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RO EIE L, RE 135 gem’, TIEIE AR,
BB 56.57 mg/kg, A 42.47 mgkg, LEEHH M A
34.82 mg/kg, 4% 0.97 gkg, AHUF 8.95 mgkg, +IE
pH {E°4 6.51. PIAEIRIZKAEAE B W1 IE H FEK RIS 35
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Note: Rice was transplanted on June 4 in 2012 and June 1 in 2013, respectively.

B 1 RKAEHEUE AT JE A B PR
Fig.1 Daily precipitation and mean temperature during rice
growth stage after transplanting

1.2 RIEPR

PERFEFPR PR G R A E RS 6 5, 2l
T20124F 6 H3 HAM20134-6 A 1 Hidfh 178830 cm
FREF N 14 cm, B/ 3 ko SEHAIERE AR R BB EH A
RS . IR IR AR 7 BEAEAHAC A 6:3:1 (LAt
fE CAEED o BRI (P,Os, 172 kg/hm®) AR FEAE— Vi
JEAN. AL (K0, 72 kg/hm?) 32 3 fE A0 A AT 35 Y N
%1 50%. HHREACR AR 0.18~0.38 mm 1] H AR}
Riba, HEEEHN 670 mYg, B #HE (CEC)
9 135~200 cmol/kg. fEFIERE LY 2H 2y, Hi
Si0, 5 65.56%. ALO; 15 10.62%. H,O 5 8.16%. CaO
5 2.59%% .
1.3 Rkt

KA AX RGBT, &4 A7 GEG R
. R EMGEH AR , 3 4 WERE. EX A
MG RER 2 ANKTF, THEM2 4 OB
o AFERFEERE (cp) MR HER (Tawp) 2 7KF
FFIX AMA R i =R 0 52.5 105 Al 157.5 kg/hm®
4 NKF, 23 Nos Nsase Nijgs f1 Nysys %8s 71+
X N &, 4% 0. 5. 10 115 thm® 4 NKF,
Zon Zsv Zyo M1 Zys Romo A TIRZE WA= R AR 5 2%
PE, 2013 FEE 2012 Fikde, EAMH A PIFR &b
HRTE A /NX e A A . F RIS A FE S TE AR R B KB
0 (KexBExFEN: 2.55 mx2.62 mx2.5 m) k4, 318
A o 2 HHERTATE, BB 40 om S8
BRIERE R 4 /X, Hod 30 em d@ A L3R 8 IR
YR, DNXERA 1.67 m*. FEANZEBACT 4 /XK
AEALFE—3, HA%HE 2.5 mm/d #HATHUHEK. B H 8 M.
14 AUER B R R 3 (oK D) FKA, (FEFEK
PR o 338 i $A R FH e L3 it ) A 2K AR B R T
W€, KA H 18]y AKALTE R o FF LR HEFN T2
B R K FEAN R A B AR K bR vE L3R 1. 78283400
K2 KE (T LXS-15F) H LI K& . fiX

FEK BV K B 3K E KRIAT G ZEZfE. WK
B sh PR3 TR A3, ot H A & B AR B HoR
P4 AT .

FT 1 2012 #2013 FIFEEENTIER B ERAITKIRE

Table 1 Water managements for continue flooding and alternate
wetting and drying at each growth stage in 2012 and 2013

R TR AL
Icr Tawp
- HK 5y
T L
Growth stages AR TR G Maximum depth ;(?‘.7"(.—]:[5& .
Depth of water Low limit of soil
of water .
layer/cm laver/em water potential/
4 kPa
g =k
BT 1~5 3~5 0
Seedling recovery stage
ABERTH
 JrERRiN] 1~5 3 10~
Initial tillering stage
INBE S
_ PERIEH 1~5 0 35-25
Final tillering stage
R
R 1~5 3 -10~-5
Jointing-booting stage
-
A s ; 0w
Heading-flowering stage
LAY
Milky ripening stage 1= 3 -20-10
2y . .
el %T T —

Yellow ripening stage

A AERGUR T LSk O BRI N 12 om, Top FRFFERERE, Lawp &
RTRAC B, TR.

Note: Sensor of each mercury manometer tensiometer was installed at the depth
of 12 cm, I¢r indicates the continuous flooding irrigation; Iawp indicates the
alternate wetting and drying irrigation, the same below.

1.4 INIRE S

1.4.1 KT BAAKb LR, ASBEE
IR E, /AKX A1 m® X3k L% BUK A5

3NHER, SHERZR. 7305, 70 CHEE 48 h 21H

R, TR, BT RE. Y L kbR

5, 4 BA3YLIKERAX (Foss KIELTEC 2300) 1l 5E &

e, FIrEEAL RS R AR E. XSk

e,
1.4.2 Kok ZEFGIRRTH R F

KT F (Water Productivity (WP) kg/m®) &4
THFE ALK BRI B TR AR I P
EEFNEFKE (WD
W,=P+I1+K+W,-W,) (D
b PNEEBFWHMKE, m'/hm’s 14T HaE
K&, m¥hm’s K M FKAMA R, m’/hm’s T 2B
WH BRI, FEAKEMM TRANEYANE . R
(Wo) PR (Wy) LIEK S ZANERE R
W,-W, =1,-1, 2
A L AR GRED E 5 em Fag KRB #EK
B, m’/hm’s I KRG AAKIUS FRRIEK 2 5 om FasE
KIZ R SREKE, m’/hm’,
i (3) Atk A7 5

wp=L (3

T
X v AR O™ &, keg/hm®s T REAEAR 2R R
(Nitrogen use efficiency (NUE) kg/kg) #% (4) AitH
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Y -7,
NUE = —+——° Y
N

fi
X Ny WS BR R, kg/hm®s Y NIFSREHE T
TRTHAT MR (IepNoZo) FIKFE &, kg/hm’ Y, Nt
FEA N FE R &, kg/hm’s
1.4.3 13EFEBFR%E (CEC)

KRR G 4% “S” IERERNXERE (0~
30 cm) ALEJE (30~60 cm) T3E % 5 AN f, SHANE
G FE. BMRE TR LR WA KR A S, TR
BE. i 2 mm LIRS, HAXTEIL 0.15 mm L.
FRELAEFE 2.00 g N 100 mL &0, A 1 mol/L Ak
ORI R 2 04 85 ) N b, F NH, Rl
T3, FHH 95% AR AT &N NH,, SR E I e,
Fi 4= B 3L I E &AL (Foss KIELTEC 2300) 5 HA£52
ity B NH, &

1.4.4 BREAREE

FERLE SR AT 60 d Jo (I ERFERL & 7K B AE 12%~14%
JEEP) , BUSALERARRRL 300 g #EAT SRR 2. SR H
FC2K #REA N (YAMAMOTO) #75%. YAMAMOTO
AH VP32 BUREKHLERE, SRIKRCKE, FEH Foss
Tecator 2 &) [ InfratecTM 1241 (PS-500) 141 AMARIE i
Jo 4 AN A oK B o 7
1.4.5 1B KM &

FHRERET 0~10 em HHEHZE, RHE 1.35 g/em’ 5L
brex¥E AT N T238H, R ARSI REN 0.
0.37%- 0.74%M1 1.11% (JRED%D , ST HEHE 10 cm
T EMAEHA 0. 5. 10 115 thm?. R TFIERTE 4
ERIRJIRE R E T AR PRI 48 h, RIS HRGE
T 105 CIHEIBAEN T 24 h, DUHEHIES KK, KH
BCEN E IR REE T 28, RO IR S IROCHR[23]
FAERE S 3R, BUMEME NG R,

1.5 Gt iEE

B 13K R AE M WS MA 41, FoAb T AR 245 2R - 2
HX AW W, T Z TR SAS 9.2 B AFSEL. R
SRS W T 2 UL (1 [ R4 e s AR
(Y) « B (D L EEE (N MRk a (2,
BEMLEE 7R X4l (B) o Rk, ZEMKE. 7. 71
AFFFXARZETKIKCN: BXY. BxYxI. BXYXIxN Al
BXYXIXNxZ, =K 758 B KT 5 )5 ME 2 F 0K H
Tukey’s HSD J5i%, &3 M/KF N P<0.05. Tukey’s HSD
o ) B A5 FH ()R 2 AR R 7[Rl J8 — 2 . 7 2 DTk 2 4y
Mt FH 0 25 R 7 R0 22 L TR 756 45 48 A 1 s e /N F
BRI R T TR o« AHIF 90 RO 7 22 43 i 2 3% HL 7 2 5t
BREZEE 2.5% B+ 1E47 700, IR TTER RIS 10% 1)
R F 58 SN FEFEF T
2 GR55
2.1 REBANTIEEK MR

T FH 2% 2 384N [A) A9} o VR 45 L i szl -+ 38 K 4y
FRERRZR N 2 Frs. W12 BWAL, Rk A 0 1155
KHERERA R EM R B E R A RS LR,

KA REAE 2R AN [R] - 38R 5 34 R 3 AN IR FE
e, UHATIEA B HEG-35~0 kPa #/KTEHEAN, &
R A S K R A . B AR . Rk, TEAH EK
SYWRE R, e RN R A TR S K E, R
TIEORKEE Sy AN, LI AE-35~0 kPa JulH
s Rk R T A ot L 33 R K B 7 18 A B 1 3 R K R 1) 4
Tnm B e, T BRoK JE B A RS O BT R B andE
— MK (RS CH 20 kPa 24D HER, MERNK
AT 5+ 10 A 15 thm? 23 532 i R IR AARL 4 KR 3.0%.
4.1% 6.1%; FEMIHTF GEFH N-100~-70 kPa) 4%
PR, U BRSO, (EIACE Bt F R ikl s,
FH 384 it 2% 5 9 A AT 4 o AR K M R O R K
I3IR G 7R TR AE 5 HE R 1 B /K oy ol 25 1 R RIS T
NI

FEKIX ()
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Note: Zo, Zs, Zio and Z;s indicates 0, 5, 10, and 15 t/hm? zeolite amended,
respectively.

A2 458 E&EIERRS LG RIBILT 6 LIE K45 E
KEAAFIE
Fig.2 Soil moisture characteristic curve of surface paddy soil
amended with different zeolite rates

2.2 RA&HBAXTFIHE CEC BYFZM

Rk (Z) FIXNxZ ZZHXFEHERE 3 (0~
30 cm) CEC A& MM (£ 2) , 1M it & A
SR, 22 R, WA A EERSRE T
B CECo MXIT Zo /K5 Zsy Zion Zys KV 138 CEC
Iy R 24.3%. 46.3%A1 81.9%. T 30~60 cm 12
CEG [ IXNxZ 22 B4k oAt 3= 20N A B RN AN 2
2.3 MEBASTREKEEESXIKIE~EMENT

FEWAE (D L HEERE (N MRl A (2) Pk
HAZHRT (IXN. IxZ. NxZ Fl IXNxZ) Jt/KFEr= 51
BREEW (R . HAFERREA. BEE. Rk
A XN ZHRFEAR &N ETTRE . Bl wit
TEE P, TTERREARRI N iR (65.3%) >R
F(6.3%) >HEMAER (4.8%) >IxN ZZH (42%) . Af
WL, HE R 1 R T, BRI A IR .

ANFEBEAR L it R A A B AN NS P P
UL 3. Tukey’s HSD il 45 R0, RGN, B A Al
JFH -8 28 B HE ) B R R K R . (1) BUIE T THI:
Mt E R 105 kg/hm? J5, kSt RN, 37 30R
REE (3D 5 () FAHME: 10 tvhm’ 4 E16 7
RORELF, KT 5 thm® B A E, &T 10 thm® B6
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BERRIPER; (3) RSB EMI m: M TR
B HE R S M E T 7 11.5% 0 IXN A2 EOG KR 7= 5

BAEZERE. BB 4 arx, pahEmsi sl T KR
EXRE R RIS s, EREREKT (Niss)
T, TRRAZ BB P OO A&, R T R
VEVE, X Re SRR BE R RS AR TR A B T RUIE
MRBKRA—ERRZP, DNXZ ZHHRL (] 3) 4047

BRI, 1F 20 F, THBARBMEMTE 3 MEEUK K
FEE R T RS8R, BEmEUKE FHERE
VEWL AN EAR TR s, 76 Zs F, SRR 2E I e,
B Zo2)G, JHAE 2,5 F, TIBAE ML 4 Ntk
PRI P AR B TR . 2 ET LRI,

LawpNiosZ1o A B B e (9.8 thm?) , R T ikt
. (IeeNys75Zo) > ATHPZ 10.6%.

x2 HEARXARERITAENTRAETRESH
Table2 ANOVA for a split-split-split plot experiment and proportion of variance explained by main effects and interactions for each
response variable

N ESA R S ) -~ B
AR SRR CEC in different soil profiles R Ko HFEER ZACFIH = FREORS &
Source 030 om ~30~60 em Grain Yield Water productivity Nitrogen use efficiency Protein content
Y 0.04 0.14 0.02 0.06 0.06 3.87
I 0.72 8.89 4.84™ 45.10" 246" 0.08
YxI 0.11 0.13 0.08 0.19 0.07 0.01
N 0.98 5.25 65.25" 2453 44.49™ 22.68"
YxN 0.06 0.04 0.05 0.08 0.60" 0.99
IxXN 2.54 9.98 420" 123" 1.12" 0.36
YxIxN 0.06 0.13 0.08 0.14 0.05 5.90"
z 40.71" 12.20 6317 9.88™ 15617 45.82"
YxZ 0.03 0.12 0.05 0.07 0.11 0.24
IxZ 3.01 1.10 170" 1.83" 1.11 0.08
NxZ 2.76 6.81 227" 1.85" 7.80" 0.71
YXIXZ 0.04 0.06 0.19 0.11 0.20 0.44
YXNxZ 0.11 0.15 0.25 0.21 0.41 0.55
IXNXZ 13327 10.36™ 1.64" 1.86" 1.80 0.53
YXIXNXZ 0.16 0.12 0.49 0.82 0.51 0.46
SRR 64.52 68.59 87.45 88.07 77.26 83.84

Total contribution rate /%

TE: RPEEROR S ERFRLENFR G ZTERE (%) « Y. LN K Z 5508 4 MERF: F R, Haemibaish. FoRmm e P<0.05,

"R B P<0.01.

Note: Data was proportion of variance explained Py eacg main effect and interaction. The four main factors of Y, I, N, and Z indicate year, irrigation regimes, nitrogen
application, and zeolite amendment, respectively. , and  indicate no significant, significant at p < 0.05 , extremely significant effect at p < 0.01.

A3 ZEZRFARKFE S Foi 54 (Tukey’s HSD test )
Table 3 Multiple comparison (Tukey’s HSD test) between different levels of each main factor for each response variable

A FH B T4 # ik PR IR A= 2R BT % . e
M I Tt CECo-30/ Grain yield/ Water productivity/ NUE/ ﬁaikﬁ F Eti z't/T;
ain Factors (cmol-kg™) (thm?) (kg'm’) (ke'kg™) rotein content/%
2012 15.09a 747a 0.83a 40.34a 6.08a
4 year
2013 14.88a 7.42a 0.81a 41.09a 5.83a
VR Icr 15.42a 7.04b 0.64b 38.38b 5.98a
Irrigation regimes Lawp 14.55a 7.85a 1.00a 43.05a 5.93a
0 14.78a 5.15¢ 0.60c / 5.70b
g 525 15.43a 7.16b 0.82b 52.89a 5.67b
N application rates/(kg'hm™) 105 15.49a 8.61a 0.94a 40.68b 5.81b
157.5 14.26a 8.86a 0.92a 28.59¢ 6.64a
0 10.85¢ 6.85b 0.71c 33.01c 5.10¢
WL E 5 13.49bc¢ 7.17b 0.77b 38.16b 5.77b
Z amendment rates/(t-hm™) 10 15.87b 7.76a 0.88a 42.72b 6.50a
15 19.74a 8.00a 0.92a 48.97a 6.45a

Ee FA—IIARFRROR AT BF Nz R, MRTRRBEZESR . AT o oK R B 5 X8, DI IRKRE = T EE S 10 1 (1-14%)

i, BN 14%00 5 K ER .

Note: Different lowercase letters in columns are significantly different at 0.05 probability level. Drying processes were used to calculate real grain yield by dry grain

yield divided by 1-14% for after-effect analysis of zeolite.
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Fig.3 Mean rice yield under different combinations of irrigation
regimes, nitrogen application rates and zeolite amendment rates,
and interaction effect among them
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B4 KA ZAR R KAG 6 Rh
Fig.4 Interaction effects of IxXN on grain yield

2.4 REHBASARKEHEEITKSEFFRNZT

FEWAEI (D L HEEE (N MR A (2) Bk
R HPFF (IxN IxZ, NxZ Fl IxXN¥Z) 5F 7K 534 72 % (WP)
VIBA BRI (R 2)  HEA 3AERE TN WP
()7 Z TR R B T 2.5%, HAARI . B R
(45.1%) >JiEE (24.5%) >WHABA (9.9%) .

N TR B B e m K B R (R 2D, B
FRE RE K 0 P AR 56.3% (£3) o WLt &
EPEm WP, (HIEE Nyos JE /KA RIEH . FHR
[R] 2 4 2300 it RN P~ B AN B R, BB T KA
Hh FAEPIE, KT KRR RUR AR KRR
BABERRW, X Zo 0B, Zs. Z,0 M Zis 2les
8.5%+ 23.9%F1 29.6%. AFEBEXT, A% WP 1)
A — 2 XA . ERFEERE N RE iR R 3 A
5~15 t/hm® $2 R K 3P % 4.3%~20.1%;  [FRINER I,
TETIRAS & HEWE T 3 it At R b A S O A R, K E
PERA R 129%~369% (£ 4) . EE oA
(LywpNiosZ1o) > AIFEAG 27.8% MK ¥R, $RE /K4
K 52.5%.

T4 EBRMBAXTEIKSE TR

Table 4 Effect of nitrogen and zeolite interaction on water

productivity
FEE A W75 zeolite amendment rate/(t-hm™?)
Irrigation model 0 5 10 15
Icr 0.58f 0.61ef 0.68de 0.70d
Tawp 0.83¢ 0.94b 1.08a 1.14a

T RPAFAEBAF T REOR B RE 2R, ME TR A ZR.
Note: Different lowercase letters among treatments are significantly different at
0.05 probability level.

2.5 REABASTEKAEETALRZFIAE (NUE)
A

% 2 w5, AR NEKR ZMHER T AL, H
RATEE (N MEREEA (2D PLA NXZ S H RN )
T ZETRFRELR, BARERIUN: WRE (44.5%) >RIK
WA (15.6%) >NxZ ZH (7.8%) o AT, %A
FEFNE R NUE (1) 348K+ .

NUE B % it 205 10 39 I iy S35 R R, R A 05 i 260
JKF R NUE M 52.89 kg/kg (Nsp5) BFZ 28.59 kg/kg (K
3) o« MR, WEHEERERA AR E RS NUE, Zs.
Zio F1 Z,5 53 42 5 NUE 15.6%. 29.4%F1 48.3%, NxZ &
HANARY], NUE EA A Wb A1 7K-F T B ISR b &
TR, MAEA R ZUKF T 205855 30 B 5 00 0 6
(K 5). AT W, AN AR b AT #0H] NUE 1) 23 T .
U NygsZio.1s EPFRA] Nys7sZo L, NUE $25 7 76.8%~
87.0%, MiAEE SR8, "W, 7 H i AR A
& & BA /> AR NE IR #6425 NUE MIBEAIC T
Y JNISWNEPIR

x5 REMHBAREXKEREFAERNZMN
Table 5 Effect of nitrogen and zeolite interaction on rice nitrogen
use efficiency

i S8 B WA Zeolite amendment rate/(t-hm™)
N application
rate/(kg-hm™) 0 5 10 15
0 / / / /
52.5 27.03¢ 33.68bc 37.65b 50.88a
105 21.70d 27.67c 35.02bc 36.61bc
157.5 18.99d 22.60d 25.25¢cd 24.22d

1 RAPARALEEAF 7R RN BA B E W ER, MRS R ER.
Note: Different lowercase letters among treatment are significantly different at
0.05 probability level.

2.6 PERBASTERKFBAEMIEREARSENTN
MR (ND AR A(Z) LA BN YXIXN 1)
DEEMERAKEARSE, =& EZnMER L@
2.5% (F£2) . WiEEIEEERERAEARSE, HE
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2.7 JKFEHEMEM IS BRI ERKIE SN
MR 3 mE R B A= B N R R, WA s,
TR E () SR EESERER ) EWREF
M=k Z IR R, AeRIEANE 5. 2015
TR B E R R=0.741, FWIHL E#5 BB B R
T 741%M = AR, B KRS AR A 32 i 1y
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Froden. MK 6 KW, £ 0~10 thm? V8 Bl P4 19 it R &
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AR A 1 P BT A DR DR R R A R P T KR A
Pt b5 A R
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15 TS AR 8 W R, K T AR

T | oo TR 12.9%~36.9%, I, AR 150 T 40 1 RS

< LR, RIS BB K I R b, 3 — A

3 K 7
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2 LA CEC 8 -1 I s T BB %0 B S T 6
; B, CREBR T RARIE, BUIEPERAIZE A ik
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Fig.5 Grain yield for each treatment as a function of aboveground
N accumulation of rice plant
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Fig.6 Aboveground N uptake in response to different rates of
zeolite
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FE 6 Bt bR, RURBAE BN A KA RE
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Impact of water-nitrogen coupling on grain yield, water and nitrogen
usage in zeolite-amended paddy field under alternate wetting and drying
irrigation

Chen Taotao', Sun Dehuan?, Zhang Xudong®, Wu Qi*, Zheng Junlin®, Chi Daocai**

(1. College of Water Resources, Shenyang Agricultural University, Shenyang 110866, China;
2. Donggang Experimental Station of New Irrigation Technology, Donggang 118300, China)

Abstract: Increasing demand for maintaining yield with reducing environmental and resource costs challenges conventional
rice production. Water inputs can be reduced by the use of alternate wetting and drying (AWD) irrigation. And clinoptilolite
zeolite (CZ) benefits farmers through decreasing water inputs and N usages in non-irrigated farmland, however, its
performance is rarely reported in paddy field, especially under AWD irrigation. In order to clarify the application potential of
CZ under AWD irrigation, an experiment was conducted under automatic canopy lysimeters to determine the effects of CZ on
rice grain yield and water and nitrogen usage efficiency under different nitrogen application rates and irrigation regimes using
the split-split-split plot design. The experimental site was located at the Donggang Experimental Station of New Irrigation
Technology, Dandong, China in 2012 and 2013. A japonica rice, Oryza sativa L. cv. Gangyu 6 was cultivated on a silty loam
soil. Years after zeolite application were main plots. Two irrigation regimes, continuous flooding and AWD irrigations, were
subplots. N application rates (0, 52.5, 105 and 157.5 kg/hm* N applied as urea) were sub-subplots and CZ application rates (0,
5,10 and 15 t/hm* CZ) were sub-sub-sub plots. The experiment was repeated in 2013 but no additional CZ was received, and
the plots in 2013 experiment were same as 2012 experiment. Dynamics of soil moisture characteristic curves under different
rates of zeolite application were also observed through mixing surface soil samples attained from the experimental site with 0, 5,
10 and 15 t/hm® in the laboratory. Results indicated that paddy field amended with increasing rates of CZ application
significantly increased soil water holding capacity, and improved paddy soil moisture status, when the soil moisture status of
paddy surface soil was controlled within the range of -35-0 kPa. At the soil matrix potential of -20 kPa, soil application of 5-15
t/hm” rates of CZ resulted in 3.0%-6.1% higher volumetric soil water content than zero CZ treatment. The increasing of soil
water holding capacity resulted in enhanced water productivity in both continuous flooding and AWD irrigations, while the
latter was more obvious. Increasing rate of CZ application significantly improved soil cation exchange capacity and nutrient
preserving capability, In particular, the application rate of 105 kg/hm2 nitrogen fertilizer application mixed with 10-15 t/hm?
CZ could significantly improve nitrogen utilization efficiency by 76.8%-87.0% while maintaining normal rice yield. Increasing
CZ application also increased grain yield by 4.7%-16.8%, and overcome a slight reduction in grain yield under AWD
irrigations at the highest nitrogen rate, as compared to continuous flooding irrigation with the same nitrogen rate. In general,
AWD irrigation in combination with 10 t/hm® CZ and105 kg/hm” nitrogen fertilizer application was recommended. This rice
production system could benefit farmers through reducing 27.8% irrigation water, 33.3% nitrogen application, while increasing
10.6% rice yield, 89.2% nitrogen use efficiency and 52.5% water productivity and these positive effects could last at least 2
years. The proposed production system was also expected to be an available strategy for ecological agriculture for arid and
semi-arid area which maintains yield with lower environmental and resource costs by enhancing soil water holding capacity
and improving nutrient preserving capability in paddy field due to CZ application.

Keywords: zeolite; nitrogen; irrigation; rice; alternate wetting and drying; water productivity; cation exchange capacity; soil
water holding capacity



