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Effects of thinning on the functional traits of understory Vitex negundo var.
heterophylla in Quercus variabilis plantation

MA Ruiting', DONG Xiaoming', JIN Shanshan', HU Linpo®, YAN Dongfeng'

(1. College of Forestry, Henan Agricultural University, Zhengzhou 450000, Henan, China; 2. Madao Forest Farm of
Biyang, Zhumadian 463700, Henan, China)

Abstract: [Objective] The objective of this study is to explore the effect of thinning on the functional traits of
roots, stems and leaves of Vitex negundo var. heterophylla under Quercus variabilis plantation in order to
provide theoretical basis for the optimization of plantation structure and the regeneration and protection of
understory seedlings. [Method] The V. negundo var. heterophylla in the shrub layer of Q. variabilis plantation
3 years after thinning was taken as the research object, and the differences of leaf area, specific leaf area, leaf
dry matter content, stem dry matter content, total root length, specific root length and other structural traits, as
well as total nitrogen, total phosphorus, total potassium and total organic carbon content in various plant organs
were compared. The relationship between plant functional traits and the understory light environment and soil
physical and chemical characteristics was studied. [Result] After thinning, the aboveground functional traits of

plants of V. negundo var. heterophylla such as total leaf organic carbon, leaf area, specific leaf area, leaf organic
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nitrogen, stem total organic carbon, and the underground functional traits of plants such as root length, root
volume, root biomass, the total organic carbon content of roots were significantly higher than those of the
control plot (P<<0.05). Correlation and stepwise regression analysis results showed that scattered radiation was
the main factor affecting the structural properties of V. negundo var. heterophylla leaves. Direct radiation flux,
photosynthetically active radiation and total solar radiation time were the key factors affecting leaf chemical
properties, while stem functional properties were mainly affected by the direct radiation and scattered radiation
under the forest. Total root length, specific root length and root organic carbon content were significantly
correlated with soil non-capillary porosity, soil total porosity, soil organic carbon and soil total nitrogen
(P<<0.05), among which soil organic matter content was the key factor affecting functional traits. [Conclusion ]
Thinning can significantly promote the development of the functional traits of leaves and roots of Q. variabilis
plantation, and has a weak effect on stem functional traits. [Ch, 1 fig. 6 tab. 31 ref.]

Key words: botany; Quercus variabilis plantation; Vitex negundo var. heterophylla; functional traits;

understory light environment; soil physical and chemical properties
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Table 1 Functional traits of selected plants

TP TIREPEAR L bEi e LR/ G2IN L bEi e TEYTIRerER RS || EPTIRetR B S
i m At cm HRA1 5 5 5 435 A g kg
LPERIS cm YR g WAEYIE L E S mg kg
AR cm’ TR S EL HE EX X0 g-kg!
L AR em’ g || EMREK cm AR cm-g! AR g kg
T SARK cm e g kg MAE g-kg!
A g R cm’ i mg-kg™' R4 mg-kg'
T BB S AR em’ 4 g kg MR 4= g kg
M SE L AW g A BB g kg HEA B g kg

K GLA 2.0 FAFSRIBUK T G B F (bR BLSHLFIAR T HUH ). T CI-110 52 53 3G i J) 45 7
JEBDEE A ROR P SREE L K BRI (B] S5 AR o SR T HURE G L 0~10 1 10~20 em Y I HCRE
FFFCPIRAT P LI I E £ ESOUR B, o B ZCR LR E RIENE, 20, 24,
A LRI E 5 IR 2595 0 0 E TRl o SRR NENE L3R, IR HIEBEALBE . AEBE L
Bl S B R
222 BIEAI XA E RETEIR A2 S AT B E VAR (AR, AR 2 A A A IE A PR T
Kl s AR A L I BEMR SR T LR AIR R 5 1 BALME TR Pearson A REG LIRS E
HRETERSR R R AL B, LS HA SOC AR W3 ROBREE R 110 A 28 B A T 2 g 28 [ml A 73 A

3 RS
3.1 AR HERRETEE RN
3.1 RRATH s L3R bR aG ¥ A 2 AT UL [RAE IR S N 0.97 m, & TR

FEHL (0.92 m), 2 MEEHIFAI S5 M 0.86~1.06 m, {HJC 3225 (P>0.05), [RIMRFEHH &0t K . mim
L He AR (48.91 ecm, 17.27 em?, 31.97 em® g, 90.53 g) 23 E i TR B AEHE (33.16 cm),
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Table 2  Effect of thinning on the functional traits of aboveground part of on V. negundo var. heterophylla

iH it R /m I /em M AYem®  FEIF A (cm?s g7t) N A YrR/g
RN )£k, 0.97+0.03 A 4891+1.04 A 17.27+0.49 A 31.97+0.63 A 43.55+£2.50 A 90.53+£9.68 A
AR -
R, 0.92+0.03 A 33.16+1.77 B 10.18+1.71 B 24.07+1.85 B 34.15+3.60 A 67.55+4.52 B
Kl [A1£K; 0.91~1.06 46.37~52.49 15.90~18.55 30.37~33.12 37.75~52.75 66.02~112.78
b{ER .
Ak 0.86~0.98 28.31~37.33 5.53~15.67 18.15~28.46 20.50~40.05 53.01~76.94
i H & TR RS MRIEL HAR/em LW TR
[ 0.35+0.02 A 160£0.06 A 139:020A 32914682 A 0.55+0.02 A
SRR .
A% 0.44+0.05 A 2.43+0.88 A 1.18+0.15 A 25.02+6.13 A 0.52+0.03 A
Bl )£k, 0.30~0.38 1.45~1.76 0.60~1.69 16.64~43.28 0.47~0.59
(EN .
KK 0.35~0.47 1.20~5.91 0.80~1.69 12.13~47.25 0.41~0.58

L. FFIARR T BRI RE MR TR 35 22 5(P<<0.05), AHIF]F-RERRTC 35 22 5:(P>0.05)

10.18 cm?, 24.07 cm* g, 67.55g, P<<0.05), M-F #5504 (0.35) ik TR M KFEH (0.44), H2ER
AW E (P>0.05). HAE (1.39 cm) & ToRMEEAEHE (1.18 cm), (B4 ¥4 0.60~1.69 cm.

3.1.2 R SARS ARG Hrn R 3 AT [RJEIRISR EMRK AR KM (9.02 cm, 701.032 cm’)
KFARBMEEEHD (8.8 cm, 516.52 cm?®), (HZERAEE (P>0.05); SEK ., WA . HRKFRAER
(2073 cm, 43.78 g, 6.79 cm-g ', 31.79 cm’) B\ 3 = TR [ AAE b (133.96 cm, 34.58 g, 3.97 cm-g',
18.50 cm®, P<<0.05). JAl Z5AR T4 Jot o £ S0 HCFAR A= 0 8 L /N TR Tl A L, R Fe b R R ] e b FF
M L2 F AR
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Table 3  Effect of thinning on the functional traits of underground part of V. negundo var. heterophylla

WiH it FARK/em AR B /em RE Y em? AR em? WAYE/g
o () 1% 9.0240.91 A 207.30+24.40 A 701.03+180.68 A 31.79+3.28 A 43.78+7.36 A
S AR E .
FNLEIEY 8.80+0.61 A 133.96£12.61 B 516.52+251.68 A 18.50+4.45 B 34.58+3.32 B
— ) 4% 6.6~12.10 131.42~285.56 508.90~1060.67 21.99~42.34 14.88~56.32
(e o
Atk 7.5~10.60 108.45~169.85 275.21~865.78 9.0~33.65 27.22~42.49
it H it FRT- 5 o 434K WAY =T M5 L HRK/(em- g ™)
N 179 0.62+0.01 B 0.40+0.08 B 1.16£0.42 A 6.79+0.31 A
FHE LR .
AR 0.68+0.05 A 0.52+0.05 A 1.16£0.31 A 3.97+0.41 B
S Il 0.52~0.75 0.21~0.53 0.27~2.15 2.64~19.19
(EA .
KA % 0.56~0.82 0.39~0.69 0.44~2.28 2.69~5.22

VLW R 1R DI REMEAR A7 78 0 35 22 53 (P <<0.05), A[R] 7R} 7R JE 1. 34 2% 57:(P>0.05)

3.1.3 RAAHEEBEERSBSIEG R X R AR TR RN B AR IR 5525 38 B 7 0 o il
Fede ot (B 1) BB SACE FRY AR 2 B P i BO A — 2. ZUCR EE AT, HKOR;
0 T A BB B R B R AR AR s BROC R P EOEE R BIMR U I . 250 A A LR I o
SPENK BRI ZE . MR, i

[i] A5 2 (B ARAE M 25 () — 28 B A 22 AR PO AR R IR - Tl AR R 25t R0 3 43 85 DA AR
ERYA LB BT S (3,72, 77533, 46130 g-kg), WEE TARMBMAEHL (3.06, 540.16, 402.49 g-kg',
P<<0.05). XU RAR T BT IR TE I S5 45 20 B A 20 FC AR, (BAE — B2 AR Bk RN 25T e PEAR
B o ] AR M 3 4% 4 0 3 1 43 % (9.08 mg- kg ') B 3K T A ke (11.63 mg-kg ', P<<0.05),
LA B TR MR (5.69 mge kg ) MR TR MR REML (4.43 mg-kg "), HEFARREE (P>0.05), X 5AKME LR
by - S T A B R A G
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Figure 1  Effect of thinning on nutrient distribution of various organs of V. negundo var. heterophylla
3.2 FIFM ERSTIREER SRR R

1 4 IR R R TR RR S PR RSORS00 S0 o A K 8 A ) S AR TR S e AR
(P<<0.01), FM T AR5 PR TS 0 ShF 0 e F R S i B S A0 35 IR AR OC (P<<0.01), 55 oK FH R S vk 7] £
B IEMSE (P<<0.05)0 M4 55T 0 KR LA J5 HE 705055 0/ 45 A 205 o 58 R A S 3 e B W 3 I A

X (P<<0.05), 5K PHARSTF A 4% B EAE (P<<0.01), ZEF¥ 5 R0 805 66 A GRS B 3 1E
R4 FEM EHSTEEERE R TAIRERNMBXES

Table 4 Correlation analysis of aboveground part functional traits of V. negundo var. heterophylla and understory light environment

M EEBSF DIREEAR A A BRI EE E R B R S I A 3 R FH R S5 A )
T AR 0.534 0.442 0.823%* 0.837** 0.882%*
4R 0.263 0.578 0.484 0.274 0.528
R0 5 434K 0.861 0.215 0.521 0215 0.779
o AR 0.547 0.797%* 0.837%* 0.768%* 0.661*
A 0.706* 0.304 0.492 0.902* 0.946*
2wk 0.180 0.071 0.186 0.552 0.620
4 0.664* 0.831%* 0.311 0.752% 0.520
ERIR g 0.663* 0.821%* 0.752% 0.761* 0.940%*
ESR /D vy 0.841%* 0.018 0.488 0.831%* 0.783%*
B/} 454 —0.400 0.171 -0.316 0.067 -0.141
ES 0.415 0.296 0.447 0.111 0.569
B 0.209 0.160 0.244 0.031 0.435
B 0.640* 0.710% 0.769%** 0.786** 0.649*
ALK 0.313 0.862%* 0.686 0.801%* 0.669
BLIH . *3RoR A OG(P<<0.05); **Fmil i EHI e (P<<0.01)
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AHIE (P<<0.05), 2248 SART B 5 S ot RS 4R 5 38 o 52 0 3 R A OC (P<<0.05), 5 K PR S s i)
S IEAHOC (P<<0.01)o 2574 MLAR I 5 43 80 5 AT B 90 50 50 30 i R R 5 40 O 5 1 OE A OC
(P<0.05),
33 RINgEMERELEEFHXR

FKSEW . BRIEMATHMAR TR ASRES HEAEMBEILIE . A FLBRE 2 B E e
(P<0.01), 5HHAEBEFLHE . EHEA PR M B IEAE (P<0.01), RS LA R B ER
K (P<0.05), S5HIAEBE LB . A VLTS E 2 M B E IEMC (P<0.05), RAEMS AT R
e dp 2 AR OC (P<<0.01), SARBAFLBE A L5 HLT 24k W2 IEAH G (P<0.01). AR5 HEEE
AL 2 B ARG (P<<0.05), RA PR S 585 B0 0 2 MAHC (P<0.01), 5 IR B LK
N A LR A R IE ARG (P<<0.01), X U6HA IR RS T - ekt , i HIERERIRL, ARF
B IEAEBAEFLBR R, fEdER AR 20 R R A B, AT AR A A K L R AT HLRR
FIF R,

x5 FIFRIMEEMERE LEEFHHEXES R
Table 5 Correlation analysis of the functional characters of V. negundo var. heterophylla root and soil factors

HRIIBEEIR T ARREARE O BELRE O BSLBE AP BESR Eest LR

FHK —0.547 0.612 —0.541 —0.454 0.619 0.756* 0.432 0.357
RARK —0.807%* 0.829%* —0.848%* —0.791%* 0.873%* 0.451 -0.109 -0.155
R —0.739* 0.740% —0.672 -0.577 0.734* 0.690* 0.290 0.431
HRAAFR —0.914%* 0.953%* —0.876 -0.759 0.915%* 0.604 0.175 0.139
MR Y -0.479 0.460 0.212 0.228 0.233 0.009 —0.407 -0.120
HRT ) 5T 43 4K —0.629 0.650* -0.077 -0.016 0.378 0.634* 0.238 0.479
HRA: e L 0.174 -0.158 -0.597 -0.578 -0.474 -0.031 -0.104 0.423
MR —0.142 0.166 —0.663* —0.620 -0.016 0.217 0.260 0.481
HAR —0.588 0.551 —0.834** —0.838%* 0.752% 0.485 0.108 -0.074
RA2A —0.634 0.647* -0.578 —0.540 0.586 0.505 -0.060 0.153
MR A —0.858%* 0.717* —0.934%* —0.871%* 0.818** 0.265 -0.220 -0.221
HR 44 —0.813%* 0.775%* 0.212 0.228 0.750% 0.439 —0.234 -0.223
HEA B —0.916%* 0.913%* -0.077 -0.016 0.979%* 0.433 -0.058 -0.197

B *RR BERIDE(P<<0.05); **FRIRIR L EARX(P<0.01)

34 FEFEVRERERERFESEASH

F it — IR AR N AR 52 R, AR RS L3R TRk S AR R YRI5 Rk AR 5 13
PACRFEFRPRER R, IR DIRE R A H AR & (v), LLS 4 DIREHR B UIAE OG5 S R85 R 7 A
5 EFRAL N TR F AR I TR A AT, 5 ER L 6.

o> DO RE MR b 5 IR BE M 128 Rl 3 B 25 R T LB - R 4%t I AU 2 R 3 S5 6k
T SR S 3 A RO BH B B TR AR AR R R IREOC R, R 43003k 0.896 F10.911, P BI/NTF 0.05, LAt
AT BRI A BILAS 5T 1 53005 0 B A A0 S RUMRS B0 A S et LR LA 8O B, R 43 51136 0.910 il
0.987, P4rill/hT 0.01 F1 0.05. 25T 5t o i 43 0 5 66 A U I A B i 2k R H D¢ &R (P<<0.01,
R*=0.896), =544 HLAK BT & /040 S5 AR B 6E S8 EAFE R B P TR E OE &R (P<<0.05, R*=0.620).

MR IREMR 5 HAR SR i 3 B R e M A M A0 M 5 SR . ARAARK S BB LR
B BFLBREE RN R HEA AR, ARRFURIAR K 5 I T H R BT M B LB R, ARA YRS
+ BEA AR AN A HE A 0 Sk I H LA ROR B, R 415K 0.783, 0.923. 0930, 0.978, PI/NT
0.01, RT¥I e 8S HEAE B ELBUE A LA LK, RIAFE IR AR R 1 2 b [ml)H 56
R (R=0.753, P<<0.05) JLrfv, XJ -+ 3 AL RRIE S BUB A HE A AR A MLBR BT it 2 0. HRARHG L AR
B, R 41528 0978, 0.930, 0.923, XAR R i K ay I RRAbFe 2 - BEA ML .
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Table 6 Stepwise regression analysis of V. negundo var. heterophylla functional traits and environmental factors each organ

rgetik EVEYsy P R
IR 3=—6.89+1.282x,+0.056xs 0.026 0.896
AR y=—7.385-0.13x,+10.229x, 0.014 0.910
4 3=1.143+0.013x,+0.089xs 0.048 0.911
AR =T7476+77.11x,~0.7%x, 0.160 0.987
R i s 1=0.415+0.001x, 0.002 0.706
AL 1=74.329+121.525x, 0.038 0.620
SRR y=—118.671-2.234 x,+3.555 xg+4.312 x, 0.001 0.783
BFYR =-230.074+10x,-0.013x, 0.017 0.753
AR 1=-9.176-15.724 x4+3.499 x,+0.199 xq 0.001 0.923
WK y=—17.111-4.765 x,+1.124x4+0.840 x, 0.003 0.930
AT HLER 1=—338.69+4.253x9—26.676x, 0.001 0.978

VLI x OGEARBARET s xR B RATE R o AR RO ARAIE s xR SRS L xR PR ST 5 xR
By o AR x B BB xg N LI PLT; x oM A

4 Hib 5tk

41 BEERERTHEEKERAEHRNXR

AR AR R IS BRI A L B 19 45 0 2 o B2 (A O RHIE ROA AL D v, ThiAR
BIFFE 0T G2 SR FH AR 2 S 53 X 32 W 6 77 A ol 9 2 8 AR O 2 ) A A R Al T 2 AN TR Ziziphus
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