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PR R P AR st 3K Ay I B IE R UK TR FHE TR 3 MUK SRR, 4351 T 2016 4F 9 75 2017 4 9 A
SEM R SR SE A avE T HE MOE L T ERIREEE bR, WFFY T2 2 4F T R T RERHHE DO R 58 E T
FE oy PR AR 3BT T 1T R AR RHATE /N ERT TR (R T R, 2016 4E 5 2017 AE b BE T R A T Ihhg
WAL E AR (P,) ZRIAESFLRRE], 5 1EF KA A3 BIREAR T 36.08% ,56.42%518.47% 5.13% . 55—4F 1T R Wpia T REA
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Effects of water stress on leaf gas exchange and biomass allocation of Populus x
popularis ‘35-44’ cuttings

ZHAO Yuqi, GAO Miaoqin, LI Tao, WANG Weifeng "
College of Forestry, Shanxi Agricultural University, Taigu 030801, China

Abstract; Soil water content is a key limiting factor to development and ecological function of artificial poplar plantations in
semi-arid area of northern China. To examine the effects of soil drought on a poplar variety PopulusXpopularis ‘35-44° | 3
soil water levels, i.e., normal (75% £5% of field capacity) , moderate drought (50% 5% ) and severe drought (25% =+
5% ) , were set up using 1 year old cutting seedlings grown in pots. We measured leaf gas exchange parameters, organ dry
mass and leal economic traits both in September 2016 and September 2017 to analyze interannual changes in leafl gas
exchange and biomass allocation in an attempt to elucidate the effects of soil water stress and ageing in formation of the “old
dwarf trees” phenomenon. Compared with seedlings grown at the normal soil water level, leaf net photosynthetic rates (P, )
of seedlings grown at moderate and severe soil drought levels were reduced by 36.08% and 56.42% in 2016 respectively and
also 18.47% and 5.13% in 2017 respectively, mainly due to non-stoma limitation. In first year of soil water drought

treatment, stomatal conductance (G,) and transpiration rate (T.) of seedlings grown at both soil drought levels decreased
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significantly. However, no significant decrease of G_ at both soil drought levels were found in second year, while T,
increased at both drought levels significantly, which could be beneficial to transportation of C and N to leaves and therefore
maintenance of P . In first year of treatment, with increasing severity of soil drought, leaf C/N ratio increased significantly
and more biomass was allocated to foliage. However, no significant differences were found in leaf C/N ratio between normal
soil water level and moderate soil drought level in second year of treatment, while the decreases of all component biomass at
moderate soil drought level in 2017 were less than those in 2016 with a significantly higher root-shoot ratio, indicating that
more dry matter were allocated to underground for root construction in acclimation to moderate soil drought. In comparison,
more dry matter were allocated to stem at severe soil drought level. After two years of soil drought treatment, water use
efficiency ( WUE ) and photosynthetic nitrogen use efficiency ( PNUE) of functional leaves of seedlings decreased
significantly, but nitrogen use efficiency at whole plant level ( NUE) increased significantly. Increased leaf water
consumption, decreased PNUE and increased stem xylem C input of PopulusXpopularis ‘35-44" seedlings at severe soil

drought level may be the main drivers of “old dwarf trees” phenomenon.

Key Words: Populusxpopularis ¢35-44" ; soil water stress; leaf gas exchange; C and N content; biomass allocation

Wt ( Populus spp. ) 2 TH 50 ] PN B2 0 3@ ARORIBR IR B | o2 AR LR W F 9 OB A, H A3R
Pt N TR AR EL 35 850 277 hm® , Hirp—2f o« = b7 s X A B kL 73 XA ) Ak i 3G 36
e RTE AR R TMIE i /N, B BT 5 A 25 i AR A N AR R b T FE K G B i B0™ H A -
TR LI TRME Y BE SRR, RAOREE T, T 5 X AR AR 7= 5 (4 BR 1 7 F AT
Resift — LR

FHET A T AR SRR K B RIS R OB R A T R, A K AZ BBl E ok i AR
BN i RUBE K A3 R FHRE I RRAIRET o BREART A (A 4 AR v 1o, g A S 5 K BEL 38 48 K, O 249
M (7K A3 S EOPAE S B2 P BRI R TR B R IR TRTART I A RS A3 23 SR BRCAR ] 7 3
SR IO X T S, LARCA K 43R F AN 25 5 TR) R A 23 T A e 4 i B Bk K oM 3 SRR v, D
iR 7K WA, AR PR ER AT AR LR 1 TR M 458 A 118 A A 25 AR T e A5 9 18 o A 4 5 K 1) 7K 4342 Kl
AR XK AR TS RGRGTEME L (A BT R HOK ALK TR THIE B N ER 1
SRS AT AS 20 B

BEAA ( PopulusXpopularis ¢35-44’ JERLE X EE | ,XULJ?EE%L%%1¢ e iRk, Hoe =db” i X 7 B A 14 gt A
HTZ N ARSI ARG B R} 38 B AR K S WESE TR 2 AR T 5B E X A 4 1
WRACH 5 8 B T T B4 FL B 5200, 5 e — 20 B W] - 38T S8 R EE I3 I FEA B L /N T
PRI R, LU O =07 s XA AR A AT ™ AR 4 AR B A Al

1 SEWMBETE

1.1 SEEHHESL

SR LG A TR R A B Ll P AR R A bR B S e 1 T s A G M T HE AT, I WAL T 112.57°E,
37.43°N, g4k 796 m, 4F ¥ H BEHF £ 2500—2600 h, 4355 10°C, 4F Y RE /K & 458 mm, 452 78 & &=
1766 mm , JoFEHA 155—175 d, J@ B s KBtk e, Aol 3 i B v T 2 4, ot O 38 4 BEA PR 1 o
N AHUR 1.79 ¢/kg, RA 2.4 g/kg, 220 1.5 g/kg,pH 7.22, HAJFEK & 26.94%
1.2 SEEbbRHS A

F 2016 4F 4 AHIER R 35 em  EHLAE 30 em WYDEH , ACET 2 JZRE004 #8004 L4 2 J2 At 1150
B TARAE T £ 18 kg, 30 35 470 B R (0 B8 0 RS B K, A A T OR8] Kk e HERR 4 AR K
ot 5] —2 A9 K 20 em W—4FEABEARAS ( PopulusXpopularis ¢ 35-44 ) 25 04 7F1 4 , A:40 1 #k, 3L 60 £k,
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FTIEH AARE B, 2016 4F 6 HRTTUG JHAR i SEAT R 2 AR ) 38 T A 3, 308 3 M BR B2, &ALk 2 20
B (1) IR K (CK) s -8 A B TS K B 0 75% 5% (2) HEFE (M) & £ ek ik BT A i
9 50% +5% ; (3) BT 5(SS) « HHET /KRy MR K H Y 25% +5% , H5 R EFMEIEATRREL AN K, fdi 2% 4k 21
YRR BOE I TSRS S K G E N JFER L bk i, I B R (AR B ) 5, SR IRBE AL IX 4
wit. T 2016 45 9 H A5 2017 4F 9 H gt DAL 3 S AE 15 1 (Rl R R4 T SE SR e An I e
1.3 ARSI E

AL PRBEHLIEI 6 Bk, T 10:00—11:30 am HIfEH#EEEH M 5E (X (Li- 6400XT, Li-COR , USA) , Il & 4
PRIBEM h 8 B R (P, wmol m™ 71 ) SR RSB HER bR . LLHEDEIDLIRBEE N 1500 mol m™ 5™
LA 500 mol/s, Ml 25°C , HIXHZEE 60%—70% , M5t CO, B (C,) 1 410—440 pmol/mol,, FFi15FLER
HMEL(L,) = 1-C,/C, ; B K53 FIRCR (WUE, Water use efficiency)= P,/T,
1.4 Mk EOTR &R lE

WS YA ST G A A 105°C R TE 1 h J5 75 CHLT B, Bt 200 B it T
FRE 0.1 g BES  FHBREBR N IR A &, FELRAE 2L ( Food ALYTD5000, OMNILab , Germany ) il M40 75 it
B RIS i (N, , Leaf nitrogen content per area )= -2 & x5/ AR 5 B 40 = 2085 i B
T+ 1B A E A FHACE (PNUE, Photosynthetic nitrogen use efficiency ) = P, /N R EH FHRCR
(NUE, Whole plant nitrogen use efficiency )= 3k i T8/ A, A 2t D0 SR FH 3B PR A — i 1R S b vk
1o
1.5 A RARARIE

ST 2016 4F 9 A1 2017 4% 9 A%, ks~ RO RGN E A= Fokk s . BB 6 6 S 800t i
FAAE A A (43 ( DS-50000, EPSON , Japan ) 5 B F AL (LA | Leaf area) , BiAR 2 PR, AR 40 AR |
25 M3 R A3 E TR R AR R AR 75T R A RO AR A A T, TR
(LMA , Leaf mass per area)= M 5/ [ F2 ; A #R 5.1 F (DM, Dry mass) s R b =R+ F/ (M +E+ZE+
#H),
1.6 Kt

K H Excel 2003 X JF IR EHE ST 4725 4b B K 22 6] 76 SPSS 17.0 W1 one-way ANOVA HEAT AR R 224>
M1, % Duncan’s B2 il 2547 2 5 LA (1 KF-0 0.05) .

2 HR55%H

2.1 T RPEAX AR RS S 0

TS0 SEWEARY P, 5 WUE TR, TR0 TR 2016 4EREAM 6, B ERITS, 6, .C, L, FiEH (i
KA T B E XS . BT S IHAREEE R, 2016 4EIN4F P, WUE T 03 TR, i BT 5 a5 8 T 5
T PS5 IER KA A3 R T 36.08% .56.42% ; WUE 435I R T 20.45% 38.64% , 2017 4F v B T 5L
WM P 5 WUE X HEIEH K0 FRE T 18.47%330.00% , ¥ T RA P S E TR R E LR, T,
A5 2016 AEAHL . TT UL, B —4F T 5 XA 4 i SRS S RO RO, 35 AR T S X H
USSR ZHOE R LT B AR 2K 23R TS & A2 (1)
22 TEREPHESHARBI R C N S N R

AR T R 55 AR T R E XY C N & A W 2 e WK S Ba RS IR, 2016
EMFRER M N & it B3 PR, C/N Bt m  mE T RIA T N, SIEF MM L 8% T, 2017 48
JET S HE N AR N &8 N, 50 AR R 48w b BT RN R O/N SIE R BOK AR T B 2
5o TREME TR NUE B3 EFH PNUE .35 T 62016 455 2017 R4S B2 T 5 ihia | B BT R e
T PNUE SIE# KM, S SIMIE T 38.54% 43.29% ;16.85% 20.44% (% 1),
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Fig.1 Effects of different water treatments on leaf gas exchange parameters of poplar in 2016 and 2017 ( values =mean+SE)
NG ER ST NG it i s e F e i == (P<0.05) ;CK; 1E 7K Normal water level  MS; H1EE5: Moderate water stress , SS ; 75 &

=}
+ Severe water stress

F1 REKSAIEST 2016 £5 2017 £B A C N EER N F AHHM
Table 1 Effects of different water treatments on distribution and utilization of C and N of poplar in 2016 and 2017

2016 2017
JEF1 Parameters
CK MS Ss CK MS SS

MR & leaf N/% 2.1120.12a 1.740.14b 1.48+0.05¢ 1.16+0.02d 1.13+0.05d 1.81+0.14b
% 75 1 leaf C/% 36.30+0.17b 34.96+0.04c¢ 34.79+0.48¢ 43.31£0.97a 43.50+1.31a 43.29+0.68a
LR VAR AL gy
N, /(g/n?) 1.65+0.11b 1.52+0.08bc 1.39+0.14¢ 1.61+0.05b 1.58+0.02b 2.02+0.21a
R A 7l 3%
fjﬁi‘?ﬁ?ﬂ? 248.55£29.00d  330.79+29.01c  401.56+27.73b  350.99+58.83bc  527.41+105.11a  561.95+47.90a

g
N A’= 1 7l 3%
i;;sfjm”f(% o) 11.78+0.78a 8.19:+0.46b 6.68+0.66¢ 7.24+0.22¢ 6.02+0.08d 5.76+0.63d

mol g =~ s
M8 L leaf C/N ratio 17.30+1.22d 20.21+1.87¢ 23.48+0.80b 37.48+0.60a 38.45+1.64a 24.02+1.81b

Norea PN TR A B A Leaf nitrogen content per area, NUE: kA F AL Whole plant nitrogen use efficiency, PNUE . A AR R R
Photosynthetic nitrogen use efficiency ; & TVEUE AR HEIR (BUE = P E+RAER ) | B —15F A R 71 88 Rl — 8 bR FE AL B 2 (B A7 76 B 5 22
5 (P<0.05) ,CK: IEH# 47K Normal water level,MS: H1FE 5 Moderate water stress,SS: 5 J& T 5% Severe water stress

2.3 TEPE XA LY ARSI AL 1520

TR NS LA BERVNEZ R A YRR BRI TE AT E MR TE DM M bR
P TR, BEAK ST B R BE IR, 2016 455 2017 A HE A 45 2% B A2 W 1) AR 3R A2 B OK [) 2 B2 1) 0 46
2017 AERERMAIEAK S i AR FE R, i AR T DM W 3R R, Horp BT 5B A T R B B T 2016
WA TEEPETRSHEE T 2N N EREZES, AP E T 280t 1 5 5 155 Sk A H o AR
53.81%;23.69% , H— T Wil T REAR AR LIS A B0, B S5 X A L e B 3 22 5, 58 AP E T 20
T BEOAGAR 6 550 BEAH L R 838, e B 7= 2 B T R SR A A A, I T R TR R R
2016 4ET A TR LMA BEHE 2017 4EHJF T 500 F B HEMm(E2) .,

R2 FREKSLLEI 2016 £ 5 2017 FEE AR E KSR
Table 2 Effects of different water treatments on growth indices of poplar in 2016 and 2017
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F8H5 Parameters 2016 2017
CK MS SS CK MS SS

T Leaf dry weight/g 15.09+1.31b 6.97+0.26¢ 6.14+0.42¢ 18.87+2.18a 14.4+2.89b 8.17+1.33¢
ZET 1 Stem dry weight/g 34.53+1.64c 18.09+1.80d 16.50+1.92d 52.38+5.88a 38.5+2.13b 37.04+3.41bc
HTTE Root dry weight/g 28.78+3.82d 14.97+1.70e 13.82+2.57e 83.47+£9.01a 72.61+£7.87b 43.75+4.06¢
FEPR ST DM/g 78.40+4.52d 40.03+£2.92¢ 36.46+2.29¢ 154.72£15.21a 125.50+9.13b 88.95+7.89¢
Pk Plant height/cm 125.38+8.74b 88.18+8.48d 68.92+4.5%€ 136.67+4.97a 108.67+9.24¢ 93.67+7.45d
Hb4% Ramet diameter/mm 10.90+0.68b 7.90+0.57e 7.45+0.49¢ 11.81+1.28a 10.22+0.60c 9.20+0.53d
M L Root shoot ratio/ (g/g) 0.58+0.07d 0.60+0.06d 0.66+0.09d 1.17£0.07b 1.38+0.16a 0.97+0.07¢
AT LA, Leaf area/cm’ 60.81+5.87a 28.71+3.07b 20.88+3.17¢ 16.38+0.95¢d 10.37+0.54e 4.22+0.13f
HITHE LMA, 78.39+5.14d 87.31+4.86¢ 93.89+9.37¢ 139.69+3.31a 139.80+3.81a 111.53+6.51b

Leaf mass per area/( g/m?)

3 Wit

31 TG RIRE A A Bk SR P I

AR 2016 4F 5 2017 4EREARY C, L SXT TR 2% P B TR, REIhE TR T %
AR P, TR 2 N6 R G IR 19 A SLBR S (BT 1), 3 5 R 55 X5 B SE 1- 107 4 ( Populus X
euramericana cv. ‘ Neva’ ) FIRFFE A AL RN PR P RIARY) A I B A PTR AR X LIRS
BEAK P S AR R T L SR A PR R R B AR AR AR SEER b, 2016 AE T RPN TRERY 6 BE T
B, P, T, T FEBREHEON , 2017 4F 5 TR IRAFECRY P, T, 835 T X IR, R 2016 4F 5 1a T
REARM IS PRI G DK 3 UK 46 RE P E— BRI K, 5GP L AR A Ak [ AR R T 5,
TR RIBL R , 54T 5% ( Caragana korshinskii) ZRIAAML o 6 RGEMIR T FEOE BB FI T HFER H
IR, IR TG A HR T RE 2017 AEREOAS KRN R AR s T A R T AR RER N K 4335 i R
AR TR R RS W T A X R G R BN EA T AR A K SR AE LR R S 1Y P DU R 4
3 T R R TR SRR R WUE™ ST & B P R T SR AT R s et B WUED™® (HAR
FEAH 2016 AFF 2017 AFrp BERIEL B+ 5 Wi 4 035 AR T HEA D REM ) WUE, HL 2017 4 5 it
) WUE 30T 2016 4, i RE S HEARM S AR R T Y B s B Wiig in oK 70l R ge 58356 6, X 5
( Populus euphmtica)ﬁ%&%ﬂg7kﬁ%uﬁﬁ%lﬂ§*ﬁfu:m: o BRI, HIET BT R M WUE I ] S 80T
S DX N TARAK 327 0 T R
32 TREEHATRARBTF CNITRLR

Bk EAERE AT 3 TiC SAB 8% B FR 0L R B NI R LR PR 0 1 3 1 BB A 0 2016 AT S
BTREARM C N % 025 T B, SR B R 2898 s S5 A K o0 & e BRI BR ) 1 9 B Ay i, o e e 45 i 2
AE AR R T RERIREAL S, 2017 AR INAS T RBA T C S SR B2 5, T 28 T N
TN, SRR T R S HE T RN T B A (R ) RV AT RN TR TR E A
T Wiz f Aoy Be, MR NS S R R N T AR N LR R N, R R P, C/N A
Wy o ey 1) i EEE bR, E R R T 1) C/N AR TR E AR ) B —F T2 WhE TS R LMA Al
C/N B3 ETF EE =it T a4, 5 1-105 # ( Populus nigrax P. Maximowiczii) 2 BAEL > 5 T
LR AR | PNUE 3% 43 3 R R 5 0hha TR DI REM 19 PNUE &35 T B, X T R A2 fili 4%
R AR DL R R BBk NUE 425,
33 FRTHABGE TR S FER R

TR EA I TR ZEAT AR R A I M A A 2 S T RN BRI A R IR R E T
B, B SR AE K2 BIRR T . 2016 FEREARA Ik S LSS D8l Nt TR 38 J2 R O RS
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N TR (3R 2) o BB ARIERAUOK TR AR 35 0828 , R s A A & BUR bk iy it v B0 o 3515 m
BT AR N B G R RS R, AT R FE S LMA B3 R, AT RE S5O G W ) 2 v iy 43 I E 4]
B OG . 2016 AEREAR T WA T AR i A 1O KRB —4E T B A T REAR S e — e B Bl
REIEAAR TR L 5 A W i3l T R EREE . 2017 AEREAAS Hh BT 5L AL BRAREE LE 2 2 R, R WA AR 7E K
HRE T R T IR R e A i R B BRI T RIE N AE T . 2017 EEEE T RNE T FEARIR R
ARz B P E ] 25 P B B B AR $ 5V R ( Calligonum caput-medusae) FEPARARL 3 AT
AE T TR0 FARAZOE S H &Y KB B/ | 40 B R S SR O FLA R 4 =
W NG T G A

IERROKSRAET 38 ZARREAA T AU N i R 3 8 AR R R BB e A B TR HOK ) S B R T
FEXCR G, 38 5 AR R RUBEZK 53 R HTRE 77 AR #E R 206 7K 23 e 5 R, A R T REAR B 78 1+ 5
WEE R AR

4 #Hit

F—AE TR RA T REAMIEAR G DKok DU [ 2 S A& B Sl AR T AR Y
BOATOKRGLR, B TR T RAAE TR 6 0 F A H T AR R, L 28 B 5 3 0 o AR AR 1Y
P TR TR GG W) EEH T3 T AR AR A TR A 23 i M, R R S AR R AR
PR AWM DG WA ZE P B LG P, TSR+ 5 T, AL G Rk FEK 338 PNUE
TRELL R EE R B S ] REAEREAAS N ER B G A A E AR
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