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The Effects of Five-Year Fertilization on Dynamic Develop
ment, Productivity, and Stoichiometric Properties of Young
Catalpa Bungei Plantations

Abstract: [Objective] In order to maximize the growth and productivity potential of trees, fertilization is a
crucial technical tool in the global management of forests. Tree growth is not greatly affected by short-term
fertilization, and it doesn't seem to be very effective at increasing fertilizer efficiency. On the other hand, there is
less involvement in the dynamic development state and productivity improvement of trees following long-term
fertilization (more than five years). [Method] The research subject for this study was a 7-year-old C. bungei
plantations located in Jinan City, Shandong Province, China. In order to investigate the effects of long-term
fertilization on the dynamic growth, productivity, and stoichiometric characteristics of the plantations, two
fertilization measures were adopted: hole fertilization (HF) and integrated water and fertilizer (WF). No fertilization
was setas a control. [Result] The findings demonstrated that the stand productivity increased gradually following
a year of fertilization. While the productivity growth rate of HF and CK stands was relatively slow and the
productivity of HF stands was higher than that of CK, WF significantly promoted the improvement of stand
productivity with increased fertilization time. The productivity of WF stands increased by 39.7% and 55.1%,
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respectively, in comparison to HF and CK stands. After 5 years of fertilization, the accumulation of WF-fertilized
stands reached 112.36 m3-hm, and the stand productivity reached 41.75 m3-hm2-a’'. Fertilization considerably
raised the amounts of potassium in the coarse roots and nitrogen in the leaves and fine roots of C. bungei. The
corresponding organs of the water-fertilizer integrated forest had higher concentrations of these elements.
Throughout the growth cycle, the leaf nitrogen, phosphorus, and potassium contents, as well as the coarse root
potassium and fine root phosphorus contents, were consumed in substantial quantities, with declines of 30.5%,
18.8%, 47.3%, 24.7%, and 24.4%. The increase in leaf nitrogen contents following fertilization would stimulate the
growth of tree height, DBH, and single tree volume. When potassium levels in branches and coarse roots were raised,
DBH and single tree volume increased. [ Conclusion] Finally, fertilizer mostly increased the volume growth of C.
bungei by boosting leaf nitrogen and branch and root potassium levels. In terms of optimizing stand productivity,
the integrated water-fertilizer fertilization strategy outperforms hole fertilization and should be given priority in
future C. bungei fertilization experiments.

Keywords: Catalpa bungei; productivity; integration of water and fertilizer; chemometrics; long-term

fertilization

FE BRI 7L — B R BUM T A A T2 PoE g o A K EF B (Shi et al, 2017). JIE
BHRMNSE L it A7 9% PA St N R 8 (RIS TR 251 2 W PR R Bl 25 A K ™ A B R 5

AR R T RAIE R TR (FE2m. A, D DUKETTR AN 2 B, &
A R RS R G rh B F RS T, e EH R EY A K E R . ST S B
HEFROUREE, TSR AR N R AR LSOO R [ 8, I AR N TR At L. A
ANFL 85 B R EL AR AT [ BRI R . AL, R &A% B BB UL AR B EL AT DA S A ) A R
STFRTEER M. (Koerselman and Meuleman, 1996: Tessier and Raynal, 2003). XHEMIFRDHIES
ARHIE T, dE T AR 34T, A BT E TR A K BR 1) o 2 I 100 DA R it NE I B TR 2 T (PR,
2005),

KRB — ALt I Al A = b — T+ B IR EOR, B R AR &K MR R AR, B
TSRV EM A K TN AT 72 (Zhang et al., 2019; Hu et al., 2010; Chen et al., 2018; Kum
ar et al., 2021; Lu et al., 2021; Zhao et al., 2021), #lt0:. Fhn. KEMEKEE., HLZ, HHER
MM AEFZ E b TR N R (He et al., 2021). BWFRKM, FEEHM (Poplar tomentosa) N
TAREAT AR, 58 ML TT ZAHEL, SRAKIE—RCReae D IR & (Xi et al., 2017; Bhat et
al., 2007). BEhh, JKAE—RALn] DURZ RTINS N TR E BRI GE R (Yan et al., 2016). 1£%
Nk, NFHZKE— A B AR IR KIS S LK K E A7 DR B IR St B AR R AR TE D

W (Catalpa bungei) J& 48 EEFHER &I Bt m KIS TR R, 235 4 M ML S A . EHZiEE,
SHSEM, BAEWERAEFNE, Eiim LS EIA 5000 Jo/m’ (L, 2016). H TG I 70 2 g
FEFEHIRAL, thin: BOOTMIAE (H e dhssE, 2015; EFESE, 20200, KB G (EEELEE, 20155 ORELSE, 2
016) LARIREGEAL (£, 2012; EJIM5E, 2013; RARICEE, 2015) 5. MR N LAREHe A H A0
[ G EE 12N 2T, BHAPKRE, 52 EERBEAREIE SRR BOR LR =, CER 2R 47 R TR AR
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TEAERTFL, ARIGHRH T W R 55—, KAE—ARAG L 5% AR TR AR N AR A 7 0 v T i Ao
55 RO AGE AT I, AN A A AR R S R e, AR AR L AT DU R R A

1 MEE

1.1 BFFE XML

RIGFEHA T 1L 258 B g T 2 e X ARG (R B (36° 257~ 37° 09/ N, 117° 10"~ 117° 35" ED.
J& Tl =R, FERR 12,8 C, B3R 27.2 C (T D, BRIRAIR-3.2 'C (1 ), T
W1 192 d, FEHJFFKE 600.8 mm, IR 4L 2647.6 h, & LIX HIERAVEE . WL AR, DFCREH
AR, 2017 T 2023 S H BRIEABEKEHE S B E L.

1.2 B AR

2017 4F 3 H, &#F 2a LMW TR “9-17 HHTIEM, FRGLikEE N 833 #k «ha' (3 X 4 m),
AT AERREE . SEMRATIZRE A 15a A2 AL SERE MK . MRS HEAT T 8. 320, FFiE N A HUIE/E AR .
MR 3 AN H G, WEMATFENEN 4.2 n, FEFERN 4.0 cn. EWE, A THE LREHEARE 0

20 cm), HArpH N 7.67, AHURSEN19.64 g-ke', ERSENO0.91 g-kg', EBEEENO.53
gekg', BHEEN16.7T g-ke', WMASENNSL S8 ng-keg', HARBESEN32.10 mg « kg ', HBLH
N 176.82 mg < kg o MWW A KZFEFRBEERERGEMN S ~ 9 H, FRLERHELN 130 © 150 do EAkC44E
I IR E] 95% LA, R I8 45 SR B A CRAZ 2B H] T 90%.

1.3 JEAE T

2018 4£ 5 A4, RHIBENLIX HBHT59%, WE 9 Bkt T AR, Sty 384 n’. 4
HRE I A A ARAE AR 45 ¥k (547 X9 %), I E 2 Rl ieR i, 433 N/KHIE—4&4t (Integration of wa
ter and fertilizer, WF) FI7Uii (Hole fertilization, HF), BHEANHEIEIENITRE . W& E+E e
B TR rp, GHERA AR EE 3 ANEE . FEZ AR E A, RS msEEL 6 ~ 8 me T
2018 4F 5 HHMT B MAE, 2023 4 5 H &5 sUMaAE, MiARFFEL T 5 45, RAERT I ER, B UEALE,
FERFHRIEAE S, ARUK NN 24 g. P08 g FIK0 N 16 g, il BF4F it HE B3 1 20%.

AN K B — A B A R Tt AR e B — B o Ut 2 7E JE RS AT R [ AT B ) 50 em 1A B &42 — MR
2920 ~ 30 cm BIRIT, FHRAERL— PR SRR RIT, N7 ERK, B SR SR T
TKAE—AR AL A B e e i % (HN-BXE, Huinong Automation Company, China) ¥&HERNAT 7K F4iH
RARM . HNEREEFHEESE SR 124, N5 AVIIFE, & 10 diE—k, &4 H e 3 X,
9 AWILEAEAL . A AERE A EATAT AL . X T A K IR — PR AT &, ZUIRANER AR (56 F PR R AR IR
B AN K AR — A R A 2 ) A O B A A IR — S . MEMINE S, MR AR R A A
BRI E 5 MRARHEAR . ARUERRBUONRIE SRR, WTEE. KB RLF, ATUARREBA DX ARG
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Ko

IKRE— A B E R &2 W 2. KIPER EZ28 Tk, T HERIAIE . &iEiEn,
KIERMBIN R i, MBAER N 500 Lo IR i iis, EBEIRE, K IEHIE R AR £
I, AN KIREE e, WS R YCEAE, S EAET (]2 30 min. WERSRIBIIWTT: WHERS R
THAERN 40 m'/h; WHEFRATREN 16 mm, BEEH 1.0 mm FIRHER: WSkIREAN 2.2 L/h, WkIAIEE
N 50 cmy FEIEPEEARGIERLTE, EIERA 1.0 Mpa (1) UPVC M5, HAp 28, T EREBER NN
110 mmy 90 mm A1 63 mm; A K AR Wk MESEER AN E (S WK 3D,

1.4 AEKNE

ERAEHN, HL 20 PRACHFEA —F, A8 FR R IF AR EAT K A7 0. 7301 2018 4 5. 8 1 1
1AL 2019 4E5 ~ 11 A, 2020 4F 11 A, 2021 4 5 A1 11 F . PAK 2022 A1 2023 4F 5 7 Xkt P Bk b e
MAEREAT 7€ o g TH I s 2 A A2 R

1.5 B IR ME

T 2021 4 5 H BA) CEKRFWIHD. 7 AR CERZEFRED DLk 9 A NA) CEKERAD 37T
bR SR M %, JFIEHL 5-6 Fr DhREMHE B REA . RNy, ZERR S TR 4 50 em AL E, 2
WA EIREE 0-30 em IUMR R, MIEEAAHL, KRR HER O 2 mm) MR (< 2 m). FEACRESS
SLRDE TARIRAE AR, BEJE TR SEe %, AR, BT, BEEET 75 CHET TR

THE, BRI 2 mm §f 5 0RAF T2 E S, SHEEWNMKTE (B, 20000 WM. #. HHRFIH
WE (N, B (P) fig (K) &, [R5 NP, N:KFlP:K.
1.6 FHE AT

AR B RR T ST 1S 2 AR L X R I AR R A R (AR5, 20000, AR UW0FFIR:
V=0. 000057468552 X D' 915999 x 40- 9265972

A VABRKRM (), DA (cm), HME (n).

A EERE RT3 ON: Jatt S SR 20 RO 1A R, SR )5 2 LA 2 BIAR A (1170 #),
BJERH AW ERE . WA IS ER B A B E .

TEAFF IBM SPSS 25. 0 XHEHE AT I7 Z Wi, MG R GR& ML, IEA. FEFM” R,
B 5 A FH B DR 3R 7 22 0 AT IR SO R RO 5. AR BARRM AR, AWTERE. WA=, &
BEFRS TGRSR, REMHERE (Turkey” s HSD) @47 REMEE: (/X0.05). ffiH
Origin Pro 2022 #H47H#IA.
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Figure 1 Distribution of monthly average temperature and precipitation in Zhanggiu Dist

rict, Shandong Province for years 2017 ~ 2023
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Figure 2 Schematic diagram of water and fertilizer integration equipment
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Figure 3 Schematic diagram of dropper position
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K 4C). 83.95 F186.88 m'« hm™® (FH) (& 4D). WF ALBE A& . M5, BARRMAAIEN 5 R4 K
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W ARVNG FREFOREEAA A ZF B3 (X 0.05). A: BEE: B: BigE; ¢ MEE; D
BWELL; E: BU4TEL; F: 4P, T[E. Note: Different lowercase letters indicate significant
differences between fertilization treatments (& 0.05). A: N content; B: P content: C: K co

ntent; D: N:P:; E: N:K; F: P:K. Same as below.
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Figure 9 Stoichiometric characteristics of fine roots elements of C. bungei
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RS EEI “RlaT” g% (8 10B). SHIHIAILL, AWM. 4R eES & 82D (P <0.05), 77
T 18, 8% 24. 4%.

M- R, iy RS ERIUE “JeTtERE” s, MRS BRI IZH KRB,
MRS BRI “SEREETH S (B 100). MBCTHI, AWM B AR SRR B
EEC (P <0.05), 3 lBEART 47. 3%, 21. 4%, 24. T%F1 15. 1%.
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2.5 SEFRTEESE

EM S B R S B H T, RSB R (42, 1%-44. 4%), HICHH (23, 7%25. 3%), 1% (1
5.8%16. 7%) FURHAR (15.8%-16.5%) HHormLid (B 11A). MHETAMAL (43. 1% 7k (42. 1%), K
AE—fAt (44. 4%) Moy s m TR A E . TERTA AR, At s, YR T 35,
0%, HAhZEE W& & L AT 19. 5%-23. 7% 18] (B 11B). Akb 405 & 5 be s (35. 7%-37. 5%), HiAih
AEHSE G AT 25. 4% (B 110 . AT AL (16.9%) AT (16. 4%) k55, KAE—A&fL (2
0.4%) HfERE R m 7RAARM & &L,

2.6 BHRAKGHRERSAMRLR

FHIRPED TR I, Mo i AR K R B2 B4 B S E M Emsm (B 1200, YA S . BAHAR
S EIG IR, BRI SR (B 12B). AN, BARRMRE R A BURRAR AR B O EAE G
KFER (E 120,

A —8— 1} leaf

254

WE R
P content (g-kg™")

e
&

K content (g-kg™)
)

I
1 1 1 1

H 15 Month
10 M gsE R (A, B (B) A (O S ENEIE
Figure 10 Temporal dynamics of N (A), P (B), and K (C) contents of (. bungei organs
e AEVNEFRER R A EREZE (X 0.05). Note: Different lowercase letters indicat

e significant differences between months (2 <0.05).
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RERGEIG I AWFFRIL, FEACSE & TR B AR, FEPTMEAC T X, REUKIE — AL e AR 7 B
0 (112.36 m’ » hm ™) FHECT /AR (90.88 m’ « hm®) $2E 7 23. 6%, AWFFLR, KIEACIEH (F 18
ARG, WARBCR, WAk GRAWEFIE I, 2015; FLERHSE, 2016; 2%, 2017; HiLH
&, 2018; EM, 2019). UbAN, MAIESS (2008) WEFC KB, THENGIEAEHEIT R 55 L3RBT IR,
f IR LB B LI e, EAMEREL, NSRRI A . EI5AEE (2013) #F 78R BUKAE—1A 4L
xof IR G B AEGE MEE BEW, KE—RAEET R, . TR A, pH 1E. IREE S B A
PR TR 1 S 3 T A B s FL AR, AR SRS B T AR AL . kTR, AEAKE—
EAGTERE T, AR AR ZRo0 L3855 o RSO B BT R IR I A 25 1) LA R R A I L g R oy k2
PR H R 7 AR () ARG, AR o) 38 I R AE SO R, A et — 2 E

AT, KRE AT 2 5 7 R i AR B i[RI, AR AR 23 B AR /N S5 A
FMRA S E 2D IEACR . FHEE, WO B E M I02 b e ) i Z AR 21 2 5 R .
Ak, MRS ENR S TR CEER, RS AVWIRNRR, RN AR 3 s (BRI
A5, 2021) o KRB 5 13 22 AT (R HERE YDAk N B VS AL, BEEES VR, (REEREAR, (2B A A L,
BRI P, PUERB DL R PUR IRFEERE ), FEREB T IREMARER (Joannes et al, 2021;
Chambi-Legoas et al., 2023).

EAh, AN [ it RO T A 2 AN A R AR KR B iy, LR R i ] 3 KR
WAMETT R A BRI S B YRR BAF 3 7 A A Rt ay GRIEILSE, 2012). BEE I PR
PAEKRE, EMERARIE M, YR RBRICE SRR M/ TR IK 2, & SRS &
WeFiRE (X425, 2001; Townsend et al., 2007), fHfSH&EIZH N, B 7 AEKKN, ZHZHiEHE
ZhivE, KIS R E AR b, REH RS EA R KT, 2014).

SIENERFNAEK, BNSRERSS BRI — @M. K28R, —J7m, M &HEEn
AERKEE BRI AE S EFERERE TR . WAh, UG fr. B AIfEm e, 7%
KEKGARSIEXLARUHER, XM FRMHFEN N — BB W BIEERSRRETRS, sy
WARPHEFE S IR R SR, JFEMRENAKET. B2, EMWAERKSREY, BTFRECETMELK
MY R, FEFERARR N IIFR4r (A, BEMED SRR R A SR K, X AT —
T A A7 SRS

PRI Iy e R AE S5 M ARFI BRI N 528 B IR S B 2 MG, AR, AR IR A
IR 1t DL 2 2 R R B ST A P O b e s B A K (Zeng et al., 2016; He et a
1., 2017; Li et al., 2022; Lin et al., 2022). M NAEBE 2 FEVERI ARG UL TE ) AR 5 775 BIRE U
ko EH T LIEFRAMER, MMARMK BRI CEZEMEN, 5 EN AT EAEREE.

4 G

2e3d 5 HERRALHETT, KBURNE 23R S N TR AE R MM AR R . X LEP R AL i, M
IRy BRRMIMRI 7 J1 F LB &, KB — AR R NEBOR B B AR S . AL 5 v SRR 25 B R 3 =2
XK B PR IS i B B R et ], A2 — @R R B 1N TR T AR R o L3841 9 B A Bk
2, FCERAEVE BT BTtk AR S A e v 45 1) R AL B VR & R AR B SR MRS S IR R &, FEARK I
IRl % &
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