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Effects of ceramsite mulching on soil water content, photosynthetic physiological

characteristics and growth of plants

TAN Xuehong' *, GUO Xiaoping™*, ZHAO Tingning

1 Xuzhou Institute of Technology, Xuzhow, Jiangsu Province 221008, China

2 School of Soil and Water Conservation. Beijing Forestry University, Beijing 100083, China

Abstract; In this study, we investigated the effects of a combination of surface coverage and planting as well as the effects
of ceramsite mulching on soil water content and the photosynthetic physiological characteristics of plants located in the
central isolation belt of Langzhuo Highway in Hebei Province. The results were as follows: (1) Ceramsite mulching
increased the soil water content, reduced the soil water content disparity among soil depths and months, and provided a
more stable environment for growth. In addition, two layers of ceramsite (M2) had better effects than did a single layer of
ceramsite ( M1). The overall order of soil water content in soil at different depths or during different months was as follows
two layers of ceramsite (M2) > a single layer of ceramsite (M1) > bare soil (MD). The effects of ceramsite mulching on soil
water content decreased with soil depth from 10 to 60 cm, while the difference in soil water content between bare soil and
areas subject to ceramsite mulching was gradually reduced at these depths. During greater drought months, the effects of
ceramsite mulching on soil water were obvious. (2) Moreover, ceramsite mulching had an impact on the net photosynthesis
(P,), transpiration (T, ) and water use efficiency (WUE) of Euonymus japonicus and Rosa chinensis. Specifically, the
order of net photosynthesis (P,) of the two plants at any time of the measurement day was two layers of ceramsite (M2)> a
single layer of ceramsite (M1) >bare soil (MD). Furthermore, the average net photosynthesis (P, ) of the two plants was

greatly improved under two layers of ceramsite (M2). The average transpiration (T,) of the two plants also improved, and
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the spike times changed in response to ceramsite mulching. Variations in the water use efficiency ( WUE) among the two
plants were affected by ceramsite mulching, with the order of diurnal averages being two layers of ceramsite (M2) >a single
layer of ceramsite (M1) > bare soil (MD) ; however, the differences between each other were not significant. Moreover, the
effects of ceramsite mulching on water use efficiency ( WUE) were much lower than the effects on net photosynthesis (P, )
and transpiration (T,). Because the drought-resistance of Euonymus japonicus was worse than that of Rosa chinensis, the
effects of ceramsite mulching on Euonymus japonicus were greater than on Rosa chinensis. (3) Ceramsite mulching affected
plant survival and growth through its effects on soil and the other conditions of plant growth. Specifically, ceramsite
mulching greatly improved the survival rates of Euonymus japonicus L, Platycladus orientalis Franco, Rosa chinensis Jacq,
Berberis thumbergii cv.atropurpurea and Euonymus japonicus L and increased the growth of diameter at breast height and the
height of all five of these plants. The order of survival rates, growth of diameter at breast height and height of the five plants
were as follows; two layers of ceramsite (M2) >a single layer of ceramsite (M1) >bare soil (MD). M2 showed better results

than M1, but there were no significant differences between two layers of ceramsite (M2) and a single layer of ceramsite

(M1).

Key Words: ceramsite; mulching technique; soil water content; photosynthesis; plant growth; Langzhuo Highway
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Fig.1 Mulching with ceramsite test on central green belt
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Table 1 Soil water content for ceramsite mulch

+/em Mﬁ%ﬂg 5 A 6 i 75 8 i 9 10 1A Ty
Soil layer Lreatment May June July August September October November Mean
MD 6.52 13.48 9.03 24.36 17.44 11.22 15.78 13.98Aa
10 M1 12.42 19.57 15.61 25.99 19.11 16.51 19.37 18.37ABb
M2 15.75 20.80 18.32 27.01 19.82 18.75 20.22 20.10Bc
MD 7.22 15.29 9.68 24.74 18.76 13.05 17.08 15.12Aa
20 M1 13.77 18.76 15.73 26.08 21.09 17.44 21.03 19.13ABab
M2 17.03 22.11 18.54 27.58 22.72 20.13 22.15 21.47Bb
MD 9.59 17.40 11.56 25.98 20.54 17.79 18.41 17.32Aa
40 M1 15.64 21.24 17.89 26.61 24.42 20.03 21.45 21.04Aab
M2 18.24 24.15 18.51 28.29 25.39 21.62 22.67 22.70Ab
MD 14.08 20.09 14.83 26.36 24.29 20.29 20.04 20.00Aa
60 M1 17.84 23.21 18.53 26.14 26.25 23.22 21.57 22.39Aab
M2 19.87 26.42 23.15 28.35 27.27 23.45 22.72 24.46Ab

MD . i, M1, — 2R M2, PiE Kk B s

20,4060 cm 1 )7 £ S /K BEASCHLALRN 10 em +)JZHIL, (0BG + 2 AMER , Wk 36 06 58 5 7K 2 0 52 A5 s B 3
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Fig.2 Changes in average of soil content from 10cm to 60cm soil

depth in different month for ceramsite mulch
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Fig3 Changes in average of soil content from May to November

under different soil depth for ceramsite mulch
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Table 2 Soil content of the place planting Rosa chinensis and Euonymus japonicus under different soil depth

MilLljl%ng Hi 10 cm 20 ¢m 40 ¢m 60 cm T
reatment Plants mean
MD H 2 Rosa chinensis 4.58 3.58 6.87 8.50 5.88
K84 Evonymus japonicus 4.23 3.73 5.11 7.64 5.18

M1 H 2 Rosa chinensis 10.00 9.49 13.58 14.65 11.93
KM-#4% Evonymus japonicus 9.75 10.10 13.82 14.02 11.92

M2 H 7 Rosa chinensis 16.00 13.69 16.48 23.17 17.34
K4 Euonymus japonicus 16.39 13.46 14.96 23.08 16.97
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ANTRIAR BT U AE A s (0 M2 A 2R — T Ah 05 i, AT AT Bl 2] M2 A0 B 247 K M1 R MDD, 4% 512 F1 MD A 22 57
B M2 U855 T A S E B R B, B T X R DGRE MR, ML B RS T A RM P, MD F P, HIER
3.427 pmol-m™s™ M2 T 9.662 wmol-m>s™" ;M1 2 7.309 pwmol -m 2 s™" ; 0J Ul i bar 7 55 3 2k o) 380Kk 43 T B e FLAs W A K
IREERZI , T2 85 7 Z2%F CO, M B [Rfbit fRaF A A, 2250 Hr /s MD R M1 25 A8 B35 i M2 =2 [a] 1) 22 Sk B i
FKSF M1 A M2 Z A2 R 3

FE— 5 1 A R OK 43, 55— 5 T M RS P 28 R K 4, R R B 28 SRR (T,) 5 1 K 43 S A A % YT A
2 M R A X A 2 TR A A R, MR M2 R H ZERY TR MDD, Bl A R S
M2 TR TG, A 10.00 2] 18.00,3 FiAbHE T (HET —H b - M2>MI>MD, A ZE4E M2 T T, HARL RN« BLlg i
M1 il MD F B« USR5 P, HAMEHAEARL, MD F 7, HH{E A 1.307 mmol-m™s™' M1 F 4 2.437 mmol-m s,
M2 T4 3.295 mmol -m ™ s™" ; W] WLFRIFE 555t H 209 T A=A T K, Jr 25041 s MD R M1 2853 8 3% Tl M2 2 ] il 2%
SEIRFG B B M1 M2 Z A 2ESAR B,

Vapki B 5B XF P, & T ORISR, X WUE =4 —ZE 0, M2 T WUE HZE{b M 800 JF4A H L T F = {H (4.586 mmol/
mol) , 2 JFAEZ T T, 18:00 35 F)—FK P B H AR (1.113 mmol/mol) ,3X 2 T M2 T HZR P, )\ 10:00 JF4A KIE T [, i
T HRARM 12.00 WIFLG (B, TR E /N, NI SFET A ZE T WUE B0, L EZ R FREEE, 14,0005, M2
T HZEM WUE /NT MD f1 M1, HZE7E M1 TR WUE HZ{L RN < BERL” . MD T 1 WUE HAS{L AT M1 ABALL, 3R 3
ORI - HE(E IR Al — 3, MD R Y H AR ARIRERCR (K1 4) . M2 R A 22 WUE H3{E R 2.829 mmol/mol , M1 K
2. 827 mmol/mol,MD T} 2.628 mmol/mol , FBER I IL T M2>M1>MD , (HAHH 2 [8] 25 R 80 B35 3 560 7 Mk 25 Bk Xt WUE
H 2R B — 2 R (RS E MR K,

323 BEROBE SR X R A G A AR 0 R )
M 5 oI VE KA P, HARGTE M2 T2 Bg Rl M1 R 2 QR | MD T P, H LRI g, — KA 40 FHAIK
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Fig.4 Diurnal change of the main photosynthetic parameters of Rosa chinensis Jacq for ceramsite mulch

RAS X JEH T MD R A S ARG, R A T s BUICIRAS , K o R HO SR A R 2R 7, A B 2
FiE . BRI T A A (0 M2 A9 I Z— B Ab Tom B AR T B 220 i &2 E P, B HEIF 328 . M2>M1>MD, M2
HIMD 22 55K, 8:00, M2 MIE(E 5 MD MH{EAHZ 4.544 pmol -m™>s™" M2 T L HES /KSR G hN, KRR T K710
S VER RRERAE TR Rt ht S5 22 4t MD (FHOGS/E T B 281, SO i E i W, M1 B R 7 okt
i P, . MD F P, H¥I{E N 0.74w mol-m™>s™" ,M2 T4 3.88 wmol-m s~ ;M1 F K 1.725 wmol -m>s™" ; , ] WL Bk 7 56 th K
Kb TR B P, REE M2 T P, AR IS KSR T ARG K2R 2508 7R MD Fl M1 22948 35, f
M2 Z [l 22 SR B 0 27K 7, ML R M2 Z I 25 5 10 32, 05 22 50 i s B KR 52 %0 R I 3645 P, ISE IR B R T 1 2,

Wephr 2 26 % R A G T =R B R, 8.00,3 FPALEE T Y T AHE R - M2(0.879 mmol +m 57" ) >M1(0.435 mmol -
ms™")>MD (0.158 mmol-m™>s™") (& 5) , Bfi#E K BHEE ST AYIE5R M2 R Y 7 BEE i, i M1 AT MD #2858 4, i T M2
XERIFEARG W TR, RO ETE M2 T T HARGRI “ Bl M1 1 MD R BN < BUER” (B MD T H B 1 7F i
R, N A MBI 5 B , 3O T MD R 3 S K AR AR, K PHAR S5 20 Kt A 85, MD Rkt &4% T H 3¥(H
9 0.418 mmol+m >s™" ,M2 F 4 1.148 mmol-m s~ M1 4 0.58 mmol-m>s™"; A] WL M2 X KM T 7= e K, J5 22
AT N MD Al M1 22 528 3 R M2 =2 [A] 09 22 S ah BIAR 27K MLl M2 Z [H] 22 5 3

W s 7 2 W R B A7 19 WUE W7 4k — 258, M2 M1 F1 MD T iy WUE B 284k Sk« S | Hg (8 1 30 [ 4 — o 2%
Fo 3AEI N RM R WUE HZRALIBR, XUl I AE T 2235 5L, Kt 84509 WUE 38l A3, BB g, MD T HIE
27 2.129 mmol/mol , M2 F K454 3.678 mmol/mol, M1 F 4 3.049 mmol/mol , {HAH H. 22 0] 2% TR AN . 2 X Fixf H 2= WUE
R
3.3 FRRIEE SR XA AL KRB
3.3.1  Fhr B 25 G HE ) T SR R

33 W LLE N, ITAMYIAE MD T (FE 5 SRR, R 2 28 b/ INBEFN R A%, JL S 243 312 6.67% i 3.33% , Tiii it
EAPEER 1 /N B A R 40% 3% T R B T /N A7 X A b ) BT SR B b M 22 BT 5 | S 1Y, Bl AR 4 i %o 4 98 % )
FRIFRBE B R M 25 A 1Y B 2R M0 . MD I AUAE B4 803 S B 725 (80% ) , 5 P A1 i R 24% , M1 R 49 A AT R KR
BEHR S /N AR G R IR B T 100% ,5 P BB AE H R 71.32% , M2 T AR B A% 1 BLTE 5635 0 100% ,5 FhAE
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Fig.5 Diurnal change of the main photosynthetic parameters of Euonymus japonicus L for ceramsite mulch

Y35 BTG 2R R 82.66%

MD T 5 R A IE RS R R B K, N 104.82% , M2 I A 5% R /N (20.45%) , M1~ 5 Fhig#1a] 938 5 R ECH
28. 17% , X ib B PEAT 7 26 1T A4 0 45 AR 0 TG 356, /0N bR TR A 7 B R 1) 2 5 O 5 | A 6 3R 4 22 391, M2 sk SR B2 0 F
M1, FrZEAH R, M1 M2 1 MD Bk 3k B 22 5 (3 M1 A M2 Z a1 22 5 OR B2, 5 iy MD M1 M2 =3 Z [8] /28 57
RBU R RM 78 5 2R BN 82.49% | e/ INBU AT ( 12.22% ) , 13 Ut WA Wi s 78 2 o 70 5 P 26 22 AT 0 1) i 06 3 5% iy o
LT

F3 BUBZTHS MEWHREE %

Table 3 The survival rate of five plants for ceramsite mulch

gt e
b3 v fiu Ktk A% .
. Berberis /N E A Sy
Mulching . Platycladus .. Euonymus Rosa
thumbergii . . Buxus sinica . . . . Mean
treatment orientalis Japonicus chinensis
cv. atropurpurea
MD 6.67 80 40 3.33 20 30Aa
M1 50 83.3 100 63.3 60 71.32Bb
M2 63.3 100 100 80 70 82.66Bb

MD: #tHl, M1 —)Z BRI G, M2 P92 FRLA

3.3.2 PRk 3 AR A AR A R A R

% 4 AT LU MD N OFI AN T 0.28 cm, K B H I, MM/ NEM AR K B 5 /N(0.02 em) |, MUAIBTEER , 72 1
MER LS T RBRLAP AR . AN 3 FAL B R A Y AR B KNS LK, BT A A 1 R 340 M2>M1>MD, HUEH K& B T2
St . M1 A MD Z ] KM s 9 22 5 B K, O 0.26 em  fIAAE /N (0.02 em) . M2 T MD Z ] 47598 Sy R it 247 22 il e K, o 0.4
cm, M/ NEER 228 /N (0.1 em) , 22430 iR . MD il M2 2253 8 28 0 M1 22 R R 2%, M2 fl ML Z [ 22 2 R 2, 3 Fh
AEFT 5 R Z )48 S R A MD FR oK (115.46% ) , Rk M2(48.54%) (Fe/INI& M1(47.43% ) , M2 M1 728 55 REUHZE A
K, ATRESE: th T HE W LI S 1 L A0 B, ASTRIAB 3 A5 B e A K SR TTTAN [ R S AR B 100 A TR AR ke Al 7] 28 K S 2R 1) R () Jir
FH
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R4 2009 F 5—10 AEHE S THENMZERKE/ cm
Table 4 The growth of diameter at breast of five plants from May to October in 2009 for ceramsite mulch

gt/ NG

51 i Ll
- E Berberis e /N B A L] H#Z ety
Mulching N Platycladus o Euonymus . .
thumbergii cv. . . Buxus sinica . . Rosa chinensis Mean
treatment orientalis Jjaponicus
atropurpurea

MD 0.02 0.28 0.04 0.03 0.10 0.09Aa

M1 0.08 0.30 0.16 0.29 0.35 0.24Aa

M2 0.12 0.47 0.19 0.43 0.36 0.31Ab

MD: #th M1 —JZPRIE M2, PO PR A i

H1 5 ATLLUA 1, MD 0T, H ARSI T 13 em SRR, W58 /N BERR I i R/, DA 3 R B ML Y
MBI KGO | T A H IR B M2>MISMD, M1 AL MD Z (8], QAR % 22 5 K, 4 14.6 em, k& H 22 A0 2 6. 33
om, M5 /NRER 22 80 /IN, O 1,47 em, M2 T MD 2 [6] A75 SR A MIAA 250 5 K (16.9 em) o M2 TR 58I /NEESE I B B4 7,
MD #12Z 6.17 em, /N B 1E 3 FALBE T KEIYEUN, 72207 /R MD A1 M2 2257 W38 R M1 225 R 38 M2 ML 2
(1) 2 5 AN Sl 25, K RS AR 4 25 S o M A SR AR, 3 Rl AR BETR 5 R R W) 2 )8 S R B MD e R (111.38%) , Lk M
(88.77%) Jie/ )& M2(78.20% ) , MR 52 45 /1N TR IRk i i R 8 S R K

£5 2009 F5—11 ABHNES TEMEYKRSHIEKE (cm)
Table 5 The growth of height of five plants from May to October in 2009 for ceramsite mulch
gt/ B

b3 Il Ly e
Ak E Berberis JUIEE! NI Kt #its A% Ty
Mulching N Platycladus o Euonymus Rosa
thumbergii cv. . . Buxus sinica . . . . Mean
treatment orientalis Jjaponicus chinensts
atropurpurea
MD 0.93 9.40 1.05 1.20 13.00 5.12Aa
M1 2.40 24.00 3.90 5.90 19.33 11.11Aa
M2 7.10 26.30 4.10 6.20 22.80 13.30Ab

MD. B, M1, —ZBhiEE M2, PR Rk 5

4 g5t

JERK e AL B M AL TR TE A T | BN | 8 R B, el R AT SRR b 38 Ok R p RSB oy R AR B T —
TR AP A R AR N SR R B HIE RN

BEPRLATE by —Fol il 2 78 22 00 B RE A8 AT A0 o S B /K b R AN (] )2, AN [ 003 =2 1] g A i, i A ) A IR i — B B
SE A IR S R 36 AT — B ROR 20 XT38 A8 & SRPRLAE 36 1 ROK SCR B i 41 M RS B A
A ARSI R R A By, AT 2 0 - S OK BRI M2>M1>MD, M 10 em 3 60 em 2, Bk 5 X 3 5K
PR TR T AR, R R R 6 RS K B 22 BB s U TR R PR o ROK AR

M T Ao K 0 e Bl A 25 AR SRR AT (R REMAR ) (DI S A A, BETT R0 BRI A ROIR DL, S bR B
i NG A AR BRI SRR 7R O A A7 PR E AR B A9 R A, LA DA ) A B A 38 DAy 1 6 DX Jol e 436 3 TR )t 38 o i
AT A S Ao X R VA v 2 v SR B MK BRI B G A R B 4 VAT, R B T R P R K
W AR G E VR A — s W52, RIFSE I Bk 8 3 H 2% R B 19 P, (T, (WUE 2774 1 5200, e Jol 2 19 )22 2
i, KRR T PAEYI P, B3, MR tui ey 1A 2 DKM B 7, F (e, (H: H AR PRIt B ) % 2R 284k, i
R B A BB TR 22 | PR B e Xof DRI S804 ) 2 ML R0 H 2= R 3k Ul WS T R A PR3, MR 0 41 55 O AR, L P L
B AR 2, PRI WUE 23872 B Bk B 2 SRR X WUE H S (IR BE AT — 2 0, H B EHERP L M2>M1>
MD (AR B Z [7] 22 55 BR 25 4 WUE 520 B35/ NF X P, T 520,

Wi s i BB £ w20 L) 00 3% 3 (AL PR 0 09 A K 3k AR R X B P PR 22 AR, JUAR BT DR AR I O RICR
Uf o BEM/NSE QAT N A R A R - 2B R AR R R K R 40 - M2 > M > MDD B[R] s ] A
H A TR 3 A AN 58 4 — B0, SRS [RTARL ) B9 A IRe R B On) Tl B EASE A3 A AT O

B by — Tl L R b R B S AR BT R R A D0 A, SR T el PRk AL ) 3 3 3 = b oA — 2 s T (ELIE B 1 213
Lo, A Bz R o 2 s o ke b i A 2 80 2, 7 1 D 1 3 AR SRS Wl R g 7 5 70 = 1) R K AR A 3
AR AR AE K BRCR 2 T — 2 B A (H 2 & ) PR S SR 2 i M UM AR 25 IR AR B IE W AR, H 2R
(4 P, T, HIS{EAE M1 F M2 Z [0 22 5 B2, KRBk P, T, HS{EAE M1 R M2 2 8] 28 5 .3, WFSE Y 5 R -7 21
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A ARSI MRS TE ML AN M2 Z [ 22 5 R 3, XU e TR RO ok i, — 2 8 5 B TR 2 HUB RO, i
X TR 2 BRI B AT S DX, JF PR 8 T 2 (RS S SR A A 22 4 e R
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