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NGHIEN CUU UNG DUNG MO HINH SINH THAI CAY TRONG DSSAT
VA DU LIEU VIEN THAM TRONG MO PHONG, PANH GIA NANG
SUAT LUA THEO CAC KICH BAN CAP NUGC

Nguyén Cong Minh, Ha Thanh Lan, Hoang Tién Thanh,
Nguyén Van Tuan, Pinh Xuan Hung, Nguyén Nguyén Hoan
Vien Quy hoach Thuy loi

Tém tit: Trong nhung nam gan day, tinh trang khé han, thiéu nwée dién ra véi tan suat va quy mo ngay
cang khéc liét, gdy ra anh huong khong nhé dén doi song, cdc hoat dong dan sinh kinh 1é va san xudt nong
nghiép. Tinh trang han han, thiéu nudc cung xay ra ngay ca trong pham vi mot SO hé thong thuy loi, vi du
nhe tai mién Trung cdc nam 2015-2016 va 2019- 2020. Thyc tién do dat ra yeu cau phal nghién ciru va thiét
ldp cong cu danh gia anh huong cua thiéu hut nguon nude twGi dén san xudt va nang sudt cdy trong. Bai
bdo nay trinh bay két qua nghzen cuu ung dung mé hinh Decision Support System for Agrotechnology
Transfer (DSSAT) trong danh gid anh huong cua thay doi lwong nwée twdi dén qua trinh sinh Zru(mg va
nang sudt lia, thuc hién tai h¢ théng thuy loi Nam Hung Nghi, Ngh¢ An. M6 hinh DSSAT dwgc xdy dung
dya trén cac dir li¢u nguon mé, dir liéu vién tham va hiéu chinh kiém dinh diea trén so6 liéu thu thdp thuc té
vé ndng suat cdy trong. Sau khi hiéu chinh, kiém dinh, .mo hinh DSSAT cho cac két qua mé phong, dw bdo
nang sudt ciia cdy lia theo kich ban thiéu nuée, bao gom vigc giam lugng nuoc tudi 20%, 30%, 50%, 60%
cho lung glaz doan hodc trén ca qud trinh sinh truéng cia cdy lia. Két qua nghién ciru cho lhay nang sudt
lua c6 kha nang glam manh nhdt 1,7 ta/ha (3. Z‘y) khi giam 60% lwong nudc twdi o giai doan tro co va 4,1
ta’ha (7 8%) khi glam 60% lu(mg nuoc tuoi O’glaz doan lam dong Day la nhitng thong tin, két qua co gla
tri, ¢é thé duwoc sir dung trong vi¢c xdy dung cdc kich ban cdp mide, tir dé dam bdo viéc phan bé nguon
nudc mot cach cong bang, hop Iy, thich iing voi bién doi khi hdu cho cac déi tiwong sir dung nude khac
nhau trong hé thong thiiy loi.

Summary: In recent years, droughts and water shortage become more in severe both in frequency and
scale. The increasing occurrence included is irrigation systems, for example in the Central region in 2015-
2016 and 2019-2020. Therefore, it is necessary to conduct researching on methodologies and tools to
assess the impact of water shortage on crop productivity. This paper presents the results of a research
recently conducted at Nam Hung Nghi irrigation system, which focused on the application of the Decision
Support System for Agrotechnology Transfer (DSSAT) model, in which impacts of various irrigation water
supply scenarios on rice crop growth and yield were assessed. The calibrated and validated DSSAT model
using global open-source and remote sensing data provided simulation and forecast of rice yield under
various water shortage scenarios, including the reduction of the amount of water to 20%, 30%, 50%, 60%
of water supply for each stage or the whole growth process. When irrigation was reduced by 60%, the
result showed that rice yield had the greatest risk of a decrease of 1.7 quintals/ha (3.2%) at the flowering
stage and 4.1 quintals/ha (7.8%) at the growing stage. These are valuable information and results that can
be used in the development of water supply scenarios, thereby ensuring a fair and reasonable allocation of
water resources, and adaptatlon to climate change for different water users in the irrigation system.

Tir khoa: Ning sudt cdy trong, phan bé nguon miedre, vién tham, DSSAT.

1. GIOI THIEU d6 ngay cang nghiém trong, nhét 13 trong mua
kiét (Tran Pinh Hoa, 2021) [1]. Pdi vé6i cac hé
théng thuy loi da muc ti€u, su thiéu hut nguff)n
nuéc khong chi anh hudng dén san xuét nong
nghiép ma con anh hudng dén cac dbi tuong st
dung nudc khac nhu sinh hoat, cong nghiép, du
lich... do d6 anh hudng 16n dén doi séng kinh té

Trong nhiing niam gan ddy, do anh hudng cua
han han, bién ddi khi hau, cing véi nhu cau st
dung nudc gia tang va sy suy thoai chat luong
nudc trén nhiéu luu vyce song va hé théng thuy
loi, tinh hinh thiéu hut nguon nudc trén cac hé
théng thuy loi xay ra ngdy cang nhiéu véi mirc
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- X8 hot, dong thoi gdy ap lyc 1én cong tac phén
bd ngudn nude. Ngudn nude duge ' phén bd mot
cach coéng bang va hop 1y cho tit ca cac dbi
tugng str dung thi s& gidm bét cac mau thuan va
phat huy hiéu qua st dung nudc. Dé dua ra
dugc céc phuong 4n phan bo hop 1y ngudn nude
cho cac (101 tuong st dung nudc, can co cac
danh gia vé thay d6i ning suat, san luong cay
trdng theo cac kich ban phén bd nguon nuac,
dic biét d6i vOi cac cay trdng c6 yéu cu cao vé
luong nude cip nhu cay lua, cdy hoa mau, cay
an qua. Do do6, viéc ung dung cac cong cu nhu
md hinh thuy vén sinh thai (eco-hydrological
model), sinh thai cay trong (crop ecological
model) 13 rt quan trong va can thiét. Trong
khuoén kho nghién ciru ndy, mo hinh DSSAT
duoc nghién cuu, ng dung trong danh gia,
gidm sat ning sudt cdy trong trong giai doan
2005-2021, anh huong cua cac kich ban nguon
nude tudi va du bao tiém ning nang suét cia
cdy lua theo kich ban thiéu ngudn cung nudc
cling dugc nghién ctru va danh gia. Tur do, cac
co quan quan ly, don vi van hanh thuy lgi ¢
dugc dir liu quan trong trong xdy dung ké
hoach van hanh hé théng cling nhu c6 cac giai
phap ung pho, giam thiéu thiét hai trong truong
hop han han, thiéu nudc xay ra. Trén thé gidi,
mo hinh sinh thai cay trong DSSAT (Jones va
nnk., 2003) [2] da dugc st dung trong cac
nghlen clru vé ning suét, san luong cay laa cho
vung luu vuc song Nilwala (Dias va nnk., 2016)
[3], huyén Keonjhar, tinh Odisha (An Do) (Ray
vannk., 2018) [4], danh gia cac chién lugce quan
1y cho hé théng canh tac l0a tai Kharagpur, Ty
Bengal, An Do (Sarkar & Kar, 2006) [5],... Tai
Viét Nam, m6 hinh DSSAT duogc tng dung
trong nghién ctru, danh gia khao sat tiém ning
san xuat ddu twong & An Giang (Lé Hung
Cuong va nnk., 2009) [6], danh gid anh hudng
ctia bién d6i khi hau dén san xuét lua, ngd tinh
Thai Binh (bang Anh Minh & Pham Quang Ha,
2018) [7], anh hudng cua su thay 601 cac yéu to
khi tugng nhay cam dén ning suat ltia o tinh
Vinh Long (Ping Thi Thanh Lé & Nguyén Ky
Phung, 2019) [8].

Hé théng Hb tro Quyét dinh cho Chuyén giao
Cong nghé Nong nghiép, Decision Support

System  for  Agrotechnology  Transfer
(DSSAT) (Hoogenboom va nnk., 2010) [9] la
mot chuong trinh Gng dung phan mém bao
gdm cac md hinh mé phong cay trong cho hon
42 loai cay trong ciing nhu cac cong cu dé tao
diéu kién sir dung hi¢u qua cac md hinh.
DSSAT ciing 1a mét mo hinh hién dang duoc
st dung rat nhiéu béi cac td chirc nghién ctru
trong va ngoai nude. Cac cong cu nay bao gdbm
cac chuong trinh quan 1y co sé dit lidu cho dit,
thoi tiét, quan 1y cdy trong va dir lidu thi
nghiém, cac tién ich va cac chuong trinh Gng
dung.

DSSAT ciing cung cap danh gia két qua dau ra
ctia md hinh cay tréng véi dir lidu thir nghiém,
do d6 cho phep ngudi dung so sanh két qua mo
phong voi két qua quan sat. Pay 1a diéu quan
trong truéc khi ap dung bat ky md hinh cay
tré)ng ndo, dic biét néu cac quyét dinh hoac
khuyén nghi trong thé gidi thuc dya trén két qua
dugc md hinh héa. Panh gia mé hinh ciy trong
dugc thuc hién bang cach nhép dir lidu t6i thiéu
ctiia ngudi dung, chay md hinh va so sanh két
qua dau ra v6i dir liéu quan sat. Bang cach md
phong cac két qua c6 thé xay ra cua cac chién
lugc quan ly cay tréng, DSSAT cung cip cho
nguoi dung thong tin dé danh gia nhanh cac loai
cdy trong, san pham va thyc tién méi dé ap
dung.

2. DU LIEU SU DUNG VA PHUONG
PHAP NGHIEN CU'U

2.1. Gi6i thiéu vung nghién ciru

He¢ thong thuy loi Nam Hung Nghi dugc khoi
cong xay dung nim 1936, bao gdm: Céng Nam
Pan, cdng ngin min Bén Thily, cac tram bom
noi déng, kénh dan, song ndi dia nhu: Kénh
Thap, kénh Gai, kénh Vinh, kénh Hoang Can,
song CAm... va dap ngin min Nghi Quang.
Nim 2015 da xay dyng thém céng Nam Dan
mai (2015 - 2018) & ha du cong Nam Pan cii (2
km). Hé thong Nam Hung Nghi c6 nhiém vu
cap nudc cho khoang 22.650 ha dét canh tac va
cic nhu cau nudc cua cac nganh khac trong
vung.

Ngoai nhi¢m vy cép nudc, hé théng kénh truc
noi dong két hop voi cac cong Nghi Quang,
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cdng Bén Thuy con lam nhiém vu tiéu Ung,
thoat 10 cho cac dia phuong (Nam Pan, Hung
Nguyén, TP. Vinh, Nghi Loc va TX. Cira LO).

Hinh 1: Hé thong thaiy lgi Nam Hing Nghi.
Nguén: Vién Quy hoach Thuy loi

Trong 10 nam gan day, muyc nudc tai cong Nam
Pan 1 va 2 cho thiy myuc nudc ¢ xu thé ngay
cang giam manh. Pién hinh nhu ndm 2015 muc
nude thugng luu cong Nam Pan 1 va 2 chi dat
cao trinh -0,22m (ngay 16/4/2015)/+1,15 m
(muc nude thiét ké thuong luu cdng Nam Dan
moi), -0,3 m (ngay 14/7/2015) da lam cho
luong nudc 1ay vao hé théng thiéu hut nghiém
trong, khong di nudc cho cic tram bom ldy
nude sau cong Nam Dan thudc cac huyén Hung
Nguyén, Thanh Phé Vinh, huyén Nghi Ldc hoat
dong. Vi vay, tinh hinh thiéu nudc, kho han da
xay ra trén dién rong. Theo s liéu thong ké cua
Chi cyc Thiy loi tinh Nghé An, dién tich thiéu
nudc, han han tor nam 2015-2020 thudc hé
thong thuy loi Nam Hung Nghi dao dong tir
5000-8000 ha. Trong d6 nam 2016 l1a nam han
nhéat, ¢6 7.961 ha bi han. Nam 2019 1a ndm han
nhe nhat, véi 5300 ha lua bi han

2.2. Phuong phap mé hinh hoa
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Phin mém DSSAT ding dé mé phong 3
truong hop sau [9]:

Phén tich thyc nghiém (Experiment): MO0 phong
nang suit trong tirng mua vu va so sanh véi nang
suét thyc té.

Phan tich theo mua (Seasonal Analysis): Khac
vOi phan tich thyc nghiém, ¢ phén tich theo
mua, nguoi str dung co thé mo phong ning suét
quanhleu mua vy (VO’l nhiéu nghiém thuc nhiéu
lan lap lai, trong nhiéu nam) dya vao s6 lidu thoi
tiét du bao hay lich sir. Cach mé phong nay con
cho phép danh gia duoc hiéu cia kinh té cia
mdi muavu.

Phan tich lién tuc (Sequence Analysis): MO
phong theo su luan canh va lién tyuc cia mua vu
c6 xem xét dén hidu qua cic qua trinh van
chuyén cta nuée, chat dinh dudng... trong dét
tir vu ndy sang vu khac bao gom ca thoi gian dat
b6 trong khong canh téc.

Trong ndi dung cua nghién ctru nay, mo hinh
DSSAT dugc trng dung phan tich thuc nghiém
(Experiment) cho cdy trong lua tai hé thong
thuy loi Nam Hung Nghi trong tirng mua vy
nham dLr bao nang suit, san luong, hi¢u qua
kinh té ctia cdy trong trong diéu kién thiéu
nudce.

2.3. Dir liéu diu vao

Trong nghién clru nay, nhom nghién ctu sir
dung dir li¢u nhi¢t 4o, mua, birc xa mat tro1, dir
liéu vé tho nhudng, tham phu dya trén cac dir
liéu m& va dit liéu vién tham; dir liéu vé giéng
lda va ning suét cay trong dua trén sb liéu thu
thap diéu tra khao sat.

Bang 1: Dir liéu sir dung trong mé hinh

) ) ) Theigian | P& phan .
STT Dir ligu Loai dir liéu o Ngué n (source)
thu thap gidi
Khi twong (béc xa mat 2005 -
1 GLDAS 0.25° NASA
trevi) 2021
2005 -
2 | CHIRPS Lwgng mua 0.05° USGS, CHC
2021
3 ERAS Khi twgng (nhiet do 2005 - 0.25° Copernicus
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) ) ) Theigian | Pé phan .
STT Dir ligu Loai dir liéu o Ngué n (source)
thu thap gidi
khéng khi) 2021
4 | ISRIC Thé nhudng 2014 250m Soil Grid
. 2005 -
5 | SERVIR Ban do tham pha 45m ADPC
2021
S6 ligu digu tra khao sat
thyc té€ tai dia phuwong
phuc vy thyc hién nhiém
! vu: "Dy bao nguén nudc
Nang suat o 2005 - o ]
6 ! Nang suat cay tré ng va xay dung ké hoach st
thyc té 2021 X
dung nuéc luu vuc song
Ca" két hgp sé ligu tir nién
gidm théng ké (Téng cuc
thé ng ké)
S6 lieu diéu tra khao sat
thuc té€ tai dia phuwong
phuc vu thuc hién nhiém
: . \ 2005 - \

7 | Giéng lua Giéng cay trong 5001 vu: "Dy bao nguén nudc
va xay dung k& hoach st
dung nuwéc luu vuc song
Cé/l

3. TRINH TU THUC HIEN

Sau khi chon dugc gidng lta phu hop, ta thiét
1ap m6 hinh dé mo6 phong nang suat lua cho
vung Nghé An theo kich ban mua thiét ké 85%

Kich ban tudi du nudc 100% theo moé hinh mua
thiét ké 85%

Kich ban gidm tudi & cac giai doan sinh trudng
cua cay 20% - 60%

Trong mo6 phdng cac kich ban, md hinh dugce
thiét lap dya trén viéc giam lugng nudc tudi
ciia cdy trong trén nhu cau nudc cia ciy O
mdi giai doan cua cay lan luot 20%, 30%,
50%, 60%. Trong do giai doan 1 la giai doan
tir sau céy dén dé nhanh, giai doan 2 1a tir sau
dé nhanh dén trudc giai doan trd co, giai
doan 3 la giai doan trd cd cho dén khi thu
hoach.

Cly Ot

I\ thaeh #1) Tri o Vhuhapch

20 0 0 10 20 W 40 S0 60 70 80 9 100ngdy

Hinh 2: Qua trinh sinh truong cua cay lia

Sau khi chay céc kich ban trén, nhoém nghién
ctru thiét 1ap md hinh giam luong nude tudi cua
ciy trong twong duong véi 25%, 40% va 50%
trén tong nhu cau nudc cia cdy trong qua trinh
sinh trudng.

4. KET QUA TINH TOAN

4.1. Hi¢u chinh, kiém dinh mé hinh DSSAT
tai hé thong thuy lgi Nam Hung Nghi
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4.1.1. Chi tiéu danh gid sai sé

Nghién ciru nay st dung 2 chi tiéu dé danh gia
sai sO:

1) Phuong phap tinh sai sb Bias

Bias = Xiap — Xref

Trong d6: Xpap 13 ning suit mod phong

Xref 13 ning suat theo nién giam

2) Phuong phép tinh sai s Percent Bias

Bias (%) = % x 100%

Trong d6: Xiap 13 ning suat moé phong

Xref 12 ndng suét thyc té theo nién giam thong
ké

4.1.2. Hiéu chinh mo hinh DSSAT

Sau khi higu chinh cac thong s gidng cdy trong
cho phu hop véi diéu kién ciia ving Nam Hung
Nghi, két hop cung véi hiéu chinh ngay thu
hoach va hiéu suét thu hoach cho phu hop véi
thuc té, cho két qua kha twong quan véi ning
suat theo nién giam théng ké. Sai s6 16n nhat &
ndm 2008 khi nang suat mo phong chi dat 48,4
ta/ha trong khi ning suat thyc té theo nién giam
thong ké dat 51,4 ta/ha trong duong voi sai s6
Bias la -2,96 ta/ha va sai sO Percent Bias la
5,76%. Cac nam con lai cho két qua khéa twong
ddng véi nang suat theo nién giam théng ké, co
sai s6 khong dang ké.

Bang 2: Sai sé Bias va Percent Bias
trong hiéu chinh mé hinh

~ | Saisé _ | Saisé

Sai sé Sai sé
twon twon
Nam | (ta/ha | Nam | (ta/ha B
) g dsi ) g dsi
% %
2005 0,41 1,05 2009 0,65 1,49
2006 0,23 0,50 2010 0,74 2,14
2007 0,63 1,34 201 0,18 0,39
2008 | -2,96 | 5,76 2012 0,70 1,55
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Hinh 3: Hiéu chinh ndng sudt 10a so sénh véi
so liéu cua nién giam thong ké

4.1.3. Kiém dinh mé hinh DSSAT tai hé thong
thuy loi Nam Hung Nghi

Sau khi hiéu chinh mo6 hinh, &p dung b thong
s6 d3 duoc hiéu chinh dé kiém dinh nang suét
laa trong giai doan tir naim 2013 dén nam 2021.
Nhu vy, sau khi chay mé hinh dé kiém dinh
nang suét lua, sai sb Bias va Percent Bias dugc
tinh toan nhu bang dudi day:

Bang 3: Sai so Bias va Percent Bias
trong kiém dinh md hinh

.| Saisé . | Saiso
Nam al 56 twong | Nam ol 6 twong
(ta/ha) 461 % (ta/ha) 451 %
2013 | 0,06 0,13 2017 | -0,26 | 0,53
2014 | -039 | 082 | 2018 | 0,52 1,16
2015 | 0,02 0,04 | 2019 | 017 0,42
2016 | 0,28 0,57 | 2020 | -0,28 | 0,62
2021 -0,2 0,39

Nhu vay sai s6 trong kiém dinh mo hinh 1a rat
nhd, sai sd 16n nhat vao nam 2018, chi chénh
léch 0,52 ta/ha tuong duong voi 1,16%. Nhu
vay st dung mo6 hinh DSSAT trong danh gia
ning suit cdy trong 1a rat phu hop.
Kt qua Kidm djnh ming swit lia
(Gini dogn 2013-2021)
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Hinh 4: Kiém dinh ndng sudt 10a so sanh véi
so ligu cua nién giam thong ké

4.2. Két qua md phéng ning suit lta hé
thong thuy lgi Nam Hung nghi rng véi cac
kich ban twdéi

Bang 4: Ning suit nwéc iwng véi cac kich ban

STT Kich ban twoi Niing suat (ta)
1 Tudi di nude 100% (4260 m°) 52,86
2 Giam 20% lugng nudc tudi & giai doan 1(4010 m®) 52,99
3 Giam 30% lugng nudc tudi & giai doan 1 (3890 m?) 52,98
4 Giam 50% lugng nudce tudi & giai doan 1 (3680 m°) 52,83
5 Giam 60% lugng nude tudi & giai doan 1 (3520 m°) 52,77
6 Giam 20% lugng nudc tudi & giai doan 2 (3990 m®) 52,49
7 Giam 30% lugng nudc tudi & giai doan 2 (3850 m®) 51,79
8 Giam 50% lugng nudce tudi & giai doan 2 (3570 m°) 49,59
9 Giam 60% lugng nudce tudi & giai doan 2 (3460 m°) 48,77
10 Giam 20% lugng nudce tudi & giai doan 3 (3920 m) 52,86
11 Giam 30% lugng nudc tudi & giai doan 3 (3760 m®) 52,86
12 Giam 50% lugng nudc tudi & giai doan 3 (3420m°) 51,85
13 Giam 60% lugng nude tudi & giai doan 3 (3260 m°) 51,17

Hinh 5: Néng sudt lia theo cdc kich ban

Tur cac kich ban tinh toan, cho thdy rang ning
suat giam di dwa vao kha niang cung cip du
nudc cia cy trong dic biét 1a vao giai doan lam
dong cua cay laa vi khi gidam lugng nude tudi ¢
giai doan ndy, ning suat cta ciy lta bi giam di
dang ké nhit boi day 1a giai doan rat quan trong
d6i v6i cay lta, 1a thoi ky hinh thanh s6
hat/bong lta, bt ky mot tén thuong no tai thoi
diém nay ciing ciling thé anh huong dén ning
suét clia ciy lua.

Tai céc kich ban giam lugng tudi 1an luot 25%,
40%, 50% trén tong nhu cau nudc cua cay trong
qua trinh sinh truong, két qua nang suat lua nhu
sau.

Bang 5: Ning suit lGa theo kich ban giam
lwong nwée twdi trén toan giai doan sinh

treéng cua cay

) Nang suat
STT Kich ban twéi
(ta/ha)
Twéi da nuwédc 100% (4260
1 52,86
m?)
Chi tuéi nuwédc 75% (3200
2 50,59
m?)
Chi twéi nuwéc 60% (2550
3 40,43
m?)
Chi tuéi nudc 50% (2130
4 36,04
m?)

Nhu vy c6 thé thay xu hudng cta ca 3 kich ban
tudi déu 14 xu hudng giam nhung nhin chung
ning suat dat trong ngudng 3,6 tasha dén 5,3
ta/ha. Trong d6 kich ban chi tudi 75% nang suét
cay trong cho két qua gan twong duong véi kich
ban du nudc nhung véi cac kich ban chi tudi
60% va 50%, nang suat da giam di rat nhiéu lan
Iuot 30% va 40% so véi kich ban du nudec.

5. KET LUAN

Két qua tng dung moé hinh DSSAT sau khi
duoc hi€u chinh véi s6 li€u nang suat lua tir nam
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2005 dén nam 2012 va kiém dinh véi s6 liéu
ning suat lta tir nim 2013 dén nam 2021 cho
két qua tuong dbi tét so véi nang sut lta thuc
té. S6 liéu mo phong cho thiy trong cac kich
ban thiéu nudc, nang suét c6 chidu hudng giam
va giam manh nhat khi giai doan 1am dong
khong dugc cdp di nudc va khi kha ning cip
nudc dat dudi 50% trong ca quéa trinh sinh
truong. Két qua nghién ctru cho théy kha nang
ung dung dugc cho cong tac phat trién gidng lua
méi phu hop véi diéu dleu kién thiéu nudc va
luan canh phu hop cay trong cing nhu dy bao
anh huong ciia bién d6i khi hau dén nang suat
laa. Pay 1a két qua ban dau d6i voi cay lua, do
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d6 can t1ép tuc cé them cac nghién ctru hiéu
chinh ddi véi cac gidng cay trong khac nhau, tir
do c6 duoc thong tin, dir liéu tong quat vé anh
huong cua thay d01 cac kich ban cip nudc dén
hoat dong san xuat néng nghi€p nédi chung va
nang sut cay trong noi riéng.

Loi cdm on

Bai bao str dung két qua nghién ctru cua dé tai
cip Bo Nong nghiép va PTNT “ Nghién ctru dé
xuit han muc st dung nudc, co ché phan bd
ngudn nudc trong trudng hop thiéu nudc tai
cong trinh thay loi khu vyc mién Trung® do
Vién Quy hoach Thuy loi chu tri thuc hién.
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