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Photosynthetic and water consumption of tree species utilized for afforestation of

rocky desert in Guangdong Province

WU Junwen', LIU Shan®, LI Jiyue'* , HE Qian®, SU Yan®, QIU Quan’, BAI Jingjing’, Wang Yan®, JIA Peng’
College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China

Abstract: In rocky regions affected by desertification, prominent problems of thin soil, destruction of arid vegetation, and
ecological deterioration present a big challenge to afforestation. Artificial recovery of forests is a quick and effective approach
to restore the ecology of a region. Pot seedlings weight and Li-6400 photosynthetic system measuring method were adopted to
study water consumption and photosynthetic characteristics under drought stress in Machilus leptophylla, Liquidambar
formosana , and Michelia fulgens. The results were as follows; (1) The net photosynthetic rate (Pn) , stomatal conductance
(Gs), transpiration rate (Tr), and intercellular carbon dioxide concentration ( Ci) declined in the three karst species.

During severe drought, photosynthesis and water use efficiency of Machilus leptophylla were 2.5- and 89.6-fold higher than
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those of Liquidambar formosana and 1.9- and 26.3-fold higher those of Michelia fulgens, respectively. (2) Drought stress in
the middle and late growth season decreased leaf Pn and Gs in Liquidambar formosana and Michelia fulgens but increased
the Ci, suggesting that non-stomatal limitations contributed to the decrease in Pn. (3) The total water consumption and
daily average water consumption rate of the three species showed significant differences (P < 0.05). The daytime water
consumption was 74% — 92% of the total daily water consumption. Machilus leptophylla showed a high demand for water
with a relatively high water consumption rate that was 3.7- and 2.2-folds higher than that of Liquidambar formosana and
Michelia fulgens. (4) Diurnal variation in water consumption rate showed a single peak curve in all three tree species, and
the peak changed under different drought stress. (5) Over all, Machilus leptophylla and Liquidambar formosana are species
with relatively high photosynthetic rate and water use efficiency. The subordinate function results showed the drought
resistance ability in the following order: Liquidambar formosana > Machilus leptophylla > Michelia fulgens, under normal ,
mild, and severe drought stress conditions, and Machilus leptophylla > Liquidambar formosana > Michelia fulgens, under
severe drought stress. The results provide theoretical basis for further evaluation and selection of drought-resistant tree

species in afforestation of rocky regions affected by desertification.

Key Words: rocky desertification afforestation tree species; drought stress; photosynthetic; water consumption
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DA AR BN A 2O B R 3

WV LA ( Machilus leptophylla) MR ( Liquidambar formosana ) F15E M7 % ( Michelia fulgens Dandy) J&#%1t
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F1 EREKER(FHEAREE)
Table 1 Growth status for seedlings ( mean=SD)

P T/ cm Mo/ mm PRI AL m?
Tree species Height Basal diameter Leaf area per plant
WA Liquidambar formosana 55.7424.71 6.96+0.64 0.0518+0.0038
WriT W4 Machilus leptophylla 31.61.37 6.15+0.75 0.0405+0.0031
SEME 5 Michelia fulgens Dandy 98.7+6.65 10.53+0.7 0.0715+0.0096

®2 BNPEALESKESHBERFKELG % FHEAREE)

Table 2 The proportion of soil water content of field capacity of seedlings in different period % (mean + SD)

HiA P2 REL Drought stress days
Seedlings 0 4 8 12 19 26 33 41
b RARIEER i

. 107.65+1.88 91.85+1.39 76.36+2.64 65.32+1.47 47.65+1.03 38.89+2.68 29.26+1.89 6.53+0.72
Machilus leptophylla
Wﬁ& X 91.42+0.96 80.54+1.03 72.93+0.89 68.17+0.54 47.11+2.92 38.44+1.76 25.11x1.63 18.39+0.85
Liquidambarformosana
sent %
Lo 92.19+1.37  81.8+0.36  72.55+1.42 62.53+1.62 42.68+1.4  33.29x0.59 19.42+0.47 7.08+0.48
Michelia fulgens Dandy
JKIYBEBE Water gradient IEH# K (CK) BET5(LD) FEETE(MD) FETF(SD)
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BERRI FH AR ARAR L PR 22 A8 22 KNI I R o — 4%, BRI S 850, I 3R 1R 45 LA e e 13 o
TR, A9 Fr 0<i T AR PR N 22 S s 21 sk i i AR
1.2.4 FEAKHR

FEAKGHER = BRI B RFE K &/ (BRI A x B[R] )
1.2.5 JCAAEERD E

TERAT B ia R P #- AT SR RO A AR FE . T 2013 4F 10 A 27 FHIGTERAS T R EHESE 3 4>
HALER T T 09: 00—11; 30 H Li-6400 S CAEH I RS (EE ) @ WM gt A % (Pn)
FIZEIE R (Tr) , BEF R BERE 4 Bk, BRRNE 3 R Dhagnt, o rpiill e s B A LI-6400- 2B £L 5%, Ot
SRPEE N 1200 wmol m™ s7' IR 35°C , MIXHEEE K 51.5£6.3% , KX, CO, ¥ 399+9.2 wmol/mol, 7K 43 F)
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FEAR T 42.3% 41.2%F151.3% . FFET5 SD B 31, A Wi v mg A5 i 5 2800 Sl 80 6) B CK IR T791.7%
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Fig.1 Net photosynthetic rate of three rocky desertification tree species under different drought stress( different letters indicated significant

difference)
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Fig.2 Intercelluar carbon dioxide( Ci) , leaf transpiration rate( Tr) and stomatal conductance ( Cond) of three rocky desertification tree

species under different drought stress
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Fig.3 Water use efficiency of three rocky desertification tree species in different and same periods of drought
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Fig.4 Water consumption of the whole day of three rocky desertification tree species
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Fig.5 Water consumption rate( +standard error) of seedlings in each period in the daytime under different soil moisture ( mean + SD)
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TEH KA ZAET WL AR A i S (8 L AR 10:00—12: 00, BUAF IR HE BRAE 14.00—16:00, Ft K
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AR I (AL AT 2 10:00—12: 00, Fe RFEK BORHEF Il LA (73.2+3.11g mh™") >HF (69.9+£9.03g m™
h™") S22 (62.6+2.47g m*h™")  FPEIAH 22K, ABFE R F 41.1—62.1g mh™', HETRPHE T, 5%
P SREDEE PN () AN AE | W V) A M (L ST () B2 A5 4 10:00—12: 00, AT I A A8 KSR A 10:00—12: 00, 5 KFE
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W T 21.5—59.4¢g mh™', FEETRENAT,3 MR IEE S EZ 10.00—12.00, i KFEK BRHET B
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11.8—48.1g mh™' o AFAF VLI AR RN 58 5 S A 42 B 1 S I e KRB KGR 7 B BEAIR T 69.9% ,73.2% Fil
62.6% , o T LI BIFEAR T 73.6% .36.6% 1 68.5% , T J& T 4> BIFRAR T 91.4% 47.1%H1 81.6% .,
223 HRFEHFEKHER

&L 6 AL, [R]— B Rh AN [ 5 1 RSP B AR K R A B 35 25 7 (P<0.05) o B FISE 35 5278 IE
HKA CK FUEREE T LD T AR IFEK R T 2 255, T 525 i B AL, Wrvri i 24 5 1 5k
WEREAL, BT R LD B B S S W LI ARG 430 o5 1E R K AR 72.2% (67.2% F1 74.8% , KR 7E
25.5—32. 7% [8), HEETR MD B E St SR A o 51 LE R K 4 52.8% \47.4%F170.6%
3 CK NIRIEEETE 29.4—52.6% 2 [A], H B+ 52 SD B, A | 5 I 3 2 R Wi Y0 A 0 i) o5 1E 7K 43 19
10.2% .30.4% 1 50.8% , 3¢ CK " IR EAE 49.2—89.8% 2 [6]
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Fig.6 Average water consumption rate of three rocky desertification tree species under different drought stress
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Table 3 Correlation coefficient of water consumption rates and environmental factors

FiF Species .Jﬁ%ﬁq‘ﬁﬁ ' B IR B Hfﬁu‘iﬁ '
Periods of drought Environmental temperature Relative humidity
TS Michelia fulgens Dandy CK 0.648* -0.638"
LD 0.776** -0.918**
MD 0.820* -0.585**
SD 0.572* -0.163
WL AR Machilus leptophylla CK 0.727** -0.478
LD 0.783 " -0.904 **
MD 0.915** -0.892
SD 0.521 -0.843
W& Liquidambar formosana CK 0.880 ** -0.700 **
LD 0.835* -0.920**
MD 0.841** -0.791 **
SD -0.187 -0.589*

# FRIRTE 0.05 KP ERFMK; « = FRTE 0.01 KT L RFHK

2.4 3 FEARPURREILAA RN

J7 2T A R (K 4) AR (Pn) MM CO2 MR (Ci) SALFSE (Cond) ZEMEH K (Tr)  HAE
K FEKBUR Y 2 I AR 22 57 (P<0.05) o 1 A A1 S B IS [ A A 2 (o] o 77 7F 25 5% (P<0.05) , AT
AR TURPHE bR 20 A 6] 5B BE AT LR 600, gk 4 F/R  7EIE % /K2y CK URET 5 LD H T 5 MD
B30, S5 T PR B HE 4% 35 R A S WV LI it > 5 22, T A J 3 1 5 SD Bt JU1 90 57 HE 42 DU % 0 090 v > A >

IS
3 sisitie

3.1 AJE SR IR B R FE A R

FEK B3t AIFE K R AL 0 07 0 B 28 6 O T B PRAN FR A , T AR B SR AE A FhAE K BB ) 22 57122
FEZK A A2 A5 HE Y S I (] B T AR A AR K 2, VR AR N AR K o3 A BRRRAE , BAT st AL Aa e 1k, T LLRDR T
W USRI 514 TR KRE 1 BTSRRI, 76T SISt Rt v | FEK St FIFE K 5 14y 2 I RO e
g, H 3 ARIRTEREAS T R AR A KR AR R U Bt 2 | 5 AR Rk O E 2R BRI
PIM0 B AR R —BUWARFAE 272 (R S A2 | B ) AR O T 2GR [ 2200 i3k a2 i) A
5 R R R N AR R A 25 5 TR
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Table 4 Subordinate function values of three rocky desertification tree species and their comprehensive evaluation results of drought resistance

under different drought stress

A Jigle] co, BRIty
. " RALFE WG . IKITH K HR )
FRaf e B " = T S 20T S
P Fh Cond Intercelluar- L A WUE  Average water § Hi4
Drought L Net 5 Transpiration . Water Average
K Species . Stomatal carbon Water use  consumption . Rank
period photosynthetic o rate .. consumption value
) conductance dioxide efficiency rate of
rate
concentration daytime
CK WF L. formosana 1.000 1.000 0.198 1.000 0.068 1.000 1.000 0.752 1
WL M. leptophylla 0.841 0.812 1.000 0.918 0.000 0.424 0.000 0.571 2
st 4
0.000 0.000 0.000 0.000 1.000 0.000 0.210 0.173 3
M. fulgens Dandy
LD WF L. formosana 1.000 1.000 0.000 1.000 0.000 1.000 1.000 0.714 1
WA M. leptophylla 0.000 0.144 1.000 0.094 0.589 0.524 0.000 0.336 2
sty
2! . .104 . 1. . .11 21
M. fulgens Dandy 0.296 0.000 0.10: 0.000 000 0.000 0.119 0.217 3
MD WF L. formosana 1.000 1.000 1.000 1.000 0.000 1.000 1.000 0.857 1
WILiERE M. leptophylla 0.910 0.359 0.470 0.354 1.000 0.992 0.459 0.649 2
st 4
0.000 0.000 0.000 0.000 0.848 0.000 0.000 0.121 3
M. fulgens Dandy
SD WF L. formosana 0.398 0.601 0.508 0.673 0.511 0.000 0.000 0.384 2
WL M. leptophylla 1.000 1.000 0.000 1.000 1.000 1.000 1.000 0.857 1
ﬁu A S
SR 0.000 0.000 1.000 0.000 0.000 0.245 0.641 0.269 3

M. fulgens Dandy

AT 20, 3 A FR L RAEAK I S 74%—92% , ] WL 3 AN R AFE/K 3282 & AR AR LR, BRI AT OB 1R
FIAE KL R BRGNS, 3 AR = A2 AW B2 1 A | B 1A A 5 A0 S ol B 0F 9 5 SR 2 ) 2242
TR N AL A2 R EE R R AL T P R EE R T 5, X HAS [F] 7K 4
T, AR R R R B B R BT S, PR R X R K SR A R A TS , T RE AR A O R
AT AL, TR IR 12 25 1 X RE P RE AR SRR 0 Tl e s o

TR0 AU 1 L R FE K 3R IR 25 R 10% , L o5 21 CK 19 50.7% , A B
KFEAGHE AR CK 1Y 8.6% , M ITHE 44 5 2 CK 1Y 52.9%, = T 50 A H #E K b CK i1 7.
2% , WL 5 CK 1 46% . X Ul B WV LI A 76 7™ B+ I AR SR X 7K o 5 SR K, AR X 7K 43 7 2R 458
INo IFEZK TG SR IXA A BE A, 3 R I RE /K 75 SR R 8 B T R A B 1 52 25 SN K i 8 B8 T S I K 43
WG = W R o] BeAE T 55 A S RIS AR 2 58 R 7K A I AE T

A TR AL B DX AR, 7K A3 BRI 7, £ 250, SROK BB 13822, T A3 AR SEAR i 0 I SR AS S 3L
R AR D0 N 2R A e ) B 8 R RN B T R AR T R 2 ) 22 5 R BRI AR (AT I E T
A, AR Z2 AR (4 T 2 BB T 4 U T PRI, A V5l DX R R 11 A 2 b B 2% 1, AR5 1) B0 O T2 3 1)
JET R A BRI RIL, 22T A B R T R 5 50T L5 0 5T, & AR H T by ¢
FF R SGHYIET ARSI S b — 2 AHLEE b i B A Ak GE MAE T 5 T RZE R LR
3.2 TR A ARG A RRIE R

e F AR (Po) E A TEH P I — N E B85, A WF o R B WS T R0 a 0 mil, o6& (Pn) BEZ T
RS RET RPN T Y A SR EERET A TR L, e EMEE TR OLAERT
BRI S ARG R, B ER A P FRARIE BE B BT ARSI A0 /NCT L R T R R Ao A
AL ] DI A B PPN R bR 2 — R A b R R AN

3 Pl AL R A T 7R T2 T, P S5 X BEAH HE, 28 35 28 R BRI fe/N , IR IR 2, Wi T A T R
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FERR, ULIATERRBE T 2038 R, 22 S 22 AP0 R 66 0 3 TS ATV TR, e T, S i A ot B
Rk, X 5RETREEMERR 2, BEEFETET, B0 BRI R 7T 54, WA M iE s,
Ul A TR SR s W VT AR T S P A i, RN RS 52K TR B A AR A PR At Ao T AR B35 24
T8 37 7K A3 Ty 2 AR B A A S e 8038 A B AR R, S S SRR 3008 & TR K e il SR R, HIANE A T4
A 37 K AT 0 DR VT AR AT AR K S R B A O R ARSR T LA
3.3 SALREH S AEALIR S

TR AP CA 3R 2 2SR ALBR A B 2w > fER B TR A T, A R
A T ALBR S (Cs) BLERY, PSR E T2 F Em TIERILE RS RN ) FEEim ™ mas
LG ENGHR TR R A A SR HHE M KN, NHEE Ci Ak, MhA R N,
B Ci TR Cs Fhm, BEBHG A SRR 202 TAALRR M . Sl >k, ansf Ci FHimi Cs R R d I i PR 4
WA TR RAERALIREI G R, AWFFE A Fse it & 2 Ci A5 B T 50 N R — A BIRKF, TR
ST RSSO, WS TR R, R ER AL, Ci MR BERE K, BB 7E S 0, B ALBR
JECA R EZEN , Fom ™ W5 v B AR AE 8 A LK BE T A R, T3R5 K R AE 38.
9%—70.5% 5. [ N, BT S a in e, v G 5 0% (P ) AL BE (Gs) FIAETR] CO2 MR B2 (Ci) W1 F
R, M AALBRIE (Ls) W28 ETF, B P R B 202 il AL BRI & B 5 25 RWC<38.9% I, - 5HJBr8 4k 22
JEl, P A1 Ls #RFAR, 10 Ci &2 L FE, BY Po FREA) £ ZRE N 2728 AR FLIR R ARG, X — st 75 5
SAURFFE G SZHE S BTG A T W DR DR 2 FL R i 2 A A LB ot ) D s BB e S P RO
3.4 TEHRA EE K 3R R

T K 5 R RSCR — R BIFST Hp EGA G T 9 [, T A 400 14 7K 43 R 803 BT LA S 48 Rl 0 2 A SR, i
2en] LA A A PR A 7K BRI R A e i B P2 RN Tk 26 . A /K 0 A FSCR (WUE ) 2 [ AT 5
PRI X Al ol YA e RS [ — 0% WUE #5 BOR ] ROBE (i H Bk
Mgy BETE ) [ (05 2 O S8 S22 T R B AR FFIRICR , i - 57K 5 R RCR 1T LAE /R AL 7
FERYAFEABILE , o] LATE g (9 SRR ) A BRAE K K B BEAR I, AR EAR S , 4 R T 5 X R A IR E AR &
IR ), WUE J& AP 5 0 — AN S b , JAEAE A 3R /K S (e 1, — Bk Ui, 76 AR R 4%
PER K43 AR = AR pT 5 B i

ARBIRGE AR R LI R K 50 A SR B T SRR A, 2 i & S M Se T s JE R AT, 160 3 A~
AL R AT DLRAY WUE SRIE DA R K 2 250, 5941, 3 AR Rl 1R [ 26 B4 AE B B 1 A [R) A T A A o 7
KA F R R E) 22 5 VLI AN S I S e e B R 0 P B AR TH PR 25 55 8 1 7K 43 )
FHZCR U FE SR B A B 5 S i R VT AR LA B I BT R RE T AR M M S R R TR T
IKATFI R LT R R W T LI R SR A5 — A8 i 7K 43 RIS 16 B i V30 Al v s oy i 3 1 5
Wi, AEEWIIE RN A2 0 R WUE FERR B AR S ha T T Sram- &5 8 25U &
M AL

4 it

(1) B TR, 3 AWML E A AR PR, AR e R T 5, GBI, Dt
A PR A 2 2 PR AL IR R, P BE R B+ R T, G 235 B, et 2 2 N AR S AR SUAL
BRG] , Wi VLI g 2 AN AR BT 7R LU RIS bl LAE— PRSP I A DG & R RERRY IS S22 SR
il G A T 28 SR B AP B K St M X, WYL RS B R T 5 18 52 E R T A X

(2) AR LK AT 3 DA BRI FE K B A KR AR K H AL 77 7E 22 57, AN TRl b 22 [7] i)
W ARE AN, A 3 S E B IR, AR K R 52 BRI A 108 B2 A L R WA 3, 3 DR R AR K R
WA e L AN ) 5 PO B B8 S A A 0 PN A QO sz 40, YT AR R S 5 S B A v JEE 1 5 R A A
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XL R I3 AR R BN BRI PT R RE T, st & SEMAE E 3 TR TR WP RN F I
JO7 5 DAy 1 L B 7 23 B T AR 20 R R A v ) 7 3 M A8 3 T T AR R

(3) S PR PPN A5 R AR W] T IE R R AV ER 5 R BT AE ) B O AR > W VLI A > 5 5K,
JET 5T LIS >S5 M5 5, G OR AR, W LI A R AR 2 AH N 15 DI A R 2K 23 ) T8GR B il
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