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heterophylla , to different light environments in the field
DU Ning'*?, ZHANG Xiuru®>*, WANG Wei’, CHEN Hua'’?’, TIAN Xiangfeng”’, WANG Renging' ",
GUO Weihua®**

1 Institute of Environmental Research, Shandong University, Ji'nan 250100, China

2 Institute of Ecology and Biodiversity, College of Life Sciences, Shandong University, Ji'nan, 250100, China

3 Shandong Provincial Engineering and Technology Research Center for Vegetation Ecology, Shandong University, Jin'an, 250100, China
4 Clinical College of Tianjin Medical University, Tianjin, 300270, China

Abstract; Light is an important factor affecting plant growth and species distribution. In the field, open forest, forest edge,
forest gaps and forest understory are typical light environment for species to survive and growth, in which light intensity are
different for 10 times and even more. Plant phenotypic plasticity, which allows plants to adapt to different light
environments, plays an important role in how plants adapt to changes in lighting, and leaves play an especially important
role. Leaves are the main organs plants use for gas exchange with the environment. Leaves have both structural and
functional characteristics. Different species show different sensitivities to irradiance.

Vitex negundo Linn. var. heterophylla (Franch. ) Rehd. is the dominant shrub of the warm temperate zone in China.
It is an important native and pioneer species for vegetation restoration of Shandong Province, because of the high soil and

water conservation ability. But up to now, studies related to its adaptation to irradiance are lacking. This study provides
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information related to this shrub and its use in vegetation restoration in Luzhong Mountains of Shandong Province.

We measured leaf photosynthetic light response curves, leaf chlorophyll fluorescence, leaf chlorophyll content, leaf
nirtogen (N) and phosphorus ( P) content and leaf morphology. We studied the response of V. negundo var. heterophylla
to five different light environments in the field; open forest, broad-leaved forest edge broad-leaved forest understory, gaps in
needle-leaf forests and needle-leaf forest understory. The results the leaf traits of V. negundo var. heterophylla acclimated
well to different habitats. Leaf functional traits were adjusted by leaf structural traits. The species exhibited some shade
tolerance based on its ability to modify the characteristics of its leaves. The species improved its light use efficiency and
kept growing in low light by increasing its specific leaf area ( SLA), its chlorophyll ( Chl) content, and the maximal
quantum yield of PSII, and by lowering its respiration rate, light saturation point, light compensation point, and Chl a to b
ratio. Also, leaf structure, especially SLA, played an important role in the regulation of photosynthesis under high levels of
irradiance. Most of the traits were only impacted by the daily total irradiance; however, the variation of SLA and leaf
maximal fluorescence in the dark ( F, ) was related to the highest irradiance levels. SLA was sensitive to different light
conditions, and responded quickly to changes in lighting. Although light is the most important factor affecting the
characteristics of V. negundo var. heterophylla leaves in this study, soil nutrient content also played an important role.
Plants with higher nutrient levels had a higher ratio of leaf length to petiole length, revealing an investment tradeoff between
resource obtaining and supporting structure.

Based on the low leaf N to P ratio, Luzhong Mountains is proved to be short of soil N. Adding N during vegetation
restoration activities will assure an adequate supply of N. Also, V. negundo var. heterophylla can be planted in a variety of

light environments because of its broad irradiance tolerance.

Key Words: Vitex negundo var. heterophylla; leaf characteristics; light environment; vegetation restoration

SRR SE R AL A R A B B BRI R 71 R TS [RDGERBE 1938 B R R A A7 AR R R
AT RFERE | B 38 X AR R 0 S5 4 e AR w B D AR Xt S R B A I i R DA R R ] A
RN AT, AEBEFAN RO Rk ARTT FIAR T 8 WA Al AL 77 BB BREE ) B AT G IR i 3 A A A 22
10 fFEL BT L Bl N P/ A K A YGEREE , IR A TR] 2 Uk il ¥ v 2 VE T, Hodh et i 14
R B S

M ORAR D) 5 A A AT RS i BN T RO BRI (43 10 3 B 56 45 A bR A T g Y
PRI RS, BT G046 LEI T TR 29 S50t AR A 22 2 R R PR, 5 B R G s 3R P s R 2
R A A KA bR 7 L FET X G ER I A3 0, S5 R MR N T RE MR B B AR R
TR R A R H TR (SLA) R R R TR 1 /L EL i (P ) IR B IS P R (R ) T
JERME A (LCP) M 310 i R G R B R AR A A B I B KA R (A, ) o BB T4 38 3 R il RuBP &1k
BEEETEPE S R T AN AR5 A3 10 %ot 4 Fh ) B AR A A S ML B R X, AR
PRt ot R UM R ], HA R [R5 7 =X, AR B i B 8, SR A e A VR FE AT AAH 22 10 £%
DA S gt A A R Y A 2 3 g ) R Y R R TR BB T R A A A e S R

3] 2% ( Vitex negundo var. heterophylla ) J2: S HEERHHIR R AOTE AR Vb T = B2 IR AT RO W, 2 1L 2R
BTG E W S YRR A BRSO K AR T . B RTXE IR SR AT A R R T
B R RO IE 1 IR AR TE RIS K FIF ST 78 L ) 2% 4 v kot SR S A g L A Sk — T R
SEAR YT IR A AR PR L TR T R (5 R O B8O U I R ol B i iy LA AR AR 1 AT S (H G
TR SN G IR M BRI ST T R WA . 7ESP AN B TOGRR M B R R R R A B b & AR AR Ak G IR H AR i1
B ST BTN ) AR Rt 156, T AAORE )2 o0 A B OAS [R] AR B R AR A B ANl S0, BR T
R B A T, e an it 3R 4 A R R SE AR S XA A A VAR IS

http ; //www. ecologica. cn



20 4 FET A IR SRR B A AN R BR 45 1) 2 20 ] Sk 6051

ARG I SPAS R DGR EE T A IR S5 i X R HEA TR A, P AN R IR 1. 5%
W 5% T B AR AS [R] DGR BE 38 0 S AN [l R AR i Al 8B M 22 5 2. AHIEDEIRE T D6 H ARy 22 57 2 B X
AR A S 3. AN RIS R B TG 2 A H B B R X SR A PR P A 5 e . AR5
(45 5 Bl T BRI SR AE B A A R AR | R MR R R TR S A TR A K 52 B 95 2
1 #RE5FZE
1.1 SE bl

SIGAE IR K23 TE s T BP0 vl 9047 (b2 36°267 , A2 117°27") , b5 TAM T2 INARE , i3k o )
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N 600—830 mm, EEIMAE T 8 H Ay, MBI AR JE G 1L DX L, M O | b AR FN (HER AR
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Table 1 Description of selected habitats of V. negundo var. heterophylla
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RO Hb 5 . HRORZS . . . . . Diameter at
. Vegetation Altitude Slope Gradient Constructive Tree height .
Site Status L . breast height
type /m direction /(°) species /m
of tree layer /cm
4:3% 1 Habitat 1 - A 350 ek 30 - — —
A: 552 Habitat 2 & ITREIFAR sk 352 I P 20 JFRAR 20—30 10—30
A:53 Habitat 3 E TR MF 352 PG 20 JFRAR AR 20—30 10—30
4:5i 4 Habitat 4 B 45Tk HRET 415 ] 25 - — -
A8 5 Habitat 5 H&REFIFAR M 415 [} 25 DUAF FRAR 8—10 10—15
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7400 wmol/mol , BNV N K ZAJFa%E 2 min J5iC%L,

AR B A SR A R i 7 2k pE AT LA
_ 90+ A, /(90 +A,)° - 4keQA,,,
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Hdp A AR A R, Q A HE AR, ¢ AW T50% (Apparent quantum efficiency) , A, A K
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GRS (Light saturation point, LSP)
1.3.5 WMEEEIE

254 28 9 ' FH A 1 R il - 23 K916/ (Mini-PAM, Walz GmbH, Effeltrich, Germany ) 5% | M H 65 38 L
30 min J5ER/NEIC(F,) AR KTOL(F,) ARIGTEI SRS 1 e ke T/ & F /F,=(F,-F,)/F,"” &
PGP T B 5 6—8 A it FrA A I 41 7E I BT H 19 09 :30—11:30 58K,
1.4 B FIE

I P bR R, 0 5 R R A A G DB IR R M R R -, ek ik B2 A sh R
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A

_Rd

Ltd, Cambridge, U. K. ), JGREER S A TH7E &5 i 24000 - o

M 115 m AL KL RN R i l e

T5 115 HIlbfT, SRR, M 07:00—17:00 552 5 | % .

bl 1, TR, I A AR BRI A S —3

o R L LY 0k W LN, e S 20 v \

(P) ARCAN,) ATRE(P,) 9L S pH (L, 2 800 | g

R B EC 2 00 L s DR A AL SR B S B T L wo SR \e
00 AR AR 0 s A 2R Olsen ¥ 5 pH st e e s s s 88 5883
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Fig.1 Light diurnal variation in the understory of broadleaved

forest and needle-leaf forest
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Table 2 Environment difference in the five habitats of V. negundo var. heterophylla

WEE T AR [va] I R A % [ AR BRI AR B EF AR T
Environmental factors Habitat 1 Habitat 2 Habitat 3 Habitat 4 Habitat 5
+ 345 Soil N,/ (g/kg)* 1.72 (0.03) 1.87 (0.04) 2.11 (0.04) 2.20 (0.02) 1.59 (0.01)

+He 4w Soil P/ (g/kg)™
THEH A Soil N,/ (mg/kg)

0.587 (0.003)
228.93 (7.24)

0.373 (0.003)
347.63 (9. 14)

0.427 (0.018)
526.37 (12.06)

0.343 (0.003)
326.90 (7.46)

0.287 (0.003)
348.23 (2.10)

AW Soil P,/ (mg/kg) ™ 5.72 (0.24) 3.43 (0.24) 14.29 (1.14) 6.26 (0.53) 5.45 (0.68)
pH fii* 6.17 (0.04) 6.57 (0.04) 6.65 (0.02) 6.69 (0.05) 6.56 (0.03)
Z5SRE Air temperature/°C 23.47 (3.07) 22.51 (3.00) 21.30 (2.64) 22.32 (2.45) 21.39 (2.02)
ZSHRE Air humidity/ % ® 43.32 (6.62) 45.86 (6.31) 49.72 (4.78) 45.31 (4.62) 46.37 (4.15)
+HERE Soil temperature/C ® 21.44 (2.30) 18.91 (2.07) 18.02 (1.52) 17.97 (1.53) 16.64 (1.36)
- HERSE Soil humidity/% ® 13.36 (1.59) 15.59 (0.65) 14.37 (1.00) 18.54 (0.70) 13.19 (0.74)
e v v st N oot

A IR BRI AR 3 KT B A 7:00 7 17,00 4 2h J5E — UK, U 3 KA, 3 T IR0 6 /N il &7 1 P14 £ 4%
bR iR
1.5 St

- PEARTEAS [ A 855 A28 A0 P — IR PERB R A 7 43 A, B TR TR AR 58 i it R ZEBURE RN TR 25 57
Kt SLA \LL/LW | LL/PL £ J5 22 53 Hr P AU AR S A IR B J5 AT T 2 S (R 3
RIBE LR AR B IR 5 AOME) o FEdRFT 07 2200 M 2 005, X5 22 B3l FH A R b AT TR I, 2 PR PR AS Bt 45 (R A8
HRPRAEARF AT B EZES, v LA AL ) RER A 556 U 20 B i 55 . AR AR BRI 22 5
FH—JC05 2253 Wr 1T (One-way ANOVA) | 41778 18 3% 22 5 J5 H Tukey I ik T ZH LI, T A 1Y B8 7 1F
F353MT Z BB T IR AN 7 25 55 PEAG 50 | AN T JE I X B3 A T B0 4, bR 22 ) A R 56 56 2 R R
ifh (Pearson ) #HC REER/R . IEAVEFR AL (PL) 3 (B KMH-/ME ) /B RIE IR, ZR B EWEP <
0. 05 AK¥ EFEAT , BE3t43 47 ] SPSS13.0(SPSS Inc. , IL, USA) #4581,
2 #R
2.1 AR TR R a5 Rk 2 5

SLA X6 HR A AR fh AR 5 BUsk 20 S5t Fr 25 R MR ol S8 M B KA (PL = 0.644) , W3R 3 PR, 725
St R A BRI (PROM > PR BT SRS AR ) 250 8 SLA N, \P,.... \Chla, .Chlb  ¥75  LL/LW B
SR T ka3 (R AR Rl AR B2 18] 22 52 9048 25 HOW R [RDDE RE A AT SRR G (PL = 0.071) , &0 45441k
AR R E MR bR . TEIT AR IR 2500 LL/PL (B 38 & T e A be . R4S 507 o (i 260 i & i 1
A AL 22 7 W2 BJE N/P IR B 2R, AR TR E A 443 5 &, Chla,,, M Chlb,, AS[F]
BRI ZERIEAEE (P > 0.05) (HREMLEEK a b 1Y HETEM T B3 FRAL, BT 0 B OB IR EE A9 35 1
AT RBH (B 2) ,SLA 5 N, (r=0.949; P < 0.05) .P,, (r=0.869; P = 0.056) .Chla,, (r=0.984; P <
0.01) #1 Chlb,, (r=0.998; P < 0.001) IEAHCEZ T ARG 1 5 00 AR A 4R 3R a b & s AHDCHEA 2
(P>0.1),
2.2 N[BT TN B o) RE R R 1 22 57

AR ARSI 2R i A me 1 th e UL BT 3, 76 St 1 i 2 H 380 1 0 45 3 AR BR AR AR TR AU A, T
AR A (A ELAT 535 25 | Bl DG R B A B AIR T T e (3R 2) , dlad AH G AT (16 25 1 4) LA, 55 SLA #2ii
TR (r==0.816; P = 0.092) , 54K &5 (Chlt) AHASE, G R, LCP AT SPEEL R  (H 2 AN ) A 455
TFORA WE LR, ISP AL SRR HE R IEMELR, REAFAER F I RA N E LR ¢ 1F
AN EE R FRERA B2 245 I Hal YR IK (PI = 0.234) , F /F TEARINHIH ST MR bR g A 35 b i
ERRAR, KA T W A O FS R AR F 2 i TR RO F RS Y,
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Fig.2 Relationships between SLA versus leaf N content(a), P content (b), chlorophyll content (c,d,e,f), maximal net photosynthetic
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Table 3 Leaf traits of V. negundo var. heterophylla under different habitats

R D I bR 2 [l v AN R N N EFIEpobk T AT ERR A
Leaf Traits Habitat 1 Habitat 2 Habitat 3 Habitat 4 Habitat 5 PI
B ABIEE N
HHEIFR LA/ cm? 4.15 (0.31)a  3.73 (0.29)a  3.62 (0.30)a  2.37 (0.23)b  2.50 (0.20)b 0.428
155.99 (2.39) 240.43 (4.22) 442.70 (16.88) 186.11 (2.28) 352.36 (10.75)
i L S m?/g . 644
HIT I SLA/ (em/g) 157.74(9.71)e 241.33 (9.41)c 443.38(9.36)a 184.32 (9.74)d 350.82 (9.62)b  °°
2.93 (0.05)  2.99 (0.11)  3.02 (0.10)  2.91 (0.06)  3.13 (0.07)
- - 5%
TR LL/LW 2.95(0.08)  2.99 (0.08)  3.03 (0.08)  2.89 (0.08)  3.11 (0.08) 0.071
. . 8.13 (0.29)  8.43 (0.45) 11.01 (0.68) 8.82 (0.60)  8.68 (0.41)
i} 1} D]
PRI LL/PL 8.66 (0.50)b  8.70 (0.49)b  11.22 (0.48)a 8.27 (0.50)b  8.21 (0.50)b 0268
BN RS RN,/ (k) 14.60 (0.23) ¢ 17.89 (1.02)b 22.15 (1.43)a 16.88 (1.33) bc22.15 (1.27)a 0.341
PN AR P,/ (g/ke) 3.12 (0.05)c  3.99 (0.16) b 4.55 (0.36) ab 3.28 (0.03) ¢ 5.05 (0.55)a 0.382
HWELL N/P 4.68 (0.07)  4.48 (0.18)  4.97 (0.53)  5.14 (0.42)  4.50 (0.45) 0.128
AN 4% a i Chla, ./ (g/kg) 1.03 (0.08) ¢ 1.390 (0.12)be 1.86 (0.10) a 1.154 (0.09) be 1.54 (0.09)ab 0.446
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RGN Ak v i AR 2% [fE] AR B AR R ATSEPEER AL
Leaf Traits Habitat 1 Habitat 2 Habitat 3 Habitat 4 Habitat 5 PI

WAL TSR b 3k Chlb,, ./ (g/kg)  0.37 (0.03) ¢ 0.50 (0.04) be 0.75 (0.03)a  0.43 (0.03) ¢ 0.64 (0.04) ab 0.507

4% ab HH Chl a/b 2.76 (0.04) a 2.77 (0.06) a 2.48 (0.03)b 2.69 (0.02) a 2.41 (0.05)b 0.130
. . - 1.87 (0.09) 2.03 (0.22) 1.90 (0.08) 1.93 (0.11) 1.72(0.04)
4% a & Chla,,,/(g/cm® 0.156
AR 2 T Chla,,,/ (g/on®) o5 x1073 x10°3 x103 x10°3
. 6.78 (0.39) 7.29 (0.64) 7.66 (0.25) 7.17 (0.36) 7.13 (0.19)
TS5 b & Chlb,,,,/ (g/cm? 0.115
WAL SR b At Chlb,,,,/ (g/em®) 106 <10-6 %106 <10-6 %10
RN
B REEAHER A,/ (pmol CO, m™s71)18.42 (1.83)a 15.06 (0.62)ab 10.98 (1.09)b 13.23 (0.98)ab 12.03 (1.36) ab  0.404
WP R R/ (wmol CO,m™2 s71) 2.21(0.73) 0.25 (0.23) 0.91 (0.26) 2.162 (0.55)  1.90 (0.45) 0.588
SeAME L LCP /(umol m™2 s71) 40.48 (13.33) 7.01 (1.24) 14.54 (3.37)  52.44 (13.21) 37.35 (5.26) 0. 866
SEAL A LSP / (umol m™2 s71) 433.29 (44.09) 353.99 (23.48) 282.14 (2.84) 418.08 (26.61) 339.52 (34.13) 0.349
R FRE ¢
B 0.047 (0.002) 0.044 (0.005) 0.041 (0.004) 0.036 (0.001) 0.040 (0.002) 0.234
/(pmol CO, pmol quanta™ )
/NI F, 203.17 (2.33) 200.33 (6.81) 216.83 (5.73) 207.00 (4.59) 214.00 (6.29) 0.076
. 930. 00 1092. 33 1259. 83 1012.33 1174. 67
BRINF, 0.262
o (14.36) e (35.01) ¢ (19.21) a (11.07) d (24.59) b
K|’ F/F, 0.781 (0.005)c 0.816 (0.005) a0.828 (0.002) a0.795 (0.005) b0.818 (0.005) a  0.057

A5 P OR R M 5 R A B B S e TR LE S BB s AR NS RN R A R M R A 22 (P < 0.05) 5 SLA, LL/LW,
LL/PL; n=24; M R R B & it in=4 W ER S0 =4 HERTOb:n=6; ML n=3—+4
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