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Effects of deep digging and reclamation on important agronomic

traits of Castanea henryi and soil physical and chemical properties
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GONG Bangchu'*, LAI Junsheng?
(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, China;
2. Forestry Administration of Qingyuan County, Qingyuan 323800, Zhejiang, China)
Abstract: To explore the efficient soil management mode of Castanea henryi forest, enhance the
cultivation and management level of C. henryi, and further improve its yield, quality and economic benefits.
Two ways of whole area reclamation and ring area reclamation were used to carry out deep digging and
reclamation for C. henryi woodland soil four years. The changes of soil physical and chemical properties
before and after reclamation, the tree growth, leaf phenotype and physiological characteristics, fruiting,
yield and quality of C. henryi were measured, and the statistical data were compared and analyzed. The
results were as follows: (1) The effect of deep excavation on soil physical and chemical properties of C.
henryi forest was remarkable. Soil bulk density of the two reclamations were increased by 31.21% and
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more (0-30 cm), and the soil moisture content, soil porosity, organic matter content and various
macroeliement content were increased in different degrees, soil fertility and its ability to maintain water and
fertilizer had been enhanced significantly. (2) The soil organic matter content, available phosphorus content
and exchangeable magnesium content in the ring reclamation area were higher than those in the whole
reclamation area, and the soil organic matter content of ring reclamation increased by 40.59% compared
with that before reclamation, which was far higher than that of whole reclamation (17.76%). Those
indicated that the effect of ring reclamation was better than that of whole reclamation form the view of soil
fertilizer reservation ability. (3) The improvement of soil fertility enhanced its fertilizer supply ability to the
chestnut leaves, and the water content, chlorophyll content and various mineral elements contents of leaves
were increased significantly, thus enhancing its photosynthesis ability. (4) Deep digging and reclamation
also had significant improvement effect on the tree growth, fruiting ability, yield, chestnut weight and its
nutritional quality, thereinto, the yield per unit area of whole reclamation and ring reclamation were 1.75
times and 1.33 times as much as the control respectively, and the total weight of chestnut bract, nut weight,
seed rate, soluble sugar content, phosphorus and potassium content were significantly higher than the
control, while the percentage of empty bracts were significantly lower than the control. In summary, deep
digging and reclamation is an effective measure to improve woodland soil and improve productivity of C.
henryi.
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Table 1 Analysis of soil physical and chemical properties of woodland with different reclamation methods
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i e T T it g ChHER S SR
BEHR e s by L G Hydrolytic  Effective  Available H H pH 1
Reclamation Sampling Spll Soil bulk Soil o . nitrogen hosphorus otassium Exchan'geable Exchangf:able H
eclamatiol oil bu! oi rganic 2 phosp] p
depth moisture . . calcium magnesium
methods density porosity content content content content value
content (gem>) (%) (a-ke) (me-ke! (me-ke! (me-ke! content content
(%) & ° gke e e e (mg-kg) (mg-kg)
o 0-30 cm 25.10 0.91 66.04 20.2 116.3 357 268 140 142 4.61
Whole area
reclamation 30-60 cm 26.23 1.09 59.08 11.0 96.3 276 177 79.3 35.6 4.24
R 0-30 cm 21.24 0.97 63.40 23.9 105.7 392 257 128 148 439
Ring area
reclamation 30-60 cm 21.20 1.10 58.17 12.2 83.5 296 144 77.8 21.7 443
it 0-30 cm 12.03 1.33 49.24 18.6 63.8 263 75.4 111 75.6 435
Control 30-60 cm 17.02 1.18 57.31 9.67 68.2 131 80 83.1 273 4.11
BEHI 0-30 cm 15.84 1.41 49.39 17.0 76.9 252 206 108 65.1 4.19
Before
reclamation 30-60 cm 18.88 1.36 49.81 18.2 78.2 214 111 66.6 34.6 4.12
2.2 AR R T7 A HESE My 2B R AR PR AL A 5
AR BRE T AR i RAIR A8 RN K 2. WNRPATUEH, &R, 3 Bl X K&t
HESEM R M 8B MR Ra R, A IR E 2 R A B3, MK, e,
TARBERAAREZE SR, KM EDERX R, & 8552 gm?, HINHERIX, HEES
TRHRIX s R KRR R X s, N 57.18%, HRNARK, Mt EXAA 43.63%.
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Table 2 Analysis of leaf phenotypic characters of C. henryi with different reclamation methods
BEIA R EE W g R AR EL TH- AR WA RE te i = BIKE
Reclamation Leaf length Leaf width Leaf shape Leaf area Petiole Specific leaf Water
method (ecm) (ecm) index (cm?) length weight content
(cm) (g'm?) (%)
=R
Whole area 16.78 a 5.96a 2.82a 72.50 a 1.47b 85.52a 51.10b
reclamation
R
Ring area 1627 a 590a 2.76 a 69.79 a 1.52b 7597 b 57.18 a
reclamation
payit
16.13 a 5.88a 2.74a 71.45a 1.59a 68.49 ¢ 43.63 ¢
Control
E: FSARTRRRZERLE (P<0.05) , FF.
Note: The different letters within the same column mean the significant differences at P<0.05, the same below.
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FHKT, MM SRR aE. R ab, rEHRESE. A8, B8 S B X 2 617
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Table 3 Analysis of leaf physiological characteristics of C. henryi with different reclamation methods
BEIrA TS SY 2R a/b A MR MRS Aoh S B 55 Bt
Reclamation Total Chlorophyll “E & Nitrogen Phosphorus Potassium Calcium Magnesium
method chlorophyll a/b Carotenoid Soluble content content content content content
(mg-LD content sugar content (g'kgh (g'kgh (g-kg") (g'kgh (g'kgh
(mg-L1) (%)
ol
Whole area 2.12a 4.48b 0.48b 8.58a 26.30 a 1.48a 8.10a 3.66a 1.36a
reclamation
HE
Ring area 2.17a 4.49b 0.57 a 843 a 25.40 ab 149 a 7.15b 3.53b 1.26 b
reclamation
5 e
M 2.06b 517a 0.40 ¢ 6.98b 2470 b 1.40 b 7.06b 3.02¢ 1.04 ¢

Control
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Table 4 Statistics on growth, fruiting and yield of C. henryi with different reclamation methods

RE7K W iz e T AR SRR SERR SRS TR LTRSS B
Reclamation Height Ground Crown Number of maternal Number of Fruiting Empty Yield per unit
methods (m) diameter area bearing branch bearing branch number bract rate area
(cm) (m?) M S [COP) (%) (kgm?2)
ol
Whole area 56a 17.3b 24.1b 139 a 242 a 498 a 13.06 b 021a
reclamation
HE
Ring area 55a 182a 27.1a 127 ab 215b 456 b 13.84b 0.16 b
reclamation
M 57a 169b 25.0 ab 120b 183 ¢ 368 ¢ 17.00 a 0.12¢
Control
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Table 5 Analysis of fruit phenotypic characteristics of C. henryi with different reclamation methods

BEI5 SR LR B 2 RAs A% R Hikr 2 HT % IR IR K
Reclamation Total weight Nut Nut transverse Nut longitudinal Seed rate Kernel rate Nut moisture
methods of chestnut weight diameter diameter (%) (%) content

bract (g (em) Cem) (%)
(g)
R
Whole area 29.58a 11.59 a 26.5a 31.0 ab 39.18a 85.69 a 45.13b
reclamation
HE
Ring area 28.20b 11.17 a 25.8 ab 31.6a 39.90 a 85.88a 45.14 b
reclamation
Xof
26.69 ¢ 10.18 b 254b 30.6b 38.53b 85.56a 4590 a
Control

ANTF) B RS X HE SR I RS TR R AR AT 4G R AR 6, HL A A RS B aﬁ%ﬁﬁﬁﬁ
WX RE R, WU ERKES, HUOVARIX, 2 RAMI R X IR R & &,
TR, ERREMEAERSEY R THRES G THEX, mMEASE. £ @%Eﬁﬁﬁ%E%%T

e
o

R 6 ANFIRE T A R IR o fabs b

Table 6 Analysis of nut nutritional components of C. henryi with different reclamation methods

EYiE:o ek R EIRGRC e FAREE B Fiiike e B IR
Reclamation Starch Soluble sugar Protein Phosphorus Potassium Calcium Magnesium J8 -+
methods content content content content content content content Total amino acid
(%) (%) (%) (g'kgh) (g'kgh) (gkgh) (g-kgh) (%)
2R
Whole area 72.45a 7.82a 748 a 1.49a 6.93 a 031a 092 a 7.14 ab
reclamation
R
Ring area 72.08 ab 741b 8.14a 1.38b 7.25a 0.29 a 0.96 a 7.56 a
reclamation
payit

71.09 b 7.08 ¢ 7.90 a 1.28¢ 6.52b 028 a 0.85b 6.81b
Control
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Table7 Correlation analysis between soil physical and chemical properties and growth, fruiting, leaf and
fruit phenotypes and nutritional quality of C. henryi

PEREIR -3 b HHUR IKRPER A Rk TR A& Hu A A H Bk
Traits\Traits Bk T E T e S8 a8 S G 4B pH fi
Soil Soil bulk S/J;IX Orﬁ fi Hydrolytic Effective Available Exchangeable Exchangeable pH
moisture density onl sanic nitrogen phosphorus potassium calcium magnesium value
porosity content
content content content content content content
+- 424k %
ek 1.000
Soil moisture content
TR
-0. 1.
Soil bulk density 0.987 000
g R
L%’EM"‘E 0.990 -0.999™ 1.000
Soil porosity
s A Bl
ARER 0.506 -0.636 0.625 1.000
Organic content
T M A L
7“% H:)A s 0.995 -0.998" 0.999" 0.589 1.000
Hydrolytic nitrogen content
AAwE R
Effective phosphorus 0.849 -0.922 0.916 0.886 0.897 1.000
content
S A B
. R . 0.971 -0.997 0.995 0.697 0.990 0.950 1.000
Available potassium content
A A B i
Exchangeable calcium 0.991 -0.958 0.962 0.388 0.973 0.771 0.931 1.000
content
TN =
Exchangeable magnesium 0.934 -0.979 0.976 0.781 0.965 0.982 0.992 0.878 1.000
content
pH {f
0.818 -0.717 0.727 -0.081 0.757 0.391 0.658 0.887 0.558 1.000
pH value
H A
PR 0.853 -0.759 0.768 -0.019 0.797 0.448 0.704 0.914 0.609 0.998"
Leaf length
L 5 1R
" W‘E 0.871 -0.782 0.791 0.018 0.818 0.480 0.729 0.929 0.638 0.995
Leaf width
H- T A0
g 0.162 -0.003 0.017 -0.769 0.063 -0.384 -0.078 0.290 -0.203 0.699
Leaf area
/. 3
Dﬂﬁkg -0.991 0.957 -0.961 -0.384 -0.972 -0.769 -0.930 -0.999" -0.876 -0.889
Petiole length
Lo
. . 0.955 -0.896 0.902 0.227 0.920 0.653 0.856 0.986 0.785 0.952
Specific leaf weight
H B4k %
I )# K 0.728 -0.827 0.819 0.960 0.792 0.980 0.870 0.630 0.925 0.201
Leaf moisture content
SRR 0.723 -0.823 0.815 0.962 0.788 0.979 0.867 0.625 0.922 0.195



Total chlorophyll

H4 "
TARE alb -0.961 0.993 -0.991 -0.724 -0.984 -0.962 -0.999 -0.916 -0.996 -0.628
Chlorophyll a/b
AL
Ky h% Fi 0.661 -0.771 0.762 0.982 0.732 0.958 0.821 0.555 0.886 0.109
Carotenoid content
o3 b W A B
FIIBERE o R 0.979 -0.999" 0.998" 0.672 0.994 0.939 0.999" 0.943 0.987 0.683
Soluble sugar content
fm A EL
. AT 0.954 -0.895 0.901 0.225 0.920 0.652 0.855 0.985 0.784 0.953
Nitrogen content
PN =N
e 0.924 -0.973 0.969 0.798 0.957 0.987 0.988 0.865 0.999" 0.536
Phosphorus content
A~ EL
ﬁ H R 0.779 -0.670 0.680 -0.146 0.713 0.330 0.607 0.855 0.503 0.998"
Potassium content
SF A~ EL
% = 0.995 -0.998" 0.999" 0.588 1.000™ 0.897 0.990 0.973 0.964 0.758
Calcium content
% s 0.999" -0.984 0.987 0.490 0.993 0.839 0.967 0.994 0.927 0.829
Magnesium content
H*Xe'ji'lgf";n -0.686 0.792 -0.784 -0.975 -0.755 -0.967 -0.839 -0.583 -0.901 -0.143
1A
ﬂJM.T‘ 0.512 -0.641 0.630 0.999" 0.594 0.889 0.702 0.393 0.785 -0.075
Ground diameter
et T
L -0.065 -0.094 0.080 0.828 0.035 0.473 0.175 -0.196 0.297 -0.626
Crown area
4k L
f.”%ﬁ 0.999" -0.982 0.985 0.480 0.992 0.832 0.963 0.995 0.922 0.835
Fruiting number
A -0.995 0.998" -0.999" -0.593 -0.999™ -0.899 -0.991 -0.972 -0.966 -0.755
Empty bract rate
Niva ou=N
.Eﬁ Mﬁfl\rf‘g 0.956 -0.898 0.904 0.233 0.923 0.658 0.859 0.987 0.789 0.950
Yield per unit area
AR
Total weight of chestnut 0.979 -0.934 0.939 0.319 0.954 0.723 0.902 0.997" 0.841 0919
bract
E=N
ﬁ%b\.g 1.000™ -0.987 0.989 0.504 0.995 0.847 0.971 0.992 0.933 0.820
Nut weight
HH - 322
Hifr 0.664 -0.774 0.765 0.981 0.735 0.959 0.823 0.559 0.888 0.114
Seed rate
e 0.603 -0.722 0.712 0.993 0.680 0.934 0.776 0.493 0.849 0.036
Kernel rate
11X 5 A~ 522
+% K -0.961 0.993 -0.991 -0.725 -0.983 -0.962 -0.999" -0.916 -0.996 -0.627
Nut moisture content
M= NS =N
Ry e 0.999* -0.991 0.993 0.528 0.997" 0.862 0.977 0.988 0.942 0.804
Starch content
V% b e A B
AR o 0.957 -0.899 0.905 0.234 0.923 0.659 0.860 0.987 0.790 0.950
Soluble sugar content
s A Bl
& E.”y‘l . -0.433 0.285 -0.298 0.558 -0.341 0.109 -0.206 -0.548 -0.081 -0.872
Protein content
A~ EL
B i 0.967 -0.914 0.919 0.268 0.936 0.685 0.877 0.992 0.810 0.938
Phosphorus content
- A L
ﬁ H 0.736 -0.834 0.826 0.957 0.799 0.983 0.876 0.640 0.929 0.213
Potassium content
A~ EL
% H R 0.912 -0.836 0.843 0.108 0.867 0.558 0.788 0.958 0.705 0.982
Calcium content
o 0.791 -0.878 0.871 0.928 0.848 0.995 0914 0.703 0.957 0.295
Magnesium content
=0 23 ,Lé;a
AREm B 0.634 -0.748 0.739 0.988 0.707 0.947 0.799 0.526 0.869 0.074

Total amino acid

T " RAHRIEA B R EKF (P<0.05) , ™ RORAHR MBI K (P<0.01) .
Note: * Indicating that the correlation is significant (P<0.05), ** Indicating that the correlation is extremely significant

(P<0.01).
3 Fie

3R R AR KB ITT KD AIURLE FR 0 R B EORIR, R 35 B S R R A
W E BN IR . Bl B 3 E Uy UM R IR AL, e A RMIR RIAEK K
BIRARFK. B, A PORE, ATUA4ERRREEE H3EAE 1y, MmEsE R A KA T, "ERd
rEAE (5K, 2004; FMVESSE, 2011; ZHEFISE, 2012) .

AT, LA RS BE G T HE SR I o s A R s oy B3, Hoh B Ry BB 2
THEAE RS, TEAVURSEEZWm, HIEAHENHEER2E5RES FTRMAER LK (g



fELRAFLED KR ESREE, RIZEESUE T EA R R SR Z 0 L gss i, R AR
MR EERE, IR RE I, TSR an, @AM, MR TR R[EGES, X
HHEIE (2014) RS R—8: FN, BEH RSN REEARMARZ LIEG, Hdd e g
R A, TEROREERT, MBI ORI ERIR, IR 2 ST LI AR o A
KEMFRSY, F5LIEPREVRSEEAWRS 785, 2011 , A2 RAHEX 5%
AL i B A A A BR XK MR B v AR GF I EPE 11X — 455 . AN R A KR B 1 EERE
FEORIEAVE IR, 2 SR AR g (3, 8RN LI KT SR — AN E B R AR (AW AE,
20155 yL—JL, 2016) , [Ah, JEERIZ BREA W s LI AU & S0 AR R SR
BIrEAR P I E EL2ERS, TNRAT AR . A, AR R X LK ARTER . AR R
LM DL T S R SRS TREMM X, RIHEE X XS M AR R 21T H
RO, AFRIRI, R TR R E MR LI EE R . Sl OhHRRX LS
BURS . A s E UL HEESER T2RX, HPERMHEX YR S&E (G 446
43908 20.2 g/kg F1 23.9 g/kg, BEREEAT /TR 17.76%F1 40.59%, ML TREREE2ERXER
AR THEREX, BRWEREHBIE 7777 0HEFE, AR THRSMRE, XT5REH (2003) K
W ZE ARl BRtk, M LIBORAERE IIIMEERE, HRERBR TR TR,

R REIEAITOCEEH N EEZSEE, &AL R R NI FIRWOK 73 A 5L 8 734t 5h 77,
FHEAZEBIER, i EERAMAERRHME, BEEgmECEEREIARE (TR, 2017) .
A FEE RGN, ZENGIZREN THEZEMN  EERA, R SEU LMY Tt R & =i
FEERENR, HhaBRARX MR A S KES AT 51.10%F 57.18%, &3 & TXIRIX
(43.63%) , MEESE, EEEEEU. B WS TR S ERMES TR ZE & TR
X. GoFFiRE, L3R5 7R g A B IR S B O R AR, RO
AERGE)) RR AR, 2001) ; & B, WSS 5HEMOOEEER, HhEeRrN “Adr
LR, RMSREMSREANEEN S, HESSREGEMN, WigmBbeaEH TR
2, AREEE (2009 TR, BEEUKFRIGIN, £—EEENEY R G ' LA R
2 TR B 5RaEk, A R BOKE AR KERSNE, MR, R EDE
Em R RN 1.5 5, HPIhReB R E (HEFRSE, 2015) o RIZ B OB HE S 38 1)
PEACAE BN N L BENE g, gk e O HESE M R IR RE g, A Re E A b AT O SR,
T il ' A A = A2 30 ) AR HESEAR R USRI A2 58 2 1574y, 2 — D RIEIEIMEE T

ZAEMNRTE R E N TAE TR A A K. ZEsehe . B IR P DL R SR R A IR S R AR T
FREEA SEREM . Hrd, B RXHESOR AR AT 08 T AR 20 1A 3 18.2 om H1 27.1 m?, 73 Sl 0,
HRIER T 7.69%F1 8.40%, TR &, BREH&E. nEils e R X KE, HLRam
e R A 0.21 kg/m?, AXTHRIX 1) 1.75 £, HABRMRBRXHERSEREELTARX. %
e (2013) WL KRR, WMKRE RS T &, wiE. 45585 R E LRk &,
Horb R4 AR Bk = 4y AR R R E ) 1.96 571 1.80 fi5; #EEAFISE (2004) HF 745 R B,
R B S HER R P B AR R, 3 MBS AR B ECR RS 80%LL . It4t,
AR TR BN, BRRREAKEMEQRS &I, PR R, KRR
m R PERIR S Rk RIRALRRAE . AR LRSI R S EY R EMRKR. RIZEER
U EIEANUR G, 5 AL B PSRN UG ERIME AL . B RS (2014) WHSEERM,
BAVRSE. 3. HEEXNEREE T A REER, HAPEPURRRCSE > & B R K. A
W HEEMAEKKELRENREEROR, TEDEMENFEAATTBERIEN, HF54EER
girpix. K. BE. MEEFRICRBFEEPENMAEIER LA RS, 1991) , HrpEe i R
PUEFRAERKMMER B, B SACXT g omm 5. $em s i A BB BCR, s e 2 T {4 e v]
VETERERIBE G & B (IREMZEE =, 2000) , HHA[ (e RS R (R, 2002) .
B2 REAEAG L PV ot LSRR IR KR . DRIEHEE R 0 A1 3570 A e S5 R 20 4 v, IS5 g A



TIECE, ARG TSR RO SESCRE AR SEA KR E AT 2 4 g A A B
SORSEERY . WIEVEESEE SR A, SRR A I PR

4 7R

2 Fp R ATy AR HESR M IR R AR B2, BES 4 F LR ENREREC, HEang s
WERTE, LIEICT) REOROK ORALRE 0 i 5, 3k B AR IERE I T e RO R
NETT BT Ak i1 5 1 HHESRR AR SR DL R LI RE 71, ARSI SRR S R R
FOPARITOCEIEN, HAREHE THRMRER KT, B&5em MR Rk, P RUAER
JREAVE IR T, Herb g BRORIIA B IX R T A B 2 R S LA 175 A5 1.33 1, HLAS A K B
e 25 b, URIZ RS2 R I ANHR = HE SR A 7™ ) A s s
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