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ABSTRACT

Increasing pressure on freshwater resources driven by climate
change and agricultural intensification necessitates a robust
assessment of water use efficiency in crop production systems.
This study applies the FAO CROPWAT 8.0 model to quantify the
water footprint (WF) of tea production in Phu Tho province,
Vietnam, with the aim of evaluating water use efficiency and
proposing sustainable management solutions. The water footprint
includes green, blue, and grey components following the Hoekstra
framework, incorporating both cultivation and processing stages
based on field survey data from representative tea production
facilities. The results show that the green water footprint
dominates total water consumption, highlighting a strong
dependence on rainfall. However, blue water use increases during
dry periods and in processing activities, while the grey water
footprint shows potential environmental pressure from nitrogen-
based fertilizer application. Comparative analysis suggests that
water use efficiency in Phu Tho tea production is moderate
relative to global benchmarks, with considerable potential for
improvement. This study proposes some sustainability-oriented
strategies including optimizing irrigation scheduling based on
actual crop water demand, improving soil moisture retention,
reducing nutrient losses to minimize grey water impacts and
promoting circular economy practices in tea production systems.
The results support sustainable water resource management in
agricultural systems, contributing to enhanced environmental
performance and long-term resilience of the tea production sector
in Vietnam.
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1. PAT VAN PE

TOM TAT

Ap luc ngay cang gia tang 1én tai nguyén nudc ngot do bién
d6i khi hau va qué trinh thdm canh nong nghiép doi hoi phai
c6 nhitng danh gia toan dién va dang tin cdy vé hiéu qua sir
dung nudc trong cac hé théng san xuét cay trong. Nghién ctru
nay Gng dung mé hinh CROPWAT 8.0 cia FAO d dinh
lvong déu chan nudc (WF) trong san xudt ché tai tinh Pha
Tho, Viét Nam, nham danh gid hi¢u qua st dung nudc va dé
xuét cac giai phap quan ly theo huéng bén ving. Dau chan
nude dugce phan tich theo ba thanh phan gdm nudc xanh, nudc
xanh lam va nudc xam theo khung phuong phap cua Hoekstra,
bao quét ca giai doan canh tac va ché bién, dya trén sb liéu
khao sat thuc té tai cic co so san xuat ché dién hinh. Két qua
cho thdy ddu chan nudc xanh chiém ty trong 16n nhit trong
téng lugng nudce tiéu thy, phan dnh su phu thudc dang ké vao
ngudn nude mua ty nhién. Tuy nhién, lugng nudc xanh lam
c6 xu hudng gia tdng trong cac giai doan kho han va trong
hoat dong ché bién, trong khi ddu chan nudc xam cho thay
nguy co gay ap luc moi truong tir viée su dung phan bon chura
nito. Phan tich so sanh cho thay hiéu qua sir dung nudc trong
san xuat cheé tai Phii Tho ¢ muc trung binh so v&i cac tiéu
chuan toan ciu, song van con nhiéu tiém ning cai thién. Trén
co so d6, nghién ctru dé xudt mot sd giai phap bao gdm tdi wu
hoa ché do tudi theo nhu ciu nudc thyc té cta cdy trong, cai
thién kha nang giit 4m cia dat, giam that thoat dinh dudng
nham han ché tac dong cua nude xam va thuc day ap dung mo
hinh kinh té tudn hoan trong san xut cheé. Két qua nghién ctru
gop phan cung cip co sé khoa hoc cho quan Iy tai nguyén
nudc trong ndng nghiép, dong thoi nang cao hidu qua méi truong
va kha ning phat trién bén vimg ctia nganh che tai Viét Nam.

Tai nguyén nudc ngot toan cau dang chiu ap lyc ngay cang gia tang do tac dong dong
thoi clia bién doi khi héu, gia tang dan s6 va qua trinh thdm canh ndng nghiép. Nong nghiép
hién chiém khoang 70% tong luong nude khai thac toan cau, dic biét tai cac qudc gia dang phat
trién, noi hiéu qua st dung nudc con han ché va phu thudc nhiéu vao diéu kién khi hau [1].
Trong bdi canh dé, ning cao hiéu qua str dung nudc (Water Use Efficiency — WUE) trong san
xuat néng nghiép khong chi 1a yéu cau cap thiét nhim dam bao an ninh lwvong thuc ma con dong
vai tro quan trong trong vi¢c gidm ap luc 1én tai nguyén nudc va h¢ sinh thai.
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Trong nhitng thap ky gan day, khai niém “nuéc a0 (virtual water) va “dau chan nuéc”
(water footprint — WF) dd duoc phat trién nhu mot cong cu phan tich hiéu qua nhim dinh luong
tong lugng nudc tidu thy truc tiép va gian tiép trong chudi san xuat. Khung phuong phap WF do
Hoekstra va cong su dé xudt cho phép phan tich toan dién viéc sir dung nude thong qua ba thanh
phan chinh: nudc xanh (green water), nudc xanh lam (blue water) va nudc xam (grey water),
tuong tng voi nudc mua, nuéc mat/nude ngam va luong nudc can thiét dé pha lodng chat 0
nhiém [2]. Cach tiép can nay khong chi phan anh murc tiéu thy tai nguyén ma con cung cap
thong tin vé tic dong mai truong lién quan dén 6 nhidm nude, tir d6 hd tro hiéu qua cho quan Iy
tai nguyén nudc va hoach dinh chinh sach.

Céc nghién ciru & quy md toan cau cho thdy san xuét cay trong chiém ty trong 16n trong
téng dau chan nudce, trong d6 nudc xanh chiém wu thé (khoang 78%), tiép theo 1 nudc xanh lam
va nude xam [3]. Bang chu y, cac loai cdy cong nghi€p dai ngay nhu che, ca phé va ca cao
thuong co dau chan nudc cao tinh theo don vi san pham, phan anh mirc d¢ tiéu thy nudc dang
ké trong subt chu ky sinh truong va ché bién [3], [4]. Su khac biét vé& ddu chan nudc giita cac
khu vuc phu thudc manh vao diéu kién khi hau, nang suat, dic diém dat dai va phuong thic
canh tac [3]. Cac nghién ciru ciing chi ra rang viéc cai thién ning suit cay trong, t6i wu hoa tudi
tiéu va giam that thoat dinh dudng c6 thé gop phan dang ké vao viéc giam dau chan nudce [5].

Song song véi phuong phap WF, cac mo hinh tinh toan nhu cau nude cay trong dong vai
tré quan trong trong viéc dinh luong chinh xac luong nude can thiét cho sinh truéng va phat
trién cua cdy. Trong s6 d6, mdé hinh CROPWAT ctia TH chiic Luong thyc va Nong nghiép Lién
Hop Qudc (FAO) dugc st dung rong rai dé tinh toan lwong bdc thoat hoi (ETo), nhu cau nudc
cay trong (CWR) va nhu cau tudi dva trén cac tham s6 khi twong, dac tinh dat va hé sb cay trong
[6]. Vi€c tich hgp m6 hinh CROPWAT véi phuong phap danh gia dau chan nudc dugce xem 1a
hudng tiép can hiéu qua nham lién ket gilta nhu cau nudc sinh 1y cta cay trong va luong nudc
tiéu thu thuc té trong h¢ thng san xuat [3], [6]. Céch tiép can tich hop nay cho phép néng cao
d6 chinh xac cua két qua danh gia, dong thoi hd trg phén tich kich ban va ra quyét dinh trong
quan ly tai nguyén nudc.

D01 voi cdy ché, mac du co vai tro quan trong trong kinh té néng nghiép va thuong mai
quéc té, s6 luong nghién ctru vé dau chan nude con twong ddi han ché so véi cac ciy luong thue
chinh. Céc nghién ctru hién c6 cho thdy nudc xanh thudong chiém ty trong 16n trong san xuét
che, trong khi nudc xanh lam va nudc xam phu thudc vao diéu kién tudi va muc do sir dung
phan bon [4], [7]. Tuy nhién, phan 16n cic nghién ctru tép trung vao giai doan canh tac, trong
khi cac cong doan sau thu hoach va ché bién — vbn cling tiéu thu déang ké nudc — chua duge
danh gia day du.

Tai Viét Nam, che la mot trong nhitng cay cong nghiép chu luc, dong gop quan trong
vao phat trién kinh té nong thoén va xuat khau. Tinh Pha Tho 1a mot trong nhiing vung san Xuét
ché trong diém véi diéu kién khi hau nhiét d6i gié mua, luong mua doi dao va dat feralit phu
hop v6i sinh truong cua cay che. Tuy nhién, h¢ thong san xuat che tai ¢y van mang tinh truyén
thong, phu thudc cha yéu vao nudc mua, hiéu qua st dung nudc chua cao va con thiéu cac giai
phap quan 1y tich hop. Mic du da c¢6 mot sd nghién ctru lién quan den nhu cau nude cy trong va
k¥ thuat canh tac, cac nghién ctru tich hop gitra mé hinh hoa nhu cau nudc va danh gia dau chan
nude trong toan b chudi san xudt ché (bao gdm ca tréng trot va ché bién) tai Viét Nam van con
han ché.

Tir tong quan nghién ctru ¢6 thé nhan thdy mot s6 khoang trdng chinh: (i) thiéu céac
nghién ciru tich hop giita md hinh CROPWAT va phuong phap danh gia dau chan nudc trong
cung mot khung phan tich; (ii) thiéu cac nghién ciru danh gia toan bo chudi gia tri san xuét ché
tir canh tac dén ché bién; va (iii) han ché vé nghién ctru thyc nghiém trong bdi canh cac qudc gia
dang phat trién, dic biét 1a Viét Nam. Pong thoi, viéc lién két gitra danh gia ddu chan nudc va
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dinh hudng phét trién kinh té tuan hoan trong néng nghiép van chua dugc khai thac day du.
Trén co s& d6, nghién ctru nay duge thuc hién nham 1ap day cac khoang tréng néu trén thong
qua viéc tng dung mé hinh CROPWAT 8.0 két hop véi phuong phap danh gia dau chan nude
dé phan tich hiéu qua str dung nuée trong san Xudt che tai tinh Pha Tho. Nghién ctru hudng toi
cac myc tiéu nhu: (i) x4c dinh nhu cdu nudc ciy trong trong diéu kién khi hau dia phuong; (ii)
dinh luong cac thanh phan dau chan nudc (xanh, xanh lam, x4m) trong toan bd chu01 san xut;
va (iii) danh gia hiéu qua st dung nude thong qua so sanh voi cac nghién ciru quoc té. Trén co
so d6, nghién ctru dé xuat cac giai phap quan 1y nudce theo hudng bén viing, bao gdm téi wu hoa
ché do tudi, cai thién kha nang gilr am cua dat, giam thiéu that thoat dinh dudng va thic day ap
dung cac mo hinh kinh té tuan hoan trong san xudt ché. Pong gbép chinh cua nghién ctru ndm &
viée xdy dung mot cach tiép can tich hop gitta md hinh hoa va danh gia ddu chan nudc trong
diéu kién cu thé cta Viét Nam, qua d6 cung cap co sé khoa hoc cho quan ly tai nguyén nudc
trong nong nghiép va nang cao tinh bén viing ctia hé thong san xuit ché.
2. PHUONG PHAP NGHIEN CUU
2.1. Khu vuc nghién ctru

Nghién ctru dugce thuc hién tai tinh Pht Tho, mdt trong nhitng vung san xuét ché trong
diém cua Viét Nam, thudc khu vie Trung du va mién nai phia Bac. Khu vuc ndy c6 diéu kién tu
nhién ddc trung vai dia hinh ddi nui, khi hau nhiét déi gi6 mua, nhiét dJ trung binh ndm dao
dong tir 20-28°C, lwong mua trung binh nam tir 1.500-2.000 mm va d6 4m khong khi cao (80-
90%). Dt tréng chu yéu 1a dét feralit do vang, c6 do pH tir 4,5-5,5, phu hgp véi sinh truong cla
ciy cheé. Cac dic diém nay tao diéu kién thuan loi cho phat trién cua cdy che, dong thoi anh
hudng truc tiép dén nhu ciu nude va dau chan nude trong san xuat. Nghién ctru tién hanh khao
sat hoat dong san xuat cta 3 cong ty ché tai Phi Tho nham thu thap cac dit liéu trong nudc sir
dung trong qua trinh san xuat (Bang 1). Ba nha may ché nay duoc lwa chon do 1a nhimg nha
may ché san xuat dong thoi khoi ché tai sinh CTC (phuong phép Nghién (Crush) - X¢é (Tear) -
Cudn (Curl) 1a che, thuong ding dé san xuat ché den) va ché den OTD (Orthodox Black Tea).
Ba nha médy dugc lya chon ndm & cic huyén c6 dién tich trong ché 16n va lau doi thudc ba
huyén theo phan bac hanh chinh cii 1a Ha Hoa, Thanh Hung, va Poan Hung.

Béang 1. Hoat dong sdn xuat ché ciia nha may cac nha may ché thugc pham vi nghién ciru

Nha may ché s6 1 Nha may ché s6 2 Nha may ché s6 2
Chétii | Chéden | Chétii | Chéden | Chétai | Chéden
sibhCTC | OTD | sinhCTC | OTD | sinhCTC | OTD
San luong 14 tuoi (tAn/ngay) 10 30 10
San luong ché kho (tAn/ngay) 1 2,5 3,5 7 1 2
S6 cong nhan (ngudi) 30 60 100 200 30 60
Luong N“gg;mh 750.000 | 2.100.000 | 2.200.000 | 6.400.000 | 750.000 | 2.000.000
nuéc TB : ’
(lit/thang) | Nudc san xudt | 870.000 | 2.400.000 | 2.700.000 | 7.200.000 | 850.000 | 2.200.000

2.2. Phuong phap nghién ciru va thu thap dir liéu

Nghién ciru 4p dung cach tiép can tich hop giita mé hinh CROPWAT 8.0 ctia FAO va
phuong phap danh gia ddu chan nuéc (Water Footprint) theo Hoekstra. Quy trinh nghién ctru
gém ba budc chinh: (i) Tinh toan nhu ciu nudc ciia cay ché (Crop Water Requirement - CWR)
bang mo hinh CROPWAT; (ii) Xac dinh cac thanh phan dau chan nudc (xanh, xanh lam, xam)
trong giai doan trong trot va ché bién; (iii) Panh gia hiéu qua sir dung nudc va dé xuat giai phap
quan 1y bén vimg. Dir liéu dau vao cho mé hinh va tinh toan duoc chuan héa va nhap vao mé
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hinh CROPWAT, bao gébm: Dir liéu khi twong (nhiét d6 t6i da va toi thiéu, do am, toc do gio, sé
gio nang, lwong mua (thu thip tir ngudn khi twong va xur ly theo thang); Dir liéu cay trong (hé sb
cdy trong (Kc), cac giai doan sinh trudng, d0 sau ré, ning suat), Dir liu dat (loai dat feralit, kha
nang gitr nuoc, do tham, tong luong nudc san co); Dit liéu san Xuét (san luong, lugng nudc su
dung, phén bon, quy trinh céng ngh¢) va Dir liu moi trudong (lwong phén bon nito sir dung
(kg/ha/nam) phuc vu tinh toan dau chan nudc xam).

Nhu cau nude cua cay ché duge xac dinh thong qua luong thoat hoi nude cua cay trong
(ETc), tinh theo phuong trinh: CWR = Kc x ETo (1); CWR = ETc (2). Trong d6: ET,: thoat hoi
nuée tham chiéu (mm), tinh theo phuong phiap FAO Penman—Monteith; Kc: hé sb cdy trong,
thay d6i theo timg giai doan sinh truéng; M6 hinh CROPWAT 8.0 duoc sir dung dé tinh toan ETo,
luong mua hiéu qua (Effective Rainfall) va nhu cau tudi, tir 46 xac dinh CWR theo chu ky sinh truéng
cua cay che.

Déu chan nudc trong san xuat ché duge xac dinh theo ba thanh phan: (i) Ddu chan nudc
xanh la la luong nuéc mua dugc st dung trong qua trinh sinh truong cua cdy: WFgreen =
CWRgreen/Y (3); (i) Dau chan nudc xanh lam 14 lugng nude tudi tir ngudn nude mit hodc nugc
ngam: WFpe = CWRbwe/Y (4); (iil) Dau chan nudc xam dugc xac dinh dua trén lugng nudce can
thiét dé pha lodng chét 6 nhiém (nito) Cong thic tinh dau 4n nude theo Hoekstra va Chapagain:
WFgrey = (axAR/(Cmax — Cnat)) /¥ (5). Trong do: a: 1a hé sd tham thau; AR (kg/ha): 1a luong
phan bon ¢ chira N st dung trén mot hecta dit canh tac; Cmax, Cnat (kg/m?): nong d6 ti da
cho phép va ndng do ty nhién cua chat hoa hoc gy 6 nhiém; Y (tdn/ha): 13 ning sut cdy trong.

Déu chan nudc trong giai doan ché bién ché duoc xac dinh dwa trén tong lugng nudc tiéu
thu truc tiép (rira nguyén li¢u, v¢ sinh thiét bi, sinh hoat) chia cho san lugng san phém. DAu
chan nuéc trong giai doan nay chu yéu 13 ddu chan nudc xanh lam bd sung vao qua trinh san
xudt va str dung cho sinh hoat ctia cong nhéan vién khong sir dung nudc mua (nudc xanh 13), va
nude thai phai duge xur 1y theo quy dinh nén khong tinh luong nudc xam trong cong doan nay
[10]. Ngoai ra, phuong phap cén bang khéi luong dugc ap dung dé quy ddi dau chan nudc giita
cac cong doan ché bién thong qua hé sd phan doan san pham.

Hiéu qua sir dung nudc trong san xuit ché duoc danh gia thong qua (1) Ty trong cac
thanh phan WF (green, blue, grey); (2) So sanh véi cac nghién ctru va dir liéu qudc t&; (3) Phan
tich cac cong doan tiéu thy nudc 16n trong chudi san xuat.

Nghién ctru da thyc hién thu thap dir liéu tir cic ngudn chinh thong két hop voi khao sat
thuc té nham tinh toan d4u chan nudc cho san phdm ché. Trong d6 cac gia tri hang thang cua dit
liéu khi hau va luong mua cua tinh Phti Tho thu duogc tir trang Weather spark [11] bao gém dit
liéu lvong mua hang thang (mm/thang), lvong mua hiéu qua (mm), trung binh hang thang cho
cac thong s6 khi hau; nhiét do t01 da va tdi thiéu (°C), tdc do gio (km/h), do a am tuong ddi (%)
va gio nang (Gio). Dit lidu vé gia tri Kc loai cdy trén mdi tinh dugc lay tir co s¢ dir liu
CROPWAT theo (Allen va cong su,1998; FAO, 2019) [6] bao gom sy suy kiét nghiémctrong,
hé sd dép ung nang suat, do sau ré, hé so cay trongcva do dai cua cac giai doan sinh truong 24
cua cay. Dur liéu dia phuong vé nang suat cdy trong (tAn/ha), san luong (tan/nam) thot vu gieo
trong va thu hoach dugc thu thap tr Nién gidm thong ké. Dit liéu loai dat, loai che, thoi gian
gieo trong, lugng phan bon sir dung, quy trinh san xuat, luong nudc st dung trong qua trinh san
xuét duoc thuc hién qua khao sat tai tinh Pht Tho.

3. KET QUA NGHIEN CUU
3.1. Nhu cAu nuwéc ciy trong (CWR) va can bang nwéc

Két qua md phong bang mé hinh CROPWAT 8.0 cho thiy nhu cau nudc cia ciy ché tai
khu vuc nghién ctru c6 su phu thudc 16n vao diéu kién khi tuong, dac biét 1a lugng mua hiéu
qua. Tong luong bdc thoat hoi nude cia cdy trong (ETc) duoc xac dinh thong qua lwong mua
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hiéu qua (Effective rainfall — Eff.rain) dat 1.077,5 mm/nam, phan anh vai trd chi phdi ctia ngudn
nudc mua trong hé thong canh tac che (bang 2)
Béing 2. Két qua dau chin nwéc trong sin xuat che.

Théng sb Gia tri _Pon vi Ghi chi
Y 11 tan/ha
Eff.rain 1.077,5 mm
IR 560,9 mm
CWRxanh 14 10.775 m®/ha
CWRxanh lam 5.609 m?/ha
WFgreen 979,55 m3/tan
WFblue 509,91 m® /tan
WFgrey 83,64 m3 /tan Theo (Hoekstra, A. Y. and Hung, P. Q.
2002)

Nhu ciu tudi bd sung (Irrigation Requirement — IR) duoc tinh toan & muc 560,9
mm/nidm, cho thay trong mét s6 giai doan kho han, nguén nudc xanh lam dong vai tro bo tro
cho nhu cau sinh truéng cua cdy trong. Quy doi theo don vi thé tich trén dién tich canh tac,
lugng nude st dung CWRxanh 14 va CWRxanh lam dugc xéac dinh 1an luot 1 10.775 m*/ha/nam
va 5.609 m*/ha/nam. Véi ning suét trung binh dat 11 tdn/ha, diu chan nudc Wfgreen, WFblue,
WkFgrey trong giai doan canh tac dugc xac dinh lan lugt 12 979,55 m*/tan, 509,91 m?*/tan, 83,64
m?/tan. Tong dau chan nudc cia 1a che tuoi dat 1.573,1 m?/tin, trong d6 nudc xanh chiém ty
trong 16n nhat (khoang 62,3%), tlep theo la nuéc xanh lam (32,4%) va nude xam (5,3%). Két
qua nay cho thay hé thong san xuit ché tai Phu Tho phy thudc cha yéu vao nudc mua tu nhién,
trong khi ap lyc tir tw6i va mire sir dung phan bén ¢ mire thip hon nhung van dang ké.

3.2. Dau chin nwéc trong giai doan ché bién che

Két qua khao sat thuc té tai ba co s& ché bién ché tai Phu va két qua nudc st dung cho hoat
dong ché bién ché tir hoat dong khao sat thuc té tai 03 don vi san xuét ché duoc trinh bay ¢ hinh
1 va bang 3.

16 m*/ngay
Phu pham ché
4 tan ngay)

Lam héo

40 m*/ngay l

. — _— Vo va sang toi o May nghién
Nude e 13 m*/ngay
[ et e I

Lén men May ciit, tao hinh

|

Lén men

40 m*/ngay
Nude —

La ché twoi
(10 tan/ngay)

l

Lam héo

Nudérc sir dung trong quy trinh ché bién ché den OTD ( Orthodox ) Nuwéc sir dung trong quy trinh ché bién ché CTC tai sinh (Crush, Tear, Curl)

Hinh 1. Lwgng nuwéc sir dung trong ché, bién che den OTD va che CTC
Véi tong san lugng trung binh khoang 168 tan san pham/thang, dau chan nudc xanh lam
trong giai doan ché bién dugc xac dinh tuong doi thap, chi khoang 32,7 m?/tan san pham. Diéu
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nay cho thay so véi giai doan canh tac, lugng nudc tiéu thu trong ché bién khong phai 1a thanh
phan chi phoi, tuy nhién van dong gop vao tong dau chan nudc.

Bang 3. Diu chin nwéc xanh lam trong sin xuit ché (tinh trung binh ciia 3 nha may)

Che CTC | Ché den OTD Tong WFbue
tai sinh (tan/ngdy) | (tanthang) | (m’/tan)
(tan/ngay)
San lugng 1,8 3,8 168 32,7
Sb cong nhan (ngudi) 50 100

Luong nudc trung | Nudc sinh hoat 1.200.000 3.500.000 5.500.000
binh (lit/thang)

Nuéc san xuat 1.500.000 4.000.000 4.700.000

3.3. Dau chin nwéc 40 cho san xuat che den

Qua trinh ché bién ché den bao gdm hai giai doan chinh lam giam khéi luong nguyén liéu:
(1) Giai doan lam heo va can: hé s6 chuyén doi 0,36; (2) Giai doan sdy (oxy héa): h¢ so chuyén
ddi 0,72. Trén co s do, ddu chan nude duge tich lily qua tung cong doan san Xuét (hinh 2).
Hinh 2 cho thdy phép tinh ddu chan nudc xanh (m*/tan) cho san xuét tra den, ham luong nudc
xanh trong tra den dugc tinh toan 1a 3.779,13 m3/tan. Ngoai ra, dAu chan nudc xanh lam cua qua
trinh ché bién 1a 32,7 m*/tan. Nudc duge 1ay tir mach nudc ngam va giéng khoan duoc dung dé
tao 4m va rira truc trong qua trinh san Xuét, lugng nude xanh lam tiéu thu thép hon rat nhiéu so
v6i ham lugng nude xanh tur 14 tra tuoi.

Nhu ciu nuée cia cdy trong trong ciy
cheé 1.077.,5 mm/nam

U

Ham luong nudce trong la twoi 979,55

m? /tan/nim

Ham luwong nudce trong 1a cudn 2.720,97
m® /tin/nim

Ham lwong nudce xanh cua tra pha
3.779,13 m®/tAn/nim

Hinh 2. Diu chin nuéc 4o trong sin phim tra den
Khi tinh thém céac thanh phan nudc xanh lam trong ché bién (32,7 m*/tin) va nudc xam
trong canh tac (83,64 m%/tan), tong ddu chan nudc ao ctia san pham che den dat 3.901,2 m*/tan.
Hay noi cach khac hang nim khu vuc Ha Hoa — Phu Tho str dung 3.901,2 m® nudc khi san Xuét
ra 1 tan tra den. Két qua nay phan anh r6 rang hiu tmg “tich lay ddu chan nuéc” do qué trinh
giam khoi lugng san pham trong chu01 ché bién, din dén gia tiang dang ke lugng nude tinh trén
don vi san pham cudi ciing. Viéc xuit khdu tra c6 tac dong tich cuc dén nén kinh té cia tinh Pha
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Tho va tao ra loi ich kinh té cho dat nuée véi viée sir dung nuéc mua chu yéu c6 chi phi co hoi
tuong ddi thap. Toéng hop cac két qua cho thdy, trong san xuat ché tai Pht Tho, nudc xanh 14 1a
thanh phén chi phoi trong toan bd chudi san xuét, dic biét trong giai doan canh tac; nudc xanh
lam dong vai tro bd sung trong diéu kién thiéu nudc va trong ché bién; nudc xam phan anh ap
lyc 6 nhlem tir str dung phén bon, mac du chiém ty trong thip hon. Cau trac ddu chan nudc cua
san xuat ché tai Pha Tho thé hién dic trung cua hé théng nong nghi€p phu thudc vao khi hau
nhi¢t déi gié mua, trong d6 hi€u qua st dung nude chiu anh hudng dong thoi boi diéu kién tu
nhién va trinh d6 quan 1y san xuét.

4. THAO LUAN

Két qua nghién ctru cho thiy hé thong san xuat ché tai Phii Tho mang dic trung ro rét
cua vung nong nghiép phu thudc vao nuéc mua, thé hién qua ty trong nudc xanh chiém uu thé
trong tong du chan nudc. Diéu nay phu hop voi didu kién khi hdu nhiét doi gi6 mua, noi lugng
mua dong vai tro nguon cung cap nudc chinh cho cay trong. Tuy nhién, nhu cau tudi bd sung
van & mirc dang ke _phan anh sy mat can doi theo mua gilta cung va cau nudc. So véi cac
nghién ciru qudc t& vé ddu chan nude cay trong, cdu triic ndy twong dong v6i cac hé thong canh
tac ¢ khu vue c6 lugng mua trung binh dén cao, noi nuéc xanh chiém wu thé nhung van ton tai
nhu cau nudc xanh lam trong cac giai doan kho han. Piéu nay cho thay viéc chi dua vao nguon
nuéc ty nhién 1a chua du dé dam bao tinh 6n dinh ciia hé théng san xuat trong bdi canh bién d6i
khi hau lam gia tang tinh bét dinh cta ché 46 mua.

Bang 4. So sanh giira cic nwéc san xuit tra trén thé giéi [7)

Khu vuc Ham lugng Ham lugng Ham luong | Ning suat 14
nudc 4o cua ld | nudc do trong | nudc 4o cua tuoi
tuoi (m>/tan) 14 cudn tra pha (tin/ha)
(m?/tan) (m*/tan)

Nilgiri (An Do) 524 1.454 2.020 20
Quang Pong (Trung Qudc) 440 1.221 1.696 26
Kandy (Sri Lanka) 642 1.782 2.476 18
Agrabinta ( Indonesia) 1.037 2881 4002 14
Gambung ( Indonesia) 1.031 2.863 3.976 14

Trung binh 735 2.040 2.834 18,4
Ha Hoa (Phu Tho) 980 2.721 3.779 11

So sanh véi cac khu vure san xuat ché dién hinh trén thé gi6i cho thay du chan nudc ciia
che tai Phi Tho ¢ muc tuong ddi cao. WF cua ché thanh phém tai Phtt Tho 3.779 m?/tdn (nudce
xanh), trong khi gia tri trung binh toan cau 1a 2.834 m*/tan. Ngoai ra, ning suat ché tai Pha Tho
chi dat 11 tin/ha, thap hon dang ké so v&i muc trung binh cta cac khu vuc khac (18,4 tin/ha).
Su chénh 1éch nay cho thdy hiéu qua sir dung nuée tai khu vure nghién ctru chua cao, nguyén
nhan chi yéu lién quan dén ning suat thip lam taing WF tinh trén don vi san pham, phuong thirc
canh tac truyén thong, chua tdi wu hoa tudi va han ché trong cong nghé ché bién va quan ly
nuéc. Tuy nhién, so vdi cac khu vire kho han, ddu chan nuéc tai Phit Tho vAn ¢ mirc trung binh
do hé théng san xuat phu thudc cha yéu vao nudc mua, gitp giam ap lyc khai thac nudc xanh
lam.

Ket qua nghién ctru cho thdy ddu chan nudc cua ché tai Pha Tho cao hon mirc trung binh
ctia mot sb qudc gia san xut che trén thé gio1. Nguyén nhan chinh la nang suat ché thap, lam
tang luong nudc tinh trén m01 don vi san pham. Piéu nay cho thdy hiéu qua sir dung nudc
khong chi phu thugc vao tong luong nude tiéu thy ma con phu thude 16n vao nang suat cay
tréng. Vi vdy, nang cao ning suat thong qua cai tién giéng, tdi wu dinh dudng va quan 1y canh
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tac 6 thé gitip giam dau chan nudc, dong thoi cai thién hiéu qua kinh té. Tuy nhién, viéc tang
ning suit can duoc kiém soat dé tranh 1am gia ting st dung phan bon va nudc tudi, dan dén
tang nudc xam va nudc xanh lam.

Nudc xanh 13 thanh phan chiém wu thé trong tong ddu chan nugc cua che tai Phu Tho,
phu hop voi diéu kién khi hau nhiét d6i gio mua, noi lugng mua la ngudn cung cap nudce chinh.
Céu tric nay tuwong dong voi cac vung san xuét ché c¢6 luong mua trung binh d&én cao nhu An
Do, Sri Lanka, Indonesia va Trung Quéc. Tuy nhién, sy phu thudc 16n vao nuéc mua ciing 1am
san xudt ch¢ dé bi anh huong béi bién doi khi hiu, ddc biét khi lugng mua phan bd khong déu
hoac xuét hién cac giai doan kho han. Khi d6, nhu cau nudc xanh lam c6 thé tang, gay ap luc 1én
ngudn nude mit va nude ngam.

Gia tri WFgrey phan anh tic dong tiém tang cua hoat dong bon phan dén chat luong
nudc. Mac du nghién ctru sir dung gia dinh hé s rira troi nito & mirc 10%, két qua van cho thay
ap luc dang ké tir phan bén héa hoc. Dleu nay phu hop voi cac nghién ctru cua Hoekstra et al.
(2011), cho thay ndéng nghiép 1a ngudn phat thai chinh gay 6 nhiém nuéc tai nhidu qudc gia
dang phat trién. Viéc giam luong phan bén du thira, két hop v6i cac bién phap canh tac bén
ving (vi du: bon phan hop ly, su dung phén hitu co) co thé giup giam dang ké dau chén nudce
xam. So v6i cac hé thdng san xudt ché tién tién, hiéu qua sir dung nudc tai Phu Tho van con han
ché do thiéu 4p dung cong nghé va quan ly tich hop. Cac nghién ciru qudc té cho thy viée két
hop quéan 1y nuéc — dat — dinh dudng co6 thé giam 10-30% déu chan nudc ma van duy tri ning

suat [1,5]. ‘
Bang 5. Di€u kién tw nhién & cac khu vue [5]
Khu vuc X
Quang
Ha Hoa- Nilgiri- Agrabinta | Gambung Dong- Kandy -
Phu Tho An Do Indonesia Indonesia Trung SriLanka
PKTN Quoe
Khihgu | Netdsi | g qgi | Nhietdoi | Nhigtdol g0 qg; | Nhictdol
gi6 mua gi6 mua gi6 mua gi6 mua
Nhiét d6 (°C) 20-28 20-30 20-30 22-32 20-28 20-29
Luong mua 1500 - 1500 - 1500 -
(mm) 2000 2000 2000 - 2500 | 2000 - 2500 | 1500 - 2000 2000
Do am (%) 80-90 80-85 80-85 80-85 75-85 80-85
Dt dai Dit ferarit | DAat do Dt ferarit | DAt ferarit bat d?’ dat D;at mum,
mun dat ferarit
Piahinh | Pdinai | "0 | Painai | Péinai | DO paingi
bang thap

Diéu kién tu nhién, lugng mua cua Phu Tho kha thuan loi cho sy phat trién cua cay che
va khong co6 sy khac biét nhiéu so véi cac khu vuc duoce so sanh. Tuy nhién ham lugng nudc do
& miic cao so voi trung binh cac khu vuc nguyén nhén chinh 13 do niang suét ché tuoi (tin/ha)
chua cao ciing dan t6i lugng san pham cheé kho thap.

O Ha Hoa, Phti Tho quy moé san xuét ché vin & mutc nho va trung binh nén cac hg dan
cling nhu co sé ché bién chwa chu trong téi quy trinh canh tac khi van dang st dung phuong
phap tudi tidu truyén thdng 13 tudi tran va tudi tha cong. Khong sir dung cic cong nghé tiét
kiém nudc nhu tudi nho giot hodc phun suong dan t6i lang phi nudc trong khi cac khu vuc &
Trung Quéc va An D6 di ap dung.
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St dung gidng che chua dat nang suat cao ciing nhu khong phu hop véi diéu kién khi
héu, dat dai dan toi ning suat 14 tuoi thap lam gidm hi¢u qua st dung nudc. Hon nita qua trinh
thu héi 14 ché sir dung cong nhan 1a nhiéu chua ing dung may moéc, céng nghé hién dai.

Bang 6. Phuwong phap canh tac giira Phu Tho va cac khu vuc khac

Yéu to Ha Hoa - Phu Tho Cic khu vue khic
Phuone bhi Tug’wi thi cong hoac mua tr nhi~én. Hé Tud1 nho giot, phun suong, hgéc
e PP 1 héng tudi khong ddng déu, dAn dén | tudi tu dong. Ung dung hé théng
tuo1 ticu ~ L YA . e
lang phi nudc. tudi tiet kiém nuoc (drip irrigation)
Mat dg trong Mat d¢ khong dong déu, trung binh Mat d¢ toi uu, trung binh 25.000-
che 20.000 cay/ha. 30.000 cay/ha.
Phuong phap | CPuyeu hdi bang tay (thu cong). Ky | pp 50y 41 ihis cong va cor gi6i héa
1r 1s thuat hai chua dong nhat, phu thudc ey
hai 14 che . Cn (may hai che).
kinh nghiém.
Thn subthai | Tan sudt hai khong on dinh, thuong 1- | Hai che dung thoi diém sinh truong
2 tuan/lan. (7-10 ngay/lan), dam bao chat luong.

Ning suat thu May hai ché: 100-150 kg/nguoi/ngay

Thu cong: 40-50 kg/ngudi/ngay.

hoach kg/ngay) (gap 2-3 lan).
L4 khong dong déu, do chon loc tha | La ché dong déu hon, chon loc bang
Chat luong 14 cong kém hiéu qua. cong nghé chinh xac hon.
che Ty 1¢ lang phi cao do héi sot hodc lam | Ty I¢ lang phi qthép nho cong nghé

hong bup ché. hién dai kiém soat chat ché.

Cong nghé ché bién Phii Tho con nhiéu han ché khi chii yéu duoc san xuat bai cac ho gia
dinh, co s nho véi quy trinh thi cong hodc ban ty dong. Str dung nhiéu nudc trong cic cong
doan nhu rira 14 ché nhung khong c6 cong nghé tai sir dung. Thiéu cac thiét bi ty dong héa kiém
soat nhiét do, do am trong qua trinh lam héo, 1én men hoic séy kho dan toi thoi gian ché bién
kéo dai, tiéu tén nudc va ning lugng. Lugng nude sau khi bi that thoat khong duoc tai sir dung
lam tang tong ham luong nudc do. O cac khu vuc khac nhu An Do, Trung Qudc, SriLanka tng
dung cong ngh¢ ché bién hién dai, c6 cac bién phap quan ly nudce tai sir dung cting nhu quy trinh
ché bién t01 wu tao ra san pham chat lugng cao dan téi dong déu vé chat luong, dap tmg ticu
chuan xuét khau.

Bing 7. Quy trinh ché bién giira Phii Tho véi cic khu vure

Nilgiri Quéing Pong
Cong doan | Ha Hoa (Phu The < n Indonesia £
g dog : ( 0) (An Db9) (Trung Quoc)
. % 13 . L1 , Két hop phoi tw | May lam héo tu
Phoi nang hodc lam | Lam héo bang may 19P bhot it ay fam N
. , e A n A . nhién va may dong, kiém soat
Lam héo | héo thu cong, khong v&i tuan hoan Ny A
2 . Cnr A A , lam héo ban tu d0 am va nhiét
kiém soat nhiét do. khong khi. . A 1 .
dong do chinh x4c.
A n s , Tu dong rura May rua tiét
N . | Ritra thu cong, tiéu | May lam sach 14 co Faong fua, | ey Tuatist
Lam sach 14 X X . s quan ly nudce tai | kiém nudc, tai sir
ton nhiéu nudce. gi61 hoa. , .
su dung. dung nudc.
Lén men trong Lén men ban ty | May lén men co
. Phun suong tang do X . A A - ¥ 1A
Lén men buong kin, khong dong v6i phun kiém soat nhiét
am, tiéu ton nudc POy Ay oan R
phun suong. suong toi thiéu. do va do am
£1% . ay bang may nan
Say bang nhiét truc Say bang . y nang £ R . X
X o KA Ao luong tai tao LA Say khong tiép
Say kho tiép (tiéu ton nang o \ Say tang ,
Co (khong dung Xuc
luong va nudce). -
nude).
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Su gia tang diu chan nudc tir 14 ché tuoi dén ché thanh pham cho thay giai doan ché bién
6 anh huong dang ké dén ap luc sir dung nuée trong toan chudi san xuat. Du luong nude ding
tryc tiép khong 16n, su giam khdi lugng nguyén liéu qua ché bién lam ting luong nudce o trén
mot don vi san pham Vi vay, giam hao hut nguyén li¢u va néng cao hi¢u suat ché bién 1a giai
phap quan trong dé giam dau chan nuée. Nudc xam tuy chiém ty trong nho nhung phan anh
nguy co 6 nhiém tur hoat dong bon phan va dong chay mat. Trong diéu kién tham canh, nudc
xam c6 thé gia ting néu dinh dudng khong dugc quan ly hop ly. Do do, can ap dung bén phan
can ddi, tang st dung phén hiru co va kiém so4t rira trdi nham bao vé chat lugng nguon nuaéce. So
v0i cac nghién ctru quoc té, ddu chan nudc cia ché tai Phu Tho & mirc trung binh dén cao, cha
yeu do hi€u qua san xuét con han ché du diéu kién tu nhién twong ddi thuan loi. Diéu nay cho
thdy can tdi wu hoa canh tac, nang cao ning suit va chuin hoa phuong phap danh gia dé ting
tinh so sanh va do tin cay cua két qua.

Tir cac két qua trén, giai phap st dung nudce bén virng cho san xuat ché tai Phu Tho can
tap trung vao bén hudéng chinh. Thir nhat, tdi wu hoa tudi tiéu thong qua ap dung tudi nho giot,
tudi phun mua cyc bd, xdy dung lich tudi theo nhu cau thyc té ciia ciy va tich trit nuéc mua cho
mua kho. Thir hai, nang cao nang sut bang cai thién giéng, tré héa vuon cheé, diéu chinh mat do
trong va chuan héa ky thuat chiam soc. Thir ba, giam ddu chan nudc xam thong qua bon phan
theo phan tich dat, sir dung phén hitu co va xay dung vung dém thuc vat ven nguén nudc. Thir
tu, cai tién cong nghé che bién theo hudng tiét kiém va tai sir dung nudc, giam hao hut nguyén
lidu va nang cao hiéu sudt chuyén doi tir ché tuoi sang ché thanh pham.

Nhin chung, Pha Tho ¢ diéu kién ty nhién thuan loi cho phat trién cay ché, nhung hiéu qua st

dung nudc con thip do han ché trong canh tac va ché bién. Do d6, giam ddu chan nudc khong

chi 1a giam luong nudc sir dung, ma quan trong hon 1a nang cao ning suat, giam that thoat va

kiém soat 6 nhim. Cac bang so sanh chi tiét vé diéu kién tu nhién, phuong phap canh tac va

quy trinh ché bién nén dugc chuyen Xuong phu luc; trong phan chinh chi can giit cac chi tiéu cot

16i nhu d4u chan nudc, ning suat, ngudn nudc chu dao va muc do ap dung cong nghé dé lam o
¥ nghia cta két qua nghién ctru.

Mac du nghién ctru da cung cap mot cai nhin toan dién vé sir dung nude trong san xut
ché, mot s6 han ché can dugc xem xét khi dién giai ket qua. Thur nhat, dit liéu dau vao, dic biét
trong giai doan ché bién, con han ché vé quy mo va s6 lugng miu, c6 thé anh huong dén tinh dai
dién. Thir hai, nghién ctru chua xem xét day du bién dong theo thoi gian va cac kich ban bién
d6i khi hau, trong khi day 1a yéu t6 c6 anh huong 16n dén can bang nude trong dai han. Thir ba,
mot s6 gia dinh trong mé hinh CROPWAT, nhu hé s6 cay trong va hiéu qua str dung nudc, co
the chwa phan 4nh hoan toan diéu kién thuc té tai dia phuong. Do do, cac nghién ctru tiép theo
can m& rong pham vi dir liéu, tich hop cac kich ban khi hau va cai tién phwong phap luan dé
nang cao d6 chinh xac va tinh ing dung ctia két qua.

5.KET LUAN

Nghién ctru nay da ung dung mé hinh CROPWAT 8.0 két hop véi phuong phap danh
gi4 ddu chan nuéc nham phan tich toan dién hiéu qua sir dung nudc trong chudi san xuat che tai
tinh Phu Tho, Viét Nam. Két qua cho thay nhu ciu nudc cia cay cheé phu thudc chu yéu vao
ngudn nudc mua, voi lugng nudc xanh 1a chiém wu thé trong téng nhu cau nude cdy trong
(10.775 m*/ha/nam), trong khi nuéc xanh lam dong vai tro bo sung véi mirc 5.609 m*ha/nam.
Trén co s& ning suit trung binh 11 tan/ha, téng dau chan nudc trong giai doan canh tac dugc
x4c dinh dat 1.573,1 m*/tan, trong d6 nudc xanh 14 chiém ty trong lon nhat, tlep theo la nudc
xanh lam va nudc xam.

Khi mé rong danh gia sang toan bo chudi san xuat, két qua cho thdy déu chan nudc ting
dang ké do hiéu tng tich lily nudc ao trong qua trinh ché bién. Cu thé, tong diu chin nudc cia
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cheé den thanh pham dat 3.901,2 m’/tan, gan gap 2,5 1an so v4i giai doan nguyén liéu ban dau.
Sy gia ting ndy chi yéu xut phat tir su suy giam khéi luong san pham qua cac cong doan ché
bién, trong khi lugng nude sur dung truc tiép trong ché b1en chi chiém ty trong nho (32,7
m?%/tan). Két qua nay nhin manh tdm quan trong cua viéc tiép can danh gia theo chudi gia trl
thay vi chi tap trung vao giai doan canh tac. So sanh v6i cac nghién ciru quoc té cho thdy dau
chan nude cua ché tai Pha Tho ¢ mirc twong dbi cao, cha yéu do nang suit thap hon so véi trung
binh toan cau. Dleu nay cho thay hiéu qua sir dung nudc cua hé thdng san xuat ché tai khu vuc
nghién ctru chua téi wu, ddng thoi phan 4nh tiém ning cai thién dang ké thong qua nang cao
nang sudt va téi wu hoa quan 1y tai nguyén dau vao.

Trén co s6 cac két qua dinh luong, nghién clru da chi ra rang viéc cai thién hiéu qua sur
dung nudc can dugc tlep can theo hudng tich hop, bao gom: (i) nang cao nang sudt cay trong
thong qua cai tién gibng va ky thuat canh tac; (ii) t61 wu hoa ché do tudi nhim giam phu thudc
vao nude xanh lam trong diéu kién kho han; (iii) ndng cao hiéu sudt ché bién dé giam hao hut
nguyén liéu va han ché gia tang dau chan nudc ao; va (iv) kiém soat str dung phén bon nham
giam 4p luc nudc xam va 6 nhiém moi truong. Cac giai phap nay khong chi gop phan giam dau
chan nudc ma con phu hop véi dinh hudng phét trién nong nghiép bén vimng va kinh té tuan
hoan.

bong gop chinh cua nghién ctru 1a Xay dung dugc mot cach tlep can tich hop gitta m6
hinh héa nhu cau nuge cay trong va danh gia dau chan nudc trong diéu kién cu thé cua Viét
Nam, qua d6 cung cip co s& khoa hoc va thuc tién cho quéan 1y tai nguyén nudc trong san xudt
noéng nghiép. Két qua nghién ctru ¢6 y nghia tham khao quan trong cho cac nha quan ly, doanh
nghiép va nguoi san xuat trong viéc hoach dinh cac chién lugc st dung nude hidu qua va bén
vitng. Két qua nghién ctru khong chi ¢ ¥ nghia_ dbi voi nganh che tai Pha Tho ma con c6 thé
dugc mo rong ap dung cho cac hé thong cay trong tuong tw, gop phan ‘nang cao hiéu qua su
dung nudc va thuc day phat trién nong nghiép bén ving trong bdi canh bién d6i khi hau.

LOI CAM ON

Nghién ctru duoc thuc hién dudi sy tai tro ctia Quy phat Trién Khoa hoc va Coéng nghé
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