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HE: [ B4y ] Wi A Quercus variabilis %2 G K9 FH | Wz, Skt @aR, RTFAET. AW ERERIESS
A A, JEA LR IR s, [ Fk] KA 4 BE SAKF k= )ad A s sE 4% (RCCD), &34
Fohrh LEARE | RRE. AT EATRRER, SHERTHEMAY, LHERBSXETERGT A, [ 4
RO d. iz, Sdhet@R, RTFRE. AW FOT E0MEAYN, SI5AF0 KR LN AL BH £ 7 (P<0.05),
WIS, AR 16, A 18 HRAREAES, QRALIEREAN. EEAKREREREN S MR AT ELHN,
TR RFME, AT ENEIATH AR E A, EHBAKEIMRRA LEARE | R E . 5 E k4T
T, OLEREZRBAW . EIHRMAERIETHIEMIY ZIHEM PR ELY, £ Kik B G IE SR EeNE
Aada ¥, Bl —EARE AR FRE, DS B EY . DRESKEREENGEH. A, taR. RTRASAZEE
R, EAKFGEHREN GG, B RTRE, AWEARFEHE, DEAKRFGEATENADEA R E EH
B, AT ER, T RE. AW EARFTERAN, AR EEAF TN AALF AL, KRICR 543K
JBK T HeAt R e 48 o2, [ % ] A RARG HAIEE RERKRI| MR A LEAKE | LR T, T E, &
TR RS Fb e b TIRHY R AR, SR, HR. B, KTEHTHREREALELF, RIEAZGRELESH: £
HEAHREA|ERRFRKEN T9%, R B AR ZH5 A% 2153, 46.0. 18.1 mg-#™", B AR6I% 5Tk 3] 45.14 cm,
W12k 5] 440 mm, HRFREFLE) 630g, £HFLF 11.70 g, Lkt @R Tik 460.83 cm’. B 3 & 2 4 30
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Abstract: [Objective] The aim is to investigate the response of stem height, ground diameter, leaf area, root
weight and biomass accumulation of the seedlings of Quercus variabilis to the coupling of water and fertilizer,
and to establish optimal combination of irrigation and fertilization. [Method] The four-factor-five-level
quadratic regression general rotatable central composite design(RCCD) was employed to establish the

regression model of each index and soil moisture (W), nitrogen (N), phosphorus (P) and potassium (K), with an

Weke H 9. 2019-07-31; &[T H 1. 2020-01-08

HETH. “+=H" ERESPAITRITE (2017YFD0600602)

YEF R AE, MEFEREEMBISY . E-mail: Ju_Jiao@126.com. EIEVEE . T, BIBFSER, W+, MIFREIEAK
5%, E-mail: yuhaiyan@caf.ac.cn


mailto:Ju_Jiao@126.com
mailto:yuhaiyan@caf.ac.cn
https://doi.org/10.11833/j.issn.2095-0756.20190456

674 WroIL R R K A R 2020 4E 8 H 20 H

analysis conducted of the main effect, monofactor and coupling effect of each factor on growth. [Result]
(1)With the variance analysis of the stem height, ground diameter, leaf area, root weight and biomass, it was
found that there is a significant divergence in the treatment of various factors (P<<0.05) and the growth of
seedling 8,16 and18 is the most favorable. (2) The model test results show that W and N have significant
positive effect on all 5 indexes, P has no significant effect on ground diameter, K has no significant effect on
any indexes, and there is a decrease of the main effect: W>N>P>K. (3) In terms of monofactor effect, it was
shown that all the indexes presented a trend of first increase and then decrease with the increase of fertilizer
application, in the path of a parabola. There was a gradual growth of the seedling with the increase of W before
the a drop occurred in the growth rate. (4) With the anlaysis of the coupling effect, it was found that WxN has
significant positive effects on stem height, root weight, biomass and leaf area, WXP has significant positive
effects on stem height, ground diameter, root weight and biomass, WxK has significant positive effects on
biomass, and NxP has significant positive effects on root weight, leaf area and biomass, NxK has significant
negative effects on the ground diameter and the coupling effect between water and fertilizer is greater than that
between fertilizers. [Conclusion] In conclusion, the water and fertilizer demand in the seedling stage of Q.
variabilis is W> N> P> K, and suitable water and fertilizer ratio can promote the growth of seedlings.
Seedlings grow better with conditions of high water, high nitrogen, high phosphorus and low potassium
fertilizer. The optimal combination of water and fertilizer regulation was as follows: soil water content was 79%
of the maximum field moisture capacity, nitrogen application was 215.3 mg-plant™', phosphorus application
was 46.0 mg- plant™', potassium fertilizer application was 18.1 mg- plant™', with seedling height reaching 45.14 cm,
ground diameter reaching 4.40 mm, root weight reaching 6.30 g*plant™' ,biomass reaching 11.70 g+ plant ™', and
leaf area reaching 460.83 cm?. [Ch, 3 fig. 2 tab. 30 ref]
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AREAEBA KSR, BB, R ARERKM BB, XFEW Zanthoxylum bungeanum'™ FIFHKA
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1.1 R

T 2018 4 4-11 A 15 E MOl Bl 208 52 B BHF R 2 (40°00710"N, 116°14'38"E) A58 . 4k
61 m, BFFEIMIEEASRN 24.0 C, WEERAET 10.0 °C, HRSEAE T 30.0 C, SGHGFIRE
4 200~1 000 pmol-m™2+s™", B K 60%~70%.
1.2 R

2017 4F 9-10 A, TR FEARIN BEMLZEHL 50 ARidtFefe feARRERS , BERSRIEEAR /N T 20 m, SRAE S F
TFH 60 C R/KFFEIZHL 2 h A B AN & TR+ xR 7005 . 15, e T T
FAGAT . 2018 4F 4 F PRk O & 2F i # e AR FP F Wi AR JF 46 A, Bl P98 AEAE AL (W42 10 cm, 15 20 cm) P,
WL N VR K ) VEERA)=5:3, FEFAHE N 0.28 grem>, HEFE/KE 18.5%, pH 6.05, HALA .
B . A T B 74.67, 27.17, 11.63 mg-kg ',

P35 R 5 B4 0 RS, S — R LB, RWIK 1k, MERARHRIE . S
1 JRIBEIG Ve B R 0.1% 19 50% Z B R vk fl . e E i, SR AL, Ira AR RS
LVIRALE e, DA aon . 18 5 7 ha) i B 55 5 i A i, 100 b 3 1 RT3 v
AR 7354 16.8 cm A1 2.09 mm. NEREHEHEMN JRE, SFESECH 46% MA). BEIE (BER — 2040,
TR ECR 26% ). BRAE (BRERER, & E N 50% £1).

2 HtR ik
2.1 It

K 4 FE 5Kk Il )= 3 e 5 st *x1 RBEEFIKTEHEEE
(RCCD) s ;H; 30 /|\5L|‘ M, % ﬁtgﬁ %’% i 7J(’T|Z g’ﬂiﬁ E% Table 1 Coded and physical values of experimental factors
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. e e e - L 2.0 40 0 0 0
BE MR AR B K Sy, RIS A R 1o s 750 150 150
AT IE . 3 d e 1 IR EES KR, ME R 0 60 150.0 30,0 30.0
K, WG HHEAE, ZKREHEEE KR, 2.0 80 300.0 60.0 60.0

A 5 KA (o )RR K R L)) AR TR BR
WFEIK o FEZK B (mL)=[(H [F]HpK - S KR/ < LR KA. T 5 AIRE 7 AE, 7d
TR 1Yk, 100, 15 d7t 1 BRAEAEPAL, 35 kU Rkt R E , X i ARIEFT K 70 #b 78
FAERHAE TR PR o R e AR R AU, KIEIE DR 20, S YR R A A WIS o)
MRS, DA — U R R AL i IR 2K
22 FERMNESHEST

2018 4F 10 0 A3 4b BR B R AU B i . AR, JF XS i R SEAT BSR PR IORE o {1 LI-3000(LI-COR
Inc., SE[E) MEM TR, LB 15 #k, BERRSETRIUAAR TR . 25, i, THEE 105 °C 475 30 min,
80 C Ht+Z=fH &, FriEk. F Excel 365 Fl SPSS 23.0 174 #H, K F Design Expert 8.0.6 5 Matlab
2018 FEN BRI IEHEAT M1 S A A ] 5 R A E PRI . A FRhR 5 13 K Rt JIE 5 74 [0 U 43 7 >R JH
AT

y=bo+b1x1 +brx3 + b3x3+baxa + b1byx1X2 + b1b3x1x3+D1bax1 X4 + byb3x2 X3+
babaxoxs +bibaxsxy +by1x1% +boxs® + b3zxs® + basxs’ (1)
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3.1 RAEABE AR XY ARG & . R Prm R 2 PR SO . R BT Ek—
%, HEFREZESR (P<0.05). /K. LA REA A AR R, o AbBE 17 s . Wi . Bokknt i
FUORUE AR . Rk, S aAbH A KR, Hb b 8, 4bFH 16, AbBH 18 1155 40.20~44.57 cm, Ab
B4 AbPR . AbPR 18 #1AE A 4.15~4.34 mm, AbBE 8. AbBH 16, ALFE 18 BYM-THIFL N 426.75~445.03 cm?,
SRV, ARIKIEHD LA Fe bR A2 A —E 25 5, 18 B KB R L AT DU i R A4

312 KIEEABAMHEMEREDTH Y WER 2R FOEMERMEYREFEREES, K
KL ARENE A BEAE Yy i, HrP A B 17 B R R, SR mANRA A YRR, oAb B
12, AbFE 8, Ab¥E 16, AbFE 18 /EH K 9.95~10.99 g, AbFE 8. AbFH 16, ALFE ISHIMR RAWiE N
5.72~5.81 go 3t EL AR A A S XS R AR W A R EVE R, B8ORS AR, SRR e R

x2 EMEREMELEREFERERKER

Table 2 Experimental design matrix and growth of Q. variabilis seedlings under different treatments

Qb3 xi X X3 X4 Hiws/cm Hif%/mm T Fist/g HEYat/g - Y /em?
1 -1.0 -1.0 -1.0 -1.0 31.97+0.56 h 3.46+0.11 cd 3.45+0.03 k 6.69+0.18 de 291.93+341 g
2 1.0 -1.0 -1.0 -1.0 38.80+0.85 cd 3.8240.20 be 4.57+0.02 ¢ 8.53+0.25 be 364.24+7.36 de
3 -1.0 1.0 -1.0 -1.0 30.07+£0.75 i 3.9240.10 be 3.84+0.03 1 6.90+0.23 de 274.35+4.79 h
4 1.0 1.0 -1.0 -1.0 40.20+£0.77 ¢ 4.15+0.17 ab 5.21+£0.04 b 9.71+£0.12 b 397.33+£10.49 ¢
5 -1.0 -1.0 1.0 -1.0 29.47+0.73 i 3.4240.13 d 3.66+0.02 j 6.47+0.41 de 275.37+£5.81 h
6 1.0 -1.0 1.0 -1.0 39.03+0.92 cd 3.9340.19 be 4.7440.05 d 9.18+0.10 bc 370.65+7.67 de
7 -1.0 1.0 1.0 -1.0 30.92+0.64 hi 3.83+0.16 be 4.10+0.03 h 7.33+0.18 cd 298.80+10.18 g
8 1.0 1.0 1.0 -1.0 42.27+0.98 b 4.24+0.20 ab 5.81+0.04 a 10.79+0.11a 426.75+13.37b
9 -1.0 -1.0 -1.0 1.0 28.90+0.76 i 3.7240.10 ¢ 3.48+0.03 k 6.18+0.17 de 259.70+11.61 i
10 1.0 -1.0 -1.0 1.0 37.00+£0.91 e 4.10+0.09 ab 4.56+0.05 ¢ 8.65+0.11 be 360.34+£5.49 ¢
11 -1.0 1.0 -1.0 1.0 31.30+0.54 hi 3.66+0.13 cd 3.80+0.03 i 6.82+0.16 de 276.3249.52 h
12 1.0 1.0 -1.0 1.0 39.33+0.85 c¢d 4.03+0.14 b 5.29+0.02 b 9.95+0.18 ab 390.31+6.27 cd
13 -1.0 -1.0 1.0 1.0 30.77+0.66 hi 3.61+0.11 cd 3.20+0.02 1 5.88+0.39 ¢ 249.13+6.11 i
14 1.0 -1.0 1.0 1.0 38.97+0.82 cd 4.16+0.17 ab 4.67+0.04 d 8.94+0.11 bc 367.71+11.04 de
15 -1.0 1.0 1.0 1.0 30.77+0.60 hi 3.4540.12 cd 3.78+0.01 1 6.96+0.45 de 294.75+8.29 g
16 1.0 1.0 1.0 1.0 44.57£0.95 a 4.04+£0.20 b 5.75+0.03 a 10.99+0.12 a 445.03£13.33 a
17 -2.0 0 0 0 26.03+£0.67 j 3.4440.14 cd 2.60+0.06 m 4.85+0.35¢ 245.46+5.69 i
18 2.0 0 0 0 43.13+0.99 b 4.34+0.26 a 5.72+0.05 a 10.69+0.35 ab 439.87+11.94 ab
19 0 -2.0 0 0 33.27+0.74 g 3.61+0.17 c¢d 3.77+0.04 i 7.10+0.19 ¢ 272.22+7.48 hi
20 0 2.0 0 0 36.37+0.70 ef 3.8240.15 be 4.87+0.04 ¢ 8.85+0.18 bc 339.81+£8.12 f
21 0 0 -2.0 0 31.53+0.64 h 3.88+0.16 be 4.13+0.04 h 7.48+0.18 ¢ 327.63+4.80 f
22 0 0 2.0 0 33.97£0.77 g 3.91£0.19 be 4.50+0.03 ef 8.30+0.20 be 334.72+£10.71
23 0 0 0 -2.0 35.50+0.81 f 3.9240.17 be 4.42+0.04 f 8.07+0.19 be 335.99+10.88
24 0 0 0 2.0 36.33+£0.58 ef 3.88+0.17 be 4.30+0.03 g 7.95+0.31 ¢ 330.40+12.97 f
25 0 0 0 0 37.87+0.89 de 4.00+0.22 be 4.67+0.03 de 8.84+0.18 bc 376.50+£9.18 d
26 0 0 0 0 36.77+0.69 ef 4.10+0.15 ab 4.45+0.04 f 8.44+0.20 ¢ 356.43+4.59 ¢
27 0 0 0 0 38.53+0.78 d 4.05+0.12 b 4.80+0.03 cd 9.05+0.19 be 397.25+4.30 ¢
28 0 0 0 0 39.33+0.82 cd 4.00£0.16 be 4.70+0.03 d 8.82+0.19 be 394.06+£12.09 ¢
29 0 0 0 0 37.80+0.70 de 3.9040.13 be 4.87+0.04 ¢ 9.09+0.21 be 386.09+9.43 cd
30 0 0 0 0 39.77+0.81 cd 3.91+0.09 be 4.70+0.04 d 8.85+0.17 be 394.45+6.87 ¢

BE: xiy o X3 xRN RIESOKAR | AR SRR RGP AT R B I bR R R NS TR
FAAAL PR AR S . HARFVEYRLE0.05K P F 2R g
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H AT BEAI R AR A
3.2 [EAEASH
DI R BRER S . A . PR AT . SRR HARREL, IESKOR | AR . ek
SRR A ARG, 18 U7 2550 A A F-test X 5 8 (0 AT SEVE RV RO AR B2 A TR 36, [RH 7 R X o W 3
(P<<0.05), R*°40.950 1~0.981 7, K, BIULER G LBREHIMG L. HIBRARENRIHRES, #
HIFGRUNT -
Vi =38-34 + 4.59x1 + 0.82x2 + 0.59x3 + 0.66x1x2 +0.61x1x3 — 0.83x1% — 0.70x2% — 1.28x32 - 0.49x4%:  (2)

Yip=3-990 + 0.220x1 + 0.063x +0.046x1 x3 — 0.120x2x4 — 0.026x;2 — 0.070x,% — 0.026x3% —0.024x4%*; (3

Yotz =384.13 + 53.78x1 + 16.66x2 + 5.33x3 + 8.03x1x2 + 8.77x2x3 — 9.42x;% — 18.59x2% — 12.30x3%—
11.79x4%; (4)

ym;;ﬁ§24.700 +0.730x; +0.310x5 + 0.094x3 + 0.110x1 x3 + 0.074x1x3 + 0.067 x5 x3 — 0. 120)612 - 0.081)622—
0.083x32 —0.071x4%; (5)

Yrpape=8.85+1.47x1 + 0.52x3 + 0.20x3 + 0.21x1x2 + 0.19x1x3 +0.12x1 x4 +0.14x2x3 —O.23x12 —0.18x22—

0.20x3%2 = 0.17x4% % (6)
K @)~6) H1, y FRMINIAE TR, X1\ xp0 X3 xg 20 AIER/R BIES AR | AU L it R B R Y KO
St (A .
32,1 EREHH  HIEESACK. MR BRI AR R RE . YA BE IR
N, SO DA BRI g IS K 3 | AR L MR TIESKOR | AR AR A B ERY, H
A BB K EAON i T AL o R X A SR AR AN AN B, R AR T AN o Ak, R ER
IKREE AR . S K SRR X S A 0 IE A AN, HIGHE K TRIE; IS 7K 3l 5 X,
AR AT 0 2 IEAC BN, it R it A J 2 TR S Oy, Lt 2R it B e ) B R0 KT R R OK
R IERON 3 IR E KRR R . iR s A R AR B RS BAON, B R
T ; BIESACEGA S . BIESACR R A E R . RIS AR A X E Y AT
FIEZERY, HMNEEMR IO RIS AR GERE . DI SRRt . A S iEma . HES
AR AR R AR . RIS ARG . A R R AR R AR R B IE A B
N, B EMKR IO EIESACR G R . RIS/ Rt . il A s . IS AR A
S 13 L ASUN G AR P AR K B
322 REEFH RS KT HE LTI R XA BSOS RE RN TR AR B, 4y
ras RN i . AR . BRI ERR . MR AR AN . anlE 1 IR AL BERITER RN
PO (=8 INIUE AT ORI K 7/ES ) 2 /N =82 s v )11 e/ 4 N R = s e 14 R T 2/ A 9D S/ I [E R
ik BRI X 0 Y 38K 43 . IR AN . Y IS KRR R — R (x,=1.0) B, BG4 35,
%o 5A-FEbR AR A i A R A HE I R N, Mt A R A B KR (x=1.0) B, R A K S
P, R I T B BRIEXT S A8 152 i HEOR e e B ], x5=0.5 B, FRERXTHR R AE KA
SAEYETAMEIER . ERIKT (x=-0.5) FMHIET 5 M ERITTE SR &EE, H x,=2.0 B LA
FIERY AR A K EAAEY RN, RHOKX A AR TR, HYCH A . 30 38K 3 R e
] DL R A A AR KR AE R AR R, (L R I R AT 2 BRI 4l i AR K
323 RIEHRS B S oA RIESTEAROY A AR, X H A RN B3 Y A H IO A RN A BT .
K2 firs . RS KRG A i . 7K Rt il 5 X B = AT IR AN o R B A A AR At
SEABGINT W Z I, 24 x,=-2.0, x,=1.5 B, WEABIERAK, 44579 cm. (ROKA5504F, (RBEACLAIS
BENE AR F o m A, v Bl A K o0 R T (W) s 33 i I3 R, 3k 38— A A B e R 2%, Y
=20, x3=0.7 B, PR AE 44.84 em. HIESACR <GB X AR A B IERN . KBRS, B
B ok i s S AR S Il AR A K . K EGEEE, BSniE e IE A A T AR AR, 2 x=2.0. x;=1.6,
AR AT A 4.40 mm, il 0D il B B 0 LA A B RN, AUIE RN T AR A AR i AR A sz B, (H
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Figure I Monofactor effects of soil water content, N, P and K fertilizers on stem height, ground diameter, root weight, biomass, leaf area of Q.

variabilis seedlings
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Figure 2 Coupling effects of water and fertilizeron stem height, ground diameter, leaf area, root weight of Q. variabilis seedlings

Bl ZIERBE I, AR G R AC AT DAGE i M AR 3G 0, B S ARSI B I S 0 A A S 2 i A A
WA 2 fron . S KR AR | it R < B I TR S IR AN . BRI TR A K 4 A
RANEAIGINMZEHIE K, 4 x=2.0. x,=0.9 i, FAR I HEBGA 5 Kl 467.00 em®. AU FIBEIE Y22 5.
SN A EE K A BLALNE /N, LB A AR RBEE AR B 3G, Bk i T ARG B S BE AR, 24 x,=0.5.
x3=0.4 B, BRI A IR E] 390.00 cm?,
WmE 2 R RIESAKRGER R . RIS KROGERE R | b A i B R T B A TEAL
N o Bl K FEAE R RIS 3, AR TR s K, KA E R, 2 x=2.0. x,=2.0 i},
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MR B A B R KR 6.40 g KBEAE HAEFBOK A EAEH/N, BEEBEAE AR 2 035m0 i 2 it
R, M x=2.0, x5=12 0, RTFEEA AR, N 5.80g. ARZIEIHIAE HAEFHE KD FALEHY A H.
YERZIN, FAEFIBEAE A FRARACTBHAR T B 50y, B A IE & 3, AR T Tt S 30 e K5 ik
INEIRAR, M x,=1.3, x=1.0 Bf, ARTFE R ARA N 5.10 g.

WE 3 PR SRR R . RS KRR . RIS KRG L il < X
ARAY AT BB . KR EAE AR AE Y RN, BE K FARNIER B, AYaigdig K,
M x=2.0, x,=2.0 B, FERAEYEATIAEN11.95 g RBEIEF S B IC YRR Sl B AR, B K73 A
RGN, A BB SN AR, HE X, =19, xp=1.4, AR LIAE] 11.20 go [REFAE
AR AR Ml AR, HAEMUKASHIER A FTAEWER/DN, XM x=2.0. =05, LYk
ATk 10.88 g AURIBEAE 138 ELAE FHAHXT K N 2E BAE I AGs2 i/ )n - LA ) i it 0 Rt ol £ 1 34 o e
WG/ RO AT, S m0oms . S0 LLARES . SRAESE 2 0 A= = A e, 24 =17,
x=1.0 Bf, AP IR R 9.43 go W EMIKAE LA R T AL KA E YRR E .
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Figure 3  Coupling effects of water and fertilizer on biomass of Q. variabilis seedlings
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