 A8 P A XK A R i, 1 LI 40 SR AR b 28 B R i RR s R, Horp
£ 1984—2008 4EHIE] FF# T 161.4 mm, HE BN & T A EE I8 | X St — S Rl Eg 4 Kt
IR PRAERAS 2 B BUIR

TCHb T S B A AR K R, 5 A /K 1 K B 15 B 3219%, 1 7E 6 A 3 KK T 13.
37% 3= TIEAE G 5 N EAGFEK R AE 5 KR (41.7%) 2R LRERT & B AN AE KK 43
BRI AR 2, BIZE 3K 0B I FE L1 5 H | A XK s e IR B TF B2 A B R B A A
WiZZ B FEK S 6 A Z Je i 5K 4328 s T i, il - 581 58, (8 - oK 58 77 32 B BRI, 168 24 1
BK Ay 7 B = IR IS FERL - KRR, K432 s B 5 R R RE S 22 BB AR A Jy A I, BRAE A 0
IR B D | Rl AR R 2 & A5 S A5 B AL, AL S BERR A, 208 1 A KR 25 1 A FH A AR UE A 40
RN T KL B A TE 5—T H IZRIBFEK i (5 AR 2RI FE/K St 49% , 3R B RIE 74 7K 43 38
M T, B T A ISR E N 3 PRI R Bk ook iR 1 . BB FE K a7 A (3 IF
BRI, H 7—9 H SpRFEK I LA IR T, R 7—9 H B AR Az b 1 %, L DRI 5 2 ) v 905 b 3 DG it 7
T, 18 R MUK R SRR S T Bl M B P AR K v R K Sy e R S K R R
PR S A Sk AR DA R R K S R AR A 0 2 R kI S BOK S R
AR R W, A KA B A I K 8 X R — e XA T K R E AR, R A
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