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Characteristics of photosynthetic productivity and water-consumption for
transpiration in Pinus densiflora var. zhangwuensis and Pinus sylvestris

var. mongolica

MENG Peng'?,LI Yuling"*, YOU Guochun®, WANG Man’
1 Agricultural University of HeBei, Baoding, Hebei Provience 071000, China

2 Liaoning Province Sand-Fixation and Afforestation Research Institute, Fuxin, Liaoning Province 123000, China

Abstract: In order to photosynthesize, land plants must open their stomata to exchange small amounts of CO, at the cost of
losing a lot of water vapor through transpiration. This gas exchange is unequal in that more water is lost than CO, is taken
in. In general, fast growing species are characterized by their high photosynthetic capacity, most of which is achieved at the
expense of consuming large amounts of water. This trade-off poses a serious challenge to forestry in the selection of fast-
growing tree species in arid and semiarid areas. The ideal forestry species for drier climates should maintain a high
photosynthetic capacity as well as low water consumption for transpiration, but such species are very rare. In this study, the
LI-6400 (LICOR, Inc. Lincoln, NE, USA) portable photosynthesis system was employed to measure diurnal changes in
photosynthetic and transpiration indices in sexually mature Pinus densiflora var. zhangwuensis and P. sylvestris var.
mongolica (18 years old). In addition, the cut-branch transpiration method was used to compare stomatal and cuticular

transpiration in order to evaluate the sensitivity of stomatal opening and closing and to characterize the photosynthetic
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productivity and water consumption for transpiration in these two species in different growing seasons. P. densiflora var.
zhangwuensis had a higher photosynthesis rate (P,) and a lower transpiration rate (T,) than P. sylvesiris var. mongolica
under the same conditions. In May and July, the diurnal changes of P, and T, in P. densiflora var. zhangwuensis formed
double-peaked curve as a result of mid-day stomatal limitation, while it formed single-peaked curve in October. The daily
variation of P and T, in P. sylvestris var. mongolica exhibited a monopeak curve throughout the growing season. The net
photosynthesis per day in P. densiflora var. zhangwuensis was higher than in P. sylvestris var. mongolica; values for the
former were 163.4 (May), 211.1 (July), and 183. 6 (October) percent of the latter. The photoresponse parameter
measurements showed that, in different months, the maximum rate of photosynthesis of P. densiflora var. zhangwuensis was
greater than that of P. sylvestris var. mongolica, and the former also had a higher light saturation point and a lower light
compensation point. The stomatal conductivity (G, ) and T, of P. densiflora var. zhangwuensis were lower than those of P.
sylvestris var. mongolica when measured at random times. The stomatal and cuticular T, of P. densiflora var. zhangwuensis
were lower, and in the same drought conditions, its stomata were deeper and had a higher sensitivity for opening and
closing. Water use efficiency ( WUE) of P. densiflora var. zhangwuensis was 2. 29 times that of P. sylvesiris var.
mongolica. Analysis of the correlation between G, and WUE showed that P. densiflora var. zhangwuensis could maintain
high WUE when G, levels were high. In May and July, when P. densiflora var. zhangwuensis exhibited midday
photosynthetic depression, its G, level was low, usually in the 90—200 mmol -m™s™" range. At the same time, its WUE
was higher than that of P. sylvestris var. mongolica, indicating that P. densiflora var. zhangwuensis could effectively
conserve water by closing its stomata rapidly at midday, so as to maintain its high WUE. These results implied that P.
densiflora var. zhangwuensis can improve its WUE | yielding its higher P_and lower T, and achieves its fast growth in arid

and semiarid regions through its sensitive stomatal response and leaf xeromorphism.

Key Words: Pinus densiflora var. zhangwuensis; Pinus sylvestris var. mongolica; photosynthetic productivity; water-

consumption for transpiration; seasonal changes

e SFAE YR I R b SR T HE AN X S R SRS AL, A KT RUAL, 1 2 B AR R
ARSI DAY CO,  SEBUGE WA R . — R, A AT ol ) 3 A M A0 e i 50 s ) O BB ) 52
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Table 1 Forest Growth Situation of P. densiflora var. zhangwuensis and P. sylvestris var. mongolica in sample plots

= A4 1 S-14 g A 4 S H A AR
R BB Awa/ I Density/ e PR PRI AR A G
. 2 B Mean tree height Mean DBH Vertical distribution
Tree species hm* (Fk/hm?) Age/a .
/m /cm of fine roots/m
WK P. densi ar.
GIIA P. densiffora var 2 705 18 6.8+0.9A 12.9+2.3A 0—1.0
zhangwuensts
SEFHA P, sylvestris var.
BEAN P, sylvestris var 2 705 18 5.3+0.7B 10.9+0. 3B 0—0.4

mongolica

B e P AR AE A P e REA R ME 22 (n=63) , A, B FRIRTE 0. 01 7KF 1 22 540 b 3

1.2 WEmH Sk
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ot A R H AL I e BT BUR S L KRR (WUE) i P, 5 T, (9 H RS 1248 b 2 45 H 4 )
FHEA F A 7K A T RERI ALY CO, , &Ml ARG A AR = 528 I FE K Y EH B4R R .
1.2.2 Jema g phZe S50 e

TER HE B AR G — K, T 10:00 M 385300 A I 2R 47 5w 1 2 8000 2 o 0 7 e 28 K P i
TEIEH RS CO, WREE R il BEVE I L RH (70+5) % 2545 , FIH Li- 6400 £151 CO, ST F A7 RO £L 6D
P E , & 7 B % B (PPFD) ¥ B 4 2000, 1800 ., 1500, 1200, 1000, 800, 500, 200, 100, 80,50 .20 .0
pmol + m™+s™ [ WMZEAIE PPFD F4H0HAY P, WAFD P, 5 PPFD Z ] ¢ & Al A SPSS V13. ONonlinear
(8o 7l NBU S ZY s 8 B 1) S

P,= P, (1= Cpe ") (1)

A, P, REEKEOEEEE, o HIGE T OLETFIHZCR (RIFRME TR, AQY) , C, A— 556 T i
A HAR I TEMWIENR, 24 PPFD 5 0 B, P, R qE, B2 RGN 2E (Rd) 3@t A (1) ATRATHE,
b IS AP T R RCR R4, AT R SR EAME S (LCP) .

LCP = P In(C,)/a (2)
B P, k3 P, 199% I PPFD RyGHo A5 (LSP) , I .
LSP = P, In(100C,)/a (3)

1.2.3 S FLZEME A 2 28 i
TER R AREA b 08 1E 7 % 8 B9 24 4E AR /N 3 A, 2R FH U A 25 10 02 0 o A< AL 28 I Ry 2 28 i 10
PR AE A/ IR AE K PP 10—12 em, BUS KU T RSK 25 88 N, & T BAIG 8 18 40 F R A7 1 A K
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AALTF R S A5 RN 5 42 G P 5 R RRASE AR X 5 7K RIA LT R AN 58 4 S AT A ARG S KR, IR 2% B
LA IR BN d (B, d (EZIE SALIT A RS 0 — MBI S5 d (ERN AL G T BRRGE , 352K
IR D

FEDEAT IR 26 1 5296 (4 RIS, 40x 10 A5 A= Sl B L 1 AL IR EE | R 80% PRI B, b (232 ]
SE TR (Chl) Fr ™ SR T Rk
1.3 b

BER F SPSS V13. 0 AR TECRSE T 34T, W20 [ 5508 64 T B PR R J7 22 50T (one-way ANOVA) | 2557
R M LSD g E I, ISR HIVER FH EXCEL2003
2 ZERE55H
2.1 R SEFOCERE
2.1.1 AREZFETLEHEFE(P,) HAEL

1R ,5 AT AR P, HASME A RUGERL 10 H Ry B ml | 7R R AN A K 88 g g il %o
FeAr BT H AR IE R B, 5 ) S0 5 — NI BN R] (9.00) #A% F A8 5L, K/NK 9. 797 pumol »m ™57,
YYERE TN 1.5 F%; )5 P, (EIRHFEAL, 1100 58T 0, E 3 15:00 BEE SR T AR R 52 & A
BT, 55 AN R AE 16:00, K/NA 3,365 wmol -m > s™ AR5 — A AY 34.3% . 167 H %k m
AWEEAE Y 9 FRAE 10:00(10.415 pmol -m™s™ ) A1 14:00(3. 19 wmol -m > s™") ; B FHME(E H BLAE 10.00, K
/NN 6.856 pmol-m ™ s™ USRI — MY 65.8% , 10 H, FIAMF P, H AR (L 5L iy | H g
{8 HBRAE 1200 , BN IE (20 B TR0 2.2 %55 5 AR 7 AL, A FD P, 76 14 2 A TE (8 A4 I 1) 3E
&, FAFEAAE R T, 24 2= B TAAE 1800 B P ¥/NT 0, 22 )5 sl BRI ; A TE 1800 )5
FEARZRNE . (HAA—IRAYIE 7 A R0 AR FAME 1900 BHERE T 50 BPEIR R 10 H it A [l
% Rajendrudu 5T, BEFEI R 205 F= Wi £ | ) 4 1 38 2o P W A AR i st 2 (R Al K AL 54, LABK 1k
i3 ZWRAAL A P T SR AR F R A VE PR R R AAAE 7 A 1 10 A 1900 FRERR AT
W % AT R Bl A A i A A IR ] DS YRR RIB TS 2 R T e KOG E T i
Z AR TR Y S s i X LB R TR G & P W Ak Gz e ) B A 22

BB, BRI H O A 37E 7 AR 8k, 10 H&oh B EA A HRR B B i e T
FEFH 43 e PN 163.4% (5 H) 211.1% (7 H)F1183.6% (10 H), H 5 A M7 AWF HYESE
SR ZE R E 10 A (P<0.05) , BRI, SHTIAHLL , BRI A 8 1 B0, ELAT XI5 T B 7
PR H AR R
2.1.2  AN[EZE G0 R SO G2 i R

S 7 T 28 S e T AR A RS AR X R B 24544 N A P, BE PPED AR Ak A, RIFHA (1), XF
A K ZE T AT R i 7 R HU A 25 R

5H FEFR P,= 6.875(1- 1.120e %57 (R*=0.931)
LAV P, = 9.585(1— 1.031¢ ®OrPHo.5sy (R*=0.994)
7TH EFR P,=7.18(1— 1.839¢ " ®IPFH/718) (R*=0.948)
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Fig.1 Diurnal changes of photosynthetic indexes in different species in May, July and October and comparison of net photosynthesis

per day
Bl A A EARMERE (n=5) ,a b FRIRIE]— AR RP R 22 5 3, B AR TR -0k R 22 5 R .25 (P<0.05)

LAV /N P.= 10.941(1— 1.042¢7 0101054y (R*=(). 884)
10 A FEFm P,=3.722(1- 1.42 %2702 722) (R*=0.972)
LATLVIN P, = 8.103(1- 1.299¢ *-082FPF/8103y  (R2=().963)

FEA AR T AR Em B S 806 B AR (% 2) EARRERAS = iR in i P, IR TR+
P R RE FHARY 139.4% (5 ) (152.4% (7 A) F1217.7% (10 A) , F— K BB & e K,
M LSP Fil LCP 0] LA H, #2a0hn HoA B & i IR RS R AR A e kb2 PR R & 83897 7 Ay
IR BN, MR R A BT B2 7040 4 6 BRI ‘B AR B, — Bl IR 30 C 22 AR ge v 7 A i
TR IEAEX AN P TG RRAARDG 78 12, By DA 4 K B e K, MR R U s i S X S A T
s (ARSI 2 N it R B B3 TR, RS M R & f e R s LA e 71 i FR B
Z—, NN SHGA R BEE AR R EM A P BN, TR, BHHE K, 10 A B EERK, U
HH Bt R AR 25 2 B 1) A (A e, VR s s (BRE T-AnAE 7 H P /N, Ry K, QAT AT A, X 5%,
VR T X7 A G Wit Z B R8s i sUs il P /R, W HIE R N AE P 66 808 FEAR
[ AR R = RO A RCR Y & TR, U H A B m DA RCE,
2.2 WRM SR INZEB R
2.2.1 ARAEKFEWNT G 1HZE L

S ART A, RN EY T SR LTRSS, B H AL R IAUER(F 2) , P K E N
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P FR T 7R3 G, R EFIEAR —B (K 2) ,#E—E0 07 T .G, HRZRW AW T 5 6. [
AFAER I 25 IO Z MR IE A G PE (P<0. 001 ), oA 32 AR AH 56 R B R (r=0.9987 ) , UL BH 2 iihn 25 15 T £ 3%
SALBR S, S A VIR ZE S HE— 2 B T AR RS FLAZ B B SRR LA B R AL AL IS o o 2 2R B R

K2 TRERFTRMEBEFAEETESHEHRFHERSE

Table 2 Characteristic parameters of light response curves and chlorophyll content of leaves in different species in different season

i ERF Hmﬁz,z L wnLn(l:_P;q CoAY wriT,:’ C M,ﬁd.;—z . P,./R, Chl
Spieces Growth season o) o) 1) 1) /(mg/g)
LN 5H 793.450 5.225 0.056 9.585 0.297 32.273 0. 842
P. densiflora var. 7A 3177.206 28.133 0.016 10.941 0.460 23.785 1.646
zhangwuensis 10 A 480.920 25.850 0.082 8.103 2.423 3.344 1.528
R 5H 523.221 12.567 0.062 6.875 0.825 8.333 0. 694
P. sylvestris var. 7H 1782. 826 208.296 0.021 7.180 6.024 1.192 1.071
mongolica 10 A 392. 459 27.769 0. 047 3.722 1.563 2.381 0.312

2.2.2 SALZEME R Z 2N A

ARG LI, AR S AR 7 7 il KL A T2 e RS MU /N FRE AN (R 3) L U
W1 A R FE K S RN S5 T A LZE I FE K AL . RIS 32 d (EHR/)N, U WA 82 A oA - LT
PATTRGIEE AN AN Bt , 32 A S AL I U 5% FAT s ) 2 2R X6 5 7K R (RWCSCP ) R FL 58 4 5% AT IR 18 R 657 7K %6
(RWCCP) %15 VAL B R T2 28 10 2 55 1) AR e e ) 06 B 32 iR AL G B 5 v e el 8L K i ARk B
Wik, SEE2 aTLIE S AT A4y BAREFAS G, JFIE T BRI I3 RAA I 2 h, BRI
ANFARE  UE AT S sl 22, T UL ZERE AR K 2 | sl DAL A AL SO A fL oG
P J 458 R I AL 25 KR B N £ TR 2R B U K 43 IR RS M 3 1 T R A A s 2 — Pl T R 4%
TNAEAERTREE T, 10 A0, AR d B2 K, R E KRS AL, /A RO 2R A8 (P
sylvestris ) AN )% AL TR BE REAS (8—40 J& ) S FLX PR BT 10 HUBME AR 8 W, AL A RE A S LU PE R
CFIASBFFE S5 A — 2, Ui S A AE 10 A il TR Al e 1L T P U P R AIG, i £ K g

£3 RN ETRUIEZEBRFERN FEXERLE

Table 3 Cut branch transpiration characteristics and relevant indexes of leaves in these two species

RRAPZ
S ONAE , B
gy CBEE AL T
ZE AKET RWCSCP RWCCP T M Max J Stomata Sindlo Lot "THAKE
Tree species Growth season /% /% cuticle depth e LWC/%
stomatal T', o area
T/(gh /um )
/(g-h™'em™?) o /em
‘m~2)
[0 5H 79.3757Aa  44.8725Aa  15.65Aa 3.76Aab  0.025277Aa  22.54Aa 0.75 Aa 62.11Aa
P. densiflora var. 7H 74.2688Aa  38.7398Aab 17.67Aa 4.72Aa 0.033497Aa 41.18Ab 1.12 Ab 60.91Aab
zhangwuensis 10 H 62.1785Ab  30.7854Abc 14.36Aa 2.95Abe 0.069875Ah 40.38Ab 1.14 Ab 54.73Abc
FEFH 5H 66.4876Ba  33.6574Ba 21.26Ba 4.26Aa 0.067614Ba 5.23Ba 0.97 Ba 58.32Aa
P. sylvesiris var. 7H 65.2955Aa  30.0434Bab  23.19Ba 5.24Aa 0.075061Bab ~ 11.13Bb 1.66 Bb 55.89Aa
mongolica 104 52.8789Aa  24.4398Abc  10.76Bb 2.16Ab 0.097054Bbec  12.29Bb 1.68 Bb 32.17Bb

A,B FR[E— A B A BT 0.05 KF L5 LE 0, b, c FoRFE—WFAR AR 0. 05 KF LR LF, FHE TR ERALE

2.3 R IR TR K 2 R HECR (WUE) Hegs
T4 L AR R EAN Y P, B THAK 86.7% T T, LWL THA/N41.0% 728 WUE {2

N

FRTETHN(P<0.05) , AR 2. 29 £, sZRA WUE SR BUAE 7 A, ko 5 A 6y,
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Fig.2 Day changes of transpiration rates of P. densiflora var. zhangwuensis and P. sylvestris var. mongolica in May, July and October

B AR EZE (n=5) , SR L /AL BRI TR D7 B =S el Uk 7, F G,

10 403 s Wik 74 WUE e R HBLAE 10 A0, Lk 7 A6y, Bk 5 A, it —25 % 84 A K 2 A
Pl WUE F1 G, SEA7 WA 307 (8 3) , R B A R AR R, 2 i AA AL 3 AR T 200 mmol - m ™5™
i, WUE B G, B34 du s hn , 2 J5 2 W i TP AR T E AL S BE T, WUE BEE G, 35l
AL, Z S5 W TP ha . AW & B, ZEgC BB N B4 6, /MBI T 90 mmol-m ™ s™" T #
KA G, F/MAPT K 42.6 mmol-m™s™ . 7EH = S AL T BEVEIE P9 (>200 mmol - m™s7") | K HA WUE W] &l 5
THRETH  TERAR AL ST I N (90—200 mmol-m™>s™") | B K WUE SRS TR0y 78 B RS AL S
FEIPY (40—90 mmol-m™s™") , A HA A B, WUE Z97E 0. 1—0. 4 Z[] IR T 2R Fp i 347K
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Table 4 Comparison of Mean P, ,T, and WUE between these two species

W Fh AR P, T, KGRI WUE/
Tree species Growth season /(umolCO, -m™2s7") /(mmolH,0-m™2s7") (wmol CO, -mmol™'H,0)
LAV /N 51 2.572+0.243 4.143£0.364 0.621+0. 056
P. densiflora var. 7 H 4,126+0. 652 4.974+0.517 0.830=0. 124
shanguwuensis 10 A 1.442+0.512 2.361+0. 144 0.611=0.095

I Mean value 2.713+1.348 3.826+1.335 0.687=0. 124a
(RN 5H 1.635+0.751 8.794+1.254 0.1860. 059
P. sylvestris var. 7 H 1.9400. 245 9.108+2.395 0.21320.042
mongolica 10 A 0.78520.358 1.564+0.428 0.502=0. 024

I Mean value 1.453£0.598 6.489+4.268 0.300=0. 175b

TN AR AR FATFIIEEARPRUER (n=3) ;0,0 FIRTE0.05 KT L2257 0H

3 i

WEGERIT, f 46 [T B FDR £ 6 (DAP)
S PR TTSCHER A0 G A% (LSP) 4% 160t
AP (LCP ) S 2 HH L P BRSP4
FREERS IO A IE ) B RO 53 1 BT Tt
XRS5 P, 750 PR A8 (L 2k b
B BAE LCP B S5 2 — ) T 32 e 3 2
PECS T I R TR b, 3B R — A 4 )
ORI, PR TR KR p, iy B RTERSRRMRETIRWIES 6, BAZT
D T AT S T 8S)  B A2 I R Fig.3 Regression analysis on WUE and G, of these two species
SAMT A P, AASHE SRR P24 Tt /4R
G A R L A T AT
WA ™). PR RROR B LSP ARG, B /LR 27 SOV B L 5 A ) 1 2
SR P, FART BGOSR 6 10 A0y, TR PRI S P, RBLIERL, T, 81 G RIS
FAE 0 B A P - ABR T R ARAATE S 1A T JI BT bRRFE I BRI, 5 P, 25 IR G A
B DR T R LA SRR PR LA e TAA EAEUR (d (4501 PP SRR IS 22 1R
B 2 THLIEH e G, B (I 3) B T CO, 6t T FECLRE P, F I TITFE 14:00—16:00 1<
ALRRUATIF T G, ATFFHERD, P, 72450 AN, WG G RS P, TR SR AP it £
ERLIRE. 165 A F AT AR, SRR THT, R TR T 26 °C b AR fIBET T
10 CBHEAE R 5 C 2 B0 A I AR A i, “CIL BB B3R, BT P, 2P 4K I £ 25 4,
710 A6y, FROGARPFOZE A THLBUBIEDT T e, S50 0, SR, P, W HIBE UG, e
THE GBI M Z] P, CLLTFIAREIT I | I 3) JIE P, HE(OB 2 ALIR AN, B E B MR Z
LB 7 0L, BRI ) M5 F SR 1 S MO A7 7 TR T 3 A AR IR FR B 2%
SETEGEITTES

LUK R REAK ST BB R A ) Ak 435 B bR ARMES IR/ P 4 5 107 J1 it
T, FUBSHUR 5 P, —RESL 2P0k 80 B0 FME T K 0 TR S/ L, 37 S QA LR
T BEURE | P B IREH T CALGH , S8 G R T, BEMIE. LRSS A6 P U AT 55
R THL T, R I R, 53 ST ABF LRI B T4 7, AT R R ) /P AT A
SRR TIRBEA UL UHE TR R 7, 5. 10 J1 08 IRAL T, I HCHE TRAJC, BRI B 7 HART sl 1
IR 555 O T 50 28, 4503 AU (6 2) A PR (1 1), “CALR B4 K 7

L4 - y=0.5573In(x) - 2.0139
R2=0.6598 n=30 P<0.001

- =
o N
—

o
0

3 =-0.332In(x) + 2.2029
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FERL R WUE , 33 EPE 1 Fif 1 ¢ T A BB TE AL IR TR S5 F T PRI 06 A 7 R 28 1 AR /K R M 1Y
Waio 725 AT A Bt TO0 6 “ FARIRSES, 6, B8R, — A 90—200 mmol -m™s™ JEE P, It
R B WUE G R TR AL 2R il BE A% 7 v A i i T 53 5 TS L ok AT B80T 297K 73, T P A LR
K FIFHRCE (WUE) . ARF5ERT, dh A SC P SALA B TR RRE E I CO, &t , TTsl NG il i &
AT R R AR R S LSP MR 22— T A4S 225 1900 A1 7 R H 30 = 1 P g 3ok
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MR AE T 5220 T 5l DA (0 FH A, G 52 P I 5 1 T L S22 e 2 3 o T S AL Sy, G
TS FLIF MLV 2R 1 I AL 2 — 0 i b AL IR PR AR K 1K R (i 5
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