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Effects of interrow grass mulching and fertilization on morphology of

fine roots and yield of Chinese chestnut
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Abstract: [Objective] To analyze the effects of interrow grass mulching combined with different fertil-
ization treatments on soil physical and chemical properties, root system configuration, nutrient content
and productivity in chestnut orchards, Qianxi, Hebei province, where drought, water shortage and prob-
lems of unscientific fertilization are serious. [Methods] Eight- year-old trees of Castanea mollissima
‘Yanshanzaofeng’ were taken as the research object, and a split zone experiment design was adopted.
The main treatment included interrow mulching with grass and clean tillage, and the secondary treat-
ments were 4 fertilization treatments including single application of inorganic fertilizer (F), single appli-
cation of organic fertilizer (M), combined application of organic fertilizer and inorganic fertilizer (F+M)
and no fertilization (CK). In 2019 and 2020, we studied the effect of mulching and fertilization on wa-
ter, fertilizer, gas and heat status in the soil, fine root growth, and fine root nutrient content in chestnut

orchard. The most suitable soil management model was selected based on fruit productivity. [Results]
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During the growing period (April-October), the average water contents in the soil layers of 0-20 cm
and 20-40 cm were significantly higher in the mulching treatments than those in the clean tillage treat-
ment. The average water contents in the soil layers of 0-20 cm and 20-40 cm in the mulched soils were
18.76% and 17.62% higher than those in the cleaned soils, respectively. Interrow mulching in the chest-
nut orchard significantly reduced the range of diurnal soil temperature change. The variation range of
soil temperature in under interrow mulching in summer and autumn was 1.56 ‘C and 1.10 ‘C smaller
than that in the clean tillage treatment. Mulching had obvious cooling effect in hot season and helped
heat preservation in low temperature seasons. Different fertilization treatments significantly reduced the
soil bulk density in 0-40 cm soil layer, increased the total porosity of soil, and reduced soil pH value.
The influence of interrow mulching on the 0-20 cm soil layer was greater than on the 20-40 cm soil lay-
er. The contents of organic matter and available nutrients in rhizosphere soil of the chestnut orchard
were significantly increased by grass mulching and fertilization. Different treatments had a significant
impact on the nutrient content in fine roots. The order of N, P and K contents in different treatments
were F+M>F>M2>CK, and that of organic carbon content was F+M>M>F>CK. The effect of
mulching and fertilization on fine roots in the 20-40 cm soil layer was significant. Compared with CK,
the fertilization treatments increased the root surface area, root volume, root length density, specific root
length and total root length of fine roots. Besides, all the indexes in GC were higher than in CT, and the
increments in GC(F+M) and CT(F+M) were the highest. Interrow grass mulching and fertilization di-
rectly affected tree roots and indirectly affected the reproductive growth, in this study, the average yield
per plant of different fertilization treatments in grass mulching area was significantly higher than that in
clear tillage area, and the yield per plant of organic and inorganic fertilizer combined application was
the highest, and the increase range of different treatments could reach 4.95%-45.21%. Results of aggre-
gated boosted trees analysis showed that the contribution degree of different soil physical and chemical
indexes to yield per plant was Avail. N> Avail. K> Avail. P>Soil water content>Temperature > Or-
ganic matter>pH>Total porosity > Soil bulk density, among which the contribution rates of available
nutrients and soil water content to yield per plant were the highest, being 52.21% and 13.91%, respec-
tively. [Conclusion]Based on the comprehensive analysis, it is concluded that the combination of organ-
ic fertilizer and inorganic fertilizer is the optimal fertilization mode for chestnut cultivation in Qianxi re-
gion, and is recommended for extensive application in production of chestnut.
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Table 1 Physical and chemical properties of the soils at the experiment site
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0
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Fig. 1 Daily precipitation and temperature during the growth period of Chinese chestnut
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Fig. 2 Distribution of experiment design
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Fig. 3 Monthly precipitation and soil water content during the experiment period from 2019 to 2020
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Table 2 Effects of mulching and fertilization on soil physical and chemical properties in the chestnut orchard

JUE Sléffbﬁliﬁ;iensity/ (g-em™) itili l;ifsity/% pH
Treatment

0~20 cm 20~40 cm 0~20 cm 20~40 cm 0~20 cm 20~40 cm
GC(F) 1.28+0.03 ab 1.30+0.06 a 51.65+1.24 b 50.83+2.14 b 6.65+0.02 ab 6.79+0.02 ab
GC(M) 1.27+0.04 ab 1.23+0.05 ab 52.17+1.69 ab 53.59+1.88 ab 6.61+£0.01 b 6.68+0.00 ¢
GC(F+M) 1.20+0.08 b 1.16+£0.01 b 54.79+3.19 a 56.12+0.50 a 6.64+0.01 ab 6.76+0.01 b
GC(CK) 1.30+£0.03 a 1.30+0.09 a 50.81+1.19 b 50.77+3.39 b 6.68+0.03 a 6.81+0.03 a
CT(F) 1.31+0.03 ab 1.31+0.00 ab 50.58+1.25 ab 50.73+0.14 ab 6.81+0.02 a 6.79+0.02 a
CT(MD 1.29+0.03 ab 1.30+0.00 ab 51.24+1.14 ab 50.80+0.13 ab 6.71+0.02 b 6.74+0.01 b
CT(F+MD) 1.25+0.08 b 1.16+0.10 b 52.90+3.11 a 56.06+3.90 a 6.77+0.03 ab 6.78+0.01 ab
CT(CK) 1.33£0.00 a 1.32+0.12 a 49.91+0.08 b 50.05+4.51 b 6.82+0.04 a 6.80+0.02 a
GC(mean) 1.26+0.06 B 1.25+0.08 B 52.25+2.18 A 52.83+3.01 A 6.65+0.03 B 6.76+0.03 A
CT(mean) 1.304+0.05 A 1.284+0.09 A 51.17+1.80 B 52.00+£3.74 B 6.78+0.04 A 6.79+0.05 A

VARG T RER R 3 A BEAH [ I AN [R] B AL B8 ) 22 57 2.2 (p < 0.05) , AR RS FRER R FALBEZ B 2 7 % (p < 0.05). Rl

Note: Different small letters indicated significant difference between different fertilization modes within the same primary treatment (p < 0.05),

while different capital letters indicated significant difference between GC and CT (p < 0.05). The same below.
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HEIX, 20 1) B B X 7 13.12% 4 10.27% « 6.96% Al
5.09%. LiILHEEXIEEFH X, MR NP K
MK B IME RN FAM>F>M>CK, i 205 6 L
o B SRR A WU A 2 AH — 80 ¥ F+
M>M>F>CK.
2.5 BE-EABER IR R RS FHERT 220
FH 2 3 ] 0, 78 - e B O AR S 20~40 em +=
EAMAR R AEK R R 2. S A FEN, 5
CK b FEAH EE , A [7) it AE 7 50 AR BB 38 DR 2% 1 A L AR

AR AR T L EEAR K AT AR AR K &5, 17 L & FR b
H#FE I N GC>CT. GC(F+M) M CT(F+M) 4bF 1)
R o 3 AR R AR AR AR A 4 AR AR
2y H 8 GC (CK) « CT (CK) 1 36.49% . 41.46%
19.05%F1 43.86%+61.76%+35.23% . A7) Jiti AL EL 451
TN L DRI B X EEAR A AR 25 B2 4R ARAR AN
AR 5 LR A R I F+M>M>F>CK.
2.6 EE-MEARXIRESEEN

EH P 6 T AT, AN [F] 7K AROPR Bt - 438 A 7506 B 2 [l

F3 BE-EEENREMRERKZIG
Table 3 Effect of mulching and fertilization on the growth of fine roots of Chinese chestnut
s ER kR fitisas ki ALK L
Treatment Root surface area/cm>  Root volume/cm’ ROOt. length B Specific rOOt,, Fine root length/cm  Fine root ratio/%
density/(m-m™) length/(m-g™")

GC(F) 58.59+3.72 b 0.51+0.07 ab 4 645.80+176.15ab  6.22+0.12 b 466.81+17.69 ab 89.434+0.90 b
GC(M) 60.05+2.59 ab 0.47+0.02 ab 4729.60+126.53 ab  7.27+0.17 ab 475.23+12.71 ab 92.82+0.75 a
GC(F+M) 65.64+6.03 a 0.58+0.04 a 5137.14+£197.80 a 7.59+0.19 a 516.18+£19.80 a 94.43+0.53 a
GC(CK) 48.09+4.56 ¢ 0.41+0.08 b 4315.29+177.16 b 5.85+0.09 be 433.60+17.84 b 88.40+0.45 b
CT(F) 57.63+8.05 b 0.48+0.02 ab 4247.214231.05b 5.93+0.23 b 426.76+23.26 b 87.99+0.78 be
CT(MD 59.31+6.65 ab 0.43+0.08 b 4416.60+175.49 b 6.81+0.04 ab 443.78+17.62 b 91.60+0.52 ab
CT(F+M) 62.68+3.61 a 0.55+0.03 a 5038.32+148.00 a 7.34+0.15a 506.25£15.94 a 93.55+0.63 a
CT(CK) 43.57£1.39 ¢ 0.34+0.06 ¢ 3725.72+126.77 ¢ 5.51+0.19 ¢ 374.36£12.72 ¢ 85.63+0.38 ¢
GC(mean) 58.09 A 0.49 A 4701.01 A 6.73 A 472.96 A 91.27A
CT(mean) 55.80 B 045A 4356.99B 6.39B 437.79 B 89.69 B

()38 7 R 22 e o 78 DX it I Ak B ) 1 35
PRr= & 3 TS HEX, LEiE P X 3G 72 9.94% s 1 &
AT AR [ B) , 38 7= AR P RN FAM>F>M>CK ;
R AT, FHM ORI F A3 (AR SR pk ™= 2 2%
AR ZE, B M R CK 5 19.10% « 31.68% £l
13.48%25.47% ; TEIGHF X, [A] CKAH L , 2% Jit AE Ak 22
(F M. F+M) 73 54877 23.29% . 14.38%+30.14%. 7]
DL, TEWRAT A8 Rk 2 S #F, 3 8B HLENLE
PC it P B P B B 1 o

DA X (GO iEHHX (CT)
25 Grass covering area  Clear tillage area
: a
) a a
L ab b ]
=20 be c
o) c
>~ L5
I
£ 1.0
®
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Eo6 BE-MIEZEAIRE~EIZN

Fig. 6 Effect of mulching and fertilization on yield of
chestnut
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Table 4 Correlation analysis between soil environmental factors and fine root indexes of chestnut
+ESKE EHEEES W LB Tl A 24 EapeT BB AHLR
Soil water ~ Temperature Soil bulk  Total pH T T o g
content (summer) density porosity Avail. N Avail. P Avail. K OM
IR A% o = 0.922%%* -0.709%* -0.765% 0.768% -0.600 0.894%* 0.959%* 0.883**  (.801%*
Total N in fine root
ANAR A 7 0.847%%* -0.624 -0.742% 0.745% -0.428 0.839%* 0.910%* 0.909%*  0.690
Total P in fine root
MR 5 & 0.912%%* -0.675 -0.838%*  0.842%*  -0.541 0.833% 0.953%* 0.949%%  (.776*
Total K in fine root
HHURS H SOC 0.872%* -0.555 -0.866%*  0.866*%*  —0.629 0.879%* 0.882%* 0.721* 0.948**
R TR 0.803* -0.469 -0.771%* 0.777* -0.510 0.969%* 0.935%%* 0.742% 0.8527%*
Root surface area
HR AR 0.826* -0.527 -0.835%*  (0.839%*  -0.356 0.879%* 0.974%* 0.890%*  (.735*
Root volume
TR 0.928%** -0.657 -0.917%%  0.913**  -0.572 0.815% 0.910%* 0.815% 0.903%*
Root length density
ELAR K 0.835%* -0.510 -0.907%*  0.907**  -0.640 0.765% 0.763* 0.654 0.953%*
Specific root length
YIRIR & 0.928%* -0.657 -0.917%*%  0.913**  —0.572 0.815% 0.910%* 0.815% 0.903%*

Fine root length

TR p < 0.05 KCFEFAZ, #+RAEp < 0.01 KPR L F AR

Note: * represents significant correlation at p < 0.05, ** represents extremely significant correlation at p < 0.01.

Fi o X A S B 7 R (1) S T P K B MR N
AN>AK>AP>SWC>TEM>OM>pH>TP>SBD,
AL T R TR Ay 0 B TR R R, ks ik
52.21% » ok A b 3 A K & (SWO) 1 5T Wik K
(13.91%) , 13 3 FF (TEMD 5Tk T N 11.55% , &%
J& A2 F LR EE (TP) F + 438 %5 5 (SBD) , 71 ik %
535N 4.41% . 4.38% , £ I AT S0 A BIF 5T b - S

AN
AK
AP
SwWC
TEM
oM

AL
Influence factor

il

pH
TP

10 20 30 40 50

o

TIEkZE Contribution rate/%

AN. BB 5 s AK. BRACET ; AP, A 208% : SWC. 35 /K & : TEM.
IR B OM. A LT : TP. B ALK : SBD. % ;:pH. pH ffi.

AN. Avail. N; AK. Avail. K; AP. Avail. P; SWC. Soil water content;
TEM. Temperature; OM. Organic matter; TP. Total porosity; SBD.
Soil bulk density; pH. pH value.
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Fig. 7 Contribution rate of different soil physical and

chemical properties to yield per plant of chestnut
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