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ABSTRACT

The objective of this study was to determine the effect of alternate wetting and drying
(AWD) compared to continous flooding (CF) irrigation on nitrogen mineralization and
potential nitrification (nitrate and nitrite) from paddy soil. The research has been
conducted under two water management regimes in alluvial rice soil in Cuu Long Rice
Research Institute during dry season 2010. Rate of NH, -N has been determined by Y
technique. Contents of soil NH; -N and NO3 + NO;-N increased by applying alternate
wetting and drying (AWD) and the rate of NO; + NO,-N mineralized reached highest at
65 days after sowing (DAS), while NOs-N in continuously flooded (CF) soil almost
disappeared at 15 DAS. Implementation of AWD irrigation may considered as one of
important factors accelerated N mineralization in Mekong delta rice soils.

Keywords: Alternate wetting and drying, AWD, continuously flooded, CF, N
mineralization, Mekong delta rice soils

Title: Effect of alternate wetting and drying irrigation on N mineralization
of Mekong delta alluvial rice soils

TOM TAT

Muc tiéu cua nghién citu la xdc dinh anh huong cua ché dj neéi ngap lién tuc va kho
ngdp ludn phién lén sy khodng héa dam va tiém ndng nitrate héa tie dat hia ngdp nudc.
Nghién curu dwoc thuc hién trong vu Dong Xuan 2010 duoi hai ché do quan ly nuoc trén
dat phu sa tréng lia tai Vién lia BPBSCL. Téc do khodng héa NH, -N dwoc xdc dinh
bang ky thudt b6 sung N. Ham heong NH, -N va NOs* + NOy-N trong ddt gia ting &
nghiém thirc khé ngdp xen ké va toc @ khoang héa NO5 + NO5-N dat cao nhdt vio giai
doan 65NSS, trong khi ham liwrong NO5 -N trong diéu kién ngdp lién tuc hau nhie bién mat
sau 15 ngay sa. Ky thudt twéi ludn phién dwoc xem la mot trong nhitng yéu t6 quan trong
thiic ddy sw khodng héa N trong ddt hia ¢ PBSCL.

Tir khéa: Khé ngdp ludn phién, AWD, ngdp lién tuc, CF, khodng héa dam, dit trong

liia ¢ dong bang song Ciru Long

1 MO PAU

Pam 1a yeu t6 quan trong 20p phan nang cao ning sudt ciy trong Nhiéu _nghién
ctru cho thay dam c6 ngudn goc tir sy khoang hoa N hitu co dat 1a ngudn dam
chinh ma cay trong hap thu, ngay ca khi bon phan dam liéu lugng cao ciing khong
thay thé dwoc dam tir dt (Cassman et al., 1994). Theo Manguiat ez al. (1993) ham
luong dam khoang hoa tich lity twong quan thudn voi lwong dam hép thu va ning
sudt cdy trong. Bén canh d6, dong bang song Ciu Long (PBSCL) véi dién tich
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trong lta 16n, nhu cau nude tudi cho lta 14 rat 16n. Theo Lé Sam (1996), vao mua
kho lwong nuée ngot dd vé PBSCL tir thwong ngudn song Mé Koéng tuong dbi it.
Do d6, can thyc hién cic bién phap giam nudc tudi nhung van dam bao du lugng
nude can thiét cho cdy trong. Chinh vi thé, viéc khao sat kha ning khoang héa dam
trong hai diéu kién tuéi 1a can thiét.

2 PHUONG TIEN VA PHUONG PHAP
2.1 Phuong tién

Thi nghiém duoc thyuc hién trong vu Péng Xuan 2010 trén dat phu sa tai Vién laa

DBSCL véi cic dic tinh vat 1y, hoa hoc ban dau nhu trinh bay ¢ bang 1. Giéng laa

duoc st dung la OM4498 c6 thoi gian sinh truedng 85 - 90 ngay. Phan dugc bon

theo khuyén cao 100N - 60P,Os - 30K,0 kg ha va chia thanh 3 1an bon viao céac

giai doan 8, 22 va 44 ngay sau khi sa (NSS).

Bing 1: Tinh chét vét 1y, héa hoc ban diu ciia dét thi nghiém. Vién nghién ciru lia PBSCL,
thang 12/2010

Posiu pH  EC Hiruco N tong sé P dé tiéu Thanh phan co giéi (%)

(cm) mS/em) (O (%) (Bray-2) g Thie sét
020 49 04 134 0,5 0,4 6,0 486 454
2050 57 03 099 0,11 03 46 48,7 467

2.2 Phuwong phap

Thi nghiém dugc bb tri theo thé thirc khdi hoan toan ngu nhién. Mdi nghiém thirc

¢6 4 13p lai va mdi 16 thi nghiém c6 dién tich (6m x 5m) = 30m”.

2.2.1 Mo td phuong phdp twoi

- Tué6i ngap thuong xuyén (Continuously flooded: CF): gitt mirc nu6e khoang
Scm trén mat rudng trong suot thoi gian sinh trudng cia ciy lta ngoai trir giai
doan 80 - 100 ngady sau khi sa va 7 ngay sau khi thu hoach. Thoi ky 80 -
100NSS dat dugc gitr am.

- Tu6i luan phién (Alternate wetting and drying: AWD) con goi la tu6i tiét kiém:
giir ngap thuong xuyén tr 3-10NSS. Dat thi nghiém duogc tudi khi muc nude

trén rudng giam xudng dén d6 sau 10 - 15cm cach mat dat thi tudi nude tro lai
o murc 5 cm. Chu ky kho ngép duoc ap dung ¢ giai doan tir 10 - SSNSS.

2.2.2 Phuwong phdp xdc dinh khoang héa NH, -N

Phuong phap xac dinh khoang hoa NH,"-N: str dung k¥ thuat b sung "N xac dinh
ca tong dam va dam thuan theo Blackburn (1979) va dugc bd sung boi Laws
(1984). Phén tich ndng d6 NH," theo phuong phap Verdouw et al. (1978). Nong
d6 ""NH," trong NH, N téng duoc xac dinh theo Risgaard-Petersen er al. (1995).

Tinh téc d6 khoang hoa dua trén thoi gian U theo dé nghi Blackburn (1979).
Khoéang héa thuan dugc tinh toan dua trén su thay dbi cua téng NH, "-N theo thoi
gian (cong thirc 1) nghia 1a hé s6 goc (X) cua do thi tong NH4 -N theo thoi gian.
Pé udc tinh tong lugng NH,-N dau tién In (R), dya trén d6 thi In[(d-i) X t + Py)/
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Po] va phuong trinh hdi quy c6 hé sé goc (Y) theo cong thirc 2. Tong lwong NH, -
N khoang hoa (cong thirc 3) va bat dong N tir cong thirc 4 (Blackburn, 1979).
P(t) = Po + (d-1) X t; slope = (d-i) = X (1)
Ln(R) = Ln(Ro) — (d/d-i) X Ln{[(d-i) Xt + Po]/Po}; slope =— (d/d-1))=Y (2)
d=-XY (3);i=-X-XY (4)
Trong do: P(t): téng ham lugng ammonium tai thoi diém t;

Py: ham lugng ammonium tai thoi diém t;

d: toc do khoang hoa tong ammonium;

i: tc do bat dong ammonium;

d-i: tbe @0 khoang hoa thuan ammonium;

R: ty 18 ["NH, V[NHy Tooar

2.2.3 Phwong phap xdc dinh khoang hoa NOs + NOy-N

Tiém nang nitrate va nitrite hoa cia dét duoc xac dinh boi u dat hiéu khi béng cach
lam gidu ammonium trong dung dich dét dua trén toc do nitrate va san pham nitrite
(Nicolaisen et al., 2004). Phuong phap thuc hién theo Henriksen (1980). Cac miu
dat dwoc 1 24 gio & nhiét d6 phong. NO,~ dugc trich 5 1an trong sudt qua trinh @ va
duoc xé&c dinh dya trén phuong phap giam cadmium (Huffman va Barbarick,
1981). Tbc 36 NO,” hoa duge tinh toan tir sy tich Ity NOy theo thoi gian.

Tbc d6 nitrate hoa duge tinh nhu sau: Tde do trén lit nude = hé sd géc cua duong

hdi quy xmol I'h™ (& ); Hé sé gbc cua duong hdi quy dua trén do thi ndng do

NO, thay ddi theo thoi gian.

Tbc do trén lit nuwéc
(zmol I''n™)

Téc d¢ trén lit dung dich dat = , mol I"h!
oc co tren it dung qieh €4 Ham luong nudce trong dung dich dat (s )
(lit nude/ lit dung dich dat)
Téc d6 trén lit dung dich dat
: . “1q.-1
Toc do trén gram dat kho = (umol I'h7) (umol g'h™

Ham lugng datkho
(gram dat kho/ lit dung dich dat)

2.2.4 Phuong phap xir Iy s6 liéu

Str dung phﬁn‘mém MSTATC phan tich phuong sai, so sanh khac biét trung binh
va phan tich hoi qui - tuong quan véi kiém dinh Duncan.

3 KET QUA THAO LUAN

3.1 Anh huéng caa bién phap twéi 1én dién bién NH,-N va NO;-N

Ham lugng NH,™-N dat cao nhat & 15NSS véi 6,21 zmol NH,*-N g trong diéu
kién ngap lién tuc va 5,85 1 mol NH,-N g & kho ngép luan phién (Hinh 1a).
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(a) (b)
Ham hwgng MH, ™1 e CF Ham hromg HO3 - N e CF
(umol NH"M g —=— AWD el MO - N gh —=— AWD
® 25
6 a0 4
44 - 15 4
10 4
2 A 5 |
0 T T T T ] 1] T — T —————,
0 13 65 100 107 5400 15 65 w107
Mgdy zau sa Mgdy sau 52

Hinh 1: Dién bién ham lrgng (a) NH,*-N, (b) NO;-N. Cac thanh doc trén db thi biéu dién dd
1éch chudn cho cac gia tri NH;" (# mol NH,"-N g”) va NO;” (nmol NO;-N g™)
Ghi chii: CF: ddt ngdp lién tuc;
AWD: @it khé ngdp ludn phién.

NO5-N thuong gdp trong mdi truong thoang khi va khé (Campbell et al., 1993).
Ham lugng NO5-N trong diéu kién ngap lién tuc gan nhu bién mat sau 15 ngay sa
(Hinh 1b). Nguoc lai, ham lugng NO5s™-N & nghiém thirc kho ngap ludn phién dugc
duy tri trong khoang 15 nmol NO;-N g do dat thoang khi va hoat dong cua vi
sinh vt nitrate hoa gia tang, sy khac biét tir 15NSS gitta hai nghiém thirc c6 y
nghia thong ké (p<0,05).

3.2 Anh huéng ciia bién phap twéi 1én tdc do khoang héa NH,-N
3.2.1 Téc dp khodng héa NH, -N tong

Téc d6 khoang hoa dam tong & AWD cao hon CF. Tdc d6 khoang héa dam tong &
AWD qua cac giai doan 0, 65, 100, 107 NSS lan luot 4,00; 5,43; 4,02; 5,81 umol
NH,-N g'h™ trong khi CF 14 4,10; 3,55; 2,04; 3,47 umol NH,-N g'h”' (Hinh 2a).
Cung v6i su gia tang chu ky kho ngap thi su khac biét giita toc d6 khoang héa &
hai nghiém thirc cang rd rét. Dén giai doan 65NSS giita hai nghiém thirc khéng
khac biét théng ké (5%), & giai doan 100, 107NSS, té¢ d6 khoang hoa NH,'-N c6
khac biét thong ké (5%) (p = 0,020 va 0,016). O giai doan 107NSS téc do khoang
hoéa NH4 -N ciia AWD cao gan gép hai lan so véi CF. Sy khac biét nay 1a do dat
dugc 4m uét tré lai tao diéu kién thuan loi cho vi sinh vat hoat dong tdt hon &
AWD va dat gia tri cao nhat. Ngoai ra, nguyén nhan dan dén két qua trén la dudi
diéu kién thoang khi 1& cdy co thé tiét ra nhitng enzyme nhu protease va/hodc cac
acid hitu co 1am thuc day hoat dong cta quan thé vi sinh vat dat hon diéu kién
ngdp lién tuc. Trong khi ¢ dat ngap lién tuc, thiéu oxy dan dén gidi han khoang
hoa N béi vi chi ¢6 nhitng vi sinh vat dat ma co thé sdng sét trong diéu kién ky khi
hoat dong (Jonathan Deenik, 2006).
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(a)

Téc & Fhrdrg hoa NIL "M Tée i Fhodng hia HH, 10 Thedl MH,* Mt dong

téng (ool FH,'H 8™ —e— CF thdn (el MEL™H 2'%') ——CF (mwacl NH,"H ¢k _e—CF
14 4 —a— AWD 13 ] —a— AW 13 : —— ATWD
12
10 4 10 10 4
R 2 g
6 6 1 i
4 - 4 1 4
2 2 1 24
0 T T T v 0 T T T D T =T 1
271 0 63 0w 291 1 6 w0 1w 2] 0 65 1M 107
- Hghy sausa 4- MNegrrsan sa e Hahy sausa

Hinh 2: Anh huéng ciia bién phap tuéi len (a) toe dd khoang héa NH,"-N téng, (b) toc dd
khoang hoa NH4 - N thuén, () tbe do bat dong NH,"-N. Cac thanh doc trén dd thi
biéu dién do léch chuén cac gia NH,"-N (nmol NH,-N g™ h'")
Ghi chi: CF: ddt ngdp lién tuc;
AWD: dit khé ngdp ludn phién.
3.2.2 Téc dp khodng héa NH, -N thudn

Khoang héa dam thuan 1a két qua cia hai tién trinh ddi 1ap: khoang hoa dam tong
(su phong thich dam) va sy bat dong dam (sy dong hoa dam) boi hoat dong cua vi
sinh vat (Mengel, 1987). Ham luong N téng s6 trong dét chua dy doan dugc kha
nang cung cap N hitu dung tur dat cho su hap thu cua cdy trong (Sims et al., 1967)
va tiém ning khoang héa dam thuan thi rat quan trong cho viéc diéu chlnh luong
phan dam bén vao ddi v6i nhu cau mua vu (Ward Chesworth, 2008). Do d6, xac
dinh lugng N thuan nhim x4c dinh duoc lugng N that sy ma cay tréng st dung.

Tuong tu toc do khoang hoa NH,-N tong, toc d6 khoang héa NH, -N thuan &
AWD cao hon CF. Téc do khoang héa dam thuidn & AWD & céc giai doan 0, 65,
100, 107NSS lan luot 2,77; 1,36; 1,27; 2,32 nmol NH,"-N g"'h™" trong khi ¢ CF 1a
3,31; 2,12; 2,60; 4,28 nmol NH, -N g'h" (Hinh 2b), theo thtr tu. Trong d6, & thoi
diém 100NSS va 107NSS c6 su khac biét c6 y nghia thong ké & muc 5%
(p=0,020 vap=0,016).

C6 mbi tuong quan thuan chat ché giita toc do khoang hoa thuan so véi toc do
khoang hoa tong (hé s twong quan r = 0,70). Ty thudc vao nhirng giai doan khac
nhau thi téc do khoang hoa N thuin so véi toc do khoang héa tong ciing khac
nhau. Téc d khoang hoa thuan trén dat phii sa & AWD dat cao nhat khoang 82,8%
so v6i toc do khoang hoa tong (Bang 2).

Bing 2: Téc d9 khoang h6a NH,"-N thuin (%) so véi tdc dd khoang héa NH,'-N tong

NSS 0 65 100 107
NT (%)
CF 67,6 38,3 62,3 66,6
AWD 82,8 39,1 64,6 73,7
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3.2.3 Toc aé NH, -N bi bat dong bai vi sinh vt dat

Su bat dong N 1a sy chuyén héa N tir dang dam vo co sang N hitu co trong co thé
vi sinh vat. Téc d6 NH,"-N bi bat dong boi vi sinh vat dat & AWD cao hon CF qua
céc giai doan 0, 65, 100, 107NSS lan luot 0,69; 3,30; 1,42; 1,53nmol NH, -Ng'h™!
trong khi & CF 1,33; 2,19; 0,77; 1,16 nmol NH, -N g'lh'1 (Hinh 2c¢). Nguyén nhan
dan dén két qua NH,"-N bi bat dong & 65NSS cao hon cac giai doan khac 1a do am
d6 dat cao hon (71,5%) va phit hop cho hoat dong cuia vi sinh vat hon so véi CF.
Ngoai ra, giai doan nay co su ting cao la do vi sinh vat phan huy hop chat hiru co
chtra carbon trong dat, ching ¢6 nhu cau N cao hon lugng N ¢6 trong hop chét hiru
co dugc ching phan huy dé phat trién mé co thé, vi thé chung st dung dén lugng
N v6 co (NH,-N va NO;™-N) ¢6 sén trong dat.

3.3 Anh hwong ciia bién phap twd6i 1én tdc d9 khoang héa NO;+NO,-N

pH 1a mét trong nhimg yéu t6 quan trong anh hudng dén tién trinh nitrate hoa
(Staley et al., 1990), khoang pH t0i hao cho tién trinh nitrate hoa 1a 6,6 - 8,0. Tuy
nhién, ti€n trinh trén bi han ché khi pH thap hon 6 (Sauvé ef al., 1998).

Qua hinh 3, toe d0 nitrate héa & AWD cao hon CF vi tién trinh NO, hoa can su
hién dién cua oxy dé bién d6i NH,"-N thanh NO;™-N. Chinh vi viy, oxy 13 yéu t&
chinh anh hudng dén tién trinh nitrate (Elke Stehfest, 2005). Kha ning hoat dong
clia vi sinh vat hiéu khi c6 lién quan chit véi lugng nudc vao té khong. No ciing
dugc quan sat rang, tién trinh nitrate giam khi lugng nudc trong té khong chiém
trén 50% boi vi didu kién yém khi trong dat gia ting (Firestone va Davidson,
1989).

Téc dj khodng hoa NOs + HO,-H

—+—CF
1HOy +NOy-N gt
BD(MD : 2Nk —=— AWD
20 4
|
10 4
D T T T 1
0 i) 1o 1y
Mgdy sau sa

Hinh 3: Téc d9 khodng héa NO; + NO,-N vu Dong Xuin. Cac thanh doc trén db thi
biéu dién d¢ léch chuin ciia NO; + NO, -N (nmol NO; + NO, -N g h™)
Ghi chii: CF: dat ngdp lién tuc;
AWD: dit khé ngdp ludn phién

Téc d6 nitrate hoa trén dat phu sa ludn thay ddi theo thoi gian (Hinh 3). Tc do
nitrate hoa cia AWD c6 su thay ddi dang ké trong khi CF gan nhu 6n dinh ca mua
vu. Piéu nay chimg t6 bang bién phap tudi luan phién gitp tang kha nang khoang
héa NO; + NO,-N. Tdc d9 nitrate hoa & AWD thoi diém 65NSS lan luot 16,3
nmol NO;” + NO, -N g h™ trong khi & CF 3,31 nmol NO; + NO, -N g h™', co sy
khac biét c6 ¥ nghia thong ké & mirc 5% (p = 0,049). Twong ty, thoi diém 100NSS
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cling giam xudng con 2,36 va 4,07 nmol NO;y + NO,-N g’ h™' ¢ CF va AWD.
Thoi gian ngap & AWD kéo dai hon so v6i cac chu ky trudc nén c6 thé gay bat loi
cho vi sinh vat hao khi, dan dén toc d6 khoang hoa NO5 + NO,-N ¢ giai doan nay
thip hon so vdi giai doan trudc.

Viéc khao sat tde dd khoang hoa NO;3;  + NO,-N trong diéu kién khir cho ta du
doan duoc kha ning bdc thoat NO va N,O tir dat. Qua d6 thi cﬁng thiy duoc rang
kha ning bdc thoat N & giai doan nay cao nhit (65NSS) va giai doan sau thu hoach
& nghiém thitc AWD. Theo mét s6 nghién ciru trude ddy, sy nitrate hoa 1a ngudn
quan trong cua bdc thoat NO va N,O (Papen va Butterbach-Bahl, 1999).

4 KET LUAN

Trén dét phu sa, ki thuat tudi ludn phién gitp ting kha nang khoang hoa N ¢ ca 2
dang NH,"-N va NO;™ + NO,-N. Téc d6 khoang hoa NH,"-N tong, NH, -N thuan,
NH,"-N bat dong & AWD cao hon CF trong ca mua vu va cé sy tuong quan chat
giita tong khoang hoa NH, -N va khoang hoa NH,"-N thuan.

Chu ky kho ngdp da gitp gia tang lugng dam NO5™-N trong dat va toc 46 NO5™ +
NO;-N héa & AWD ciing cao hon so véi CF. Tbec do khoang héa NO;™ + NO,-N
dat cao nhat & AWD (23,3 nmol NO; + NO,-N g h™") vao giai doan 65NSS trong
khi ham luwong NO5™-N trong diéu kién ngap lién tuc bién mat sau 15 ngay sa.

K¥ thuat tudi luan phién dugc xem la mdt trong nhitng tdc nhan quan trong xtc
tién sy khoang hoa N trong dat lta & PBSCL.

TAI LIEU THAM KHAO

Blackburn (1979), Method for Measuring Rates of NH," Turnover in anoxic marine
sediments, using a ’N-NH," dilution technique. Applied and environmental
microbiology, Apr. 1979, Vol 37: 760-765.

Campbell, A. K. and G. B. Sala-Newby (1993), Bioluminescent and chemiluminescent
indicators for molecular signaling and function in living cells. In fluorescent and
luminescent probes for biological activity (Mason, W. T., Ed.), pp 58-82, Academic
Press, London.

Cassman K. G., M. J. Kropff and Y. Zhen-De (1994), Conceptual tramework for nitrogen
management of irrigated rice in high - field environments. In S.S Virmani (ed). Hybrid
Rice Technology. New Development and Future Prospects. International Rice Reseach
Institute, Banos Philippines, 1997. Parys. Pp 81-96.

Elke Stehfest (2005), Modelling of global crop production and resulting N,O emissions. PhD
Thesis prepared within the International Max Planck Research School on Earth System
Modelling.

Firestone, M. K., and E. A. Davidson (1989), Microbiological basis for NO and N,O
production and consumption in soils, in Exchang of trace gases between terrestrial
ecosystems and the atmosphere, edited by M. O. Andreae and D. S. Schimel., Wiley and
Sons, Chichester. pp. 7-21.

Henriksen, K (1980). Measurement of in situ rates of nitrification in sediment. Microbial
Ecology 6: 329-337

Huffman, S. A. and K. A. Barbarick (1981). Soil nitrate analysis by cadmium reduction.
Communications in Soil Science and Plant Analysis 12:79-89.

135



Tap

136

chi Khoa hoc 2012:23a 129-136 Truong Dai hoc Can Tho

Jonathan Deenik (2006), Nitrogen mineralization potential in important agricultural soils of
Hawaii. Soil and Crop Management: SCM-15.

Laws (1984), Isotope dilution models and the mystery o the vanishing '*N. Limnol Oceanogr
29 (2): 379-386.

Lé Sam (1996), Thuy néng & Dong bing séng Ctru Long, Nha xudt ban Néng nghiép TP. H)
Chi Minh.

Manguiat I. J., G. B. Mascarina, J. K. Ladha, R. J. Buresh and J. Tallada (1993), Prediction of
nitrogen availability and rice yield in lowland soils: Nitrogen mineralization parameters.
Plant and soil 160: 131-137.

Mengel, K., and E. A. Kirkby (1987), Principles of Plant Nutrition. International Potash
Institute. Bern, Switzerland. p. 436-437.

Nicolaisen, M. H., N. Risgaard-Petersen, N. P. Revsbech, W. Reichardt, and N. B. Ramsing
(2004). Nitrification-denitrification dynamics and community structure of NH;-oxidizing
bacteria in a high yield irrigated Philippine rice field. FEMS Microbiology Ecology
49:359-369.

Papen, H., and K. Butterbach-Bahl (1999), A 3-year continuous record of nitrogen trace gas
fluxes from untreated and limed soil of a N-saturated spruce and beech forest ecosystem
in Germany 1. N,O emissions. Journal of Geophysical Research, 104: 18487-18503.

Risgaard-Petersen, N., S. Rysgaard, and N. P. Revsbech (1995). Combined microdiffusion-
hypobromite oxidation method for determining nitrogen-15 isotope in ammonium. Soil
Science Society of America Journal 59:1077-1080.

Sauvé, S., McBride, M., Hendershot, W. (1998a), Lead phosphate solubility in water and soil
suspensions. Environ. Sci. Technol.32: 388-393.

Sims, P. & Grover, P. L. (1967), Variations ependent on age and diet in the metabolism of
7,12-demethylbenz (a) anthracene by rat liver homogenates. Nature 216: 77-78.

Staley, T. E., Caskey, W. H., Boyer, D. G. (1990), Soil denitrification and nitrification
potentials during the growing season relative to tillage. Soil Sci. Soc. Am. J. 54: 1602-160.

Verdouw H., C. J. A. van Echteld, and E. M.J. Dekkers (1978). NH; determination based on
indophenol formation with sodium salicylate. Water Res. 12: 399-402.

Ward Chesworth (2008), Encyclopedia of Soil Science. Springer Dordrecht, Berlin,
Heidelberg, New York.



