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MO DAU
1. TINH CAP THIET CUA PE TAI

Hai tinh Ninh Thuan va Binh Thuén 13 ving kh6 han nhit ca nudc,
luorng mua it va phan bb khong dong déu giira cac thang trong nam. Vi Vay,
can st dung hop 1y tai nguyén nudc dé dam bao san xuét. N ghlen ctru ché do
tudi tiét kiém nudc hop 1y cho cdy trong c6 gia tri kinh té cao 1a rit quan
trong va can thiét. Trudc day, cac nghién ciru thuong tap trung vao phuong
dién ché do tudi cho cdy trong theo phuwong phap tudi va chwa quan tim
nhiéu dén dong thai 4m cta dét theo khong gian bo r& hoat dong cia ciy.

Trén thé gidi, cdy nho ldy 14 dugc trong nhidu & My, Thé Nhi Ky, Hy
Lap, Brazil... Tai Viét Nam, tor nam 1999+2010, CTy TNHH thuc phém
YERGAT va Trung tdm Phat trién KT-XH Binh Thuan (SEDEC) di nhap
khau giéng nho IAC 572 tir Brazil vé trong dé 1y 14 ché bién xuat khau. Do
ciy phu hop voi didu kién ty nhién tai céc tinh Ninh Thuén, Binh Thuén,
Podng Nai... nén da phat trién tot va cho hiéu qué kinh té cao. Hién nay, trén
thé gii van chua co bat cir nghién ctru nao vé ché do tudi hop 1y cho cay
nho lay 14, trong d6 c6 vung nhiét déi khan hiém nudc (ving kho han) Nam
Trung Bo. Chinh vi vay, Nghién ciru dpng thdi dm ciia dit trong kyj thudt
twéi nhé giot dé xdc dinh ché dj twéi hop Iy cho cdy nho ldy ld trén ving
khan hiém nwéc s& gop phan 1am sang t6 nhitng van dé cap thiét hién nay.
2. MUC TIEU, POI TUQNG, PHAM VI, NOI DUNG VA PHUONG

PHAP NGHIEN CUU

Muc tiéu nghién ciru:

(1) Xac dinh dugc dién bién lan truyén nudc va dong thai am cua dat
trong k¥ thudt tudi nhé giot;

(2) Xac dinh dugc ché d6 tudi tiét kiém nude hop 1y cho ciy nho 14y 14
canh tac ¢ ving khan hiém nuéc (ving kho han), bao gom: chu ky tudi,
lugng nudce va thoi gian tudi theo tirng giai doan sinh trudng cua cdy;

Déi twgng nghién ciru: Nghién ciru cho 1 loai ciy trong: cdy nho lay 1a
vung khan hiém nuéc Ninh Thuén va Binh Thuan; K¥ thuét canh tac theo
hang (theo lu6ng).

K thuat tudi chinh dugc dung 1a tudi nhé giot (tudi phun mua nhoé chi
dung dé cai tao vi khi hau);

Pham vi nghién ciru: thuoc ving khan hiém nudc (ving kho han) ctia
Viét Nam, gém 2 tinh Ninh Thuén va Binh Thuén; Piéu kién khi hau néng
noéng, it mua; thd nhudng chu yéu la dét cat min; han ché vé diéu kién ngudn
nuéc mat; BS tri thue nghiém tuoi tiét kiém nudc tai tinh Binh Thuén;



Ngi dung nghién ciru

- Panh gia tong quan linh vuc nghién ctru trén thé gidi va trong nudc;

- Khao sat thyuc dia, thiét ké va thiét 1ap mo hinh nghién ciru thuc nghiém
ché d6 tudi hop 1y cho cay nho lay 14;

- Thyc nghiém tudi, quan tric dién bién lan truyén nudc va dong thai
4m cua dat theo khong gian va thoi gian. Thiét 1ap twong quan va hoi quy
tuyen tinh gitta cac dai lugng lién quan ctia qua trinh lan truyén nude va dong
thai am cua dat;

- Thuc nghiém vé qua trinh sinh trudng, phat trién cua cy theo chu ky
va luong nudce tudi timg mua vu. Thiét 1ap trong quan va xdy dung hé
phuong trinh hoi quy tuyen tinh gita cic nhan td: khi tuong (nhiét d9, do
am, nang, gi6, mua, bdc hoi nudc) - lwong nude tudi - nang suét cay trong;

-Ung dung m6 hinh CoupModel m6 phong lan truyén am va nhiét trong
hé théng dit - ciy trong - khong khi cua k¥ thuat tuéi nho giot;

- Xac dinh ché d6 tudi tiét kiém nude hop 1y cho ciy nho lay l&.

Cach tiép cgn

- Tiép can toan dién, hé thong va thuc tién, tir tong thé dén chi tiét; ké
thtra, chon loc kinh nghi€m tri thirc, cac nghién ctru va co so dit li€u da co;
Tiép can theo h¢ sinh thai, cac huong phzit trién hiu qua va bén viing, giam
thiéu lang phi tai nguyén dat—nu’oc Ké thira/tmg dung KHKT hién dai, cac
thanh tyu vé tudi va san xuat, thu hoach va bao quan san pham tién tién.

Phuwong phdp nghién ciru

- Phan tich, tong hop va hé théng hoa 1y thuyét; Ké thira chon loc va
phan tich tong két kinh nghiém nghién ctru; Piéu tra khao sat hién truong;
Phuong phap thi nghiém trong phong va thuc nghiém ngoai dong; Xu 1y dir
lidu bang phuong phap phan tich thong ké; Phucmg phap md hinh todn mo
phong qua trinh lan truyén nude va dong thai am trong k¥ thudt tudi nho giot.
3. Y NGHIA VA NHUNG PONG GOP MOI CUA LUAN AN

Y nghia khoa hoc:

- Nghién ciru da thiét 1ap duoc dudng dic trung 4m cua dit canh tac (dat
cat min) ving khan hiém nuéc (ving kho han) 1a co s& khoa hoc phuc vu xac
dinh ché do tudi hop 1y cho cay trong can;

- Nghién ciru da thiét 1ap mdi twong quan giita D4t — Nudc — Cay trong
— Khi hau 1a co sé khoa hoc cua cac nghién ctru rng dung tudi nude cho cay
trdng can ctia ving khan hiém nudc (ving kho han);

- Nghién ctru da xac dinh nhiing chi tiéu co ban trong nghién ctru tudi
va hiéu qua tudi nudc bang ky thuat tudi nho giot cho ciy nho ldy 14 viing
khan hiém nudc (ving kho han) Nam Trung Bo.



Y nghia thyec tién:

> Cay nho lay 14 c6 gia tri kinh té cao, tuy nhién thiéu nudc phuc vu
tudi dang 1a 1 van dé can tro dén sy phat trién dai tra. Két qua nghién ctru s&
giip nguoi dan tudi tiét kiém va nang cao hiéu qua ding nudc, phyc vu phat
trién cay trong trén quy md rong 16n hon tré thanh cay trong ¢6 thé manh;

> Két qua nghién ctru 1a mot su lya chon hop ly dé chuyen doi co céu
ciy trong theo huéng da dang hoa cac loai cdy trong c6 gia tri kinh té cao
(mang tinh bén vimg) va thich nghi véi diéu kién tu nhién ving kho han;

> Ung dung két qua nghién ctru gitip don gian hoa cong tac tudi, gop
phan xay dung ké hoach tuéi va phat’ trién cdc mo hinh khai thac, sir dung tai
nguyén dit — nude phuc vu san xuit 6n dinh va bao vé mdi trudng bén viing.

Nhiing dong gop maoi ciia nghién ciru

> Xay dung duong dic trung 4m cua loai dat canh tac nham phat trién
hiéu qua k¥ thuat tudi nho giot cho timg loai cdy trong ving khan hiém nuéc;

» MO phong dugc lan truyén nude va dong thai 4m trong ting dit canh
tac (vung bg ré hoat dong) cua cay nho lay 14;

> Thiét 1ap duoc ché do tudi tiét kiém nude hop 1y cho cdy nho 13y 1a
canh tac & ving khan hiém nudc (ving kho han) Nam Trung Bo;

4. CAU TRUC CUA LUAN AN

Luan an duoc trinh bay trong 136 trang, bao gdm 36 bang, 53 hinh va
cac trang thuyét minh. Noi dung chinh ctia luan 4n gom 4 chuong chinh, phan
M& dau va Két luan - Kién nghi, cu thé nhu sau:

M dau

Chirong 1: Tong quan linh vuc nghién civu;

Chirong 2: Co 56 Iy thuyét va bé tri thue nghiém;

Chwong 3: Két qua thuc nghiém va mé phong lan truyén nudc, dong

théi am cua dat trong ky thudt twdi nhé giot;

Chirong 4: Két qua thuc nghiém va xdy dung ché dj tei hop Iy cho cdy

nho lay la viing khan hiém nuéc;

Két lugn va Kién nghi.

Phén Phuy luc dwoc trinh bay trong 145 trang, gdm 105 bang biéu va 99
hinh minh hoa va phan thuyét minh “Téng két ky thudt trong, cham séc va
thu hoach cdy nho ldy 1d”

CHUONG I
TONG QUAN LINH VUC NGHIEN CUU
I.1 NGHIEN CUU VE SU VAN PONG CUA NUOC TRONG HE
THONG PAT - NUOC - CAY TRONG

Ché do nudc cua dat duge xem la téng hop cac hién tugng nudc xam

nhap vao dat, sy chuyén dong ciia nd, giit nd trong nhiing tang dat va tiéu



-4 -

hao no tir dat. Cac nha khoa hoc cho rang qua trinh nuge tham vao dat co
thé chia thanh 2 giai doan: (1) Tham chua 6n dinh, va (2) Thim 6n dinh.
Nghién ctru lan truyén nudc trong dat nham xac dinh phwong phap tudi va
luong nude tudi hop 1y cho timg loai cdy dé nang cao hiéu qua dung nude.
I.2NGHIEN CUU AP LUC HUT AM VA DPONG THAI AM CUA PAT
PE UNG DUNG TRONG TUOI TIEU NUGC CHO CAY TRONG

C6 2 cach xéac dinh ap lyc hit am cua dat: (1) Phuong phap do truc
tiép bang cac thiét bj do (Tensiometer, Capilarimeter hay Vacum chamber);
(2) Phuong phép gian tiép 1a dung céc thiét bi do cac chi tiéu nao d6 lien
quan t6i ap luc 4m bang cac ham phu thudc, sau d6 tinh toan ap luc hut am.

Xac dinh nudc trong dat bang nhiéu phuong phap: Trong luong, Block
va nhiét dung, éng Neutron, do thoi gian chuyen tiép tin hiéu TDR;

Puong dic trung 4m (pF) cua moi loai dat dugc xay dung dé biéu thi
mdi lién quan gitra ap lyc hat am (h) va do am dat (0). Co 3 phuong phap
dé xay dung dudng dic trung am la: 1y thuyét, thuc nghiém va ban thuc
nghiém. Ung dung dudng dic trung am dé: dy bao nhu cau tudi cho ciy
trong; thiét 1ap mdi quan hé giita d6 4m-ap lyc am dat-mat do6 ré va sy hit
nudc cua cdy; danh gia sy van chuyén mudi va lan truyén cac chit hoa tan
trong dat; phuc vu cong tac tudi cho cdy trong can... Nghién ciru thuc
nghiém xay dung dudng dic trung 4m dé tinh toan trit lugng nudc hiru ich
trong dat va luong nudc dé hiru ich cho cay trong, phuc vu xac dinh ché do
tudi tiét kiém nude hop 1y ving khan hiém nudce (vung kho han) Nam Trung
B6 hiu nhu it dugc quan tam thyc hién. Vi vay, dé gop phan néng cao hiéu
qua ding nudc trong san xuat, can xay dung duorng déc trung am cua dat.

Nghién cuu thuc nghiém tham dé kiém tra viéc tudi thiéu/thira nudc it
dugc quan tdm thyc hién, chu yéu ding & viéc phan tich cdc chi tiéu co - ly
- hoa dat mac du két qua nghién ctu nay rit quan trong, boi rat dé xay ra
hién twong thira nude khi kéo dai thoi gian mdi 1an tudi (nudce s& tham sau
qua vung bd ré hoat dong). Do do, hau hét nguoi dan déu thyuc hién tuéi
theo phuong phap truyen thong, thoi gian va lugng nudc tudi tuy theo chu
quan ciia nguoi tryc tiép san Xuat gdy lang phi kha nhiéu nuéc.

Hién nay, k¥ thuat tudi tiét kiém nuée di dugc tng dung rong rai trén
thé gidi, cac nuéc nhu MY, Israel, Uc Tay Ban Nha, Puec... ¢6 nhiéu kinh
nghiém va thanh tyu trong linh vue nghién ctru, ap dung ky thuét cong nghé
va quan ly tudi tiét kiém nudc trong san xudt nong nghiép, né cé thé thay
thé hau hét cac hé thong tudi thong thuong trude ddy va dem lai hiéu qua
kinh té cao. O Viét Nam, nguoi nong dan da timg budce dwa hé thong tudi
nay vao thay thé cac giai phap tudi truyén thong, gitp tiét kiém nuéc va
nang cao ning suat, chit luong san pham.
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Cac nghién ciru trude day van chua quan tam nhiéu dén dong thai 4m
cua dét theo  khong gian hoat dong cua bd 1€ cdy, nén chua duge ung dung
xac dinh ché d6 tudi cho cay trong can. Dong thai a am dat img voi timg k§
thuat tudi khac nhau déu khac nhau vé khong gian va thoi gian, vi vay khi
ing dung ky thuét tuéi nho giot vao thyc tién san Xuat, can c6 nghién ciru
cu thé d6i véi van dé nay, trong d6 co dong thai am theo gid trong ngay, dé
thiy dugc mirc hap thu nudc hiéu qua cua cay, tranh xay ra hién tuong tudi
thira hodc tudi thiéu nude khi ving am tdi uu vurot qua hodc nhé hon khong
gian b ré, tir 46 xac dinh mirc tudi chinh xac hon cho cdc mua vu sau.

Nghién ctru ché do tudi da dugc thyc hién voi kha nhiéu phuong phap
khac nhau cho nhiéu loai ciy trong can. Tuy nhién, cac két qua cong b xac
dinh murc tudi theo dleu kién khi tugng thue té hang ngay dé d¢am bao du
nuée cho ciy trong van chua phd bién nhiéu, diéu nay han ché viéc tng
dung tudi nude cho cay trong cua ngudi nong dan, dic biét 1a ving khan
hiém nuédc (ving kho han) Nam Trung Bo.

Cac nghién ciru v€ cdy nho tai Viét Nam kha nhiéu, tuy nhién nghién
ctru vé ché do tudi rat it va dién ra kha lau, khong con phu hop véi thoi
dlem hién tai va tuong lai. Cay nho lay 14 1a loai cdy mai co trién vong phat
trlen va mang lai hiéu qua kinh té tai Viét Nam, ché d6 tudi hop 1y cho cay
trong nay hién van chua duoc thuc hién, viée tudi nudc cho cay chu yéu
theo cam tinh bang phuong phap tudi truyén thng rat 1ang phi nudc. Chinh
vi vy, cac co s¢ khoa hoc vé ché d6 tudi, cham soc cho cy nho ldy 14 can
thiét dugc nghién ctru va xac dinh cu thé, dac biét la trong k¥ thuat tudi nhod
giot trén ving khan hiém nuéc (ving kho han) Nam Trung Bo.

1.3 PAC PIEM VUNG NGHIEN CUU

Ninh Thuan va Binh Thuén c6 diéu kién khi hau kho han va it mua nhét
ca nude. Mic du hé thong séng ngoi va hd chira cua 2 tinh khéa phong ph
nhung do lugng mua khong déu theo khong gian va thoi gian nén déu can
kiét nghi€m trong vao mua khd. Hang nam dién tich cay tréng bi thiét hai do
han han ting cao. Tong dién tich phai ding san xuat nim 2016 tinh Ninh
Thuan khoang 10.260ha: Vu Bong Xuan la 5.775ha (lta 2.645ha, mau
3.130ha); vy Hé Thu la 4.495ha lta. Tai tinh Binh Thuan, téng dién tich cay
hang nam bi thiét hai tinh dén ngay 2/3/2016 1a: 1.400ha, gdm 150ha Ita (tap
trung tai Dirc Linh 97ha, Ham Thuan Bac 19 ha, Him Tan 34ha), 300ha cay
thanh long, 200ha cay diéu, 700ha mia. .. tai Him Tén.

Dién tich d4t hoang hoa cta 2 tinh kha phong ph, tuy nhién do didu
Kién ngudn nudc khong dap (mg du nén nguoi dan khong thé canh tac thuong
xuyén, anh huéng 16n dén doi sdng xa hoi cua ca ving. Vi vy, viéc Gmg
dung giai phap tudi tiét kiém nudc cho cdy trong 14 rat can thiét.
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CHUONG II
CO SO LY THUYET VA BO TRi THUC NGHIEM

1.1 COSOLY THUYET

11.1.1 Co sé ly thuyét vé qua trinh van chuyén nwéc trong dat
Dinh lugt Darcy (cho dong chay trong dit bao hoa nudc)
Luu luong nude chay qua khdi dat bdo hoa nude tiét dién A:

Q=K+ (HZA_LHl) * A (2.2)

Trong dé: Hi v Hz: Chiéu cao cot nude thi nghiém (diém dau va cubi);
Av: Chiéu dai khoi nudc theo chi€u dong chay;
A: Dién tich mat cat ngang khoi nudc vuong goc dong chay;
Q: Luu lugng nudc chay qua khoi dat bio hoa (cm?/s);
Toc d6 tham on dinh qua 1 don vi dién tich trong 1 don vi thoi gian
V=== Kxj (2.2)
Trong dé: K: Hé s6 thAm bdo hoa (cm/s);
J: Gradien thuy luc (hay d6 dc thuy luc) bang

H2-H1 .
m (cm/cm);

Dong chdy trong dit khéong bio hoa nuwdéc
Theo Richards (1931), dong chay trong dat khong bao hoa dugc tinh:

qw = —kw (% - 1) - Dv% + Gbypass (2.3)
Trong dé: kw: Hé s thim khong bao hoa;
y: Strc cing mit ngoai cia nude hay ap luc nude; z: do sau tham;
Cv: Ham luong hoi nude trong khong khi ¢ trong dét;
Dy: hé sb khuyéch tan hoi nuéc trong dat;
Obypass: dong chay qua khe rdng 16n (vi md) giita cac khbi dat;
Qmat: dong Darcy hay dong chay qua céc khe réng nho cua dat;
Qw: 12 tdng cua: dong chay qua khe rdng nhé qma, dong hoi nude qu
va dong chay qua khe rdng 16n qpypass clia tang dit;
Phuong trinh tong quat cho dong chay khong bio hoa tir dinh luat bao
toan khéi lugng:
g= 27) hy L=02f ()
Trong do: 0: Do am dat;
Phuong trinh (2.3) va (2.7) 1a 2 phuong trinh co ban dé tinh dong thai
am trong dat.
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11.1.2 Cac ham dic trung thity luc ciia nuée trong dit
a) Puong dic trung am ciia dat ) )
Theo Brook & Corey (1964), ap luc hat am thyc t€, y, nhu sau:

S, = (%)_A (2.11)

Trong dé: ya: Ap luc khong khi vao; A: Chi sé phan bd kich thude 16 rong;
P06 bao hoa nude hiru hiéu, Se, duge xac dinh nhu sau:

0 -6,
Se =54 (2.12)

Trong do: 0: 3% am thuc té; 0s: 30 4m bdo hoa; ;; ham luwgng nudce con
lai (hay ham lugng nudc ma gradient d§/dh tr¢ thanh zero);
Theo Van Genuchten (1980) ham sb d6 bio hoa nude hiru hiéu, Se:

(2.13)

¢ (1+(aw)gn)g’"

Trong d6: o, gn VA Om: cac hé sb thuc nghiém;
b) H¢ so tham khong bao hoa
Theo Mualem (1976), hé s6 tham khong bao hoa ky* dugc tinh:

. (n+2+2)
, kw = kmatSe 7 (218
Neéu ham s0 (2.11) cho dic trung am duogc dung thi hé s6 k" dugce tinh:
. Va 2+(24n)A
ki = Ko (w) (2.17)

Trong d6: Kmar: Hé s6 thdm bio hoa phan bd trong hé 16 rdng nho;

n: tham so tinh toan sy twong quan gitra 10 rong va dong chay roi;
Theo Van Genuchten (2.13), hé s6 tham khong bao hoa nhu sau:
(1—(mp)9771(1+(aw)gn)-gm)2

(1+(a111)gn) 2"
Trong do: a., g, va gm: cac hé sb thuc nghiém (twong tu (2.13));
Gidng nhu céc lwa chon khac d6i véi cac ham sé cia Mualem (2 16) +
(2.18), thi h¢ s6 tham khong bdo hoa ky™ c6 thé ciing duge tinh bang mot
ham liy thira don gian cta sy bao hoa tuong doi:

ki = kmat (2.18)

. 9\ Pnr
iy = Jemar (5) (2.19)
Hoic bang mot ham lity thira don gian ctia bdo hoa hitu ich:
kiy = KinaeSe"® (2.20)

Trong do: Pu, va Ppe: cac tham s6; Se: Do bdo hoa hiru hiéu;
Kmar: HE s0 tham bao hoa phan bo trong hé 10 rong nho;
0s: d6 am bdo hoa nudc; 0: dd6 am thuc te;
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Tong hé s6 thim gan bdo hoa dugce tinh toan nhu sau:

<log(kw(6 em)) 6- 65;6m10g< ksat >>

kw(@s-6m)

ky,, =10 (2.21)
Trong do: Ksx: Hé s6 bido hoa nude toan phin bao gdm céa khe rong cua
cac khoi dat;
ki, (65 — 6,,): hé sb tham phia dudi (65 — 6,,,) tai Wma duoc
tinh tir cong thire (2.16) + (2.18);
¢) Trik lwgng nuwéc hitu ich tich liy ciia dit va lwong nwéc dé hiu ich
cho cay: Theo FAO, trit lugng nuéc hitu ich trong ting dat (i) c6 bé day dz:
AW(i) = ]000*(9fc— pr)* dZ(i) = ]000*9aw(i) * dZ(i) (mm) (2.22)
Trong d6: AW: Trit lugng nuéc hitu ich trong dat c6 bé day dz (mm).
Oaw, Otc, Owp: 40 4m hitu ich, ¢ am dong rudng, d am cay héo (m3/m?
hay cm®/cm?3);
dz): Do day cua tang dat nghién ctru thir (i) (m).
- Tong trit lwgng nudc hitu ich cia cac tang dit duoc tinh toan:
TAW = ZnAW(l) = 1000 Zl aw(i). * dZ(l) (mm) (223)
Trong d6: i=1 — n: sb gia cua 406 siu tang dat.
TAW: Tong trit lugng nuée hitu ich (lity tich) trong dat & d6 siu z.
- Luong nudce dé hiru ich cho cdy trong (RAW):
RAW =p* TAW (mm) (2.24)
Trong dé: RAW: Lugng nudc dé hitu ich cho ciy trong & d6 siu z.
p: He sé binh quan cua tong lwong nudc hitu ich trong dat
gitip 1é cay ¢ thé hut dé dang, gla tritr 0+ 1.
I1.2 TINH TOAN NHU CAU NUOC CHO CAY TRONG
Téng luong bdc hoi nudce trong 1 chu ky tudi (CK) n:

n
Epan(n) = Z 1Epan(i) (mm) (2.25)
i=1
Boc thoat hoi nudc tham chiéu tinh toan trong 1 chu ky tuéi (ETo):
ETog) = Kpan * Epan(, (mm) (2.26)

Trong d6: Epangy: tong lwong boc hoi niede “trong 1 ngay (mm);
n: chu ky tw6i 2, 3 hay 4 ngay; Koan: Hé s0  boc hoi chdu dung nuoc;
Boc thoat hoi nudc mit ruéng hay nhu cau nude cho cay trong:

ETc=Kc * ETo (mm) (2.27)

hay  Wecrop = Kc*ETo (mm) (2.28)
Nhu cau tudi cua cdy tréng (mirc tudi co ban) trong 1 chu ky tuéi n:

Istn) = ETC P(n) (mm) (2.29)

Trong dé: Kc: Hé sb nhu cau nudc cia cay;
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P: Luong mua hitu hiéu trong 1 chu ky tudi n (mm);
Isty: Nhu cau tudi ciia cay trong trong 1 chu ky tudi n (mm);
Sau khi tinh dugc Ist (m@c tudi co ban) trong 1 chu ky tudi n (mm),
thiét 1ap thém 2 mirc tudi thuc nghiém khac dé so sanh: ting thém 25% so
v6i Ist (dat tén: mirc nhidu nude) va giam 25% so véi Ist (dat tén: mirc it
nudéc), cac hé sé mirc tudi tuong tng: may=1,25 (mirc nhiéu nudc), me) =1,00
(mtrc co ban hay mirc ban ddu/mirc trung binh), mg) = 0,75 (muc it nudc).
Tinh mirc nude tudi cho ting 16 thuc nghiém (j) trong CK tinh toan:
Img) = Mgy * IStmy/Kes =mgy™* (ETc— Pm)/Kes (mm) (2.30)
Téng luong nude tudi cho timg 16 thuc nghiém (j):
Whiock) = Img) * Fblock = Im(,i) * 10"3* (1,1 * pj * Lb)(m3) (2.31)
Trong do: Img): Mirc nudc khong ché tudi ting 16 thuc nghiém (j);
Ker: Hé s6 hiéu qua st dung nudc cua hé théng tudi tiét kiém nude;
mg): Hé sé mirc nude tudi;
Whiock): TOng lwong nude tudi cho ting 16 thuc nghiém (j);
Foiock: Dién tich hinh chiéu tan 14 cdy trén mat dét vao lic 12g00;
107%: Hé s quy ddi don vi tir mm sang m;
bi: Bé rong bong cdy thoi diém 12g00 (m);
Ly: Chiéu dai bong cay cua 16 thuc nghiém thoi diém 12g00 (m).
Thyuc nghiém tudi va quan tric su sinh truéng va phat trién cay trong
trong 3 muia vu: gdm cac giai doan sinh trudng va phat trién, nhitng thay doi
vé kich thude than, 14, r&, sinh khdi cay...
11.3. BO TRi MO HINH THU'C NGHIEM
I1.3.1. Vi tri, dic diém khu vue bd tri thue nghiém
Khu vuc thyc nghiém nam phia Nam Quéc 16 1A (gitra Quéc 16 1A va
bién Dong), tai X& Thuan Quy, huyén Ham Thuan Nam, tinh Binh Thuén.
Téng dién tich md hinh 20.000m? (b6 tri ¢ hinh 2.7). Thoi gian thyuc
hién trong 3 mua vu cdy trong (mua kho), tir thang 01/2012 + 5/2013.
I1.3.2. N§i dung nghién ciru thwe nghiém
M0 ta phau dién dét, kiém tra cac dic tinh 1y - héa cia dét va nudce tudi;
Thiét 1ap md hinh thuc nghiém;
Thyc nghiém xay dung dudng dic trung am cia dat (pF);
Thyc nghiém xac dinh hé s6 tham hién truong va trong phong ciia dét
bao hoa nudc;
Thue nghiém thim va thiét 14p trong quan dong thai 4m di;
Do dac cic yéu té khi twong phuc vu nghién ctru xac dinh ché do tudi;
Thuc nghiém tu6i va quan tric qué trinh phat trién cta cay trong;
Phan tich két qua va xay dung ché do tudi hop 1y cho ciy trong;
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P ;:,:m a o bt thing. phun ma ' Dong ho nhinh king nho: 2,5m
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Ghi chii:
A, B, C: Khu vire twdi nhd giot két hop A’,B’, C': Khu vy chi tudi bing k thuit twéi nho giot Act, Bet, Cet: Khu vire d6i chimg tudi theo phirong phap tuéi
tuoi phun mura nhé ¢ai tao vi khi hau 2 A = truyén théng

Hinh 2.7: So dé bé tri thuc nghiém nghién cieu ché dp twéi tiét kiém mede cho cay nho léy la vimg khan hiém meée Nam Trung Bo

CHUONG III

KET QUA THU'C NGHIEM VA MO PHONG LAN TRUYEN NUGC,
PONG THAI AM CUA PAT TRONG KY THUAT TUOI NHO GIQT

1111 THAM ON PINH HIEN TRUONG VA TRONG PHONG CUA PAT
BAO HOA

Tang dat mat 0+20cm c6 hé sé thdm cao nhét 1 ,176¢cm/phut, tang
20+40cm la 1,152 cm/phut, tang 40 + 60cm lai1,111 cm/phut. HE s6 tham on
dinh trong phong clia ting dit 0 + 20cm rat cao, thim dimg c6 hé sb: k, =
1,848 cm/phut; tham ngang: kr = 1,510 cm/phdt.
111.2 DIEN BIEN LAN TRUYEN NUOC TRONG PAT (THAM)
111.2.1 Dién bién thAm ngoai hién trwong (Field)

Két qua phén tich thong ké dién bién tham cho thay, d6 sau va ban kinh
thim bé mit dat ctia khu vuc trdng cy 16n hon noi khong trong cay (KoTC):

CK2: mic du bi thoat hoi nuéc bé mit nhung trong dat van chira ham
lwong 4m cao nén nude cd xu hudéng thim ngang nhidu hon so véi thim sau

CK3: lugng am trong dét giam hon so voi CK2 nén nude tham déu ra
ca 3 phuong: sang ngang, xién goc va xudng phia dudi.

CK4: c6 thoi gian l3p lai tudi kha dai nén dét kho hon, lwong 4m trong
dat giam nhiéu hon so véi CK2 va CK3 nén tdc do tham CK4 16n nhat, nudc
¢6 xu huéng tham sau xudng phia duéi manh hon sang ngang.
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Khu vwe khéng trong cdy: Zaomax: 43,37cm, Reaemax: 21,60cm;
Zaasmax: 45,13cm, Resmax: 20,1cm; Zgamax: 45,61cm, Reamax: 18,38cm;

Khu vuc tréng cdy: Zgomax: 44,53cm, Raemax: 23,4cm; Zgsmax:
46,03cm, Reksmax: 21,50cm; Zgamax: 47,53cm, Reamax: 19,95¢cm;

V& biéu dd quan hé twong quan giita cac dai luong: Z, R, W, t, Vz, Vr
Hé sb xac dinh ciia cac tuong quan khé cao (R? > 0,90)

7 500 R 300 |
(cm) 40.0 } e (cm) 25.0 — .
20.0 —
30.0 / 7~
y 15.0
200 é( 10.0 £
10.0 27 9,3U2In(t) - 10,912 ' R = 4,3998In(t)  0,5178
2[= 5.0
R?/=0,9344 : R?< 0,981
0 0 —
0 60 120 180 240 300 360 420 0 60 120 180 240 300 360 420
t (phat) t (pht)

Hinh 3.5: Biéu d6 quan hé fwong quan giita cdc dai hrong ciia CK2 ngay
(Khu vuc trong cdy, uesi TKN)
111.2.2 Dién bién lan truyen nuéc trong phong (Lab)

Két qua qua quan trac lan truyén nudc trong phong ciing c6 xu thé twong
tu nhu ngoai hién truong: Zgmax: 47,7cm, Rekamax: 25,2cm;

V& biéu d6 quan hé tuong quan gitra: Ziap, Rian, W, t, VZiab V& VRiab. Két
cho thiy cac ham sb duoc thiét 1ap c6 hé s6 R?kha cao (R? > 0,90);

111.3 PAC TiNH GIUA NUOC VA LUQNG NUOC HUU ICH CUA PAT
111.3.1 Pudng dic treng Am caa dét (pF)

Ung dung m6 hinh ctia Van Genuchten (1980) dé thiét 1ap duong déc
trung am cua dat canh tac (pF) dé img dung trong viéc xac dinh dong thai a am
cua dét, hé sb twrong quan R2 tir 0,96+0,99. Pudng cong (pF) cua 6 ting dat
1a dién hinh cho loai dét cat min v6i hinh dang cua cac dudng cong kha dong
nhét va c6 do dbc thoai. o ]
Bang 3.4: Ket qud do (trung binh cac mau dat) dwong cong luc gitt nudc trong dat (pF)

Luc Am dj thé tich (%) tai
h (pF) 0,0 0,4 1,0 15 18 2,0 2,5 4.2
STT h (cm) 0,0 25 10,0 31,6 63,1 100,0 | 316,2 [15848,9
h (bar) 0,0 0,002 | 0,010 0,031 0,062 0,098 | 0,310 | 15,543
Do sdu (cm) Po trén hop cat (Sand Box) Po trén pF Box
0+10 39,10 | 35,00 | 33,90 23,40 13,70 12,93 | 11,30 5,57

10+20 3593 | 31,33 | 29,23 21,33 12,40 | 12,10 | 11,67 3,76
20+30 3510 | 31,57 | 29,80 21,33 11,77 | 11,30 | 10,70 3,82
30+40 31,60 | 29,57 | 28,07 20,23 11,43 | 11,00 | 10,27 4,61
40+50 33,00 | 30,43 | 28,57 20,20 11,43 | 10,97 | 10,30 3,39
50+60 32,23 | 30,03 | 27,87 19,63 10,97 | 10,63 | 10,20 3,23
0+40 3543 | 31,87 | 30,25 21,58 12,33 | 11,83 | 10,98 4,44
0+60 3449 | 31,32 | 29,57 21,02 11,95 | 11,49 | 10,74 4,06

O NOORWIN|F-




Miu TB - ting dit: 0-10cm

12 -

MAu TB - ting dét: 10-20cm

5.000 5.000
(8
& 4,000 & 4.000
3.000 3.000
2.000 2.000
1.000 = 1.000
R2=0.9835 R2=0.9747
0.000 0.000
0 10.0 20.0 30.0 40.0 0 10.0 20.0 30.0 40.0
P) Am (%) D§ 4m (%)
: Oggéu TB - tAng dét: 20-30cm Miu TB - ting dét: 30-40cm
W 4,000 y 2000
o o 4.000
3.000 3.000
2.000 2.000
1000 | po=0.9794 1.000 | po =0 9861
0.000 0.000
0 100 200  30.0  40.0 0 100 200 300 400
P Am (%) PH Am (%)
MAu TB - tng dat: 40-50cm MAu TB - ting dat: 50-60cm
5.000 5.000
& 4.000 & 4.000
3.000 3.000
o
. R2=0.9838 1.000 =
0.000 o000 | FE=09828
0 100 200 300  40.0 0 100 200 300 400
D) 4m (%) PH Am (%)
Hinh 3.10: Biéu do dwong ddc trung am theo cdc tang dat
Bdang 3.5: Trir lwong nudc tich lity, trit lwong nudc hitu ich cua dat va
lwong nuoc de hivu ich cho cay nho lay ld
Tang Do | O | Wic | TWic| Owp | Wup |TWup| 0aw | AW | TAW|HE s6| RAW | TRAW| gp Op
aat| sau | cm¥ | (mm)|(mm)| (cm¥ [ (mm)|(mm)| cm¥ | (mm)|(mm)| P |(mm)| (mm | cm¥ | (%
(cm) | cmd) cmd) cm?) nwée) | cm’) | TT)
1 | 0+10 |0,1293|12,93|12,93|0,0557| 557 | 5,57 |0,0736| 7,36 | 7,36 | 0,35 | 2,58 | 2,58 |0,1036 | 80,08
2 10+20(0,1210{12,10| 25,03 0,0376| 3,76 | 9,33 |0,0834| 8,34 |15,70| 0,35 | 2,92 | 5,50 |0,0918 | 75,87
3 |20+30(0,1130(11,30|36,33|0,0382| 3,82 |13,15|0,0748| 7,48 |23,19| 0,35 | 2,62 | 8,12 |0,0868 | 76,82
4 |30+40(0,1100| 11,00 |47,33|0,0461| 4,61 |17,76|0,0639| 6,39 [29,58| - - - - -
5 |40+50(0,109710,97 | 58,30 [0,0339| 3,39 |21,14|0,0758| 7,58 |37,16| - - - - -
6 |50+60(0,1063|10,63|68,93(0,0323| 3,23 |24,37|0,0740| 7,40 |44,56| - - - - -
Trong d6: brc, Gwp » Oaw: PG dm dong rugng, dé am cdy héo va do am hitu ich cua dat;

Wie, TWie: Lirong nude trik va téng leong nuoc tich liy cia dét tai do am déng ruong;

Wup, TWup: Litong nueGe trit va tong lheong nuée tich liiy ciia dat tai d¢ dm cdy héo;
AW, TAW: Lurgng nueée hitu ich Va téng (liiy tich) trit heong nude hivu ich trong dat;

p. Hé $6 binh qudn ciia tong lwong mieGe hitu ich trong dat (TAW):

RAW, TRAW: Lirong nuede dé hitu ich Va tong heong nuede dé hitu ich cho cdy trong;
o DG dm 161 thiéu thich hop cho cdy trong (diém p);
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111.3.2 Kha ning trir nwéc hivu ich cia dit va lwong nwéc dé hiru ich cho
cay trong

D01 voi tang dét chira bo ré hoat dong cua cay trong 0+20cm (cho nhiing
ciy trong c6 b0 r¢€ hoat dong ndng, gan sat bé mat dat), do trir 4m dong rudng
1a25,03mm, tong luong nudc hitu ich trong dat 13 15,70mm (chiém 62, 3%
do trir am ddng rudng). Trong ca tang dat thuc nghiém 0+60cm), do trir am
ddng rudng la 68,93mm, tong lwgng nudce hitu ich ctia dat 1a 44,56mm (chiém
64,64% 4o trir am dong rudng).

Téng lugng nude dé hitu ich cta cac loai cdy trong can phd bién ving
khan hiém nuéc Nam Trung Bo: cay nho #n qua: 10,36mm (chiém 35,0%
tong lwong trit nuwéc hiru ich-TLTNHI), d6 4m ti thiéu thich hop cho cay
Op: 8,76%TT; Thanh long: 17,75mm (60,0% TLTNHI), 6p: 7,17%TT; cay
téo: 22,28mm (50,0% TLTNHI), 6p: 6,93%TT; cay mia: 19,22mm (65,0%
TLTNHI), 0p: 6,85%TT; cay rau (cac loai): 9,27mm (40,0% TLTNHI), Op:
8,31%TT; cay hanh téi: 4,71mm (30,0% TLTNHI), 6p: 9,6%TT.

DPbi v0i céy nho liy 14, tai ting dat chira bo r& hoat dong cua ciy trong
0 = 20cm, tong luong nuoe dé hitu ich: 5,50mm (35,0% TLTNHI), 6p: tr
9,18 +10,36%TT. Khi d0 4 am dat giam t6i diém do am t01 thleu thich hop
cho cay 0p, can tudi nudc ngay dé cdy hip thu va phat trién tot.

111.4 NGHIEN CUU THUC NGHIEM PONG THAI AM PAT
111.4.1 Pong thai 4m theo chiéu sau ting dat

Vao cudi chu  ky, d6 am CK2 16n nhét ké dén 1a CK3 , thap nhét 1a CK4.
Khu vuc khong trong ciy (KOTC) do am dat cac tang phia trén thap hon cac
tang phia dudi. Khu vue trong cdy dugc tudi tlet kiém nudc (TKN) d6 4am
C4C tang co chira bg 1& hoat dong thap hon cac tang con lai; tang day it chiu
tac dong cua yéu t6 khi tugng va khong bi ré ‘cay hat nu6e nén d am cao
hon céc tang phia trén. Khu vyc tudi truyén thong (CT) doa 4m tAng dat phia
dudi nho hon ting phia trén do bd ré hoat ddng chu yéu nam & phia dudi da
htt nudéec manh hon phia trén.

Khu vy tuéi tiét kiém nuée (CK2) - Vu V1 Khu vuc tuéi truyén théng (CK2) -Vu V1

0 5 10 15 20 25 30 35 Pj im (%) 0 5 10 15 20 25 30 35 PjAm (%)

-5 / || 0,5 gior -5 0,5 gir

E -10 11 608 | = 49 ] e ) iy
L e—12.0 gid L — 12,0 giy
& -15 - 180gis | & -15 T 18,0 gio
< — 4.0 gi0 | < — 4.0) gi$y

a . \ -3 1 ’

20 ) s 30,0 g 20 s 30,0 gy
25 \ 36,0 gitr 25 1l 36,0 gio
| 42,0 gio 42,0 giv
-30 . 48,0 gidr -30 - 48,0 gidr

Hinh 3.12: ddng thdi dm theo thoi gian va chiéu sau tang dat tai 2 khu viee —V1
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111.4.2 Pong thai am theo chu ky twéi

a) Khu viee KoTC: So sanh d6 4m dat cudi cua cac CK tudi voi do am
(Bp) ctia cac loai cay tréng can, két qua theo mutrc 4o tang 1én gém: hanh téi,
rau, ca chua, to, thanh long, mi)... Khi ap dung tudi TKN, khéng nén kéo
dai CK tudi 16n hon 4 ngay, riéng cac cy chiu han tét (mia, thanh long...)
¢6 thé tudi véi CK trung binh (3 ngay), boi cdy sé bi thiéu nudc vao cac ngay
cudi CK tudi, dic biét 1a cac cay c¢6 do nhay cam cao voi nudc nhu rau, ca
chua va hanh toi. D¢ tranh giam ning sut va chat luong san pham sau thu
hoach thi nén tudi véi CK ngin (2 ngay).

b) Khu vwe trong cdy nho ldy ld dwoc twéi TKN: hau hét do am dat
cubi cac CK3 va CK4 déu nho hon do 4m (0p), trong d6 d6 am tang dat
10-20cm ctua CK4 d6i khi bang hodc xap xi (6wp) gay khé khin cho sy hat
nude cua cdy. Riéng CK2 c¢6 do am 16n hon (6p) nén dam bao cho cay hat
du nude dé phat trién tot.

00 25 50 75 100 125 150 175 20.0 DO am (%)
-5

owp
-10 .
— 0p - nho lay 14
= p - nho lay la
e -15 )
= Ocudi CK2 (TKN2-V1)
g -20 '
[} Ocudi CK3 (TKN3-V1)
25
fcudi CK4 (TKN4-V1)
-30

Hinh 3.15: So sdnh d¢ dm dat cudi cac chu ky tue6i véi dé am cdy héo Owp
va Op — Khu viee tudi tiét kiém mieéc (TKN) - Vi V1

c) Khu vue trong cdy nho ldy ld twdi bang phwong phap truyén thong
(CT):do a Am dat cudi CK3 va CK4 déu nho hon d6 am (Op), tham chi CK4
xap xi (Bwp), khi cdy c6 nhu ciu nudc ting cao thi viéc hut nudc ciia cay gap
kho khan, cay thuong co biéu hién bi héo nhe, anh hudng dén nang suét va
chat luong san phdm toan mua vu. Riéng CK2 ¢6 dd 4m 16n hon (0p).

00 25 50 75 100 125 150 175 200  Poim (%)

-5 Owp
- -10 6p - nho ldy 14
5§ 15 ,
= feubi CK2 (CT2-V1)
¢ -20
g 5 Ocudi CK3 (CT3-V1)
30 Ocudi CK4 (CT4-V1)

Hinh 3.16: So sanh dj am ddt cusi cac chu ky twdi véi dp am cdy héo Owp
va Op — Khu vy tuoi truyen thong (CT) - Vu V1
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I11.5.3 Pong thai am theo gid trong ngay

a) Khu vuee khéng trong ciy (KoTC):

Tir 21g+3g sang c6 mirc dd giam do am nho nhat, ké dén 1a 3g+9g co
mirc giam d6 Am & vi tri thir ba trong ngay; tir 9g+15g, mirc giam do am dét
dat 1on nhat; tir 15g+21g c6 muc giam 16n th hai va chi dimg sau thoi doan
9g+159. Tang dat 0~5cm c6 mirc giam 16n nhat, ké dén 1an luot 1a cac tang
5+10cm, 10+15cm, 15+20cm, 20+25cm va téng 25+30cm.

b) Khu vwe trong ciy nho ldy ld dwgc tudi j tiét kiém nwdc (TKN):

Khi xét dén su giam d¢ a am gitra cac tang dét, co su khéc biét o rang vé
thir ty so voi khu vue KoTC, nguyén nhan do ré cay hat nudc chuyén 1én
than va 14 cdy phuc vu quang hop, trao ddi chét gitp cay phat trién va can
bang nhiét. Thir ty mirc giam: tang dat 10+15cm giam nhiéu nhat, ké dén lan
luot 14 cac tang dét 5+10cm, 15+20cm, 0+5cm, 20+25cm va tﬁng 25+30cm.

c) Khu vue trong cdy dwoc twoi bang phwo’ng phdp truyén thong (CT):

Su suy gidm do am tai cac thoi dlem trong ngay ctng tuong ty nhu khu
vuc TKN. Khi xét den su suy giam do am cia cac tang dat, khu vuc nay co
su khac biét 16 rang vé thr tu so véi khu vue KoTC va khu tugi TKN, dau
tién 1a tang dt 20+-30cm c6 murc giam 16n nhét, ké dén 1an luot 13 cac ting
dat 15+20cm, 10+15¢cm, 5+10cm va tang 0=5cm.

5.00

4.00
3.00

T TP T
oo [ AT e D EEL O st oo e UEL T o

15:00 21:00 3:00 9:00 15:00 21:00 3:00 9:00 Chuky 21:00 3:00 9:00 15:00 21:00 3:00 9:00 15:00
(sau (sau (sau (sau (sau (sau (sau (sau mdi  (sau  (sau (sau (sau (sau (sau (sau (sau
6giv) 12gio) 18giv) 24gid) 30giv) 36gio) 42giv) 48giv) 6gi0) 12gio) 18giv) 24gid) 30giv) 36gi) 42giv) 48gid)
Thoi gian (gio)
m-5cm m-10cm m-15cm %

Hinh 3.18: Mic giam dé am trong ngay cdc tang dat-KV khéng trong cdy, CK2-V1

PH 4m (%)

m-25cm m-30cm

4
3.
2.00
100 || || U0t e st “ || TR TR “ " M0 o st || ||

15:00 21:00 3:00 9:00 15:00 21:00 3:00 9:00 Chu 21:00 3:00 9:00 15:00 21:00 3:00 9:00 15:00
(sau (sau (sau (sau (sau (sau (sau (sau kymoi (sau (sau (sau (sau (sau (sau (sau (sau
6gi0) 12gi0) 18gio) 24giv) 30giv) 36gid) 42gid) 48gio) 6gi0) 12gio) 18gio) 24giv) 30giv) 36gid) 42gid) 48gi)
Thoi gian (gio)
=-5cm =-10cm -15cm m-20cm =-25¢cm -30cm
Hinh 3.19: Murc giam do am trong ngay cdc tang dat - KV twoi TKN, CK2 - V1
5.00

4.00
3.00

2.00
100 || Ml | || il " il | || il | || ‘

15:00 21:00 3:00 9:00 15:00 21:00 3:00 9:00 Chu 21:00 3:00 9:00 15:00 21:00 3:00 9:00 15:00

(sau (sau (sau (sau (sau (sau (sau (sau kyméi (sau (sau (sau (sau (sau (sau (sau  (sau

6giv) 12gio) 18gid) 24gi) 30gid) 36giv) 42giv) 48gid) 6giv) 12giv) 18gid) 24gi) 30gid) 36giv) 42giv) 48gid)
Thoi gian (gio)

D) 4m (%)

m-5cm ,®-10cm -15¢cm m-20cm =-25cm -30cm

Hinh 3.20: Mikc giam do am trong ngay cdc tang dat - KV twéi truyén thong, CK2 -V1
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111.5 UNG DUNG MO HINH COUP MODEL MO PHONG PONG
THAI AM TRONG HE THONG PAT-CAY TRONG-KHONG KHI

111.5.1 Téng quan md hinh Coup Model

Mo hinh Coup ban dau c6 tén goi Soil Model dugc phat trién dé mo
phong qua trinh chuyén dong ctia nude va nhiét ¢ bat ky loai dat nao co thuc
vat che phii theo chiéu sau ciia phau dién dat. Ly thuyét co ban gom: (1) Cac
dinh luat vé bao toan khoi lwong va ning lugng; (2) Dong chay trong dat
(Pinh ludt Darcy) hodc nhi¢t 46 (Pinh luat Fourier).
111.6.2 Ung dung mé hinh Coup Model mé phéng ddng thai 4m trong hé

thong dat - cay tréng - khong khi

a) Thiét Igp dir liéu ban ddu vao mé hinh: dua dit lidu vao cac cira sb
Document, Run Info, Switches, Parameters, Parameter tables, Model files. ..
gdm: Dit liéu khi tuong, lvong nude tudi, cay trong, dic tinh co 1y dat ...;

Thoi gian m6 phong theo tirng mua vu: Vu V1 tir 01/01 + 30/4/2012,
Vu V2 tr 01/9 +30/12/2012, Vu V3 tr 01/01 + 30/4/2013.

b) Phan tich ddnh gid két qua md phang

Xay du’ng duong dic trung &m cua d4t bang md hinh dya vao cAu triic
dat cho két qua kha twong dong vai két qua do ap luc am trong phong.

Dong thai am cua cac ting dat: d6 Am dAt ddu mua vu ha thap. Sau khi
duogc tudi, do am dat tang 1én va dugc duy tri cao hon so voi thoi diém ban
dau, két qua nay ciing phu hop voi quan trac thuc té hién truong. Béc thoat
hoi nude mit rudng (cua dat va qua 18) cling voi qua trinh tudi va phat trién
clia cdy trong, bién do tir 0,5+ 4mm/ngély Sy hat nudce trong dat cua bo ré
cay: tir 0+2mm/ngdy, pht hop v6i dién b1en thoat nudc va bbe thoat hoi nuée
clia cdy trong. Dién bién nhiét do cac tang dat thay d6i theo chiéu sau, tang
dat 0~5cm co bién do tir 18+22°C, cac tang dat phia duoi 0 bién do  giam
dan 1,5+ 2°C va kha déu theo thoi gian. Sy phat trlen tap trung ctia bo ré theo
dong thai am dat kha gidng v6i su phat trién cua ré cy ngoal hién truong.
111.6 KIEM PINH DU LIEU THU'C NGHIEM, PHAN TiCH TUONG
QUAN VA XAY DUNG CAC PHUONG TRINH HOI QUY

Dir lidu xir Iy bang phan tich thong ké, kiém dinh d9 tin cay Cronbach's
Alpha va phan tich nhan t6 kham pha EFA. Kiém dinh sy khac biét trung
binh ¢6 y nghia théng ké One-Way ANOVA, trong do kiém dinh Levene
Statistic — ddng nhat phuong sai, kiém dinh F - sy khac biét c6 y nghia thong
ké (ANOVA) va kiém dinh Welch - vi pham gla dinh phuong sai khong dong
nhét. Két qua kiém dinh déu dam bao yéu cau vé thong ke, phuc vu tinh toan
phan tich va thiét lap cac phuong trinh hoi quy tuyén tinh giira cac nhan td.

Két qua klem dinh hé sb tuong quan déu dam bao sy twong quan giita
cac dai luong rat chit chd. Cac hé phuong trinh hdi quy nhu sau:
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Bdng 3.15: Hé phurong trinh hoi quy tuyén tinh vé tham trong dat

Khu | Phuong trinh cK2 CcK3 CK4
vue hoi quy
f(Z)=f(t) 7, = 0,957, 75 = 0,969t; 7, =0,961t,
f(Z)=f(W,R) [Z,=0481W, +0,555R, [Zs=0,596W5 + 0,445R; [Z, = 0,582W, + 0,467R,
Tuéi f(Vz) =f (W, R) Mz, =0,397W, - 1,300R, NMzs=0,357Ws - 1,253Rs Mz, =0,289W, - 1,199R,
TKN f(R) =f (1) R, = 0,858t, R, = 0,838t; R, =0,813t,
f (R) = f (W) R. = 0,858W, R; = 0,838W; R, = 0,813W,
f(Vr) =f (W, R) Mr2=0,554W,- 1,417R; Mg3=0,488Ws- 1,355R; [Mrs= 0,432W, - 1,296R,

Bang 3.16: Két qua kiém dinh va xay

xdy dung hé phuong trinh hoi quy tuyén
tinh gitta dwong dac trung am (pF) va (TAWpF2 va TRAWpF)

Quan hé giira cac| |r| R? F t | VIF Eigen- Phwong trinh
TT P value X.
yéuto > 05| >05] <0,05 <0,05] <10| >1 hoi quy
1 f(TAW) = f(6pr2) | 0,946 | 0,868 | 0,004 | 0,004 | 1,00 | 1,998 | TAW = 0,946* Opr2
2 f(TRAW) = f(6pr) | 0,946 | 0,868 | 0,004 | 0,004 | 1,00 | 1,998 [TRAW = 0,946* Opr
Badng 3.17: Phuong trinh hoi quy tuyén tinh giita (0zi) va duong cong pF
T [Mua| Khu Ta_ng dat CK2 CK3 CK4
T| va | vue | Zi(cm)
0+5 0z5 = 0,952*0pF 0z5=0,946*0pF 0z5=0,942*0pF
5+ 10 0z10=0,953*0pF 0z10= 0,949*0pF 0z10=0,946*0pF
V] Tusi 10515 | 0zis=0.955%0r | 0215=0.952%0p | bzss = 0950+
va | TKN (1520 | 0220=0,955%0p | 0z0=0,951%0pr | 0z20=0,948%0pr
20+25 | 0z25=0,949*6pF 0z25 = 0,942*0pF 0z25 = 0,939*0pF
25+ 30 | 0za0=0,947*0pr | 0zz=0,939%0pr | 0Oza0= 0,937*0pr
0+5 0z5 = 0,948*0pF 0z5=0,948*0pF 0z5=0,941*0pF
5+10 0z10=0,951*0pF 0z10= 0,950*0pF 0z10 = 0,946*0pF
2| v2 Tuéi | 10+15 | 0z15=0,954*0pF 0z15 = 0,952*0pF 0z15 = 0,950*0pF
TKN [ 15+20 | 0z20= 0,954%0pr | 0z20= 0,9530pr | 0zz0— 0,947*0pr
20 +25 | 0z25=0,941*06pF 0z25=0,941*0pF 0z25=0,937*0pF
25+30 | 0z30=0,939*0pF 0z30=0,937*0pF 0z30=0,934*0pF

CHUONG IV
KET QUA THUC NGHIEM VA XAY DUNG CHE PQ TUOI
HQP LY CHO CAY NHO LAY LA VUNG KHAN HIEM NUOC
IV.1 LUQNG NUOC TUOI CHO CAY TRONG TRONG MUA VU
IV.1.1 So sanh lwgng nuwéc trong mai lan twéi
Bang phuong phéap phan tich thong ké két qua thuc nghiém thim, c6 cac
mire twdi CK2: 1,05 lit/voi (hay 5,383m3/ha, nudc thim sau Z = 24,1cm, bd
ré tap trung & do sau tir 14,6 + 15,4cm), CK3: 1,053 lit/voi (hay 5,973mé/ha,
nuéce thAm sau Z = 23,8cm, bo ré sau tir 16,8 +17,7cm) va CK4: 0,8825 lit/voi
(hay 4,523m%ha, nudc thim sau Z = 23,8cm, tir 19,0 = 20,2cm) dé so sanh:




-18-

S lan tudi ctia 16 A3 va A’3 (mire tudi it nude me) thue CK2) ¢6 lugng
nude nhé hon 5 383m3/ha chiém ty 1& cao nhét, dong nghia vdi lugng nudce
thira la thap nhat so Vi tat ca cac 10 khac, ¢ thoi diém cubi chu ky tuai, dat
Van duy tri d6 4m dam bao cho cay trong hap thu va phat trién t6t, dat ning
suét cao. Tai cac 16 khac thudoe CK2 (muc tudi M) va Mey), dac biét la CK3
va CK4 (6 ca 3 muc tudi), c6 mot phan nudc tudi da tham sau va vuot qua
d6 sau bo 1& hoat dong gay lang phi, & cudi cac CK3 va CK4, do 4m dat van
bi suy giam, khong dam bao du nude dé cay trong hap thu va phat trién.
IV.1.2 So sanh tong lweng nwéc cia toan mua vu theo chu ky tuéi

So sénh cac 16 tudi TKN véi 16 d6i ching (3 vu) nhu sau: (1) CK2 (so
v6i Act): L6 A1-A’1 tiét kiém (TK) tir 67,603+106,459m%ha; 16 A2-A’2 TK
tr 162,619 + 192,619 m¥/ha; 16 A3 - A’3 TK tir 227,764 + 287,635 m3/ha.
(2) CK3 (so voi Bet): L6 B1-B’1 TK tir 74,118 + 116,009 m*/ha; 16 B2 - B’2
TK tir 150,086 + 208,410m?/ha; 16 B3 - B’3 TK tir 226,054 + 306,581 m*/ha.
(3) CK4 (so voi Cet): LO C1-C’1 TK tr 136,881+207,816 m¥/ha; 16 C2-C*2
TK tir 215,397 + 295,747m%ha; 16 C3 - C’3 TK tir 293,913+391,083 m*/ha.
IV.1.3 So sanh véi mire nuére twéi cao nhat 1a Lo Cct

Tét ca céac 16 thuc nghiém déu c6 murc nude tudi nho hon 16 Cet, trong
d6 cac 16 co mirc tudi it nude (me) chi bang tir 40 + 50% 16 Cct.

800
600

Luwong nudce twdi
(m3/ha)

Al A'1 A2 A2 A3 A3 Act B1 B'1 B2 B'2 B3 B'3 Bet C1 C'1 C2 C'2 C3 C'3 Cct
L6 thyc nghiém
= Théng 01-4/2012 ® Thang 9-12/2%1é Théng 01-4/2013
Hinh 4.4: Tong heong nuée twdi cho cdy trong trong 3 mia vu
IV.2 HIEU QUA CUA KY THUAT TUOI TIET KIEM NUOC POI
VOI SU PHAT TRIEN VA NANG SUAT CAY TRONG
IV.2.1 Phan tich théng ké mé ta vé sw phat trién cia 14 nho
Két qua phan tich thong ké 14 cy thoi diém thu hoach c6 d6 1éch chuan
kha nhé so véi trung binh cac mau. La cdy cac 16 dugc tudi phun mua phat
trién nhanh va déu hon cac 16 don thuan chi tudi nho giot. La cay thudc CK2
phat trlén nhanh va déu hon cac 16 & CK3 va CK4. Trong CK3 va CK4, su
phat trién cua 14 cay trong 16 c6 mirc twdi nhiéu nude (M) phat trién nhanh
hon céc 16 ¢6 murc tudi trung binh (M(z) va it nude (Me). Cubi mua vy, 16
C’3 (thudc CK4) van con mét sb 14 phai cho da 40 ngay méi dam bao du
kich thudc theo yéu cau. Thir tu phat trién 14 ctia céc 16 nhur sau:
Lo Al, A2, A3>Lé A’l, A°2, A’3 va Act > Lo Bl, B2, B3 > Lé B’l,
B’2, B’3va Bct> Lo Cl, C2,C3>Lé C’1, C’2, C’3 va Cct.
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Hinh 4.5: Dién bién phat trién ld nho trong miia vu V1

IV.2.2 Sw phét trién than va b ré cay

Chu vi than cay cua CK2 ngay 16n hon cac CK3 va CK4, nhung mirc
d6 chénh léch khong 16n. Bo ré cta cay tudi tiét kiém nude ¢ xu thé phat
trién manh & tang dat canh tac (0+20cm) thudng xuyén duy tri d6 am.
IV.2.3 Sinh khéi cay va l4 nho

Ty I€ nudc trong than cay va 1a kha 16n, vu 2 ¢6 lugng nudc trong than
cay va la 16n hon vu 1 va vu 3; trong CK2 l6n hon CK3 va CK4.
IV.2.4 Dién bién thu hoach san phim va niing suét cay tréng

So sénh trong cting CK tudi, trong lugng 14 cay cac 16 co hé thong tudi
phun mua 16n hon cac 16 con lai. Nang suat cac 16 thudc CK2 cao hon cac 16
CK3 va CK4 (vdi cing muc tudi). CK2 ¢ ning suét thoi diém bat dau thu
hoach khéng chénh 1éch nhiéu so voi nhiing 1an thu hoach tiép theo, thoi gian
thu hoach dai tra s6m hon CK3 va CK4. O CK3 va CK4, niang suat thu hoach
vao thoi gian dau thap, thudng tap trung vao giai doan giira va cudi mua vu
(do 14 cay phat trlen chdm hon CK2).

Thir tu sap xép ning sudt giira cac 16 nhu sau: AL, A2, A3, 4’1, A°2, A’3,
Act>Bl, B2, B3, B’1, B’2, B’3, Bct > C1, C2, C3, C’1, C’2, C’3, Cct
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Lo thuc nghiém
H Théang 01-4/2012 m Thang 9-12/2012 Théang 01-4/2013

Hinh 4.8: Nding sudt cdy trong ciia cdc 16 thuc nghiém - 3 miia vu
IV.3 HIEU QUA SU DUNG NUOC (Water Use Efficiency - WUE)

Céc 16 dugc tudi phun mua c6 WUE cao hon cac 16 tudi nho giot don
thuan va tudi truyén thong. Céc 16 thuée CK2 c6 WUE cao hon CK3 va CK4.
Trong cing CK tudi, cac 16 c6 mirc tudi it (M) di dat WUE cao nhét, tiép
dén 12 mirc tudi trung binh (M) va mirc twdi cao (Mey).
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Al Al A2 A2 A3 A3 Act B1 B'1 B2 B2 B3 B3 Bct C1 C1 C2 C2 C3 C'3 Cct
L6 thwe nghiém
= WUEI (Théng 9-12/2012) WUEi (Théng 01-4/2013)

Hinh 4.9: Hiéu qua su dung nudc twdi toan mua vu

Al A'1 A2 A2 A3 A'3Act B1 B'1 B2 B'2 B3 B'3Bct C1 C'1 C2 C'2 C3 C'3 Cct = Hiéu suét nudc
L thuc nghiém tudi V3 (%)

30.0
25.0
20.0
15.0
10.0

5.0

0.0

. WUF
(T4n/ha.m3.107-3)

= WUEi (Théng 01-4/2012)

75.0
60.0
45.0
30.0
15.0

0.0

= Higu sudt nuoc
tudi V1 (%)

du suit (%)

= Hiéu sudt nuoc
tudi V2 (%)

Hi

Hinh 4.11: Hiéu sudt nwée twéi toan vu ciia mé hinh thwe nghiém
IV4 KIEM PINH DU LIEU THUC NGHIEM, PHAN TiCH TUONG

QUAN VA THIET LAP HOI QUY TUYEN TiNH

Kiém dinh d6 tin cdy dit liéu tudi va sy phat trién cia cdy trong
(Cronbach's Alpha, phan tich EFA, One-Way ANOVA...) déu dam bao yéu
cau thong ké, phuc vu viéc danh gia va phan tich thuc nghiém dugc cu thé.

Két qua phan tich tuong quan Pearson (r > 0,5), hé sb R2> 0,5, kiém
dinh F, t ¢4 Sig.= 0,0001 < 0,05 (khodng tin cdy 95%), VIF < 10, Eigenvalue
> 1, déu dam bao yéu cau dé xay dung hé phuong trinh hdi quy truyén tinh:

(1) f(ETo) =f(t, h,s,w,p)- (Hoz quy cdc yéu té khi twong)

Trong d6: Eto: Thodt hoi nucc be mdt dat la bién phu thudc; t: nhiét

dé, h: do am khong khi, s: nang, W: Qi0, p: mua la cac bién doc lap.
(2) f(Im) = f (ETo) - (Hoi quy lwong miede tuwdi — boc hoi niedc)
(3) f(Ym) =f(Ym) - (Hoi quy Nang sudt cdy trong - lirong niede twdi)
Bdng 4.8: Cdc phwong trinh hoi quy tuyén tinh cdc nhan té

Mua vy [ Vu VI (01 thang 01 = 30thang 4) | Vu V2 (tir 01 thang 9 + 30 thang 12)
Phuong f(ETo) =f(t, h,s,w, p) f(ETo) =f(t, h,s,w, p)

trinh h(}i ETowy = 0,112t - 0,415h +0,308s + | ETowz) = - 0,021t - 0,458h + 0,355s +
quy tuyén 0,587w - 0,049p 0,540w - 0,053p

CK

tinh

f(Im) = f (ETo)

f(Ym) =f (Im)

f(Im) = f (ETo)

FOYm) =f (Im)

ml=125

|1,25 = 0,875*ET01,25

Y125 =0,994% |1 55

|1‘25 = 0,952*ET01,25

Y125 =0,997* 125

m2=1,00

Il,OO = 0,877*ET01100

Y100=0,994% I1 o

|1,00 = 0,951*ET01100

Y100=0,997* Iy o0

m3=0,75

|0v75 = 0,879*ET00,75

Yo75 = 0,994 lg75

|0,75 = 0,951*ET00‘75

Yo75= 0,997 ly75

ml=1,25

|1,25 = 0,855*ET01125

Y125 =0,993% |1 55

|1'25 = 0,943*ET01125

Y125 =0,995% Iy 25

m2=1,00

|1,00 = 0,855*ET01,00

Yl,OO = 0,993* |1,00

|1‘00 = 0,945*ET01,00

Y1,00 = 0,996* |1,00

m3=0,75

|0,75 = 0,854*ET00V75

Yo75=0,993* Iy 75

IO,75 = 0,945*ET00V75

Yo75 = 0,996* lp75

ml=1,25

|1,25 = 0,858*ET01125

Y125 =0,981* Iy 25

|1'25 = 0,921*ET01125

Y125 =0,997* Iy 25

m2=1,00

|1,00 = 0,863*ET01,00

Y100 = 0,980 I1 00

|1‘00 = 0,919*ET01,00

Y100=0,997* I1 o0

m3=0,75

|0,75 = 0,862*ET00V75

Yo75=0,979% lo75

IO,75 = 0,920*ET00V75

Yo,75 = 0,998% Iy 75
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IV.5 CHE PQ TUOI CHO CAY TRONG KY THUAT TUOI NHO GIQT

(1) Tong thoi gian mét vu tao tan va thu hoach ld ciia cdy trong khodng
4 thang;

(2) Chu ky twdi la 2 ngay; Mikc nuede tudi nhoé giot cho cdy trong la mike
it nuéce (m = 0,75);

(3) Lwong nuéc twéi nhé giot (Im) dwoc tinh todn tir két qua boc thodt
hoi (ETo) va lwong mua hiéu qua (P) hang ngay va hé s6 nhu cau
nde tudi (Ke) theo tirng giai doan sinh trieong va phat trién cia
cdy, hodc

(4) Luong nuoc tudi nho giot (Im) dwoc tinh voi mirc 0,725 (lit/cdy. lan
twdi) twong duong 3,745 (m*/ha.lan twdi) dé duy tri dg am trong tang
ddt chira bé ré hoat dong, trdnh tham sdu gdy lang phi nuoc.

Bdng 4.9: Hé s6 nhu cau nuée Ke ciia cay nho ldy ld

Gial Cay

doan mim Cay phét trién C?;“dllg: Cay phat trién C?;ndllg: Cay phat trién

sinh ph?t huéng 1én dinh | huéng g 1 huwéng xudng g 2 hwéng xubng
truéng | trién gian xXuong

Thoi gian|10-20/01 (21-31/01 {01-10/02|11-20/02 |21-29/02 | 01-10/3 | 11-20/3 | 21-31/3 | 01-10/4 | 11-20/4 | 21-30/4

Kc 0,30 0,45 0,55 0,60 0,65 0,65 0,70 0,70 0,65 0,65 0,55

Muc
nudc tudi| 8.929 | 12.137 | 14.712 | 14.712 | 13.241 | 14.712 | 14.712 | 16.183 | 14.712 | 14.712 | 12.505
(mm)

Muc
nuégtudi 11.365 | 15.450 | 18.727 | 18.727 | 16.854 | 18.727 | 18.727 | 20.599 | 18.727 | 18.727 | 15.918
(m>/ha)

H¢ PT ETowy = 0,112t - 0,415h + 0,308s + 0,587w - 0,049p
hoi quy lo7s = 0,879*ET00,75
tuyén tinh| Yors =0,994* lo7s

Thoi gian| 10-20/9 | 21-30/9 {01-10/10|11-20/10|21-31/10{01-10/11|11-20/11|21-30/11|01-10/12|11-20/12 | 21-30/12

Kc 0,25 0,30 0,45 0,55 0,60 0,60 0,65 0,65 0,60 0,60 0,55

Mic
nuée tudi| 8.929 | 12.137 | 14.712 | 14.712 | 13.241 | 14.712 | 14.712 | 14.712 | 14.712 | 14.712 | 12.505
(mm)

Muc
nuégtm’)i 11.365 | 15.450 | 18.727 | 18.727 | 16.854 | 18.727 | 18.727 | 18.727 | 18.727 | 18.727 | 15.918
(m°/ha)

HePT ETowy = 0,112t - 0,415h + 0,308s + 0,587w - 0,049p
hoi quy lo7s = 0,879*ET00,75
tuyén tinh| Yos =0,994* los
Gian dd h¢ sb cay tl:f)ng Kc Gian dd h¢ sb cay }réng Kc
(Giai doan thang 01 dén thang 4) (Giai doan thang 9 dén thang 12)
o 0.8 08
06 - X056
0.4 - 0.4 -
02 - 02 T
0.0 -

R e 229993339y Yy
L L QL LS S 4935 S o S 85535 sS 3 s S
8838353923 89 S o T @ g g @ g q R
8' (F\'cj 8' :': a' O A4 N O « W - g gdgd8dd8dd

Thoi gian Thoi gian

Hinh 4.13: Gidn do hé sé cdy trong Kc - trong ky thudt twdi nhé giot
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KET LUAN VA KIEN NGHI

1. KET LUAN

Luan an di dat duoc cac két qua chinh méi nhu trinh bay duéi day:

> Vé nghién ciru lan truyen nugc trong ky thuét tudi nhé giot (tham nudéc)
1.1) Luan an da nghién cru moi d6i voi lan truyén nudc trong dat ¢ 3 khu

>

vie: khong trong cay, trong cdy duoc tudi TKN va & trong phong déu
cho thay: (Vz) va (Z) 16n hon (Vr) va (R). Két qua chi ra: khi twéi dwoc
40+50phit, nwéc di lan truyén bao phii hoan toan bj ré hoat dong
(0+20cm). Thiét 1ap twong quan va xdy dung phuong trinh hoi quy tuyen
tinh gitra: Z, R, W, Vz, Vg, déu cho két qua klem dinh dam bao yéu cau,
h¢ s6 tuong quan cao, cac md hinh hoéi quy tuyen tinh pht hop va co y
nghia suy ra tong thé dé tmg dung vao thuc tién san suat twong .

Vé xay dung dwong diic trung Am cia dat (pF)

1.2) Luén 4n d3 xay dung dugc duong dic trung am (pF) ctia dét cat bién da

>

sir dung viing kho han NTB, dé phuc vu tinh toan luong nuéc dé hiru
ich cho cac loai cay trong, su twong quan kha chit ché (R2> 0,9).

(1 2. 1) Tong lugng trit nude hiru ich trong dat (TAW) so véi lugng trit
am dong rudng 1a kha cao, tir 56,91% (0+10cm) + 64,64% (50+60cm).
(1.2.2) Tong luong nude dé hiru ich (TRAW) va d6 am t6i thiéu thich
hop cho cay (0p) cua cac loai ciy trong can phd bién ving khan hiém
nudc: Cady nho an qua: 10,35mm, Op: 8,76%TT; Thanh long:
17,75mm, Op: 7,17%TT; tdo: 22,28mm, Op: 6,93%TT; mia: 19,22mm,
Op: 6,85%TT; cay rau (cac loai): 9,27mm, 0p: 8,31%TT,; Hanh téi:
4,71mm, Op: 9,6%TT. Pit canh tic cin dwoc twéi dé duy tri dp dm
trong khodng tir dp dm toi thiéu thich hop cho cdy (Op) dén dj dm
dong rupng (0r.).

vé nghién ciru dong thai am cua dat

1.3) Luan an xac dinh duoc dong thai am cua dat trong cay nho lay 1a ving

khan hiém nudc (ving kho han) Nam Trung Bo. Két qua chi ra rang
(1.3.1) Khu vyc KoTC: d6 am cua dat tang dan theo chiéu sau tang dat,
tang (0+5cm) c6 gia tri nho nhét, tang (25+30cm) 6 gid tri 16n nhat;
(1.3.2) Khu vye dugc tudi TKN: téng 5+20cm suy giam do 4m nhanh
do bd re hat nuGe giup cay phat trién. Tang 20+30cm khong chira ré cay
nen d6 4m giam cham nhat so voi cac tang phia trén, nudc chu yéu tham
xudng dudi chir khong phai do r& hut. Nhu vay, tir tdng 20+30cm xuén 18
phia dwéi, nwéc twdi it mang lgi hi¢u qud cho cdy nho lay la, nén can
lwu y dé han ché twdi nhiéu nuwéc gy thim siu xuéng tang dit nay;
(1.3.3) Pong thai am khu vuc dugc tudi TKN: CK2: @6 am cubi CK
van 16n hon (0p), cay khong bj thiéu nudc. CK3 va CK4: duoc tudi
nhiéu hon CK2 nén tham vao dit kha 16n, giai doan diu va giita CK cay
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van hut du nudc, ‘nhung vao ngay cubi cia CK d6 4m da giam va thip
hon 6p, doi khi gan sat Owp, cay bi thiéu nudc. Vi vy, dé dam bao cho
cdy trong phat trién tot, de nghi ap dung chu ky tudi 1a 2 ngay/lan
(1.3.4) Khu vyc tudi truyen thong: d6 4m giam déan theo chiéu siu tang
dat (do bo ré hoat dong nam siu), mirc suy giam ¢ dau chu ky tudi 16n
hon khu vue KoTC va khu tu6i TKN (do tham sau gay lang phi nudc);
(1.3.5) Sy giam d6 am ban ngay 16n hon budi t6i va dém, budi chiéu
giam nhiéu hon bubi sang. Tir 9+15g c6 muc giam 16n nhat. Vi vy,
ngudi dan nén tudi vao budi sang dé cdy hut nhidu nude phuc vu tét qua
trinh quang hop, trao ddi chét va can bang nhiét trong than khi troi ning;
(1.3.6) Thiét 1ap tuong quan va xay dung phuong trinh hoi quy tuyén
tinh cac nhan t6: (a) Thuc nghiém tham, (b) Buong dac trung am (pF)
va nude trong dt, (c) Buong dédc trung am va d6 am cac tang dat. Két
qua klem dinh dam bao y€u céu, h¢ s6 twong quan cao, cac m6 hinh hoi
quy tuyén tinh duoc xay dung phu hop va co y nghia suy ra tong thé.

> V& nghién ciru mé phéng dong thai Am ciia dat

1.4) Ung dung md hinh Coup Model mé phong truyén 4m va nhiét trong hé
thong dat-cay trong-khong khi c6 két qua kha sat v&i quan tric thyc té.

> D@ xuit ché @9 twdéi hop Iy cho ciy nho ldy 1a trong ky thuit twéi
nhé giot

1.5) Luan an da chi ra rang;
(1.5.1) CK2 (M) c6 lwong nude thira thip nhat, & thoi diém cudi CK2,
dat van dam bao do 4m cho cay trong héap thu va phat trién tot, dat ning
sudt cao. Céc 16 thudc: CK2 (may va me), CK3 va CK4 nudce tudi di
thAm vurot qua bd ré hoat dong gy lang phi, & cuéi CK3va CK4 db ém
dat bi giam khong dam bao du nugc cho cay trong hap thy dé phat trién;
(1.5.2) Mtc tudi it nude (me) tiét kiém duge kha nhiéu nudc so véi 2
mirc tudi con lai;
(1.5.3) Céc 16 c6 lap dat hé thong twdi phun mua cé hiéu qua sir dung
nude cao hon cac 16 tudi nho giot don thuan va dbi ching. Cac 16 CK2
¢6 hiéu qua st dung nude cao hon CK3 va CK4. Cac 16 ¢ muc tudi it
nude (me) dat hidu qua sir dung nudc cao nhat;
(1.5.4) Hiéu suat nudc tudi khi ap dung k¥ thuat tuéi TKN cho thay:
thi tu sép xép trong mdi chu ky tudi ciing giam déan tir 16 ¢6 mirc tudi
it nudc (me) t6i 16 ¢ mire tudi nhiu nude (mq));
(1.5.5) Su phét trién cua cdy & cac 16 tudi nho giot két hop tudi phun
mua nhanh va dep hon, thoi gian thu hoach san phim sém, tip trung va
ddng déu hon so véi cac 16 tudi nho giot don thudn va cac 16 ddi ching;
(1.5.6) Loi nhuén cac 16 dugc tudi phun mua 16n hon cac 16 tudi nhd
giot don thuan va d6i chung; Cac 16 thuge CK2 > CK3 > CK4;
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(1.5.7) Thiét lap tuong quan va xay dung h¢ phuong trlnh hoi quy tuyen
tinh cac nhan to khi tuong- 1uong nude tudi-ning sudt ciy trong déu
dam bao yéu cau kiém dinh, hé s6 tuong quan cao, cic mo hinh hdi quy
tuyén tinh dugc xay dung phu hop va c0 y nghia suy ra tong thé;

(1.5.8) Luan 4n da d¢ xuét lwa chon ché do tuéi hop 1y cho cay nho lay
la trong k¥ thuét tudi nho giot nhu sau:

(1) Tong thoi gian mét vu tao tan va thu hoach la khodang 4 thang;

(2) Chu ky twéi la 2 ngay; Ap dung mikc twdi nhé giot it nuée (m = 0,75);
(3) Lwong nude twéi nhé giot (Im) dwoc tinh todn tir két qua boc thoadt
hoi (ETo) va lwong muea hiéu qud (P) hang ngdy va hé sé nhu cau nwée
twoi (Ke) theo tirng giai doan sinh truéng va phdt trién ciia cdy, hodc
(4) LLm’ng nuoc tuwoi nho giot (Im) ciing dwoc tinh voi muc 0, 725
(litv/cay. lan tum) twong dwong 3,745 (m%/ha.lan twéi) dé duy tri do am
trong tang dat chira bé ré hoat dong (0+20cm), trdnh tham sdu gdy lang
phi nuoc.

2. KIEN NGHI

2.1) Nghién ciru xay dung duong déc trung am (duong cong pF) cho cac loai
dat chinh dung trong san xuit nong nghiép, trong d6 co khu vire NTB.
2.2) Kién nghi can xdy dung bo sung thém duong dic trung 4m ciia tang dt,
tr -60cm xuéng t&i do sau bﬁng 85+90% bo ré hoat dong cua cay, dé
tinh lugng nude dé& hitu ich cho cay, phuc vu xac dinh ché d0 tuoi thich
hop cho cac loai cdy 1au nam nhu: diéu, ca phé, ca cao, xoai, mang ciu...;
2.3) Dbi v6i viing kho han NTB, diéu kién khi hau khic nghiét, dé giam sy
thAm mét nude cua dit, nguoi dan can ting ham luong sét hodc cac chét
mun, chét keo cho dét, dong thdi nén ap dung ché do tudi ngan ngay dé
duy tri d6 am dat, dam bao cho cay trong hat nudc va phat trién tot;
2.4) Khi dung k¥ thuat tudi nho giot, dé nang cao hiéu qua sur dung nudc tai
khu vue c6 didu kién tuong tu va cac loai cay trdng ¢ dac diém tuong
tu cdy nho ldy 14, dé nudc tham hét ting dét chira bo ré hoat dong, chi
can tudi tir 40+50phdt cho d6 sau (0 + 20cm), hodc tir 90+100phut cho
tang (0 = 30cm), hodc tir 180+190ph0t cho ting (0 + 40cm), sau d6 dimg
tu6i tranh 1ang phi nuéc do thim sau, dong thoi nén ap dung CK2 ngay
dé 6 am dét luon nérn trong khoang d9 am thich hop cho Céy (6p~ Or);
2.5) Nghién ciru thém vé thim khi cAc ting dét khong dong nhét theo d¢ sau,
dia hinh khong bang phang, muc nudc ngam thay d6i va c6 anh huong
t6i cdy trong dé ung dung trong thuc tlen san xudt mot cach hiéu qua;
2.6) Nghién ctru du bao ngin ngay cac yéu t khi twong de tinh lu’ong nudc
tudi va xac dinh tac dong ctia khi hau dén su phat trién cua ciy trong.
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INTRODUCTION

1. RESEARCHING IMPERATIVE

Ninh Thuan and Binh Thuan are two provinces in the driest region of
the South Central part of Vietnam where there is the lowest precipitation of
the country and the unequal distribution by time. Therefore, water resources
for production should be utilised reasonably. The research on suitable water
saving irrigation schedule for high economic crops is very important and
necessary. Previous studies have often focused on the aspect of crops
irrigation schedule for each irrigation technique, not much attention to soil
moisture dynamic in the space of the active roots.

In the World, grape leaves (Vitis Amurensis) is cultivated a lot in USA,
Turkey, Greece, Brazil... In Vietnam, the grape leaves variety named 1AC
572 has been imported from Brazil by YERGAT FOOD Co., Ltd and Binh
Thuan Socioeconomy development Centre (SEDEC) since 1999+2010 for
cultivating and exporting leaf production. Due to Grape leaves suitable for
natural conditions in the South Central region (Ninh Thuan, Binh Thuan,
Dong Nai provinces... so the plants developed very well and obtained high
profit. There have not been any studies on suitable irrigation schedule for
Grape leaves so far, especially in the water scare tropics (droughty region)
of the South Central part. Therefore, Research on soil moisture dynamic of
drip irrigation technique in order to determine the suitable irrigation
schedule for Grape leaves in the water scarce region of the South Central
part of Vietnam was done, it aimed for clarifying the current urgent matters.
2. OBJECTIVES, OBJECT, SCOPE, CONTENTS AND METHODS

Obijectives:

(1) Determine water infiltration spread and soil moisture dynamic of
drip irrigation technique;

(2) Propose the suitable schedule of water saving irrigation (drip
irrigation technique) for Grape leaves cultivated at the water scarce region
(the droughty one) in the South Central part, consisting of: Irrigation
frequency, water amount and irrigation time for each growth stage;

Research object: Research for a plant: Grape leaves in the water scarce
region of Ninh Thuan and Binh Thuan; farming technique was row (furrow).
The main irrigation was drip one (sprinkler only improved microclimate);

Research scope: at the water scarce region (the droughty one) of
Vietnam, including two provinces: Ninh Thuan and Binh Thuan; weather
condition is sunny and hot, less precipitation; main soil is fine sand; privation
of water surface condition; water saving irrigation experiment was carried
out at Binh Thuan province;

Research contents: Overview of research field;
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Field survey, design and establishment of the experimental model for
researching on suitable irrigation schedule for Grape leaves;

Experiment of irrigation, observation of water infiltration and soil
moisture dynamic by time and space. Establishment of correlation and linear
regressions of water infiltration and soil moisture dynamic;

Experiment of plant developing and growing process following the
frequency, water amount and irrigation time for growth stages of a seasonal
crops. Establishment of correlation and linear regressions of variables
including: Meteorology (temperaturer, humidity, sunshine, wind,
precipitation, evaporation) — Crop water requirement - Crop yields;

Application of the Coup Model for simulating moisture and heat
transfer in the soil-plant-air system of drip irrigation technique;

Propose the suitable schedule of water saving irrigation (drip irrigation
technique) for Grape leaves;

Approachability: Approached comprehensively, systematically and
practically, from general to detail; Inherited, selected knowledge experience,
researches and databases; Approached ecosystem, sustainable and effective
development; Minimized waste of land and water resources;
Inherited/applied modern science and technology, achievements in irrigation
and production, harvest and advanced products preservation.

Research method: Theoretical analysis, collection and systematization;
Selective inheritance and analysis of the research experience; Field survey;
Laboratory and field experiments; Statistical data analysis; Mathematical
modeling of water infiltration and moisture dynamics in drip irrigation.

3. SIGNIFICANCES AND NEW CONTRIBUTIONS OF THE THESIS

Scientific significances:

The research has established the pF Retention curve for cultivated soil
— fine sand (named: Dystri Haplic Arenosols-ARh.d) of the water scarce
region (the droughty one) to be the scientific basis for determining the
suitable schedule of water saving irrigation for dry crops;

The research has established the correlation of Soil-Water-Crops-
Climate to be the scientific basis of applied researches in irrigating for dry
crops at the water scarce region (the droughty one);

The research has identified basic criteia of irrigation research and
efficiency by drip irrigation technique for Grape leaves at the water scarce
region (the droughty one) in the South Central part of Vietnam.

Practical significances:

Grape leaves are of high economic value, but water lack for irrigation is
an issue that hinders large development. Research results will help farmers
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to save and improve the water use efficiency, serving the plant development
on a larger scale to become a strong crop;

The research results are a reasonable choice for the conversion of crop
structure towards diversification of highly economical (sustainable) crops
and adaptation to natural conditions in water scarce region;

Applying research results to simplify the irrigation work, contributing
to the plan for irrigation and development of exploitative and utilizable
models of land-water resources for sustainable production and
environmental protection.

New contributions of the thesis:

(1) Established the Soil Water Retention curves (pF) for cultivated soil
(named: Dystri Haplic Arenosols-ARh.d) in order to effectively develop drip
irrigation technique for every crops at the water scarce region (the droughty
one) in the South Central part of Vietnam;

(2) Simulated water infiltration and soil moisture dynamic in the
cultivated soil layer (active roots area) of the Grape leaves;

(3) Propose the suitable schedule of water saving irrigation (drip
irrigation technique) for Grape leaves cultivated at the water scarce region
(the drought one) in the South Central part of Vietnam.

4. THE THESIS STRUCTURE

The thesis is presented in 136 pages, consisting of 36 tables, 53
illustrative figures and explanation. The main thesis contents are 4 main
chapters, Introduction and Conclusions - Recommendations, as follows:

Introduction

Chapter 1: Overview of the research field;

Chapter 2: Theoretical basis and experimental layout;

Chapter 3: Experimental results and simulation of water infiltration,

soil moisture dynamic of drip irrigation technique;

Chapter 4: Experimental results and establishment of the suitable

irrigation schedule for Grape leaves in the water scarce region;

Conclusions and Recommendations.

The annex is presented in 145 pages, consisting of 105 tables and 99
illustrative figures and explanation "Summarizing the planting, care and
harvesting of Grape leaves".

CHAPTER I: OVERVIEW OF THE RESEARCH FIELD
1.1 RESEARCH ON WATER MOVEMENT IN SOIL-WATER-
PLANT SYSTEM
The water regime of the soil is considered to be consisting of the
phenomena of water entering the soil, its movement, keeping it in the soil
layers and consuming it from the soil. Scientists believe that water
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infiltration in soil can be divided into two phases: (1) Unstable infiltration,

and (2) Permeability one. Research on water spread in the soil in order to

determine the irrigation method and suitable water amount for each plant to

improve water efficiency.

1.2 STUDY ON HYGROSCOPIC PRESSURE AND SOIL MOISTURE
TO APPLY FOR CROP IRRIGATION AND DRAINAGE

There are two methods to determine the hygroscopic pressure of the
soil: (1) Direct measurement using measuring devices (Tensiometer,
Capilarimeter or Vacum chamber); (2) Indirect method is the utilization of
instruments to measure certain parameters related to hygroscopic pressure by
dependency functions, then calculate the hygroscopic one.

Determination of soil moisture by various methods: Weight, block and
thermal capacity, Neutron tube, Time Domain Reflectrometry TDR);

A soil water retention curve (pF) of each soil type is established to
indicate the relationship between the hygroscopic pressure (h) and the soil
moisture (0). There are three methods to establish the pF retention curve:
theory, experiment and semi-experiment. Application of the pF curve to:
forecast irrigation demand for crops; establish the relationship between
moisture-hygroscopic pressure-root density and water uptake of plant;
evaluate salt transportation and soluble spread in soil; serve the irrigation for
dry crops... Experimental research on the pF curve establishment to calculate
the available soil water and readily available soil water for plants and
determie the suitable water-saving irrigation schedule at the scarce region
(droughty one) in the South Central region is almost unnoticed. Therefore,
in order to improve the water use efficiency in production, it is necessary to
establish the pF retention curve;

Experimental study on infiltration to inspect water lack/redudant
irrigation is little interested in performing, mainly in analysis of physical and
chemical properties, although results of this infiltration study are very
important, because it is possible to happen redudant water during extended
irrigation time (water will penetrate through active root zone). Therefore,
most of the farmers have irrigated by traditional method, the irrigation time
and water amount depend on the subjective people who is directly producing,
causes a lot of waste water.

Currently, water saving irrigation technique has been applied widely in
the world, countries like USA, Israel, Australia, Spain, Germany... have
many experiences and achievements in this field, technological application
and management of water saving irrigation in agricultural production, it can
replace most conventional irrigation systems and bring high economic
efficiency. In Vietnam, farmers have step by step replaced traditional
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irrigation methods by this irrigation system, helping to save water and
improve productivity and product quality.

Previous research has not yet paid much attention to soil moisture
dynamic in the active root zone, so it has not been applied to determine the
irrigation schedule for dry crops. Soil moisture of different irrigation
techniques is different in time and space, so when drip irrigation technique
is applied to practical production, there should be specific research on this
matter, in which soil moisture is measured by the hours of the day, to see
crops’ effective water absorption, avoiding water lack/redudant irrigation
when the optimal moisture zone exceeds or less than root space, then the
correct irrigation rate will be determined for the following seasons

Irrigation schedule studies have been performed with a number of
different methods for many dry crops. However, published results that
determine the actual daily meteorological conditions to ensure sufficient
water for crops have not been widely available yet, which limits the farmers’
irrigation work, especially at the water scarce region (droughty one) in the
South Central part.

Studies on vines in Vietnam are quite extensive, however the irrigation
study has been performed very limited for a long time, it is no longer suitable
for the present and future. Grape leaves is hew, promising and economically
productive in Vietnam, its irrigation schedule has been performed, the
irrigation is subjective and mainly by the traditional method (waste water).
Therefore, the scientific basis of irrigation schedule and care for Grape
leaves is necessarily studied and determined in detail, especially in drip
irrigation at the water scarce region in the South Central part.

1.3 CHARACTERISTICS OF RESEARCH REGION

Ninh Thuan and Binh Thuan provinces have the most dry and rainy
climate of Vietnam. Although the rivers and reservoirs at two provinces are
quite plantiful, but due to the uneven rainfall in space and time, they are
severely depleted in the dry season. Annual crop losses due to drought are
high. In 2016, total area must stop producing in Ninh Thuan about 10,260ha:
Winter-Spring crop was 5,775ha (rice 2,645ha, other farm produce 3,130ha);
Summer crop was 4,495ha of rice. In Binh Thuan province, the total area of
annual crops damaged until 2", 2016 was 1,400ha, including 150ha of rice
(concentrated in districs as: Duc Linh 97ha, Ham Thuan Bac 19ha, Ham Tan
34ha), 300ha dragon fruit, 200ha cashew, 700ha sugarcane ... in Ham Tan.

The fallow land area of the two provinces is quite rich, but due to the
inadequate condition of the water source so local people can not cultivate
regularly and it greatly impact on the social of the whole region. Therefore,
the application of water saving irrigation solution for crops is very necessary.
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CHAPTER 11
THEORETICAL BASIS AND EXPERIMENTAL LAYOUT

11.1 THEORETICAL BASIS
11.1.1 Theoretical basis of water movement in the soil
Darcy’s Law (for water flow in the saturated soil)
Flow discharge passes the unit of area A of the saturated soil mass:

Q=k+()xa (2.1)
Where: H; and Ha: hydraulic head at inlet and outlet (cm);
Av: the length of the saturated soil mass following the flow (cm);
A: area of the saturated soil mass is perpendicular to the flow (cm?);
Q: Flow discharge passes the saturated soil mass (cm?/s);

The stable permeability passes the unit of area A in per time unit:
V=== Kxj (2.2)
Where: K: the hydraulic conductivity (cm/s);

J: the hydraulic gradient = HZA_LHl (cm/cm);

The water flow in the unsaturated soil
The water flow in the unsaturated soil by Richards (1931):

qw = —ky (% - ) - D, aa% + Qpypass (2.3)
Where: kw: the unsaturated hydraulic conductivity;
y: the water tension;  z: infiltration depth;
C.: the concentration of vapour in soil air;
D.: the diffusion coefficient for vapour in the soil;
Obypass: Dypass flow in the macro-pores;
Omat: the matrix flow;
qw: total water flow is the sum of gmat, qv (vapour flow), and Qoypass;
The general equation for unsaturated water flow follows from the law
of mass conservation:
g= 27) o  L=0B) (g
Where: 0: the soil water content;
Equations (2.3) and (2.7) are two basic ones to calculate the soil water
content.
11.1.2 Soil hydraulic functions
a) Water retention curve (pF)
Actual water tension, vy, by Brook & Corey (1964), is given by:
-1
Se = (=) (2.12)

Yq
Where: wa: the air-entry tension; A: the pore size distribution index;
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The effective saturation, Se, is defined as:

9 -0,
Se = 5o (2.12)

Where: 0: the actual water content; 6s: the porocity; 6. the residual
water content (or water content that gradient d6/dh becomes zero);

The water retention function by Van Genuchten (1980), has been
introduced:

_ 1
Se = W tapymyin
Where: a, g, and gm: are empirical parameters;
b) Unsaturated Conductivity
The unsaturated conductivity, k. is given by Mualem (1976):
n+2+7)

(2.13)

ky, = kmatse( (2.16)
If function (2.11) for water retention is used, the unsaturated
conductivity, k" is definded as:

T (% )z+(z+n),1

Where: kmat: the saturated matrix conductivity;
n: a parameter accounting for pore correlation and flow path tortuosity;
Using the Van Genuchten equation (2.13), k" is given:

1 2
(1-(ap)9n” (1+(ayp)9n)=9m)
(1+(ap)on) 2"

Where: a, g, and gm: are empirical parameters; (the same as (2.13));
As alternative options to the equations of Mualem egs. (2.16)+(2.18) the

unsaturated hydraulic conductivity, k.", can either be caluclated as a simple
power function of relative saturation:

(2.17)

k\:/ = kmat

(2.18)

. 6\ Pnr
iy = Kmae (57) (2.19)
Or as a simple power function of effective saturation:
kiy = KparSme (2.20)

Where: Pn, and Pre: parameters;  Se: the effective saturation;
kmat: the saturated matrix conductivity;
0s: the water content at saturation; 0: actual water content;
The total hydraulic conductivity close to saturation is calculated as:

<log(k$u(9$—9m))’g_egs,zgmlog< Lt ))

kw(0s~6m)

k;,, =10 (2.21)

Where: ks the saturated total conductivity, including the
macropores, ky, (65 — 6,,): hydraulic conductivity below
(65 — 6,,,) at ymat, calculated from equations (2.16) + (2.18);
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¢) Soil water availability and readily available soil water: Following
FAOQ, soil water availability in the layer (i) with thickness dz:
AW(i) = ]000*(9fc* pr)* dZ(i) = ]OOO*QaW(i) * dZ(i) (mm) (2.22)
Where: AW: available soil water in the layer i) with thickness dz (mm).
0aw, Orc: available water content and field capacity (m*/m® or cm®cm®);
Bup: Water content at wilting point (m*m® or cm*cm®);
dzg): thickness of soil layer (i) (m).
Total available water content of all soil layers is calculated as:
Where: i = 1 — n: ascending order of soil layer.
TAW: Total available water content (cumulation) of all soil layers z.
- Readily available water (RAW) is calculated as:
RAW =p* TAW (mm) (2.24)
Where: RAW: the readily available soil water in the layer z.
p: average fraction of (TAW) that can be depleted from the root
zone before moisture stress (reduction in ET) occurs [0 + 1].
11.2 CALCULATION OF WATER REQUIREMENT FOR CROPS
Total evaporation of a irrigation frequency (CK) n:

n
Epan(n) = Z 1Epan(i) (mm) (2.25)
=
Reference crop evapotranspiration of the irrigation frequency (ETo):
ETog = Kpan * Epang, (mm) (2.26)

Where: Epangy: Total daily evaporation (mm); Kpan: pan coefficient;
n: irrigation frequency: 2 days (CK2), 3 days (CK3) or 4
days (CK4) per time;
Crop evapotranspiration or crop water need:
ETc=Kc * ETo (2.27) or Werop = Kc*ETo  (mm) (2.28)
Crop irrigation requirement (basic amount) of the irrigation frequency n:
Isty = ETC — Py (mm) (2.29)
Where: Kc: crop factor;
Pw): effective precipitation of the irrigation frequency n (mm);
Istqy: Crop irrigation requirement of the irrigation frequency n (mm);
After calculating Ist (basic irrigation amount) of the irrigation frequency
n (mm), established more 2 other water amounts of experimental irrigation
for comparing: changed up and down 25% of Ist (called: high and low
irrigation amount), the coresponding factors: mg) = 1.25 (high water level),
M) = 1.00 (basic water level or medium one), m) = 0.75 (low water level).
Irrigation water rate for every experimental block (j) of the irrigation
frequency n is calculated as:
Imgy = Mg) * ISt/ Ker = Mgy * (ETC — Ppy)/Ket (mm) (2.30)
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Total Irrigation water amount for every experimental block (j):
Wblock(j) = |m(j) * Fblock = |m(j) * 10_3* (1,1 * bi * Lb)(m3) (2.31)
Where: Ing): Irrigation water rate for every experimental block (j);
Kes: drip irrigation system efficiency; mg): water level factor;
Whiock(): Total water amount for every experimental block (j) (m3);
Foiock: canopy shaded area on the ground at 12:00 (m?);
1073: factor of unit conversion from mm to m;
Bi, Ly: canopy shaded width and length on the ground at 12:00 (m).
Irrigation experiment and observation of crop data was carried out in
three seasons including: growing and developing stages; changes of tree-
trunk, leaves, roots and mass of living organisms...

11.3. EXPERIMENTAL LAYOUT
11.3.1. Location and characteristics of the experimental model
The experimental model was located at the South of the National
highway No 1A (between the National highway 1A and the East sea), at
Thuan Quy Commune, Ham Thuan Nam District, Binh Thuan Province;
Total area was 20,000m? (shown in Figure 2.7). The experimental
period was in 3 crop seasons (dry ones), from January, 2012 to May, 2013.

200m
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Figure 2.7: The sketch of the experimental model to research on water-saving irrigation schedule
Jfor Grape leaves at the scarce region region in the South Central part of Vietnam

11.3.2. Experimental research content

Description of soil profile, test of the physical and chemical properties
of soil and irrigation water; Set up the experimental model;

Experiment for establishing of the Soil Water Retention curves (pF);
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Experiment for determining the saturated hydraulic conductivity at the
field and in the laboratory;

Experiment of water infiltration and establishment of correlation about
soil moisture dynamic;

Meteorological measurement for determining the irrigation schedule;

Experimental Irrigation and observation of crop development;

Result analyses and proposal of the suitable irrigation schedule for
Grape leaves at the water scarce region in the South Central part of Vietnam;

CHAPTER IlI:

EXPERIMENTAL RESULTS AND SIMULATION OF WATER
INFILTRATION, SOIL MOISTURE DYNAMIC OF DRIP
IRRIGATION TECHNIQUE

1.1 STEADY INFILTRATION AT THE FIELD AND IN THE
LABORATORY OF SATURATED SOIL

At the field, the layer 0+20cm has a hydraulic conductivity of 1.176
cm/minute, layer 20+40cm is 1.152cm/min, layer 40+60cm is 1.111 cm/min.
In the laboratory, the hydraulic conductivity of layer 0+20cm is high,
vertical conductivity: k; = 1.848cm/min; horizontal one: k, = 1.510 cm/min.
111.2 WATER INFILTRATION PROCESS
111.2.1 Infiltration process at the field

The statistical analysis results showed that the infiltration depth (Z) and
radius on the surface (R) at the cultivated area were larger than that one at
the non-tree place (KoTC):

CK2: Despite surface evaporation, the soil still contains high moisture,
so water infiltrated into the horizontal direction more than the deep one;

CK3: moisture content in soil was lower than CK2 so the water
infiltrated into all three directions: horizontal, oblique and vertical ones;

CK4: it had a long time of irrigation frequency so the soil was drier and
the moisture content decreased more than CK2 and CK3, the permeability
velocity in CK4 was the highest, water infiltrated into the deep direction
more than the horizontal one;

Non-tree place (KoTC): Zgemax: 43.37cm, Raemax: 21.60cm;
Zkamax: 45.13cm, Resmax: 20.1cm; Zeasmax: 45.61cm, Rekamax: 18.38cm;

Grape leaves cultivation place with drip irrigation technique (TKN):
Zoomax: 44.53cm, Reemax: 23.4cm; Zgsmax: 46.03cm, Reksmax: 21.50cm:;
Zkamax: 47.53cm, Rekamax: 19.95cm;

Graphing correlative relationship between the factors: Z, R, W, t, Vz,
Vr, the determination coefficients of correlation were high (R? > 0.90)
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Figure 3.5: Correlation graph between the factors of two-day irrigation
frequency (CK2) (At the tree place with water saving irrigation)

111.2.2 Infiltration process at the laboratory

The observation results of infiltration process at the laboratory had the
tends like the field results, as follows: Zgmax: 47.7cm, Rewamax: 25.2cm;

Graphing correlative relationship between the factors: Zian, Ria, W, t,
Vzian, Vrian, the determination coefficients of correlation were high (R?>0.90)
111.3 WATER MAINTENANCE FEATURE AND AVAILABLE WATER
111.3.1 The pF Retention curve (pF curve)

Applied Van Genuchten’s model (1980) for establishing the pF curve to
determine soil moisture dynamic, correlation coefficient R from 0.96 + 0.99.
The pF curve of six soil layers are typical for the fine sandy soil with
relatively uniform curves and gentle slope.

Table 3.4: Measurement results of the pF Retention curve (Sample mean)

Pressure Soil moisture content (% volume)
h (pF) 0.0 0.4 1.0 15 1.8 2.0 2.5 4.2
Order| h(cm) 0.0 25 10.0 31.6 63.1 100.0 | 316.2 |15848.9
h (bar) 0.0 0.002 | 0.010 0.031 0.062 | 0.098 | 0.310 | 15.543
Layer (cm) Measured sand box Measured pF Box
1 0+10 39.10 | 35.00 | 33.90 23.40 13.70 | 12.93 | 11.30 5.57
2 10+20 35.93 31.33 | 29.23 21.33 12.40 12.10 | 11.67 3.76
3 20+30 35.10 31.57 | 29.80 21.33 11.77 11.30 | 10.70 3.82
4 30+40 31.60 | 29.57 | 28.07 20.23 1143 | 11.00 | 10.27 4.61
5 40+50 33.00 | 3043 | 2857 20.20 1143 | 10.97 | 10.30 3.39
6 50+60 32.23 | 30.03 | 27.87 19.63 10.97 | 10.63 | 10.20 3.23
7 0+40 35.43 31.87 | 30.25 21.58 12.33 11.83 | 10.98 4.44
8 0+60 34.49 31.32 | 29.57 21.02 11.95 11.49 | 10.74 4.06
Sample mean - Layer: 0-10cm Sample mean - Layer: 10-20cm
5.000 5.000
'S
& 4,000 & 4.000
3.000 3.000
2.000 2.000
1000 | k2209835 1.000 RIS 09747
.000 .000
0.0 10.0 200 30.0 40.0 0.0 10.0 20.0 300 400

Moisture content (%) Moisture content (%)
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Figure 3.10: The pF retention curve by soil layer
Table 3.5: Cumulative water reserves, available water
and readily available water for Grape leaves
Or- | Layer| Oz« Wi | TWie | Owp Wup | TWup|  Oaw AW [ TAW |Factor| RAW | TRAW op Op
der | (m) | (cm¥ | (mm) | (mm) | (em | (mm) | (mm) | (cm¥ | (mm) | (mm) | P | (mm) [ (mm | @m¥ | (%
cm®) cm®) cm®) water) | cm®) | TT)
1 | 0+10 |0,1293|12,93|12,93|0,0557| 5,57 | 5,57 |0,0736| 7,36 | 7,36 | 0,35 | 2,58 | 2,58 |0,1036 | 80,08
2 [10+20|0,1210| 12,10 | 25,03 |0,0376| 3,76 | 9,33 |0,0834| 8,34 |15,70| 0,35 | 2,92 | 5,50 |0,0918 | 75,87
3 |20+30/0,1130(11,30| 36,33|0,0382| 3,82 |13,15(0,0748| 7,48 [23,19| 0,35 | 2,62 | 8,12 |0,0868 | 76,82
4 [30+40(0,1100|11,00 | 47,33|0,0461| 4,61 |17,76|0,0639| 6,39 |29,58
5 [40+50/0,1097|10,97 |58,30(0,0339| 3,39 |21,14(0,0758| 7,58 |37,16
6 |50+60|0,1063|10,63|68,93|0,0323| 3,23 |24,37(0,0740| 7,40 |44,56

Where: 6, Owp, Gaw: the water content at field capacity, wilting point and available water;
Wie, TWre: the water amount and total cumulative water amount of soil at field capacity;
Wap, TWup: the water amount and total cumulative water amount of soil at wilting point;
AW, TAW: the available water and total cumulative water amount of soil;
p : the mean factor of total water amount (TAW);
RAW, TRAW: the readily available water and total readily available water for crops;
Op : the suitable minimum water content (the point P);
111.3.2 The storage capacity of available water and the readily available
water for crops
For the soil layer containing active roots of the plant from 0 + 20cm (for
plants with shallow roots near the ground surface), 6x is 25.03 mm, TAW is
15.70mm (making up 62.73% 6s). In the whole layer 0 + 60cm, O is
68.93mm, TAW is 44.56mm (making up 64.64% 0r);
Total readily available water for widespread dry crops at the water
scarce region in the South Central part, as follows: Vine: TRAW: 10.36mm
(making up 35.0% TAW). 0p: 8.76% volume (V); Dragon: TRAW:
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17.75mm (60.0% TAW). 6p: 7.17% V; Apple: TRAW: 22.28mm (50.0%
TAW). 0p: 6.93% V; Sugar cane: TRAW: 19.22mm (65.0% TRAW). 0p:
6.85% V; Vegetables: TRAW: 9.27mm (40.0% TAW). 6p: 8.31% V;
Union-garlic: TRAW: 4.71mm (30.0% TAW). 0p: 9.6% V.

With Grape leaves, in the soil layer containing active roots of the plant
0+20cm, TRAW is: 5.50mm (35.0% TAW), 6p: 9.18+10.36% V. When the
soil moisture decreases to the suitable minimum water content 6p, plant
should be immediately irrigated water to absorb for well development.

1114 EXPERIMENTAL RESEARCH ON SOIL MOISTURE
DYNAMIC
111.4.1 The soil moisture dynamic following the soil depth

At the end of the irrigation frequency, maximum moisture content was
CK2, the medium one was CK3, the lowest one was CK4. At the area of
KoTC: the upper layer moisture was smaller than the lower layer one. At the
area of TKN: the moisture in the soil layer containing active roots was lower
than other layers; the bottom layer was less affected by the meteorological
factors and was not absorbed by the roots, so this layer moisture was higher
than upper layers. At traditional irrigation area (CT): the lower layer
moisture was smaller than the upper layer one because the active roots were
mainly contained at below layer getting more water than the upper one.

Water saving irrigation area (CK2) - V1 Traditional irrigation area (CK2) - V1

0 5 10 15 20 25 30 35 Moisture 0 5 10 15 20 25 30 35 Moisture
5 content (%) 5 content (%)
3 e (0.5 hour e ().5 hour

-10 6 hours -10 /1 6 hours
= 12 hours | —~ 12 hours
::o/ -15 e 18 hours 5 -15 [ e 18 hours
= \ % e 24 hours | S e— 24 hours
A 20 \ l 30 hours | S -20 30 hours
-25 N\ 36 hours | © 25 1 H 36 hours
| 42 hours 42 hours
-30 48 hours -30 - . 48 hours

Figure 3.12: Moisture content following time and soil depth at two locations —V1

111.4.2 The soil moisture dynamic following the irrigation frequency

a) At the KoTC: moisture content comparison with 6p of dry crops at
the end of the irrigation frequency, the results weree as follows: garlic
onions, vegetables, tomatoes, apples, dragon, sugarcane... When farmers
apply water saving irrigation technique, irrigation frequency should not be
longthened more than 4 days; with drought plants (sugarcane, dragon...) can
be irrigated with medium frequency (3 days), because plants with high
sensitivity to water such as vegetables, tomatoes and onions will be waterless
on the last days of the frequency. To avoid loss of productivity and product
quality after harvesting, the irrigation frequency should be short (2 days).
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b) Atthe TKN: Most of soil moisture at the end of CK3 and CK4 were
less than Op, in which the moisture in layer 10 +~ 20cm of CK4 was sometimes
equal to or approximately the moisture Owp, it made difficulty for plant water
absorption. Moisture at the end of CK2 was higher than 0p, which ensures

for the crops sufficiently absorbed water to grow well.

00 25 50 75 100 125 150 175 20.0 Moisture content (%)
-5

Owp
_-10
g 15 e (p - Grape leaves
= fend of CK2 (TKN2-V1)
2 -20
0 5 0end of CK3 (TKN3-V1)
30 ( 0end of CK4 (TKN4-V1)

Figure 3.15: Moisture content comparison with 6wp va 6p at the end of
frequencies — At the water saving irrigation area (TKN) - V1 season.
c) Atthe traditional irrigation area for Grape leaves (CT):
The moisture content at the end of CK3 and CK4 were lower than 6p,
even CK4 was approximately Owp, when crops had high water demand, trees
absorbed water difficultly and light wilt, it was affecting the productivity and

product quality of the whole season. Moisture of CK2 was higher than 6p.
00 25 50 75 100 125 150 175 200 pMoisture content (%)

Owp
~ -10
% 15 Op - Grape leaves
< ) 6end of CK2 (CT2-V1)
S - 0
0 5 6end of CK3 (CT3-V1)
.30 fend of CK4 (CT4-V1)

Hinh 3.16: Moisture content comparison with 6wp va 6p at the end of
frequencies — At the traditional irrigation area (CT) - V1 season
111.5.3 The soil moisture dynamic following time (0’clock)

a) At the KoTC: the smallest moisture decrease was from
21:00PM+3:00AM:; the third one was from 3:00AM-+9:00AM; the second
one was from 15:00PM+21:00PM and only lower than decrease from
9:00AM+15:00PM; the largest one was from 9:00AM-+15:00PM. Layer
0+5cm had the largest decrease, the next ones were layers 5+10cm,
10+15cm, 15+20cm, 20+-25cm and 25+30cm in turn.

b) At the TKN: Considering the moisture decrease between the soil
layers, there was a clear difference in order compared to the KoTC, due to
the roots’ water absorption moving to the trunk and leaves for
photosynthesis, metabolism for developing and thermal balance. Reduction
order was: the layer 10+15cm had the largest decrease, the next ones were
layers 5+10cm, 15+20cm, 0+5cm, 20+25cm and 25+ 30cm in turn.
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c) Atthe CT: Daily moisture decrease was also as the TKN. Considering
the moisture decrease between the soil layers, there was a clear difference in
the order compared to the KoTC and TKN, the soil layer 20+30cm had the
greatest moisture decrease, the next ones were layers 15+20cm, 10+15cm,
5+10cm and 0+5cm in turn.
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(after 6 (after 12(after 18 (after 24 (after 30 (after 36 (after 42(after 48 moi  (after 6 (after 12(after 18 (after 24 (after 30(after 36 (after 42 (after 48
hours) hours) hours) hours) hours) hours) hours) hours) hours) hours) hours) hours) hours) hours) hours) hours)
Time (hour)
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Figure 3.18: Daily moisture decrease of soil layers - at the KoTC, CK2-V1
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Figure 3.19: Daily moisture decrease of soil layers - at the TKN, CK2 - V1
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Figure 3.20: Daily moisture decrease of soil layers - at the CT, CK2 - V1
111.5 APPLIED THE COUP MODEL FOR SIMULATING SOIL
MOISTURE DYNAMIC IN THE SOIL-PLANT-AIR SYSTEM
111.5.1 Introduction of the Coup Model
The original name of the Coup Model was the Soil Model developed for
simulating the water and heat movement for any cover-crop soil by the soil
profile depth. The basic theory consists of: (1) Laws of mass and energy
conservation; (2) Flow in the soil (Darcy's Law) or temperature (Fourier's
Law).
111.6.2 Applied the Coup Model for simulating soil moisture dynamic in
the soil-plant-air system
a) Data input: Input meteorological data, irrigation water, crops (leaf,
root...), soil characteristic... to sheets as: Document, Run Info, Switches,
Parameters, Parameter tables, Model files...;
Simulation for 3 seasons: V1 from 01/01 <+ 30/4/2012, V2 from 01/9 +
30/12/2012; V3 from 01/01 + 30/4/2013.
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b) Analysis of simulation results

Established the pF retention curve by the Coup Model based on soil
properties, these results were quite similar with the measurement results of
suction pressure in the laboratory.

Soil moisture dynamic: moisture at the beginning of the crop season was
low. After irrigating, the moisture increased and maintained higher than at
the begining time, this result was also consistent with the field actual
observation. The evapotranspiration (soil and leaf) during the irrigation and
the crop development, the amplitude was from 0.5+4mm/day. Water
absorption of the roots was from 0+2mm/day the evapotranspiration. The soil
temperature change was following the depth, the layer 0+5cm was from
18+22°C, the amplitude of lower layers decreased from 1.5+2°C and quite
evenly by time. The concentrated development of active roots by simulation
result was similar to the active root development in the field.

111.6 EXPERIMENTAL DATA TEST, CORRELATION ANALYSIS
AND LINEAR REGRESSION ESTABLISHMENT

Data processing by statistical analysis, Cronbach's Alpha reliability
testing and Exploratory factor analysis. Mean different test of statistical
significance by One-way Analysis of Variance (ANOVA), in which the
Levene Statistic test - homogeneous variance, F test - statistically significant
difference (ANOVA) and Welch test - a supposition breach of heterogeneity
variances. The test results are statistically required for calculation, analyzing
and establishing linear regression equations between the factors.

Test results of correlation coefficient ensure the correlation of factors
are very closely. The regression equations are as follows:

Table 3.15: Regression equations of the water infiltration in soil

Area Relation of
factors CK2 CK3 CK4

i (Z) =f (t) Zz = 0,957t2 Z3 = 0,969t3 Z4 = 0,961t4

f(Z)=f(W,R) [Z,=0,481W,+ 0,555R, [Z3=0,596W5 + 0,445R; |7, =0,582W, + 0,467R,

—_— f(Vz) =f(W,R) Vz,=0397W, - 1,300R, NMz;=0,357Ws - 1,253R; Vz4 =0,289W, - 1,199R,

f(R)=f(t) R, = 0,858t, Rs = 0,838t; R, = 0,813t,

i (R) =f (W) Rz = 0,858W2 R3 = 0,838W3 R4 = 0,813W4

if (VR) =f (W, R) VRz 20,554W2 - 1,417R2 VR3 :0,488W3 - 1,355R3 VRA = 0,432W4- 1,296R4

Table 3.16: Test results and establishment of regression equations between
the pF retention curve — TAWr2) and the pF retention curve — TRAW g

Eigen-
value
>05| >0,5] <0,05| <0,05| <10| >1

1 [f(TAW) = f(Bpr2) | 0,946 | 0,868 | 0,004 | 0,004 | 1,00 | 1,998 | TAW = 0,946* Opr2
2 f(TRAW) =f(6pr) 0,946 | 0,868 | 0,004 | 0,004 | 1,00 | 1,998 |TRAW = 0,946* OpF

Or- 7] R? F t | VIF

Relation of factors Regression
der

equations
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Table 3.17: Regression equations of soil moisture (6zi) and the pF curve

Or- |Season| Area | Layer Zi CK2 CK3 cK4
der (cm)
0+5 0z5=0,952%0pr | 0z5=0,946*0pr | 0z5=0,942%0pF
Vi 5+10 0z10= 0,953*0pr | 0z10=0,949*0pr | 6z10= 0,946*0pF
1 | and | TKN 10+15 | 0z15=0,955%0pr | 0z15=0,952*%0pr | 0z15=0,950*0pF
V3 15+20 | 0z20=0,955%0pF | 0z20=0,951*0pr | 0z20=0,948*0pF
20+ 25 | 0z25=0,949%0pF | 0z25=10,942%0pr | 0z25= 0,939*6pF
25+30 | 0z30=0,947*0pr | 0z30=0,939%0pr | Oz30=0,937*0pF
0+5 0z5=0,948%0pr | 0z5=0,948*0pr | 0z5=0,941*0pF
5+10 0z10=0,951*0pr | 0z10=0,950*0pr | 0z10=0,946*0pF
2 v2 | TKN 10 +15 | 0z15=0,954%0pr | 0z15=0,952*%0pr | 0z15=0,950*0pF
15+20 | 0z20=0,954%0pr | 0z20=0,953*0pr | 0z20=0,947*0pF
20+ 25 | 0z25=0,941%0pF | 0z25=0,941*0pr | 0z25=0,937*0pF
25+30 | 0z30=0,939%0pF | 0z30=0,937*0pr | 0z30=0,934*0pF

CHAPTER IV:
EXPERIMENTAL RESULTS AND ESTABLISHMENT OF THE
SUITABLE IRRIGATION SCHEDULE FOR GRAPE LEAVES IN
THE WATER SCARCE REGION

IV.1 IRRGATION WATER AMOUNT FOR CROPS
1V.1.1 Comparison of water amount for each irrigation time

Statistical analysis results of infiltration experiment showed that
irrigation water amounts of CK2: 1.05 liter/dripper (or 5.383m%ha,
infiltration depth Z = 24.1cm, active root depth 14.6 + 15.4cm; CK3: 1.053
lit/drip (or 5.973m%ha, Z = 23.8cm, root depth 16.8 +17.7cm) and CK4:
0.8825 lit/drip (or 4.523m%ha, Z = 23.8cm, root depth 19.0+20.2cm) for
comparison as:

Irrigation times of A3 and A'3 (low water level mg) in CK2) with water
content was smaller than 5.383m?%ha occupying the highest rate, it means
that the excess water was the lowest. At the end of the irrigation frequency,
the soil still maintained moisture for plants to absorb and grow well, get high
yield. At other blocks of CK2 (irrigation level muy and mgy), especially CK3
and CK4 (for all mqy, me and me)), there was a water part infiltrated deeply
and over-root zone causing water waste, at the end of CK3 and CK4,
moisture still reduced, not enough water for plants to absorb and develop.
1V.1.2 Comparison of water amount following the irrigation frequency

In 3 seasons as: (1) CK2 (comparison with Act): A1-A’1 saved 67,603
+ 106,459m%/ha; A2-A’2 saved 162,619 + 192,619m3/ha; A3-A’3 saved
227,764 + 287,635m*ha. (2) CK3 (comparison with Bct): B1-B’1 saved
74,118 + 116,009m%ha; B2-B’2 saved 150,086 + 208,410m%/ha; B3-B’3
saved 226,054 + 306,581m?ha. (3) CK4 (comparison with Cct): C1 - C’1
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saved 136,881 + 207,816 m*/ha; C2 - C’2 saved 215,397 + 295,747m?ha;
C3 - (C’3 saved 293,913 + 391,083 m®/ha.
1VV.1.3 Comparison of the highest water amount - Block Cct

All experimental blocks have lower irrigation water amount than block

Cct, in which blocks with low water level (m)) were equal 40+50% of Cct.
800
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<
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Irr water amount

0

Al A'1 A2 A2 A3 A3Act B1 B'1 B2 B2 B3 B3BctCl1C'1C2C2C3 CI'3 Ect
Bloc

mV1: January - April, 2012  mV2: September - December, 2012 V3: January - April, 2013
Figure 4.4: Total irrigation water amount for crops in three seasons

IV.2 EFFICENCY OF WATER SAVING IRRIGATION TECHNIQUE
TO CROPS’ DEVELOPMENT AND YIELD
1VV.2.1 Descriptive statistics analysis of the leaf development

The statistical analysis results of harvested leaves were quite small
standard deviations compared to sample mean. Leaves of blocks with extra
sprinkler irrigation developed faster and more equally than blocks’ purely
drip irrigation. The leaves of CK2 growed faster and more equally than CK3
and CK4. In CK3 and CK4, the leaf development of blocks’ high water level
was faster than medium and less water level. Block C'3 (CK4) had some
leaves waiting for 40 days to achieve the required size. The leaf development
order is as follows: Blocks A1, A2, A3 > A’1, A’2, A’3 and Act > B1, B2,
B3>B’l, B’2, B’3 and Bet > C1, C2, C3>C’1, C’2, C’3 and Cct.
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Figure 4.5: Grape leaves’ development process in the season V1
1VV.2.2 Development of the tree-trunk and active roots
The trunk perimeter of CK2 was larger than CK3 & CK4, but the
difference was a little. The roots of water-saving irrigated plants tended to
thrive in arable layer (0+20cm) which regularly maintains moisture.
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1V.2.3 Biomass of leaves and tree-trunk

The water rate of the leaves and trunk was quite large, season V2 has
more water rate than in V1 and V3; in CK2 was larger than in CK3 and CK4.
1V.2.4 Product harvest process and crop yield

Compared to the same irrigation frequencies, the leaf weight of the
sprinkler irrigation blocks was greater than in other ones. The productivity
of CK2 was higher than CK3 and CK4 (the same irrigation level). The CK2
had yield at the harvest beginning not much difference with the next harvests,
harvest time of large scale was more early than CK3 and CK4. In CK3 and
CK4, yield at the harvest beginning was low, usually concentrated in the
middle and late seasons (because the leaves growed more slowly than CK2).

The productivity order of blocks is as follows: 41, 42, A3, A°1, A°2, A’3,
Act > Bl, B2, B3, B’1, B’2, B’3, Bct > C1, C2, C3, C’1, C’2, C’3, Cct
= 10.000
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6.000
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2.000
0.000

Yield (ton/ha

Al A'1 A2 A2 A3 A'3 Act B1 B'1 B2 B2 B3 B'3Bct C1 C'1 C2 C2 C3B(I?‘3kCCt
ocC

mV1: January - April, 2012 = V2: September - December, 2012 = V3: January - April, 2013
Figure 4.8: Crop yield of experimental blocks - in three seasons
IV.3 WATER USE EFFICIENCY - WUE
Sprinkler irrigation blocks’ WUE were higher than purely drip and
traditional irrigation ones. Blocks’ WUE in CK2 were higher than CK3 and
CKA4. In the same irrigation frequencies, WUE of low irrigation level blocks
(m(s)) was the highest, the next by medium one (m) and high one (m)).
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Figure 4.9: Water use efficiency of the whole season
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Figure 4.11: Irrigation productivity of the whole season
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IV4 EXPERIMENTAL DATA TEST, CORRELATION ANALYSIS
AND LINEAR REGRESSION ESTABLISHMENT
Reliable tests of irrigation and crop development data (Cronbach's
Alpha, EFA, One-Way ANOVA...) are statistically required for detailed
assessing and analyzing.
The correlation analysis results of Pearson (r > 0,5), R?> 0,5, test of F,
t with Sig.= 0,0001 < 0,05 (reliability is 95%), VIF < 10, Eigenvalue > 1,
which are satisfied for establishing linear regression equations, as followed:
(1) f(ETo) =f(t, h, s, w, p) - (Meteorological regression)
Where: Eto: Evaporation is dependent variable; t: temperature, h: air
humidity, s: sunshine, w:wind and p: precipitation are independent variables
(2) f(Im)=f(ETo) - (Regression of irrigation water - Evaporation)
(3) f(Ym)="f(Ym) - (Regression of crop yield - irrigation water)
Table 4.8: Linear regression equations of factors
V2 (from September 15 + December 30™)
f(ETo)=f(t h,s,w, p)

EToz = - 0.021t - 0.458h + 0.355s +
0.540w - 0.053p

Season
Linear
regression
equations

V1 (from January 1% + April 30"
f(ETo)=f(t, h,s,w, p)
EToy = 0.112t - 0.415h + 0.308s +
0.587w - 0.049p

Or-
der]

Irr. frequency

FYm) =T (Im)

f(Im) = (ETo)

f(Ym)=f (Im)

f(Im) = f (ETo)

ml1=125

l105 = 0.875*ET01 25

Yia5= 0.994* 1125

1125 = 0.952*ET01 25

Yi25= 0.997* 1125

m2=1.00

=
N

l100 = 0.877*ETO1_00

Y100 = 0.994* l1.00

ly00 = 0.951*ET01_00

Y100 = 0.997* 11.00

m3=0.75

|0_75 = 0.879*ET00_75

Yor5=0.994* loss

lo.7s= 0.951*ET0g 75

Yor5=0.997* lo7s

ml1=125

1125 = 0.855*ET0; 25

Y= 0.993* 1125

l1.25 = 0.943*ET0; 25

Yi5= 0.995* 1125

m2=1.00

l100 = 0.855*ET01_00

Yi00= 0.993* l1.00

ly00 = 0.945*ET01_00

Y100 = 0.996* 11.00

m3=0.75

lo.7s = 0.854*ET0q 75

Yo75=0.993* loss

lo.75= 0.945*ET00 75

Yo.r5=0.996* lo7s

ml=125

ly05 = 0.858*ET01_25

Yi5= 0.981* 1125

ly05 = 0.921*ET01_25

Yi5= 0.997* 1125

m2=1.00

l100 = 0.863*ET01_00

Yi00= 0.980* l1.00

ly00 = 0.919*ET01_00

Y100 = 0.997* 11.00

m3=0.75

lo.7s = 0.862*ET0q.75

Yo75=0.979% loss

|0_75 = 0.920*ET00_75

Yor5=0.998* lo7s

IV.5 THE DRIP IRRIGATION SCHEDULE FOR GRAPE LEAVES

(1) Total time of canopy development and leaf harvest is about 4 months
(2) Irrigation frequency is 2days; Apply drip irrigation level with less

water (m =0.75);

(3) Drip irrigation amount (Im) is calculated from evaporation (ETo),
daily effective precipitation (P) and crop coefficient (Kc) following
each growing and developing stage of crops, or

(4) Drip irrigation one (Im) is also calculated with 0.725 (litter/one
tree per time) equally 3.745 (m*/one hectare per time) in order to
maintain moisture in the active root layer, avoid deep infiltration
causing waste water.
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Table 4.9: Crop coefficient Kc of drip irrigation for Grape leaves

Developing tree The 1 '_I'he 2"
. . time cut . time cut .
Growing | Developing ] ] the top Developing tree the top Developing tree
stage sprout Directs up the | Directs of the directs down of the directs down
top of the trellis [ down . .
trellis trellis
Time 10-20/01 [21-31/01(01-10/02(11-20/02|21-29/02| 01-10/3 | 11-20/3 | 21-31/3 | 01-10/4 | 11-20/4 | 21-30/4
Kc 0,30 0,45 0,55 0,60 0,65 0,65 0,70 0,70 0,65 0,65 0,55
Irrigation
water rate 8.929 12.137 | 14.712 | 14.712 | 13.241 | 14.712 | 14.712 | 16.183 | 14.712 | 14.712 | 12.505
(mm)
Irrigation
water rate 11.365 15.450 | 18.727 | 18.727 | 16.854 | 18.727 | 18.727 | 20.599 | 18.727 | 18.727 | 15.918
(m®ha)

Linear ETowy = 0,112t - 0,415h + 0,308s + 0,587w - 0,049p
regression lo7s = 0,879*ET00,75
equations Yo7s =0,994* lors
Time 10-20/9 | 21-30/9 |01-10/10|11-20/10{21-31/10/01-10/11(11-20/11{21-30/11|01-10/12|11-20/12|21-30/12
Kc 0,25 0,30 0,45 0,55 0,60 0,60 0,65 0,65 0,60 0,60 0,55
Irrigation
water rate 8.929 12,137 | 14.712 | 14.712 | 13.241 | 14.712 | 14.712 | 14.712 | 14.712 | 14.712 | 12.505
(mm)
Irrigation

water rate 11.365 15.450 | 18.727 | 18.727 | 16.854 | 18.727 | 18.727 | 18.727 | 18.727 | 18.727 | 15.918
(m/ha)

Linear ETowy = 0,112t - 0,415h + 0,308s + 0,587w - 0,049p
regression lo7s = 0,879*ET00,75
equations Yo75 =0,994* lo75
Crop coefficient curve Kc Crop coefficient curve Kc
(Period from January to April) (Period from September to December)
< 0.80 0.80
4 (%)
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Figure 4.13: Crop coefficient curve Kc of drip irrigation for Grape leaves

CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

The thesis has achieved new major results as follows :

» As regards water spread in soil of drip irrigation technique (water
infiltration)

1.1) Investigated water infiltration spread in soil at 3 places: soil without
cultivating, plants with water saving irrigation and in the laboratory,
results as: vertical velocity (Vz) and infiltration depth (Z) are bigger than
horizontal velocity (Vr) and average radius of wetting front on horizontal
direction (R). The results were showed that after irrigating in 40 + 50
minutes, water spread completely covering the active root area (0 +
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20cm deep). The establishment of correlation and linear regressions of
following variables: Z, R, W, Vz, Vg, with satisfatory test results and high
correlation coefficient, linear regression models were suitable and
significant to infer the general in order to apply into production reality.

» As regards establishment of the pF Retention curve (pF curve)

1.2) Established the pF curve for cultivated soil of the water scarce region in
the South Central part, in order to apply it in calculating the readily
available soil water (RAW), the correlation is very close (R?> 0.9).

(1.2.1) Total available soil water (TAW) in comparision with water content
is from 56.91% (layer 0+10cm) to 64.64% (layer 50+-60cm);

(1.2.2) Total readily available soil water (TRAW) and the suitable minimum
water content (dp) for popular dry crops at the water scarce region as
follows: Vine: 10.35mm. 6p: 8.76%TT; Dragon tree: 17.75mm. 6p:
7.17%TT; Apple: 22.28mm. 6p: 6.93%TT; Sugar-cane: 19.22mm. 6p:
6.85%TT; Vegetables: 9.27mm. Gp: 8.31%TT; Onion-Garlic: 4.71mm.
Op: 9.6%TT. Cultivated soil needs be irrigated to maitain moisture
content from the suitable min water content (0p) to field capacity (0x).

» As regards research on soil moisture dynamic

1.3) Determined soil moisture dynamic at non-plant and plant places of the
water scarce region in the South Central part. The results are showed:

(1.3.1) At the KoTC: moisture increased in soil layers depth (2), the layer
(0+5cm) had the smallest value, the layer (25+30cm) had the biggest one;

(1.3.2) At the TKN: moisture in the layer (0+10cm) decreased fast because
roots absorbed water for plant development. Moisture in layer (20+30cm)
decreased the most slowly in comparision with above layers because of
non-root, water mainly infiltrated deeply but not absorbent by roots.
Thus, from the layer (20 + 30cm) to the bottom, irrigation water was less
effective for Grape leaves, so it should be paid attention to limit the
water to infiltrate deeply into this soil layer;

(1.3.3) Moisture at the TKN: CK2: moisture at the end of frequency was
higher than ép, crops were not deprived of water. CK3 and CK4: were
supplied more water than CK2, therefore a lot of water infiltrated deeply,
at the beginning and middle of the frequency, crops got enough water;
but at the end of frequency, moisture decreased and was lower than 6p,
it sometimes closed to wilting point (8wp), crops were short of water. For
this reason, the CK2 for Grave leaves is suggested to develop well;

(1.3.4) At the CT: moisture decreased in the soil layer depth (Z) (because
active roots were deep). Decreasing amount of this place was greater
than the KoTC and TKN (because water mainly infiltrated deeply);
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(1.3.5) In daytime moisture decreased greater than in the evening and at
night; moisture in the afternoon decreased greater than in the morning.
The greatest decreasing amount was from 9:0AM to 15:0PM. Therefore,
farmers should irrigate in the morning for crops to absorb much water
during the process of photosynthesis, metabolism and body heat balance;

(1.3.6) Established the correlation and linear regressions of variables: (a)
Infiltration, (b) pF curve and water amount in soil, (c) pF curve and water
content of each layer. Test results were satisfied and correlation
coefficient was high, linear regression models were suitable and
significant to infer the general.

» As regards research on simulation of soil moisture dynamic

1.4) Applied the Coup Model for simulating moisture and heat transfer in the
soil-plant-air system with the results approached field observations.

» Proposed the suitable schedule of water saving irrigation (drip
irrigation technique) for Grape leaves

1.5) The thesis has showed as follows:

(1.5.1) CK2 with less water level (m) had the lowest excess water, the soil
ensured the moisture absorption and well development of crops to
achieve high productivity. Experimental blocks of: CK2 with my and
me)), CK3 and CK4 supplied water infiltrated over active root area to
become waste; at the end of the irrigation frequency, moisture reduced
and crops could not absorb enough water for developing well;

(1.5.2) Less water level (m) saved a lot of water in comparision with two
others irrigation levels (m@)) and (m);

(1.5.3) The blocks with drip and extra sprinkler system had higher water use
efficiency than the pure drip irrigation blocks and control ones. The
blocks of CK2 had higher water use efficiency than CK3 and CK4. The
water use efficiency of blocks with less water level (m)) was the highest;

(1.5.4) Irrigation productivity which applied saving irrigation technique
showed that: The order of productivity in each irrigation frequency also
decreased from the low water level (m(s)) to the high water one (mg));

(1.5.5) The trees’ development in the drip and extra sprinkler blocks was
faster and better, early and more productive harvest, concentrating and
homogenizing than the pure drip irrigation blocks and control ones;

(1.5.6) Profit of the drip and extra sprinkler blocks was higher than the pure
drip irrigation blocks and control ones. Blocks of CK2> CK3 >CK4;

(1.5.7) Established the correlation and linear regressions of variables:
Meteorology — Crop water requirement - Crop yields from the field
experiments with satisfatory test results, high correlation coefficient,
linear regression models is suitable and significant to infer the general;
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(1.5.8) Proposed the suitable schedule of water saving irrigation (drip
irrigation technique) for Grape leaves in the water scarce region in the
South Central part of Vietnam, as follows:

(1) Total time of canopy development and leaf harvest is about 4 months;

(2) Irrigation frequency is 2days; Apply drip irrigation level with less
water (m = 0.75);

(3) Drip irrigation amount (Im) is calculated from evaporation (ETo),
daily effective precipitation (P) and crop coefficient (Kc) following
each growing and developing stage of crops, or

(4) Drip irrigation one (Im) is also calculated with 0.725 (litter/one tree
per time) equally 3.745 (m3/one hectare per time) to maintain moisture
in the active root layer, avoid deep infiltration causing waste water.

2. RECOMMENDATIONS

2.1) Research on the pF Retention curve (pF curve) for the main types of
land used in agricultural production, including the South Central part.
2.2) Need establish the supplemental pF curve of the soil layer from -60cm
down to a depth of 85+90% of the active roots for the perennial plants
such as: cashew, coffee tree, cocoa-tree, mango, custard-apple..., to

calculate TRAW and determine the suitable irrigation schedule;

2.3) At the scarce region (droughty one) of the South Central part with severe
weather conditions, to reduce water loss by deep infiltration, the farmers
should increase clay or humus, colloid for the soil, and concurrently apply
the short-term irrigation frequency to maintain moisture content, ensuring
that crops can absorb enought water and grow well;

2.4) Using the drip irrigation technique, to enhance water use efficency at
the similar condition region and crop characteristics like Grape leaves,
for water to infiltrate over the active root layer, the soil only needs be
irrigated from 40+50minutes for the depth (0+20cm), or from
90-+-100minutes for the depth (0+-30cm), or from 180+190minutes for the
depth (0+40cm), then stop watering to avoid waste water of deep
infiltration, concurrently apply the irrigation schedule CK2 for the
moisture in the suitable range (6, + Ox);

2.5) More study on infiltration of ununiform soil layers, unequal terrain,
water-table changing and effecting to plants for effective application in
practical production;

2.6) Study on short time forecast of the meteorological elements for
irrigation water calculation and effective determination of climate to the
crop development.
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