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Introduction

Monitoring the changes in physical and hydraulic properties and stability of growth media due to root growth
effects and wetting and drying cycles is important. Wetting and drying cycles can probably change physical
characteristics, availability of water, air and nutrients for the plant and, as a result, might affect the growth and
yield of the greenhouse plants. The growth period greatly affects the physical characteristics of the growth
substrates; therefore, the watering of growth substrates should be managed according to these changes to avoid
improper irrigation.

Materials and Methods

In this study, 14 growth media were prepared from individual substrates with different volumetric ratios. In
order to evaluate the changes of growth media over the time (i.e., during consecutive irrigation events) in the
greenhouse, 10 wetting and drying cycles were applied on the growth media in the lab. Several physical indicators
including easily available water (EAW), air after irrigation (AIR), water buffering capacity (WBC) and water
holding capacity (WHC) of the growth media were determined before and after the wetting and drying cycles.
Besides, the subsidence, decrease of mass and decomposition of the growth media were determined over the time.
Total porosity (TP), bulk density (BD), particle density (PD), pH and electrical conductivity of the mixtures were
measured as well.

Results and Discussion

The pH values in the growth media varied from 5.72 to 6.94. The maximum pH value was related to sawdust-
sugarcane bagasse biochar produced at 300°C vermiculite-zeolite, and wheat straw-vermiculite substrates, and the
minimum value was related to the cocopeat-perlite substrate. The values of EC in the growth media varied from
0.21 to 1.43 dS m™. The highest and lowest EC values among the growth substrates were related to date palm
bunches-vermiculite-rockwool and rockwool (0.2)-perlite substrates, respectively. The bulk density (BD) values
of the growth media varied in the range of 0.163-0.401 Mg m. The values of total porosity (TP) of the growth
media varied in the range of 64.8—-82.8%v/v. The highest TP was related to the cocopeat-perlite substrate. The TP
values of most of the substrates were greater than 70%v/v. The average values of EAW in the growth substrates
ranged from 0.123 to 0.272 cm® cm™3. The highest EAW was related to the sawdust-sawdust biochar produced at
500 -C vermiculite-zeolite substrate. The application of wetting and drying cycles increased EAW in most of the
growth media. Therefore, it can be stated that the time had a positive effect on the EAW in most of the growth
media. The average values of AIR before and after the application of wetting and drying cycles for the growth
media varied in the range of 0.063-0.240 cm™3 cm?®. The highest value of thisindicator was observed in the sawdust-
date palm bunches biochar produced at 300°C vermiculite substrate. In all substrates (with the exception of the
sawdust-sawdust biochar produced at 500°C vermiculite-zeolite), the AIR increased after wetting and drying
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cycles. The range of WHC values before and after applying wetting and drying cycles was 0.453-0.699 cm® cm3,
The highest WHC belonged to the wheat straw-vermiculite substrate. The WHC values of five growth media,
including cocopeat-perlite, decreased due to the application of wetting and drying cycles, and the WHC values of
nine growth media decreased. The most stable substrate after the wetting and drying cycles was rockwool-sawdust-
vermiculite. The effect of time on the quantity of WBC was positive, so that with the application of wetting and
drying cycles, the WBC values of most of the substrates increased. In all substrates, subsidence and dry weight
reduction were observed after the wetting and drying cycles. These changes were low for the substrates with a
high volumetric ratio of inorganic materials. The least change among the growth substrates in terms of
decomposition (dry weight reduction) was related to the completely inorganic substrate rockwool (0.1)-perlite
(%0.17). The most stable substrate in terms of subsidence after wetting and drying cycles was the rockwool-
sawdust-vermiculite, which has a large volumetric ratio of individual inorganic substrates. The highest subsidence
was observed in the substrates containing wheat straw (wheat straw-vermiculite and date palm bunches biochar
produced at 300-C wheat straw-vermiculite). The organic matter content in all the growth substrates decreased
over time (after wetting and drying cycles). The decrease of organic matter in the substrates can be related to the
decomposition of organic materials as a result of wetting and drying cycles.

Conclusion

The BD, TP, EAW and WHC of the majority of growth media were in the optimal ranges and for some mixtures
even better than cocopeat-perlite. Wetting and drying cycles could affect the growth media through several
processes such as decomposition of organic compounds, displacement and rearrangement of particles,
fragmentation of particles, shrinkage, hardening and subsidence. The growth media with a high percent of organic
substrates were unstable as compared with those containing a high proportion of inorganic substrates. In general,
the wetting and drying cycles increased the frequency of micropores in the growth media. The wetting and drying
cycles positively affected EAW, WHC, AIR and WBC of most growth media. These findings imply that wetting
and drying cycles may improve the growth media according to the studied extensive variables. However, it is
necessary to study the intensive variables such as hydraulic conductivity, oxygen diffusion and pore tortuosity in
the growth media for better evaluation of the impact of wetting and drying cycles as well.

Keywords: Air after irrigation, Easily available water, Growth medium, Water retention, Wetting and drying
cycles
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4- Water buffering capacity
5- Water holding capacity

laol ¢y Sid— 35 093 y» 40 J(Raviv and Lieth, 2008) wus
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iz b s 1 oole e 5,531 b o T dlsa 355
23 G Skl (B SIS g 5 laoyes Jlosl Sl i
loges SIS (JS Jdss Jolid 4 slo i (plon
S50l SS 4w P EC 5 pH (b JBs (ol JS

BD
TP=1-— \
) (v)

g (A S iS5 5 slhoyey Jlosl Sl iy 9 i
LoehPa g Ve o Sple sla i ;0 sy sl i Cogb,
aio oS d LYo hPa G ple (iSe )0 5 opd A 0l
Jo yd e J(Raviv and Lieth, 2008) us (5,803l (o)l s
BB Gl & ST (AIR) )l 51 g 2lgp inbesS oz
25 by b TIWBC) T (53 iS5 T(EAW) oo
5 ksl cughy (e Jo i Sl AIR i)l ol 3 0l b
Ol e ,Silky EAW O+ hPa S ple [iSe j3 Cusb) sl
0+ hPa b Ve G plo yiSo (canald ) a by a5l ool
b il WBC (( oy BB T S e 703+ 3905 Ygane)
Voo hPA L 0 G ple iKe (gaiald )3 yiuns jlond il O lade
Cowl Ve hPa G ple 286 3 00T el iylbaS WHC
:(De Boodt and Verdonck, 1971)

AIR =6y — 619 (\”)
EAW = 010 — 050 (\‘)
WBC = 050 — O100 ()
WHC = 649 (%)
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1- Sandbox
2- Air after irrigation
3- Easily available water
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Table 2- Results of analysis of variance for physical and chemical properties in the growth media

Source of variation Df Mean squares
pH EC BD PD TP
Gromf;)n:#;dium 13 0.37"" 0.30"™ 0.014™ 0.173" 84.18™
s
Error 28 0.04 0.0007 0.00004 0.0019 2.015
“g\‘;’(:;)"‘o - 354 216 2.98 4.96 1.92
0

JS Jsdss TP s J&s PD (g ol J&s BD (S sl SUly (EC sl o/« il mdaw 3 )b dxe 51 Sy s
** stands for significant effect in the probability level of 0.01; EC: electrical conductivity, BD: bulk density, PD: particle density, TP:
total porosity.

Ay gl iy 5l oslaiw! o]l (Awang et al., 2009) cus! &
L,\,Su.o.s bl?u‘ (90940 pH )Ja) )1 N ‘_gl)) W)X D90
Loslar_wl p&ia o 1) iy (sl iy pH oL bailds s o)
A8 o S plie Jaloee PH pulais

o +[YN=VFY AS/M aols p> aiiy sl s > EC yolds
4 ad) Sl om P EC polie 0 568 5 (ke 9
(Awang et al., 2009) cusl o445

s o (Sd g plerd Sl Shy (Sl A ylho

P sl iy 0 PH polas s T &Y Jods 0 ad
boiyo cudy d PH Jlude op 5 i g uite O/VY—5/AF alol
bgiye jlade oy 50S s WS-V 4 SA-SCB300-V-Z (sla yies 4
5 b s b as (Y Jois) 55 Cocopeat-Perlite yus 4
PH polis o)l Jlssea (Banitalebi et al., 2021) -, .on
b e > & )l gy (ool 4y (o yi s Sl
J oS agh plo bw 5 a5 23 b Alg o0 00 M5 slajlogn
Banitalebi et al., 2021;) ,LSen 5 oJlb s alon
Ay polie .ol o 5135 ;.5 (Banitalebi et al., 2019
398> ) olS jli3y90 (2lie polis o (gl 435 sl yiupH

Sy (51 e (ot (S 528 9 (stlowd (SS9 (i le duunslio -V Jgo
Table 3- Means’ comparisons of physical and chemical properties among the growth medium

) lb &
Sy g @ 39
Growth medium Properties
pH (-) EC (dSm™) BD (Mg m?) PD (Mg m?®) TP (Y%Viv)
Cocopeat-Perlite 573 e 0.43 g 0.166 h 0.973 c 82.8 a
RW(0.1)-Perlite 645 b 0.28 j 0.163 h 0.464 j 64.8 j
RW(0.2)-Perlite 6.57 b 0.21 k 0.178 fg 0.576 i 69.0 hi
WS-V 6.93 a 0.70 d 0.183 f 0.900 de 79.6 b
Rh-PImB300-V 6.54 b 0.53 f 0.196 de 0.759 gh 74.1 g
WSB500-Rh-V 6.48 b 0.44 g 0.168 gh 0.714 h 76.5 ef
Sd-SdB500-V-Z 6.58 b 0.33 i 0.333 b 1.156 b 71.2 h
Sd-PImB300-V 6.37 bc 0.62 e 0.179 fg 0.848 ef 79.0 cd
PImB300-WS-V 6.66 ab 0.82 b 0.181 f 0.724 h 75.0 fg
PIm-SdB500-V 6.58 b 0.75 c 0.188 ef 0.812 fg 76.8 def
Sd-SCB300-V-Z 6.95 a 0.32 ij 0.401 a 1.251 a 67.9 i
PIm-V-RW 6.47 b 1.43 a 0.235 c 1.298 a 81.8 ab
RW-Sd-V 6.07 dc 0.39 h 0.196 de 0.769 gh 74.4 fg
PIm-V-Cocopeat 5.85 de 0.79 b 0.204 d 0.921 cd 77.8 cde

TP (s> J&o PD (gl JEs : BD ¢ U bk, EC el <[40 Jin! gaw ;5 LSD 9051 (bl po 5o dize coglis 155k (i s 50 glisia g y>

In each column, different letters indicate significant difference according to LSD test at the probability level of 0.05; EC: electrical
conductivity, BD: bulk density, PD: particle density, TP: total porosity.
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Sl 5aS BD L ol iy 35y hles a5 (glo yins BaiisS o]y
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Table 4- Results of analysis of variance for the effect of the growth medium, time, and their interaction on water retention
and aeration indicators

35 b 331 4 Sletye e
Source of variation Df Mean squares
EAW  WHC AIR WBC
aekand 13 0.012™  0.028™  0.014™ 0.0029"
Growth medium
_ _(m) o) 5155 _ 28 0.0001  0.0007  0.0001  0.00005
Replication (Growth medium)
".’L”j 1 0.0019™ 0.003”  0.03™  0.0016™
Time
o el 13 0.0009™ 0.0014" 0.0018™ 0.0003"
Time x Growth medium
(k> 28 0.00007 0.00013 0.00007 0.00001
Error
Sy Gy - 4.09 1.85 6.91 6.81
CV (%)

WBC ¢ o5l e 2lon LS AAIR o cuslngSs (ilsuS WHC (o yios BB Slul a4 O EAW foal +/+) Jlnl gdaws 3 I3 gze 51 ol st
ol 53l s

** stands for significant effect in the probability level of 0.01; EAW: easily available water, WHC: water holding capacity, AIR: air
after irrigation, WBC: water buffering capacity.

25y yrany plad EAW (:50ke olie (g ) 3590 yitans W oy 5l
SA-SAB500- (sl sz EAW jlais (¥ Jsin) 15555 diels oyl 13
<IY¥ cm? ) aige 4> 5l 5 i RN-PIMB300-V 4 WS-V V-Z
V=YY gaialy )3 Sy yias g EAW, )l g (€M™
alox 5l o aw ¢l EAW Jlude .ol l,8 cm® cm™
Jlaelog «NE—o/v cm?® em? gaialy 3 colp—cy 0685
ol el ady gl i 3155 (A BSiS 5 5 slaoyg
ol Olgie 9S50 cnl & a2 L (0 J9i2) el 0a 3 EAW
oty 1S )3 EAW oS 4 Lito 5l loj S a8 3gas
ol Lo 30, 5 Lawssto Jlio lald ialial L 4 ol u,

el ol asle Jolss o3l 5 e 4 AIR Jlaia
ansly (6 )bl lads Dlaxs g IS 651061 d ) yians (odimd LSS
cm® em™ aiely ;> 4y jaw S5 6l AIR aiy lade .l
AIR . Sle y0lis (Raviv et al., 1999) 51> )15 «/V e~ /¥
(B Jgi) a1 )l gime Coglis (w0 )2 )90 5 5 (S yin s sl
B KES  5 cboyed Jlash il L 5 i AIR (55Ske polie
o BY—/YF e em3 oM aely ;> oy 390 A5 (sl i sl
Sd-PIMB300-V y_ws ;> Sig opl jlde cp b i Sy pxie
aigd o b ClgSinyg (oo dmoyd Froop)8 il odalte
Llgs oo padyd Slyd ojlul Lo 4 wgmudus a> Yoo slod Lo s
Q9T g Ao S5 Bl i nl Sl g5 2
b (S 5 2929 Jl (86 ey B8le Slol )3 taljBl 31 5 Wl e
3L (SdgS ep9) s>

RPRS 9 Pk OIS iS g 5 sl Jlesl iy
PIM-V- g WS-V sla i s & bgrye iy 4 EAW ,0ls
o WHC lads oy 5 i (sl WS-V 5wy 55 Cocopeat
Cle a5 59 (S SES 5 5 glooygy Jlosl I iy A5 (sl yiens
<l PIm-V-Cocopeat yiuw il pai3 ol 3, 3éle Llg5 oo )
S5pS e g CurgSeS g Lo B aigd Ik e s
Cuol odd el dlio (pl 09 byt plo b duslis 10 cJoSinys
S el )3 s s & Canmnd (6508 1 ey ol &
polae yd asls8l 5 i e sy Gy I Ve—0+ KPa S sl
Sl gy 4 bgiye (s K5 5 55 coyes Jlosl jl Ly EAW
Jolis yius 93 (pl 34 PIM-SdB500-V 4 PIm-V-Cocopeat
Slgio loyd adgs o) Bl Jial33l g 039 Lojs adgs (3L )lude
looygd 31 0 EAW polie ials 5 i b b4l ol s
L 45" 034 Cocopeat-Perlite yi s 4 bgyye b Sis g 5
s i )y 8le 2818 Yleinl 59, olyem AIR iygl58l
ol ) 51wy e ol sl oads EAW Hjlude ials
5 oy Jlosl | ey 350 WSBBE00-RN-V a5 ) yiws EAW
SA-SAB500- ias s bgsye EAW e 3y 5 it (b S
2 i ol 3 AIR lade ials oy 5 i b ol yois a5 034 V-Z
3o bt il slaingly (JSyob 4 g 5 Sl oy
d9—d o AIR Jlade LialS 4 oo EAW lads oog0l ;oS
.(Banitalebi et al., 2021; Banitalebi et al., 2019)
yw S5 33,8 by (Raviv et al., 1999) ) Ken 4 g9,
Al ansly < /ve—- /vy cm®em awels 3 EAW bl aigs b
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Table 5- Means’ comparisons of the effect of the growth medium, time, and their interaction on water retention and aeration
indicators (EAW and AIR)

Wy yan EAW (cm?® cm®) AIR (cm® cm®)
Growth Before-D/W After-D/W Ol Before-D/W After-D/W ol
medium Average Average
Cocopeat- 0186 K 0154  op 0170 G 0139  de 0198 b 0168 BC
Perlite
RW(0.1)-Perlite 0129 ¢ 0117  qr 0123 | 0.089  jk 0.095 ij 0092 E
RW(0.2)-Perlite 0147 p 0.164 1o 0155 H 0.081  kim 0.086  j/m 0.083 E
WS-V 0259 b 0.237  def 0248 B 0.049 n 0.077  kim 0.063 E
Rh-PIMB300-V ~ 0.249  hcd 0.232  efg 0240 B 0074 Im 0.105  hi 0.089 E
WSB500-Rh-V ~ 0.224  gh 0225 fg 0225 CD 0155 ¢ 0203 b 0179 B
Sd'SdBZSOO'V' 0252  hc 0292 a 0272 A 0.113  gh 0.055 n 0084 E
Sd-PImB300-V ~ 0.153  op 0180 Im 0.167 GH 0205 b 0275 a 0240 A
P'mB?’\(}O'WS' 0197  jk 0221 gh 0209 E 0.082  jim 0133 fe 0.108 D
PIm-SdB500-V ~ 0.170  mn 0.204 ij 0187 F 0.086  jkI 0137 de 0112 D
Sd-scg3oo-v- 0.199  ijk 0212  hi 0205 E 0.090  jk 0.142  cde 0116 D
PIm-V-RW 0.244  cde 0230 fg 0237 BC 0072 m 0.118  gh 0095 E
RW-Sd-V 0196  jk 0230 fg 0213 DE 0122 fg 0199 b 0160 C
Plm-v- 0114 r 0.157  nop 0136 | 0.088  jk 0151 cd 01200 D
Cocopeat
olej A
The effect of 0.194 B 0.204 A — — 0.103 B 0.141 A - —
time

g eddy Wyt (o I gime ©gles (goiad L (pSle (i yd Wiglate 55 By dbylew (iiSen y ] bl gl Sl adld o (gl Colite o558 g >
2 o Sutd g 5 clmoygs ;I (After-DIW) ¢ (Before-DIW) i cloj 95 oy 55 sxe gl (conmdjlis yasls o gl BT cindy )3 coglise 55 gy
Different lowercase letters for each indicator show the statistical difference for the interaction effect of the treatments, and different

uppercase letters in the mean column indicate a significant difference between the growth media. Different uppercase letters in the
last row for each indicator show the significant difference between the two times before (Before-D/W) and after (After-D/W) wetting

and drying cycles based on the LSD test at the probability level of 0.05; EAW and AIR represent easily available water and air after
irrigation, respectively.

(ol 38) SIS 3 5 o] dusag Sl s Mlicgm s S 25 Sl
SA- yiww si ) b yiwn ol > (Kim et al., 2017) a_sl
Oloj Cus 38 g (i Sii3 g 5 (slroygd Jles! L (SAB500-V-Z
Mo ime s cpl aS 39y Ioye3 (]38l Mgy I AIR S lade
33 Slyan oo 5 65k ulis b assl oul (0 Jsix) 59 3
o 0 AIR polie  wlél o 5 i (Bakry et al., 2013)
@ bgpe (ABSiS g 5 slaoygs Jlasl Sl gy 8 (sl i
Se RW-Sd-V 4 PIm-V-RW PIm-V-Cocopeat sl i
e N0 Siw ey g Loy ad o3 (6L Hlade (gl Lo iy oy
9 5 oy Jlosl 5wy SA-SAB500-V-Z sy j» ks AIR

sy (> AIR e (g 568 Shs WS-V ad  yie s
5 b iy ol 53 paS ol B8l Wlgs e )] e a5 Dy M
Banitalebi ) »)l> Jlodpa o) Ken 5 b ool b adl o)
J(etal., 2021
AIR Jsis il & pe EAW Juis ildl 1S eb 4
[+5Y emP em’) oS wges s WS-V jis diges (slp 29 oo
S5 slp &S Jb yd g (</VFACmE cm3) oL EAW 4
s o) g Gl G yd a8 oyl WS Sd-PIMB300-V
o aidl b oams plaS (0 Jodo ) 09 (yie 4 g0 )b
[(Banitalebi et al., 2021) 5,ls Jlsdpa oK en 5 b o
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Table 6- Means’ comparisons of the effect of the growth medium, time, and their interaction on water retention indicators

(WHC and WBC)
. WHC (cm® cm™®) WBC (cm® cm™3)

Sy e ol T
Growth medium Before-D/W After-D/IW Av;: ra;; . Before-D/W After-D/IW Av:a ra;; .
Cocopeat-Perlite 0.620 fgh 0.603  hi 0.612 DE 0.033 Im 0.053  hi 0.043 FG
RW(0.1)-Perlite 0450 o 0455 o 0.453 | 0.053  hi 0.040 jk 0.046 FE
RW(0.2)-Perlite 0503 n 0.520 mn 0511 H 0.123 a 0.101 b 0112 A

WS-V 0.686 b 0711 a 0.699 A 0.044 j 0.064 f 0.054 DE
Rh-PImB300-V 0.617  ghi 0.657 cd 0.637 CD 0.066  ef 0.058 gh 0.062 CD
WSB500-Rh-V 0.610  hi 0575 j 0592 FE 0.056  hi 0.057 gh 0.056 D
Sd-SdB500-V-Z 0599 i 0.682 b 0.641 CD 0.032 Imn 0.044 0.038 FG
Sd-PImB300-V 0.562  jk 0573 0.568 FG 0.021 o 0.033 Im 0.027 H
PImB300-WS-V 0.656 cd 0.640 de 0.648 BC 0.051 i 0.074 d 0.062 CD
PIm-SdB500-V 0.648 de 0.672 bc 0.660 BC 0.063 fg 0.067 ef 0.065 C
Sd-SCB300-V-Z 0.551 ki 0535 Im 0543 G 0.030 mn 0.041 jk 0.035 GH

PIm-V-RW 0.670  bc 0.677 b 0.673 AB 0.072  de 0.092 ¢ 0.082 B

RW-Sd-V 0.632 efg 0.629 efg 0.631 CD 0.026 no 0.052 hi 0.039 FG
PIm-V-Cocopeat 0.638  def 0.683 b 0.661 BC 0.038 ki 0.052 hi 0.045 F

ol ! 0.603 B 0.615 A - - 0.051 B 0.059 A - -

The effect of time

3 by Sl O 2 s gl 030 (pSilie (gt 2 Cglita S5y By Aot JiiSamy Al Ml lis Sl el ya (ol gliza S By
2 o Sutd g 5 slmoygs ;I (After-DIW) ¢ (Before-DIW) i cloj 9 oy 55 dxe gl (conimdjlis yasls o gl BT cindy )3 coglise 55 gy
ol OF (8L Ll 5 T cudlioSs iabeS ,Sily ey 4 WBC g WHC e +/+0 Jlais] g ;5 LSD (9051 Lol
Different lowercase letters for each indicator show the statistical difference for the interaction effect of the treatments, and different
uppercase letters in the mean column indicate a significant difference between the growth media. Different uppercase letters in the
last row for each indicator show the significant difference between the two times before (Before-D/W) and after (After-D/W) wetting

and drying cycles based on the LSD test at the probability level of 0.05; WHC and WBC represent water holding capacity and water
buffering capacity, respectively.

B s wie Sud S329 o WHC a3 (et al., 2014
038l 5 £45 Aiile L alizee Jolos 3U Cod 5 0dgs (slaldS S,
@ kg o) 5 kg Mg (sled sl 3)90 (5l iy Sy
ol Shg otz g CadS (o o 3 Cl wid)
8 25 3590 1L Ao o3> g 0fog aw PH BDWHC alex
(Sohi et al., 2009) ,.5
oy el a5 el ol 5 (Sl WHC polie 4 lio
~CasS oS b dunalie 3 6 5t WHC (gl (o0 )2 )90 (5 5
(5 Join) 391 )l sime Lol Sl GBI ) o siz o cidgy Cd s
@ WHC jolis 05 Si3 g 5 sbaoygd Jlosl g oloj e 35 L
5 L (7 Jpie) Sl il a iy 251 )5 (s losinn oo
il Sl (Kerloch and Michel, 2015) J—cwe 9 4 )5
o) Y KPa 5 il i o e il S5 Ll s o
e (pl 4 a2 b3S (A Gy il p ) b
Sy (te Pl (A BSiS g 5 sloye3 38 oo Ol
ade ay Lili8l pl il atsly sw )50 My (sl gy WHC
@3 03l g 38Lie 031 1555 52 PSS g 5 slboyed il
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Figure 1- Means’ comparisons of (a) subsidence percentage (AL/Lo, %) and (b) percentage of changes in dry weight (AW/Wp,

%) of growth media due to the application of wetting and drying periods
Different letters indicate significant difference according to LSD test at the probability level of 0.05.
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Figure 2- Means’ comparisons of (a) the effect of growth medium, (b) the effect of time (wetting and drying cycles), and (c)

the interaction effect of the growth medium and time on the percentage of organic matter (OM)
Different letters indicate significant difference based on the LSD test at the probability level of 0.05; The letters b and a in the legend

of graph (c) indicate the time before and after the wetting and drying cycles, respectively.
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