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ABSTRACT

The research was executed in Thanh Phu District, Ben Tre Province. The
objectives of this research were to (1) use STELLA simulation programme
to build a soil water and salt balance model in rootzone of maize crop and
(2) predict the soil moisture and salinity level during cropping season. The
well simulated model was found for the soil water storage in the root zone
(R? = 0.95), RMSE = 2.1 mm, NRMSE = 2.84% and EF = 0.88). The
model mimicked well the mean salt concentration in the root zone rather
than specific data at different times of the cropping season. Simulated
results of soil salinity showed that soil ECe was fitted with the easured
value which was higher than the optimal value (1.7 mS/cm) for the
development of maize during the cropping season. Due to the high soil
salinity, the total crop evapotranspiration (228.16 mm) was decreased
compared to the maximum crop evapotranspiration (264.92 mm). The
simulated results of water balance in irrigated condition showed that total
water amount needed for maize crop was about 52.3 mm. This figure was
matched with the real irrigarion water measurement. In the water-saving
irrigation condition without rainfall, the simulated result showed that the
total irrigation amount for maize crop was 154.7 mm and the mean
irrigation frequency was 5 days.

TOM TAT

Pé tai nghién ciru duwoc thiee hién tai huyén Thanh Phu, tinh Bén Tre. Muc
tiéu cia dé tai nham (1) Sur dung chwong trinh STELLA aé xdy dung mo
hinh cén bang nwée va mudi vimg ré cdy bdp va (2) Du bao dién bién dm
dé ddt va dé man cia dat. M6 hinh mé phong tot lwong nuée triv trong ddt
(R’ = 0,95, RMSE = 2,1 mm, NRMSE = 2,84 % va EF = 0,88). M6 hinh
mé phong tot gid tri trung binh nong dp mudi trong ving ré hon la ting
gid tri ¢ nhitng thoi diém khdc nhau. Két qua mé phong ECe ciia ddt phil
hop voi ECe do thuc té la cao hon gid tri 16i hdo (1,7 mS/cm) cho sw phat
trién cia cdy bdp trong sudt vu trong. Do d¢ man dat cao nén tong hrong
nude béc thoat hoi (228,16 mm) bi giam so voi béc thodt hoi t6i da
(264,92 mm). Két quda mé phong can bang nuoc cho cdy bdp ¢6 tudi thi
tong heong nwdc teGi trong suot vu trong can thiét khodang 52,3 mm, ph
hop véi lwong nuoc twdi thuc té trong thi nghiém. Tuoi nuoc tiét kiém
trong diéu kién khéng cé muwea cho thdy tong lwong niede twdi trong sudt vu
trong la 154,7 mm véi tan sudt twdi trung binh la 5 ngay twéi mét lan.
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1 GIOI THIEU

Nhu ciu nudc cua cdy bap cho su sinh truong
va phat trién kha cao, khoang 500 dén 800 mm trén
mot vu trong (Brouwer and Heibloem, 1986;
Critchley and Siegert, 2000; Allen et al., 1998).
Ngoai yéu td nude va dd man, sy anh hudng cua
bién doi khi hau ciing 12 mét trong cac yéu tb anh
huong dén niang sudt bap (Allen er al, 1998;
Tekwal and Bwade, 2011). B§ man cia dét anh
huéng dén ning suat bip do giam kha ning cung
cép nudc cua dat nén nhu ciu bdc thoat hoi nudc
clia cdy bép ciing s& giam vi vdy lam giam ning
suét bap (Allen er al., 1998).

O Pdng bang song Ctru Long, sy cin bing
nude ddi voi cay trong can (nhu ciy bap) trén ving
d4t nhiém man chwa dwugc nghién ciru, dic biét 1a
tmg dung md hinh toan dé mo phong va du bao
bién dong clia 4m do dit theo thoi gian. Bén canh
d6, su tich liiy mudi ving ré cua dat trong diéu
kién nu6e tudi bi nhiém min trong thoi gian dai
ciing can dugc mo phong va du bao. Thong qua su
mo6 phong, & 4m do cua dat ciing nhu sy tich ty mudi
ving ré (neu c6) s& dugc du bao va phuc vu cho
cong tac tudi tiéu, quan ly dét, nude hiéu qua hon.
Céc thi nghiém ddng rudng s& ton nhiéu thoi gian
va chi phi, do @6 viéc tmg dung mo hinh s& hd tro
t6t cho viéc thuc hién cac thi nghiém dong rudng.
DPé c6 thé quan sat mot cach truc quan hon mbi
quan hé giita cac bién mé hinh, chwong trinh
STELLA c6 thé duoc 4p dung (Richmond et al.,
2003). Chuong trinh STELLA da dugc Umg dung
rat tot trong viéc mo phong sy van chuyen cac chat
qua hé théng dat — cay trong, sy 6 nhiém hoa chat
trén dit nong nghiép va sy can bing nudc trén
pham vi dAm 15y (Zhang and Mitsch, 2005;
Ouyang, 2008; Ouyang et al, 2010; Garcia de
Bullen er al., 2011). Do d6 dé tai nghién ctru can
thiét dugc thyc hién nham: (1) Xay dyng mo hinh
dong can bang nudc vung re cdy bép co tudi; (2)
Du bdo dlen blen am do dat va d6 man cua dat
trong subt vu trong.

2 PHUONG PHAP NGHIEN CUU

Thi nghiém déng rudng dugce thuc hién tai xa
An Thanh, huyén Thanh Phu, tinh Bén Tre
(9°95°00”N; 106°31°48”E). Thoi gian thuc hién thi
nghiém tir thang 5 nam 2013 dén thang 8 nim
2013. Thi nghiém gdm 3 16 lap lai, dién tich mdi 16
la 120 m* Gidng bap trong cho thi nghiém la
HNB88 véi lugng phan bon duoc sir dung 1a 140N-
70P,05— 60K-0.
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Thong qua thi nghiém dong rudng, cac sb liéu
dat va cay tréng duogc thu thap nham phuc vu cho
muc dich thim dinh mé hinh. Song song véi qua
trinh thyc hién thi nghiém dong rudng, mo hinh
cén bang nude trong dat dugc xdy dung bang phan
mém STELLA 8.0. Sau d6, sb liéu thu thap tir thi
nghiém ddéng ruong mot phan dugc lam dau vao
cho van hanh mo hinh va mot ph?m dugc dung cho
thAm dinh md hinh.

2.1

2.1.1 Mb hinh cdn bang meéc trong dat

Phat trién mo hinh

Theo Raes (1982), su cén bang nudc trong
viing ré ciy trong bao gdm cac thanh phan dwoc
trinh bay boi biéu thirc sau:

Wr,t = Wr,t-At + (Pt' Rot) + I + CR; — DP;
—ETes (1)

Trong d6: Wr: luong nude tri trong ving re o
thoi diém t (mm); W, .ac lugng nude trit ving ré &
thoi diém t-1; (P~ RO,): lugng mua hiéu qua, bang
téng lwong mua trir di lvong nude chay tran bé mit
(mm); I: lvong nude tudi & thoi diém t (mm); CR;:
lwong nudc mao dan tir muc thiy cép can & thoi
diém t (mm); DPy: lugng nude trye di khoi ving ré
0 thoi diém t (mm); ET:: lugng nudce bbc thoat hoi
cdy trong ¢ thoi diém t (mm); At: budc thoi gian.

Tuy nhién, 1u0ng nudc trit trong ving ré cing
¢6 thé duoc didn ta boi luong nudc rat ving ré
(Raes, 2002; Raes et at., 2012):

Dr,t: Dr,t-At - (P - Ro)t - It - CR{ + DP[
+ETe; 2)

Trong d6: Dry: luong nudce rat vung ré o thoi
diém t (mm); Drcac lugng nuée ving & & thoi
diém t - At; At: bude thoi gian.

Lwong nwoc chdy tran (RO): Lugng nudc
chay tran bé mat duoc dénh gia dya trén phuong
phap sb duong cong (CN) (USDA, 1964; Steenhuis
et al., 1995):

__ [P—(0,2)S]?
RO = P+5-(0,2)S Q)
S =254 (@ - 1) 4)

Trong d6: P: lugng mua (mm); (0,2)S: luong
nuéc c6 thé tham vao dat trudc khi chay tran xay
ra; S: lugng nudc trix tiém nang (mm); va CN: s6
duong cong, thay ddi theo am do dat va hé sd tham
bao hoa (K (Raes et al., 2012). Trong nghién
ctru nay, CN c6 gia tri 1a 75 cho K co gia tri tir
50-250 mm/ngay.
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Luwgng mwa hi¢u qud (P-RO): lugng mua hiéu
quala luqng nudce con lai sau khi trir di lwgng nude
chay tran bé mat.

Mao din (CR): Luong nuéc mao dan tir muc
thuy cap can 1én vung ré dugc udc lugng dya vao
biéu thirc sau:

CR =exp [@] (5)

Trong d6: CR: Luong nuéc mao dan
(mm/ngay); z: 46 sau myc thity cdp bén dudi ving
1& (m); a, b: théng sb dic trung cho loai dit, 13 ham
s6 theo tinh thAm bio hoa K, va sa cdu dat (Raes
etal., 2012).

Céc thong sb a va b duge xac dinh boi cac biéu
thire sau:

a=—0,6366+8 (10%) Ke
b=-1,9165 + 0,7063 In(Ksx)

(6)
(7
Trong d6: Ke 12 hé s6 thim bio hoa (mm/ngay)

Tryc di (D): Lugng nudc gitra diém thuy dung
va bao hoa tryc di khoi vung ré dugc mo phong
theo ham s6 truc di (Raes et al., 2012):

A6;

o = TOsar — (8)

Néu 0; = Opc thi AB/A; = 0; néu 6; = Bsar thi
ABi/A:= T (BsaT — OrC).

Trong d6: AB/A 14 lugng nudc trong dat giam
theo d0 sau i trong suét budc thoi gian At
((m*/m’/ngay); T 1a hé s truc di (khong c6 don vi);
0; 1a am do thuc té (m*/m’); Osat 1a am d6 & diém
bdo hoa; Orc 12 4m d6 ¢ diém thuy dung; va At 1a
budc thoi gian (ngay).

9 —-Opc_ 1
eFC) e9SAT—OFCc—1

Hé 6 try di T 6 gid trj tir 0 dén 1 va duoc tinh
bdi biéu thuc:

7=0.0866 K ©

Béc thoit hoi cay trong (ET.):

Bécq thoat hoi cdy trong ET, (mm) dugc tinh
theo bicu thirc sau (Raes et al., 2012):

ET.=Kx K. x ET, (10)

Trong do: K: hé sé dap ung Vi sy thiéu nuge
(-); Ke: hé s0 boc thoat hoi cay trong (-); ETo: boc
thoat hoi tham chiéu (mm).

Ks co gia tri tr 0 dén 1 va duoc tinh theo céc
truong hop sau:
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b N

Ks=1[1- K100 (Ece trung binh —
(TAW-Dy)
(TAW-RAW) an

Trong d6: Opc: 4m do dé‘g & diém thuy dung
(cm’/em?’); Zr: d6 sdu moc re hiéu qua (m); Wi
luong nude trir vang ré (mm); Wepc: luong nude
trit & diém thuy dung (mm).

Ece ngudng)]

Dbi véi cay bap, Ece ngudng 1a 1,7 mS/cm. Co
nghia 1a, khi Ece cua dat dudi gia tri nay, ndng suat
cua bap s€ khong bi anh hudng do do man.

Trong khi do, bdc thoat hoi tham chiéu ET,
(mm) dugc tinh tir bi€u thiic cia FAO-Penman
Monteith (Allen et al., 1998):
0,408A(Rn—G)+/rrgesUz (€5 —€a)

A+v(1+40,34u5)

ET, = (12)

Trong d6: R, : Blrc xa mat troi & bé mat cay
tréng (MJ/m?/ngay); G : Mat d6 dong nhiét trong
dat (MJ/m*ngay), T: Nhiét do trung binh ngay
tai chiéu cao 2 m (°C); w2 :Tbc d6 gi6 tai chiéu cao
2 m (m/s); es: Ap suat hoi nuéc bao hoa (kPa); e.:
Ap suét hoi nuge thye té (kPa); A: Do déc cla
duong cong ap suét hoi nuoe (kPa/°C); y: Hing s6
4m (kPa/°C) va 900 : Hé sb chuyen dbi.

Luwong nudc twoi (I): Luong nude tudi dua vao
mo hinh 1a lugng nude tudi thuc té. Tuy nhién, &
ché do tudi tiét kiém lugng nudc s& dugc tudi
dé dua 4m do dat vé am do thuy dung mot khi 4m
do dat dat 4m do ngudng. Ngoai ra, mot luong
nude duoc tinh toan thém nham han ché sy tich liy
mudi ving r& trong truong hop nudce tudi bi nhiém
man. Biéu thirc cho lugng nudce tudi duge thiét lap
nhu sau:

Khi Dr < RAW: luong nudc tudi = Luong nudce
tudi thuc té

Khi Dr > RAW: Lugng nude tudi = (Dr + ETc
higu chinh = DP)/(1-LR) (13)

LR = ECw/(5*¥Ece — ECw) (14)

Trong d6: Dr: lugng nuéc rut ving ré (mm);
RAW: lugng nude thye sy hitu dung (mm); ETc piey
chinh: bc thoat hoi cdy tréng hiéu chinh (mm); va
DP: lwong nudc truc di (mm); LR 14 hé s rira
man; ECw: d0 man nudc tudi (mS/cm); Ece: do
min dat trich bao hoa (mS/cm).

2.1.2 M6 hinh tich liiy mudi

Luong mudi tich liiy trong vung 1é cy trong
xuit phat tir luong mudi c6 trong dat cong véi
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mot lugng mudi tir nwdc tudi va mao dan tir thiy
cép trir di lugng mudi mat di do tryc di khoi ving
ré & mdi bude thoi gian At (Raes et al., 2012). Nhu
vay, mo hinh cén bang muoi trong ving ré gan lién
v6i md hinh can bang nude. Cac thanh phan cua
md hinh can bang mubi ving ré dugc tinh toan
nhu sau:

S alCt =
SalC_DP,

SalCui+ SalC Iy + SalC CR; -

(15)

Trong d6: SalCi: ham lwong mudi & thoi diém t;
SalCy.i: ham lwong mubi & thoi diém t-At; SalC_I:
lwong mudi do tudi & thoi diém t; SalC_CRg: lugng
mubi do mao din & thoi diém t; va SalC_DP:
luong mudi mat do tryc di ¢ thoi diém t. Don vi
clia cic thanh phan cin bang mudi nén duoc biéu
dién bang g/m* (Allen et al., 1998; Raes et al.,
2012).

Céc biéu thirc cho su chuyen doi don vi trong
md hinh can bang mudi viing ré bao gém:

_ Luong mubi (g/m?) = luong nude (twdi, mao
dan) (mm) x EC (mS/cm) x 0,64 (16) (16)

Nong d(f)~mu6i (g/1) = luong mubi (g/m?)/lugng

nudc vung ré (mm) (17)
D6 min (ECe, mS/cn}) = [Néng dd mubi
(g/1)/0,64] x hé s0 chuyén doi (18)

Trong d6: 0,64 1a hé sb dé chuyén dbi do dan
dién cua dung dich dat vé nong do mudi (g/l); 1
mm nudc twong dwong véi 1 1/m? (Raes, et al.,
2012). Hé s6 chuyén doi giira ECe va EC(1:2,5)
dugc trich dan theo Ngo Ngoc Hung (2009).

2.1.3 Mo ta chuong trinh STELLA

STELLA (Structural Thinking Experimental
Learning Laboratory with Animation) la mot
chuong trinh may tinh cho phép xay dung cac md
hinh mé phong hé thong dong (Ruth va Hannon,
2001). STELLA la mot cong cu m6 hinh héa manh
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vi kha nang xdy dung mé hinh huéng dbi twong
cua no6 (Blankenship va Tumlinson, 1995; Ruth va
Hannon, 2001). Giao dién trong STELLA Ia rat
truc quan. STLELLA sir dung cac biéu tugng dé
xdy dung cac mo hinh hé théng dong (Ruth va
Hannon, 2001; Ouyang ef al., 2009). STELLA bao
gdm 4 biéu twong chinh. Biéu twong thtr nhat 1a
Reservoir dai dién cho bién trang thai, 1a bién dung
cho su tich liy vat li¢u theo thoi gian. Biéu tuong
thtr hai 1a Flow dai dién cho bién tc do, 1a bién
dung cho sy van chuyén va kiém soat vat lidu gitia
cac bién trang thai. Tlép theo la Converter dai dién
cho bién trg, 1a bién c6 thé mang gia tri ¢b dinh
hoic thay ddi theo thoi gian. Cubi cung la
Connector, 1a cong cu dé két ndi cac thanh phan hé
thong véi nhau. Connector mang thong tin (gia tri)
tir mot bién nay dén mot bién khac ciia hé thong
(Ruth va Hannon, 2001; Ouyang et al., 2009).
STELLA cho phép xay dl_rng mot lién két d{)ng dé
truy nhap hodc xuit dit liéu sang chwong trinh
Excel (Ruth va Hannon, 2001) hodc xudt mé hinh
STELLA sang chwong trinh mi ngudn mé R
(Naimi va Voinov, 2012) cho cac muc dich st
dung khac nhau.

2.1.4 Cdu triic mé hinh cdan bang nudc trong
STELLA

Buéc dau tién trong qua trinh xdy dung mo
hinh cén bang nudc trong STELLA 1a xéac dinh cac
thanh phan cua md hinh can bang nudc va mudi
trong ving ré ciy trong. Budc tiép theo 1a xac dinh
loai bién (thanh phan hé thong) va mdi quan hé
giita cac bién trong hé théng. Budc tiép theo 1a
chuyén cac thanh mé hinh va mdi quan hé gitra cac
thanh phan vao STELLA. Ciu tric md hinh can
bang nudc trong STELLA dugc trinh bay trong
Hinh 1.

_ MO hinh tinh ET, trong STELLA va h¢ s cay
trong Kc khong dugc trinh bay trong bai bao nay.
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Boc thoat hoi
caytrong ETc

e He so rut
Do sau moc re nuoc wung re p
hieu qua Zr

O '®) O
b to PWP
Ssat P
e - A . He so phat
Ksat ™ . Zo Ow trien re
Zx

Hinh 1: Céu triic mé hinh cin bing nwéc trong STELLA

TAW: téng lwong nude hitu dung (mm); RAW: heong meée thie sy hitu dung (mm); Sat: am dé béo hoa (cm’/cm?); FC:
am dg thiyy dung (cm’/cm’); PWP: am dg diém héo (cm’/em’); Ece: do dan dién dung dich ddt trich bdo hoa (mS/cm);
Zx: dg sdu moc re hi¢u qua lon nhdt (m); Zo: d9 sdu moc re hiéu qua ban ddu (mm); to: thoi gian ban ddu (ngay) tmax:
thoi gian dat do sau moc ré hiéu qud t6i da (ngay); a va b: cdc thong so } dic trung cho sa cau dat. Pon vi ciia cdc thanh
phan muea, true di, mao dan, béc thodt hoi va tudi duoc thé hién bang mm nuoc

2.1.5 Cau truc mé hinh can bang muoi trong Mé hinh can béing mudi trong ving ré duge
STELLA trinh bay trong Hinh 2.
@ Nuoc trong dat
EC Luong muoi
nuoc ngam do mao dan Nong do Tong ECe
muoi
@ 1\ M
Tuoi
JL Gia tang ECe
ECe
o ® N _ X
Luong muoi do tuoi Luong muoi Luf)ng muoi mat
wng re di do tham lau He so chuyen doi EC
{ ECe trung binh|
EC nuoc tuoi Trucdi

Hinh 2: Ciu triic mé hinh cin bang mudi trong STELLA

Cac b{éu tgng voi nét khong lién tuc (Nude trong dit, Mao dan, Tudi, Truc di) thé hién cac thanh phan thuée mé hinh
cdan bang nuoc
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2.2 Thim dinh mé hinh

Tham dinh mé hinh 12 mot tién trinh hiéu chinh
cac thong s6 md hinh cho dén khi két qua dau ra
clia mo hinh gan véi sb liéu quan sat twong tng.
Pay la budc so sanh cac gia tri thuc do véi gia tri
mo phong. Néu cac gia tri so sanh dat yéu cau thi
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dimg va c6 thé ap dung cho tinh toan, néu khong
dat thi quay tr¢ lai budc hiéu chinh. Viéc danh gia
két qua tham dinh md hinh dugc thuc hién thong
qua cac thong sb théng ké. Céac thong sé thong ké
dugc dung cho danh gia két qua tham dinh mé hinh
duoc trinh bay trong Bang 1.

Bing 1: Céc thong s6 thong ké dwgc ding cho danh gii két qui thim dinh mé hinh. O; 1a gia tri thue

do; O 1a gia tri thue do trung binh; P; 1a gia tri mé phéng; P Ia gia tri mo phéng trung binh

Théng sb Ky higu _ Céng thiic Khoing gia tri__Gi tri tdi vu
2

Hé sb xéc R2 Z(Oi —OXPi —P) 0dén 1 Gan 1

dinh Z(Oi —6)22(3 _E)z (Moriasi et al., 2007)

Cén béc hai 3

N > Gan 0

sai 50 binh RMSE M 0 dén +oo (Jacovides va Kontoyiannis,

phuong trung n 1995)

binh

Céan bac hai Xuat sic: < 10%:

sai sb binh ; Tét: 10% dén 20%

phuong trung  NRMSE L [2®B-0) oo 0dén100%  Khé: 20 dén 30%:

binh chuan 0 n Kém: > 30%:

hoa (Raes et al., 2012)
EF gén 1: su phu hop hoan
hao giilta cac gia tri mo6
phong va thuc té

Hé s6 md Bt 1— Z(Pi _Oi)z oo dén 1 EF = 0: md hinh du béo tt

hinh Z (O; - 6)2 gia tri trung binh cua dit liéu
quan sat hon la ting dit li¢u
quan sat riéng biét.
Moriasi et al., 2007)

2.3 Thu thép sb liéu cho vin hanh va thim bay trong Bang 2.

dinh mo hinh

a. S6 liéu dat

Mau dét dau vu duge thu ¢ d6 sau 0 — 20 cm.
Céc chi tiéu vat Iy va hoa hoc dat dau vu dugc trinh

Trong subt vu trong, mau dat dwgc thu theo
dinh ky 02 tudn mot lan va vao luc thu hoach dé
x4c dinh 4m d6 dat va do d6 min (Bang 2.4) nhim
phuc vu cho cong tac tham dinh mé hinh.

Bang 2: Pic tinh dit diu vu tai Thanh Phi, Bén Tre. Thang 05 nim 2013. ESP: phin trim Natri trao

d6i; SAR: ty s6 hip phu Natri

Do sau Sa ciu Dung trong Am dd thé tich Amhdbgabao
(cm) %cat  %thit Y%osét (g/cm®) (em3/cm’) (em¥/em?
0-20 0,71 50,29 49,0 1,29 0,41 0,497

A A < N1 « ~ <z 1. Tinhthim bio ]
Do sau Arr; do gl)luy dung Amzd(,) d}lem héo hoa pH(1:2,5) EC (1:2,5) EC. (mS/cm)
(cm) cm’/cm (cm’/cm® . (mS/cm)
(mm/ngay)

0-20 0,373 0,276 200 5,07 1,44 3,39
b6 sau Cation trao d?I (meq/100g) ; _ _ ESP (%) SAOR5
(cm) Na K Ca M (meq/100g)"

0-20 4,272 1,694 2,258 11,884 21,2 1,14
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b. 86 liéu cdy trong

Céc thong sb cay trong dung lam dau vao cho
md hinh dugc thu thap tir thi nghiém va mot so

thong s6 duoc st dung tir céc tai liéu co lién quan.
Gia tri cac thong so cay trong dugc trinh bay trong
Béng 3.

Bang 3: Cac thong s cAy bip dwgc thu thap tai thi nghiém & Thanh Phu, Bén Tre, nim 2013

Diic tinh ciy trong Giatri Mo ta

Giai doan ban dau (ngay)

20

Giai doan tir ltc tr(k)’ng dén Iic tan 14 bao phu
khoang 10% mat dat (Allen ef al., 1998)

Giai doan phat trién (ngay)

Giai doan tir Iuc d6 che phu tan 1a dat khoang

20 10% dén luc dat d6 che phu ti da (Allen et al.,

1998)

Giai doan gilra vu (ngay)

26

Giai doan tir Iuc tan 14 dat do che phu tdi da dén
Iuc chin (Allen ef al., 1998)

Giai doan tir e chin dén Iuc thu hoach (Allen et

Giai doan cudi vu (ngay) 8 al., 1998)
A Xn X Do sau luc trong; do sau & do hat nay mam hodc
D0 sdu moc r€ hiéu qua ban dau, Zo (m) 0.1 4y con c6 thé lay nuéc (Raes ef al., 2012)
A A X 1ia . £ Théng thudng bang 1/2 d§ sdu moc ré toi da,
D0 sau 1€ hi¢u qua 16n nhat, Zmax (m) 028 chiém khoang 70% ving 1 (Evans et al., 1996)
Ngay dat dd sau moc ré hiéu qua toi da 55 Ngay cta vu trong ma ke tir d6 d6 sau moc ré
(ngay) hi€u qué khong gia ting nira.
Chidu cao téi da (cm) 1.83 Cﬁhleu: ca0¢t01kda clia cay bap dugc xac dinh tir luc
cay bap bat dau tro co.
A R aa o < x . Phan anh anh huong ctia sy giam boc thoat hoi
HE s0 dép img nang suat (Ky) 125" 160 su gidm niing sudt (Allen et al., 1998)
) ; Phan anh phan cua tong luong nudce hiru dung
H¢ s0 rat nudce vung re (p) 0,5 (TAW) ma cdy c6 thé lay trude khi sy thieu nude
xay ra (Allen et al., 1998)
H¢ s6 dudmg cong phat trién ving ra 13" Z}lag (;1;1211) muc d6 phat trién ctia vung ré (Raes et
Heé s6 chuyén d6i EC sang ECe 2.35 (Ngb Ngoc Hung, 2009)

Ghi chu: *Gia tri tham khado

S6 liéu khi twong hang ngay dugc dung lam
dau vao cho mod hinh cén biang nudc va ning suat
bép tiém nang. S6 lidu khi trong dugc thu thap tai
Tram khi tuong thi tran Ba Tri (cach noi thuc hién
thi nghiém 10 km vé hudng Bic). Trir luong mua

hing ngay duoc do dac tai diém thi nghiém thong
qua dung cu do mua (rain gauge) (Brouwer et al.,
1989). Bang 4 trinh bay s6 liéu khi tuong trung
binh thang.

Bang 4: S6 liéu khi tuwgng trung binh thang thu thzflp tai Tram Khi Twong tri tg‘z"ln Ba Tri, thang 1 dén
thang 8 nam 2013 (Tmax: nhi¢t d§ cao nhat; Tmin: nhiét d§ thap nhat; H: Am d§ khong khi
twong doi; u: van toc gié; n: so gio' nang va P: lwgng muwa)

Théng Tmax (°C) Tmin (°C) H (%) u (m/s) n (gio) P (mm)
1 29,4 23,7 80,1 1,7 6,5 2,5
2 30,3 243 71,7 2,4 8,2 1,6
3 31,6 24,9 80,1 1,5 9,7 0,0
4 32,7 26,2 80,3 1,6 7,1 23,3
5 33,8 26,2 82,7 1,1 6,8 56,9
6 32,3 25,5 85,0 1,4 5,0 61,6
7 31,8 25,0 83,9 1,7 5,1 57,6
8 31,5 24,7 86,4 1,5 3,0 139,1
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c. S6 lieu myc thuy ccfp

Do sdu muc thuy cép (Hinh 3) duoc do dac
hing ngay dé lam dau vao cho md phong luong
nuéc mao dan tir myuc thity cdp. Tai thi nghiém,
mot dng nhwa PVC dudng kinh 76 mm dugc dat ¢

Nong nghiép, Thuy san va Cong nghé Sinh hoc: 35 (2014): 9-22

d6 sau 1,5 m. Xung quanh phﬁn than éng duoc
khoan 156 dé nu6c ngam tham vao. Khoang cach tir
mit nude trong dng dén dau trén cia dng duoc ghi
nhén, sau do tinh toan lai dé c6 duoc do sdu muc
thity cp so voi mat rudng.

Theoigian
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Hinh 3: P sdu muc thiy cAp hing ngay duwgc do tai diém thi nghiém

3 KET QUA VA THAO LUAN
3.1 Dic tinh hoa-ly dit
) Két qua phan tich dat dau vu cho thay dét tai
diem nghién cuu c6 thanh phan sét kha cao (49%)
(Bang 2.3). Mac du véy, luong nude hitu dung cua
dat tuong doi thap (dudi 10%). Két qua phan tich

hoa hoc dat cho thiy dét tai diém nghién ctru thuc
loai d4t man (SAR < 13, ECe < 4 mS/cm) (Bang
2.3). Két qua do d6 mdn & céc thoi diém khac nhau
cho thiy do man dat c6 xu hudng giam theo thoi
gian va hau hét déu cao hon gia tri ngudng (1,7
mS/cm) cho sy giam ning suét bip (Bang 5).

Bang 5: Am dd va do min cia dit (0-20cm) tai diém thi nghiém. Thang 5/2013 dén thang 8/2013

Thoi gian 26/05 29/5  13/6 19/6  2/7  13/7 24/7 8/8
Ngay sau khi trong ~ Liic xudng gidng 3 18 24 37 48 59 74
D6 4m (cm¥/cm?) 0,41 032 0395 0,420 0349 0367 0357 0,375
ECe (mS/cm) 3,39 - 329 338 333 287 3,24 3,15

32 Hé sb cay trong Kc va bdc thoat hoi
tham chiéu ET,

Két qua tinh toan hé s6 cay trong Kc dugc trinh
bay trong Bang 6.

Béc thoat hoi tham chiéu (ET,) hing ngay mo

phong dugc trinh bay trong Hinh 4.

Két qua md phong cho thdy bdc thoat hoi tham
chiéu hang ngay dao dong tir 2,1 dén 5,7 mm. Tong
lwong nudce bdc thoat hoi tham chiéu trong sudt vu
tréng 14 272,62 mm.

Bang 6: Hé s6 cay trong (Kc) cho ciy bip tai diém nghién ciru va gia tri tham khio

Piém nghién ctru

Phillipines (Allen et al., 1980)

Giai doan ciy trong

S6 ngay Ke S6 ngay Ke
Giai doan ban dau 20 Kcini = 0,9 20 Kcini = 0,7
Giai doan phat trién 20 Kcmig= 1,05 20 Kemia= 1,15
Giai doan giira vu 26 30
Giai doan cudi vu 8 Kcena = 0,9 10 Kcena = 1,05
Tong cong 74 80

Ghi chi: Gia tri Kc tir giai dogn ban dau (Kcin) dén giai dogn phdt trién (Kemia) va tir giai dogn phdt trién dén giai doan
cuoi vu (Kcena) dwoc ngi suy theo phwong phap cua Allen et al. (1998)

16
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Hinh 4: Béc thoat hoi tham chiéu mé phéng

3.3 Két qua thim dinh mé hinh

Mot sé thong sé mod hinh duoc hiéu chinh dé
dat duoc két qua mo phong gan vai sb liu thyc té
¢ mot mure do co thé chdp nhan thong qua danh gia
cac chi s6 théng ké. Bang 7 trinh bay cac thong sd
mo hinh d3 hiéu chinh.

Biang 7: Cac thong s6 mé hinh da hi¢u chinh

A £ Gia
Thong so0 tri
Heé s6 duong cong phit trién ving ré 3,25
Heé s6 thim bdo hoa - Ksat (mm/ngay) 200
Heé s6 rat nude vang ré - p (-) 0,5
D6 sdu moc ré hidu qua ban dau - Zo (m) 0,1
Do sau moc ré hiéu qua 16n nhat Zmax (m) 0,28
Heé s6 chuyén d6i EC sang ECe 2,96

3.3.1 Luwong nudc trir trong dat

Két qua md phong lwong nuéc tri trong dat &
do sau 20 cm duogc so sanh véi sb liéu quan sat
thyuc t& dwoc trinh bay trong Bang 8. Trong khi dé,
am d0 dat mo phong & d6 sau 0-20 cm dugc so
sanh v6i 4m d6 dat thyc t& cung d6 sdu dugc trinh
bay trong Hinh 8.

17

Béang 8: Lugng nudec trir trong dﬁit ¢ dd sau 0-20
cm mé phéng, thwe té va cac chi so
thong ké danh gia két qua mo phéng.

Lugng nuwée triv (mm)

Ngay sau khi trong

Mo phong Thue té

3 64,0 60,8

18 79,0 77,2

24 84,0 86,0

37 69,8 68,1

48 73,4 73,1

59 71,5 71,3

74 75,0 78,2
Trung binh 73,8 73,5
R? 0,95
RMSE (mm) 2,10
NRMSE (%) 2,84
EF 0,88

Két qua danh gia mo hinh (Bang 8) cho thay
lvong nudce trit mé phong (0-20 cm) tuwong thich
cao voi két lugng nudc do dac thuc té thé hién qua
hé sé xac dinh cao R2 =0,95. Gia tri sai sO binh
phuong trung binh sai rat thip (RMSE = 2,10 mm)
va mot sai so binh phwong trung binh chuén hoa
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thip (NRMSE = 2,84%) cho théy moé hinh mo
phong rat t6t lwong nude trix trong dat. Ngoai ra, hé
sO hi€u qua m6 hinh EF kha gan 1 (0,88) cang cho
thdy rang mo hinh mé phong rit c6 hiéu qua khi so
sanh véi s6 lidu do dac thyc té.

0.6

i

Phan B: Néng nghiép, Thity san va Cong nghé Sinh hoc: 35 (2014): 9-22

Két qua md phong din bién 4m do dit & do sau
20 cm l6p d4t mat (Hinh 5) cho thay xu hudng bién
dong a am d6 dat theo thoi gian va rat gan véi am do
thuc té & cung do sau.

& 04 V
[
~
g Thyc té
3 03 —— Mo phong
< Thay dung
;‘ 02 w— Diém héo
— =—Biohéa
0.1
0
1 10 19 28 37 46 sS 64 73

Ngay sau khi trong

Hinh 5: Dién bién 4m dd dit mé phéong va thye té trong vong 20 cm 16p dit mit. Thanh ding thé hién
do 1éch chuan cia dir liéu thwe do

3.3.2  Pdnh gid can bang nuéc

Két qua md phong cac thanh phan cin bang
nudc trong toan vung ré cho thiy tong lwong mua
hiéu qua 14 330,9 mm, chiém 83,3% so véi tong
lwong mua (375,2 mm) trong sudt vu trong. Tong
lwong nuée chay tran bé mat 1a 44,3 mm. Tong
lwong nuée tudi 1a 52,3 mm va téng luong mao
dan tir myc thuy cip 1a 40,9 mm. Trong khi do,

tong luong nudc bdc thoat hoi nude hiéu chinh 1a
231,6 mm thép hon so véi tong lugng nude boc
thoat hoi t6i da (264,92 mm) va tong luong nude
tryc di 1a 162,8 mm. (Hinh 6). Trong subt vu trong,
d6 man dat (ECe) trung binh cao hon d§ man
ngudng cho sy phat trién cua cdy bép (1,7 mS/cm)
nén hé s dap ung nudc va d6 man Ks nho hon 1 vi
vay lam giam bdc thoat hoi nudc hiéu chinh.

350
300
250
200
150
100

Luong nuréc (mm)

50

Maodin  Chay tran

Cac thanh phén can bang nuéc

OIIIIII

Truc

Tumn Mua hiéu

qua

Boc thost
ho

Hinh 6: Téng lwgng nuée ciia cac thanh phin cin bing nuéc trong sudt vu trong
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3.3.3 Can bang muoi

Két qua so sanh d0 man mo phong va thuc té
cho thay gia tri cac thong sb thong ké déu thip
(Bang 9). Céc gia tri kha roi duong tuyén tinh 1:1
(Hinh 7). Mic dii vdy, hé s6 mo hinh EF kha gan 0
(EF = 0,19) van cho thdy mo6 hinh mé phong ot gia
tri trung binh d¢ man hon 1a ting gia tri riéng I&.
Cu thé 1a d6 man trung binh mé phong (3,33
mS/cm) rat gan véi d6 mén trung binh thyc té (3,21
mS/cm). Nhin chung, m6 hinh mé phéng d¢ man
ving ré& phan anh tdt gia tri trung binh ciia d6 man
thuc té véi cac chi sb théng ké co thé chép nhan
duoc véi R? (0,53) trén 0,5, RMSE (0,24 mS/cm)
kha gan 0 va NRMSE (7,49%) dudi 10%.

Nhin chung, 40 man mo phong va d6 man do
dugc thuce té trong sudt vu trong déu cao hon gia tri
ngudng (1.7 mS/cm) cho sy giam giam nang suét
cay bap Két qua mo phong _cling cho thiy nong do
mudi (Hinh 8) trong ving ré giam so vdi thoi diém
dau vu. DPiéu nay co thé do lvong mua xuat hién

0O ECe
4.0
0. 807x+0.
R-= 0,529
= 35
<
»
=
El
= 3.0
2
"u
v "5
= e
20
2.0 2.5
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nhi€u hon vao cudi vy, vi vy mt phan lugng
muodi vung ré c6 thé dugc mang theo boi lugng
nudce trye di xuong tang bén dudi.

Bang 9: P$ min md phong, thuc té va cac chi sb
thong ké danh gia két qua mo phéng.

Nong dd mudi (g/1)

Ngay sau khi trong Mb phong Thuc %
1 3,85 3,39

18 3,36 3,35

24 2,88 2,99

37 3,43 3,21

48 3,13 2,79

59 3,53 3,65

74 3,11 3,08

Trung binh 3,33 3,21
R? 0,52
RMSE (mS/cm) 0,24
NRMSE (%) 7,49
EF 0,19

237

——Dbuong horquy 1:1

3.0 3.5 4.0

ECe thwe té (mS/cm)

Hinh 7: So sanh d§ min md phéng va thuc té qua dwong hdi quy 1:1
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0.6

Nong 46 muoi (g 1)

0.0

20

Phén B:

Nong nghiép, Thuy san va Cong nghé Sinh hoc: 35 (2014):

9-22

——MOo phong

¢ Thucte

o0

Ngay saukhi trong

Hinh 8: Nong do mudi mé phéng va thue té trong vong 20 cm 16p dat mit

3.3.4 Mo phong tuéi tiét kiém trong diéu kién
khong co mua

Trong trudng hop khong c¢6 mua, ché do tudi
tiét kiém dwoc thuc hién trong m6 hinh bing cach
tw6i mot luong nude dé dwa am do dét tro Ve 4m
do thuy dung khi 4m do dat giam dén am do
nguong dbi vai cay bap (RAW = 0,5xTAW) cong
v6i mot lugng nude dé ngan ngira muodi tich [y ¢
r&. Trong truong hop co tinh dén lugng nuédc dé

ngin ngira sy tich lily mudi ving r&, hé s6 rira min
(LR) dugc tinh vao. Véi gia dinh 1a d0 man
trung binh ciia nudc tudi (ECw) bang 1 mS/m va
d6 man trich bao hoa (ECe) trung binh cta dét 1a
3,35 mS/cm (gia tri m6 phong ¢ Muc 3.1.3), khi
do tong lwong nudce can tudi dé dwa am do dét tro
vé am do thuy dung cong véi mot lwong nudc
dung cho rira min (leaching) ving ré 1a 154,7 mm
v6i 10 1an twdi va trung binh 5 ngdy twdi mot lan
(Hinh 9).

&o 1: Am do 2: Am do thuy dung 3: Am do nguong 4: Tuoi

1: 0.40
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3: 0.20

4: 0 4 T

1 19 38 56 74
Page 1 Days 1:43 AM Sat, Jun 07,2014
a=/s ?

Hinh 9: Dién bién Am d9 dét trong trudng hep tuéi tiét kiém & diéu ki¢n khong cé

3.3.5 Cdc han ché cia mé hinh

Do céc yéu t6 vé dinh dudng dit chua duoc dua
vao trong mo hinh nén mo hinh chi dugc tng dung

20

phii hop trong diéu kién dat khong bi han ché vé
dinh dudng. Ngoai ra, md hinh ciing chi dugc ap
dung phu hop trong dicu kién dat khong bi phén vi
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yéu t6 gii han nhu d6 chua cta dat chwa bao gdbm
trong mo hinh.

4 KET LUAN

Mb hinh can bang nudc va nong d6 mudi vung
& cay bip duoc xdy dung béang phan mém
STELLA mé phong dién bién am d6 dat co do tin
cdy cao v6i hé s6 R2 = 0,95 cung véi hé sd higu
qua m6 hinh kha cao (EF = 0,88). Ngoai ra, cdc
thong sb vé sai sd trung binh cia md hinh déu thap
v6i RMSE = 2,1 mm va NRMSE = 2,84% cho thiy
mo hinh c6 thé duogc st dung cho muc dich du bao
tudi tidu cho canh tac cay bap trong diéu kién dat
bi nhiém man.

Két qua md phong sy tich liy mudi ving ré cay
bép trong sudt vy trong cho thdy mé hinh mo
phong tot dd man trung binh so v&i d6 mén thyc té.
D6 min mo phong va thuc té trong sudt vy trong
déu 16n hon gia tri ngudng (1,7 mS/cm) cho su
gidm ning suat bép.

Két qua mé phong can bang nudc cho cy bip
¢6 tudi cho thiy tong lugng nude tudi trong sudt
vu trdng can thiét 1a 52,3 mm, phi hop véi luong
nuée tudi thye té trong thi nghiém.

Trong truong hop md phong tudi tiét kiém
trong diéu kién khong c6 mua, tong luong nudc
tudi 1a 154,7 mm véi tan suat tudi trung binh 1a 5
ngay tudi mot lan.
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