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|. MO PAU
1. Tinh cip thiét

Trong bdi canh hién nay, nong nghiép dang dbi mit véi thach thirc 16n vé suy
thoi dat, 6 nhiém moi truong va thiéu hut ngudn phéan hitu co chét luong. Theo FAO
(2021), khoang 1/3 dién tich dat toan cau bi suy thoai do lam dung phan hoéa hoc va
canh tac khong bén vimg. O Viét Nam, tinh trang nay thé hién rd qua su giam st
chit hitu co va do phi dat, dac biét tai cac vung tham canh. Do do6, viéc bod sung vat
liéu hitu co va thay thé mot phan phan hoa hoc bang phan bon hitu co trd thanh yéu
cau cap thiét nham phuc hdi stc khoe dat va hudng téi san xuét bén ving.

Viét Nam c6 loi thé 16n vé phu pham ndng — 1am nghiép, dic biét 1a vo cay keo
— ngudn nguyén liéu doi dao nhung chua duoc khai thac hiéu qua. Véi hon 2,35 triéu
ha keo va san lugng g5 gén 47 triéu m*/nam, luong vo keo phat sinh khoang 1,7 tri€u
tan/nam, chil yéu bi bo phi. Trong khi d6, vo keo giau lignin va cellulose, c6 thé tro
thanh ngudn nguyén liéu tiém ning cho san xut phan hitu co néu dugc xir Iy dang ky
thuat. Tuy nhién, do ty 1& C/N cao va khé phan huay, can co giai phap sinh hoc phu
hop dé rat ngin thoi gian U va nang cao chit lugng compost.

Cay cai ngot (Brassica integrifolia) 1a rau an 14 ngin ngdy, c6 gia tri kinh té cao
nhung hién van phu thudc vao phan hoa hoc, gdy 6 nhiém va ton du nitrat. Viéc s
dung phan hitu co chat lugng cao s& giup cai thién ning suat, chat luong rau va do
phi dat, dong thoi hd tro phat trién nong nghiép hitu co.

Trong bdi canh vo keo 1a phu pham dbi dao nhung chua duoc tan dung tdi uu,
viéc thuc hién dé tai: “Nghién civu sdn xudt phan bén hitu co tir vé cdy keo (Acacia
mangium) va itng dung trong canh tic cdy cdi ngot” 13 thuc su cap thiét. Nghién
ctru khong chi nham xac dinh tinh kha thi va hiéu qua dinh dudng ciia san phdm ma
con gop phan giam chi phi san xuat, toi wu hoa chudi gi tri phu pham 1am nghiép va
thiic ddy mé hinh kinh té tudn hoan trong nong nghiép bén ving tai Viét Nam.

2. MUC TIEU NGHIEN CUU
2.1. Muc tiéu chung

Thiét 1ap co s& khoa hoc va xay dung giai phap ky thuat téi uu dé san xuét phan
bon hiru co tir phu pham vo cay keo (Acacia mangium); déng thoi danh gia toan dién
hiéu ning cua san pham d6i véi sinh truong, ning suat, chat luong cdy cai ngot va
suc khoe dat trong diéu kién canh tac tai Viét Nam, nham tao tién dé cho viéc chuyén
hoa hiéu qua sinh khdi 1am nghiép thanh ngudn dau vao cho néng nghiép bén viing.
2.2. Muc tiéu cu thé

Tuyén chon ché pham sinh hoc phan hily vé keo: Xac dinh dugc nhém vi
sinh vét hodc enzyme c6 kha ning phan giai manh cac hop chit hitu co bén vimg
(lignin, cellulose) trong vo cay keo.
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T6i wu héa quy trinh sin xuit va danh gia chit lwgng san phim: Xac dinh
duoc cong thirc phdi tron nguyén lidu (vo keo, phan bo va phu gia) va cac diéu kién u
t61 vu nham rat ngan thoi gian phan hiy; dong thoi danh gia su bién dbi cac chi tiéu
Iy, hoa, sinh hoc cua san phrflm dat tiéu chuin chét lugng theo QCVN 01-
189:2019/BNNPTNT

Panh gia hi¢u luc phan hitu co trén cdy cai ngot va méi trwong dat: Phan
tich anh hudng cua phan hiru co vo keo dén cac chi tiéu sinh trudng, ning suit, chat
luong thuong pham cia rau cai ngot va dong thai bién dbi ¢ phi nhiéu cia dat trong
tal khu vuc thanh phé Hué..

3. Y NGHIA KHOA HQC VA THUC TIEN
3.1. Y nghia khoa hoc

Lu4n an gop phan hé thdng héa co sd 1y luan vé viéc chuyén hoa cac sinh khéi
1am nghiép giau hop chéat hitu co bén viing (lignin, cellulose) thanh nguén dinh
dudng hitu dung théng qua cac bién phap sinh hoc dic hiéu. Két qua nghién ctru 1am
sang t6 kha ning gia téc qué trinh khoang hoa cac nguyén liéu co ty 1¢ C/N cao, rit
ngan chu ky 0 xudng con 30 ngdy — mot budc tién dang ké so véi cac quy trinh tur
nhién — dong thoi thiét 1ap cac thong so toi wu dé dua chi s6 C/N vé ngudng on dinh
sinh hoc (<12).

Bén canh d6, nghién ciru cung cap cac bang ching thyc nghiém quan trong vé
phan tmg cua cdy trong va dong thai bién doi cua dat khi tmg dung phan hiru co tir vo
keo. Nhiing dit liéu nay khong chi khang dinh kha ning thay thé hodc hd trg phan
bon hoa hoc trong canh tac rau ngan ngdy ma con dong gop khung dir liéu khoa hoc
moi cho chién luoc phat trién nong nghiép tuan hoan va quan 1y sic khoe dat bén
viing tai cac vung sinh thai nhi¢t doi.

3.2. Y nghia thye tién

Nghién ctru cung cip mot giai phap k¥ thuat dong bo va kha thi dé xu 1y triét
dé phu pham vo cay keo, bién nguodn sinh khoi du thira thanh phan bon hitu co chat
luong cao trong thoi gian ngan. Quy trinh san xuét voi cong thirc phdi tron tdi wu c6
tinh linh hoat cao, d& dang chuyén giao va ap dung & nhiéu quy mo khac nhau, tir
noéng ho dén cac co sd san xuat cong nghiép, gitp tan dung tdi da ngudn lyc tai chd
va giam thiéu 6 nhiém mai truong do phé thai 1am nghiép.

Viéc (mg dung san pham trong canh tac cai ngot khong chi minh chimg cho hiéu
qué cai thién ning suat va chat luong nong san (dam bao céc tiéu chuan an toan thuc
pham) ma con gitip ngudi néng dan t6i wu hoa chi phi dau tu thong qua viée giam su 18
thudc vao phan bon hoa hoc. Két qua cta luan an 1a tién dé quan trong dé trién khai cac
mod hinh néng nghiép tudn hoan, gbp phan gia ting gia tri chudi san xuat 1am - ndng
nghiép va thic day 10 trinh phat trién nong nghiép hitu co bén viing tai Viét Nam.



4. PHAM VI NGHIEN CcUU
4.1. Pham vi thoi gian

Nghién ctru duoc thuc hién trong khoang thoi gian tir thang 1 nim 2022 dén
thang 6 nam 2024, cu thé nhu sau:

(1) Noi dung 1: Nghién ctu tuyén chon ché pham sinh hoc ¢ kha ning phan
haty hiéu qua vo cay keo nham tim ra ché pham thuong mai c6 kha nang phan hay vo
keo tét nhat: Thoi gian tir thang 2 dén thang 9 nam 2022.

(2) Noi dung 2: Nghién cttu mot sé bién phap o vo cay keo thanh phan bén hitu
co tir ché pham sinh hoc dugc tuyén chon nham rat ngin thoi gian @, giam ty 16 C/N
va nang cao chat lugng phan compost. Thoi gian tir thang 3 dén thang 10 nam 2023.

(3) Noi dung 3: Nghién ciru hiéu luc phan bon hitu co san xuat tir vo cay keo dbi
véi canh tac cdy cai ngot qua cac chi tiéu sinh trudng, ning sudt va chit luong san
pham nham xac dinh kha ning thay thé, gop phan phuc vu canh tac bén viing. Thoi
gian tir thang 11 nam 2023 dén thang 6 nam 2024.

4.2. Pham vi khong gian

Céc thi nghiém tuyén chon ché pham vi sinh va 1 phan hitu co tir vo keo dugc
tién hanh tai phong thi nghiém Vién khoa hoc k¥ thuat néng 1am nghiép Mién Ni
Phia Béc va khu vuc nha xudng c6 mai che tai tinh Pht Tho.

Thi nghi€ém canh tac cai ngot duogc trién khai trén dat phu sa cat ven bién thudc
xd Vinh Loc, Thanh phd Hué - noi c6 diéu kién khi hau nhiét déi am dic trung, dai
dién cho ving san xuat rau ngan ngay. Phéan tich cac chi tiéu tai Khoa Néng hoc,
Truong Pai hoc Nong 1am, Pai hoc Hué.

4.3. Pham vi n¢i dung

Nghién ctru duoc gidgi han trong cac noi dung trong tam sau:

Vé cong nghé san xuat: Tap trung danh gia kha nang phan giai sinh hoc céc
hop chit hitu co bén vimg trong vo ciy keo (Acacia mangium) thong qua viéc tuyén
chon ché pham vi sinh dic hiéu. Trong tim 13 t6i vu hoa cac thong sd k¥ thuat (ty 16
phéi tron nguyén liéu, phu gia ri mat) dé gia téc qua trinh khoang hoa va nang cao
ham luong dudng chat cho phan compost.

Vé d6i twong va dia diém khao nghiém: Hiéu ning cta san pham dugc danh
gia thuc nghiém trén cay cai ngot (Brassica integrifolia) — dai dién cho nhom rau an
14 ngan ngay c6 nhu ciu dinh dudng cao. Céc chi tiéu vé sinh truéng, nang suét thyc
thu va chat lugng thuong pham (an toan sinh hoc, gid tri dinh dudng) duoc khao sat
trong diéu kién sinh thai dic trung tai khu vuc thanh phd Hué.

5. NHUNG PONG GOP MOI CUA LUAN AN

(1) Budc tién trong k¥ thuat gia téc phan giai phu pham 1am nghiép: Luan an

da thiét 1ap duoc cong thic phdi tron toi wu (30% vo keo + 70% phan bo + 0,15% vi
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sinh vat dic hiéu -EMIC + 1% ri mat) gitp hoa giai rao can vé cu trac lignin bén
vitng cta vo cay keo. Piém khac biét cbt yéu 1a kha ning rat ngan chu ky phan huay
xubng chi con 30 ngdy (giam 2/3 thoi gian so véi cac phuong phap U truyén thng),
ddng thoi dua ty 16 C/N vé ngudng 6n dinh 1y tuong (C/N < 12) v6i ham luong hitu
co dat mirc cao (56,9%), dap tmg nghiém ngit cc tiéu chudn an toan sinh hoc cua
QCVN 01-189:2019/BNNPTNT.

(2) Xéc 1ap dinh muc st dung tdi wu cho canh tac rau hitu co: Nghién ctru di xac
dinh dugc ngudng boén phan hiru co vé keo dat hi€u nang cao nhat (15 tén/ha), tao ra
su bttt phd vé ning suit va chit lugng thuong phim cho cay cai ngot so véi cac dong
phan hiru co thong dung. Két qua ndy cung cidp mot mo hinh thuc nghiém méi, ching
minh vo keo khong chi 13 vat liéu dém 16t ma con 1a ngudn nguyén liéu tiém ning dé
thay thé hoan toan phan hoa hoc trong canh tac rau ngin ngdy, dam bao dong thoi
muc tiéu kinh té va bén vitng méi trudng.

Chuong 1: TONG QUAN VE VAN PE NGHIEN CUU

1.1. CO SO LY LUAN CUA VAN PE NGHIEN CUU

1.1.1. Téng quan vé phan hiru co

1.1.1.1. Lich si va khai niém vé phan hitu co

1.1.1.2. Vai tro caa phan hitu co

1.1.2. Tong quan vé phan @ (compost)

1.1.2.1. Khai ni¢gm phan # va co sé khoa hgc

1.1.2.2. Vai trd cia phan i (compost) déi véi canh tac ndng nghiép

1.1.2.3. Nguén nguyén liéu san xudt phan

1.1.2.4. Cac cdng nghé san xudt phan & (compost)

1.2. CO' SO THUC TIEN CUA VAN PE NGHIEN CUU

1.2.1. Tinh hinh san xuat, tiéu thu va sir dung phan hiru co trén thé gioi va &
Viét Nam

1.2.1.1. Tinh hinh sdn xudt, tiéu thu va si dung phan hitu co trén thé gidi

1.2.1.2. Tinh hinh sdn xuat, tiéu thy va si# dung phan hizu co tai Vigt Nam

1.2.1.3. Tinh hinh sdn xudt, tiéu thu va si# dung phan hitu co ¢ thanh phé Hué
1.2.2. Cac két qua nghién ciu lién quan dén van dé nghién ciéu

1.2.2.1. Cac két qud nghién cizu #ng dung phan @ trén cay cdi ngot

1.2.2.2. Céac nghién cizu vé sdn xudt phan hitu co tir phu phdm c6 nguén géc
thuc vat

1.2.2.3. Cac nghién ciru vé san xudt phan hizu co tir vé cay keo va ing dung trong
canh tac ndng nghiép trén thé gisi va Vigt Nam



5

Chuong 2: NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU
- V6 cay keo (Acacia Mangium) kho dugc thu thap tai cac xuong boc gd dugc
nghién nho véi kich thuéc 1 - 3 cm, trong lugng 250 kg/m?® va do am 25 - 40% dugc St
dung dé nghién cuu.
- Ché pham sinh hoc: Ché pham EMIC, ché pham EM*1, ché pham Sagibio, ché
pham AT-YTB, ché pham EMUNIV.
- Cay cai ngot (Brassica integrifolia).
2.2. NOI DUNG NGHIEN CcUU
e Noi dung 1. Tuyén chon ché pham sinh hoc cd kha ning phéan hiy hiéu
qua vé cay keo l1am nguyén li¢u san xuat phan bon hiru co
v Panh gia kha ning phan hay vo keo boi cac ché pham sinh hoc trong phong
thi nghiém.
v Panh gia kha ning phan hay vo keo boi mot sé ché pham sinh hoc duoc tuyén
chon & diéu kién ngoai tu nhién.
 Noi dung 2: Nghién citu mét soé bién phap @ vé cay keo thanh phan bén
hiru co tir ché pham sinh hoc dwoc tuyén chon
v" Anh huéng cua lidu lugng ché pham sinh hoc tdi uu dén viéc u vo keo thanh
phan hiru co.
v Anh huong cua ty 16 C/N ban dau t6i viéc o vo cdy keo thanh phan hitu co.
v Anh huéng cia ty 18 phan bo/vo keo ban dau téi viéc u vo cdy keo thanh phan
hiru co.
e Ndi dung 3: Panh gia hiéu luc caa phan bon hitu co san xuat tir vo cay keo dbi
Vi sinh trudng, ning suat, chat luong cdy cai ngot va mot sé tinh chat dat.
v Anh huéng ctia phan bon hitu co san xuét tir vo cay keo dén sinh trudng, nang
suat, chat luong cdy cai ngot va mét sb tinh chat dat cat ven bién
v’ Xay dung va danh gia mo hinh ng dung phan bon hiru co tir vo cay keo trong
canh t&c cay cai ngot
2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Phuong phap nghién ciru tuyén chen ché pham sinh hec c6 kha ning phan
hay hiéu qua vé cay keo
Thi nghiém tuyén chon 5 ché pham sinh hoc duoc tién hanh trong phong theo
kiéu hoan toan ngau nhién vai 6 cong thac, 3 1an nhac lai. Vo keo (1 kg) dwoc u trong
hop PE ¢ 45 °C trong 30 ngay, do am diéu chinh 60%, b6 sung 1 g ché pham/kg. Cac
chi tiéu theo d&i gdbm C/N, pH, OM, lignin, cellulose, hemicellulose, chét hoa tan,
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khéi luong, d6 am va nhiét do tai 4 thoi diém. Phan tich theo céc tiéu chuan TCVN
va TAPPI tai Vién KHKT Néng 1am nghiép mién nui phia BAc.
2.3.1.2. Thi nghiém 2: Tuyén chgn ché phdam sinh hec ngoai tz nhién

Tur thi nghiém 1, hai ché pham EMIC va Sagi Bio duoc chon cho thi nghiém 2
ngoai tu nhién dé xac dinh ché pham phan hay vo keo tét nhat. Thi nghiém bé tri CRD
véi 3 cong thuc, 3 1an lap. Vo keo 100 kg/bao jumbo 1 m?, dd am 50%, dao ngay 7 va
20. L4y mau theo TCVN 9486:2018. Theo ddi C/N, pH, d6 am, OC, Nits, Pts, Kts, khoi
lwong vao ngay 10, 20 va 30. Phan tich theo TCVN va can khéi lugng déng 1. Pia
diém phan tich: Vién khoa hoc k§ thuat néng 1am nghiép mién nai phia bac.

2.3.2. Phwong phap nghién ctru mét s bién phap i v6 ciy keo thanh phén hiru co

Tur két qua tuyén chon ché pham sinh hoc c6 kha nang phan huy hiéu qua vé cay
keo, ché pham c6 kha niang phan hay vo keo tét nhat dugc chon dé tién hanh cac thi
nghiém tiép theo.
2.3.2.1. Thi nghiém 3: Xdc dinh liéu lweng ché pham sinh hoc téi wu dé i vé keo

Thi nghiém dugc thyc hién trong phong ¢ 45°C nham xéac dinh liéu ché pham
Emic t6i wu dé u vo keo. BS tri 4 cong thirc: dbi chung va 3 muac lidu 0,5; 1,0; 1,5
kg/tan vo keo (d9 am 60%), bo sung 1% ri mat. Mau 200 g vo kho diéu chinh am
truéc khi o trong hop PE. Theo ddi OC, C/N, pH, Nts, Pts, Kts, 6 am, khéi luong
trude va sau 30 ngay.

Dia diém phan tich: Vién Khoa hoc k§y thuat néng 1am nghiép mién nti phia béc.
2.3.2.2. Thi nghiém 4: Xdc dinh tj 1¢ C/N ban dau téi wu dé i vé keo thanh phan
hitu co

Thi nghiém dugc tién hanh trong phong & 45 °C véi 3 cong thire C/N ban dau:
d6i chung (43,1), 25 va 20; mdi cong thire 1dp lai 3 1an theo RCD. Mau 200 g vo keo
duoc diéu chinh 4m 60%, bd sung 0,15% ché pham va 1% ri mat. Ty 1& C/N duogc
diéu chinh theo cong thurc phéi tron dé tdng Nts ban dau. Theo ddi OM, C/N, pH, do
am, NPK tong s6 va khoi luong trude — sau 30 ngdy dé danh gia anh huong ty 16 C/N
dén qua trinh u.

Pia diém phan tich: Vién Khoa hoc k§y thuat néng 1am nghiép mién nui phia béc.
2.3.2.3. Thi nghiém 5: Xdc dinh ty 1¢ phan bo/Né keo ban ddu téi wu dé i phan
hitu co

Pé danh gia anh huong cua ty 1& phan bo/vo keo ban dau téi chit luong phan u,
thi nghiém 04 c6ng thac 03 1an nhac lai theo kiéu hoan toan ngiu nhién (RCD) duoc
thuc hién ¢ ngoai tu nhién véi 03 muc phan bo khac nhau. Ty 1€ phan bo/vo keo duoc
xac dinh dam bao xung quanh chi tiéu C/N téi vu dat duoc tir thi nghiém 4 (C/N:20).
Luong ché pham duoc str dung theo luong ché pham dugce xac dinh ¢ thi nghiém 3
(1,5kg/tan nguyén liéu). Bo sung 1% ri mat/khéi luong nguyén lidu o tat ca cac dong



7

. Mdi dong u trén 1 1an nhic lai déu c6 khdi lwong 1 tan. Vo keo va phan bo duoc
phéi tron & céc ty 18: CT1 (100% Vo keo); CT2 (7:3), CT3 (5:5), CT4 (3:7). Béng u
duoc phu bat kin va dit trong nha c6 mai che. Bong u duoc dao dinh ky & cac ngay
thir 7, ngay thar 15 va 20 sau u.

C4c chi tiéu theo ddi: Ty Ié C/N, pH, d6 am, nhiét &6, OM, N tdng s6, P téng sd,
K tong s, khdi luong dong u & thoi diém trudc va sau u 30 ngay. CAc chi tiéu kim
loai ning va vi khuan gay bénh dugc phan tich & thoi diém sau u 30 ngay.

2.3.3. Phwong phap nghién ciu anh hwéng ciaa phan bon hiru co tir vé cay keo
dén sinh trudng, niing suit, chat lwong cay cai nget va tinh chat ndong hda ciaa
dat cat ven bién xa Vinh Lgc, thanh phé Hué

2.3.3.1. Thi nghiém 6: Xdc dinh lieng phan hizu co i tir Vé keo téi wu dp dung
trong canh tac cay cdi nget

Ké thira cac két qua nghién cau tir noi dung 1 14 tuyén chon dugc ché pham
Emic, noi dung 2 1a xac dinh duoc lidu luong ché pham 1a 1,5 kg ché pham/tan
nguyén liéu, ty 18 C/N vo keo ban dau la 20, ty 1 phdi tron vo keo phan bo 1a 3:7, bo
sung 1% ri mat/khdi luong nguyén liéu va tién hanh dao ddng 1 vao ngay thir 5, ngay
thir 10 va ngay thir 15. Chung toi da tién hanh 1 thir nghiém 10 tan nguyén liéu (3 tan
vo keo va 7 tan phan bo) trong vong 01 thang va sir dung dé danh gia hiéu luc cua
phan bon hitu co U tir vo cay keo. Thi nghiém duoc tién hanh trén dat cat thuoc xa
Vinh Loc, Thanh phé Hué (trudc day 1a xa Vinh My, huyén Phi Loc, tinh Thira
Thién Hué).

Thi nghiém duoc bé tri ngoai dong ruéng gdom 05 cdng thirc véi 3 1an nhic lai
va theo kiéu phan bd ngau nhién (RCBD). Cac cong thic thi nghiém bao gom: |
(B/C): truyén thdng, 11: 5 tan/ha, 111: 10 tan/ha, 1V: 15 tan/ha, V: 20 tan/ha. Sé 6 thi
nghiém: 15 6. Dién tich 6 thi nghiém: 20 m2. Dién tich toan bo 0 thi nghiém: 300 m?

Theo dbi cé4c chi tiéu vé sinh truong, phét trién, nang suat theo Tiéu chuan 10
TCN 216-2003 “Quy pham khao nghiém trén dong ruong hiéu luc cua céc loai phan
bon ddi véi ning suat cdy trong, pham chat ndng san” cia Bo NN & PTNT ban hanh
kém quyét dinh s6 59/2003/QD-BNN ngay 5/5/2003. Mbi 6 thi nghiém theo ddi 10
cay dé danh gia cac chi tiéu sinh trudng.

- Phéan tich mét sé tinh chdt cia ddt truéc va sau thi nghiém

* Phurong phdp 1dy mau dat:

L4y mau theo TCVN 367:1999. Mau dat duogc lay cling voi dia diém lay mau rau
bang phuong phap duong chéo & tang canh tac (0 - 20 cm) lay 5 diém/o, sau d6 tron déu
roi 1ay mau trung binh theo nguyén tac chia 4, mdi mau khoang 500 gam. Mau dat dugc
lay truéc khi bon phan va thoi diém thu hoach rau.
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* Phirong phdp xdc dinh cac chi tiéu hoa tinh cua dat: Mau dat hdn hop duoc
ldy dai dién trén 5 diém theo duong chéo goc tai cac rudng duoc lua chon cho nghién
ctru trude thi nghiém va ngay sau khi thu hoach xong & ting dat 0 - 20 cm, sau d6
tron déu, phoi kho trong khong khi va tién hanh ray qua ray 2 mm. C4c chi tiéu theo
doéi: pH, OM (%), EC (mS/cm), CEC (meqg/100g), Nts (%), Pts (%), Kts (%).

* Phwong phdp xdc dinh cé&c chi tiéu sinh hoc cia dat: Mau dat duoc lay ¢ tang
0 - 30 cm trude va sau thi nghiém. Chi tiéu theo dai VK tong sé (CFU/g), VK cé dinh
nito (CFU/g), VK phan huay lan (CFU/qg).

Dja diém phan tich: Bo mén khoa hoc cay trdng - Khoa Néng Hoc - Truong
PH Nong Lam Hué va Vién Khoa hoc ky thuat néng 1am nghiép mién ni phia Béc -
Vién Khoa Hoc Néng Nghiép Viét Nam.
2.3.3.2. Xay deeng mo hinh trinh dién vé ap dung phan bon hitu co tir 1 vé cay keo
cho cay cdi nget trén ddt cat tai phwong Vinh My, Thanh phé Hué

Ké thira két qua cua thi nghiém 6, xac dinh dugc lwong phan 15 tan/ha cho ning
suat, chat luong va hiéu qua kinh té cao nhat. Mé hinh thir nghiém ap dung luwong
phan nay so véi ddi ching truyén théng dé danh gia hiéu qua phan hitu co tir vo keo
trén quy mo Ion.

M6 hinh dugc bé tri theo kiéu 6 Ion khdng lap lai, c6 ddi ching. Quy md cua
mo hinh la 500 m?/céng thirc/md hinh.,

Thai gian thuc hién: Vu xuan hé 2024 (thang 3 dén thang 5 nam 2024).

Céc chi tiéu theo doi ciza mo hinh

Chi tiéu va phuong phap theo ddi vé sinh truéng, phat trién caa rau cai ngot va
tinh chat ndng hoa caa dat twong ty nhu thi nghiém 6.

Phwong phdp tinh hiéu qua kinh té ciia md hinh

Céc cong thuc tinh:

+ L4i rong = Tong thu - tong chi

+ Tong thu = Ning suat kinh té x gia 1 kg san pham

+ Tong chi = Giéng + Phan bon + Thubc BVTV + Cong lao dong.

+ BCR: Ty sut loi ich-chi phi

Tong thu
BCR = Téng chi

2.3.4. Phwong phdp xir 1y sé ligu

Phuong phap xu ly s6 liéu: Sb lieu dugce xir Iy ANOVA mét nhan td, sau do
kiém dinh bang Turkey-Kramer test & mac p <0,01 trén phan mém Excel 2016 va
Statistic 10.0. Ty I& phan traim duoc chuyén sang acssin binh phuong (acsin square)
trudc khi xir 1y théng ke.
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Chuong 3: KET QUA NGHIEN CUU

3.1. NGHIEN CUU TUYEN CHOQN CHE PHAM SINH HQC CO KHA NANG
PHAN HUY HIEU QUA VO CAY KEO
3.1.1. Panh gia kha ning phan hiy vé keo béi cac ché pham sinh hec trong
phong thi nghiém.
3.1.1.1. Thanh phdan ly héa ciia vé keo

Trudc khi u, miu vo keo duoc phan tich cho thdy thanh phan gom: xenlulo
30,95%, lignin 23,8%, OC 48,06%, N 1,12%, Pts 0,091%, Kts 0,252%, ty 1€ C/N
42,54, chat hoa tan trong nudc néng 15,37%, trong con 16,6%, pH 6,46 va d6 am 40%.
Két qua cho thay vo keo c6 ham lugng lignin, xenlulo va cacbon hitu co cao, trong khi
N, P, K tong s6 thap — dic trung cta vat liéu thuc vat. pH trung tinh va d6 am 40% phu
hop lam nguyén liéu & phan hitu co sau khi phdi tron véi ngudn giau dam.
3.1.1.2. Kha néng phan hiiy lignin ciia cac ché pham sinh hoc
Bdang 3.1. Anh hirong cua ché pham sinh hoc dén ham lwong lignin cia vo keo trong

qua trinh

. ) Ham lugng lignin (%)
Cong thirc - - - : - -
Ngay th 10 Ngay thu 20 Ngay thr 30
CT1 (bC) 20,52 18,92 16,0?
CT2 19,82 18,42 15,2%
CT3 20,42 18,82 15,2%
CT4 19,92 17,92 13,8°
CT5 19,52 17,22 14,6%
CT6 20,52 17,62 15,92

Ghi chii: Trung binh trong ciing mét cét ¢6 chiv cdi khdc nhau thé hién sw khdc nhau
c6 y nghia thong ké bang phwong phép Turkey-Kramer test & mire P <0,01, (n=18)

Ham luong lignin ban dau cta vo keo 13 23,8% va giam dan trong qué trinh 0 &
tat ca cac cong thirc. Sau 30 ngay, CT4 (dung ché pham Emic) c6 ham lugng lignin
thip hon ddi chimg 2,2% (P<0,01), mtc giam chung dat 7,8—10%. Két qua twong
dong vai nghién ctru cia Djarwanto & Tachibana (2010) va thdp hon mic phan huy
lignin bai nAm Basidiomycetes (23,7-39,6%). Su phan huy lignin phy thudc vao cau
tric hoa hoc, ty 1€ syringyl/guaiacyl, nhiét do va do day vat li¢u. Mic gidm lignin
manh chimg to hiéu qua cta ché pham sinh hoc va gép phan hinh thanh mun trong
qué trinh u.
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3.1.1.3. Khd ndng phdn hiiy xenlulo cia cac ché pham sinh hec
Bdng 3.2. Anh huong cua ché pham sinh hoc dén ham lwong xenlulo cia vé keo
trong qua trinh u
Ham lugng xenlulo (%)

Cong thirc Ngay tht 10  Ngay thir 20 Ngay thu 30

CT1 (DO) 27.6® 26,32 24,32
CT2 27,82 26.12 23,4
CT3 28 62 26.6° 23,8%
CT4 26,0 24 02 22,7°
CT5 27,Oab 2472 23’0ab
CTé 27,2% 245° 225

Ghi chu: Trung binh trong cung mot cot co chir cai khac nhau thé hién sy khac nhau

c6 y nghia thong ké bang phwong phédp Turkey-Kramer test & mire P <0,01, (n=18)
Ham lugng xenlulo & cac cong thic déu giam sau 30 ngay 1, mac giam 6,65

8,45%. CT4 (Emic; 22,7%) va CT6 (Sagi Bio; 22,5%) c6 gia tri thap hon c6 ¥ nghia

thong ké so véi CT1 ddi chung (24,3%). Tuy nhién, ham luong xenlulo van ¢ mic

>20%, thap hon so vai két qua 26,8% sau 3 thang @ bang Fito-K cua Lé Van Tri

(2016). Sy két tinh cao cua xenlulo trong cau trac lignin—xenlulo tu nhién 1a yéu t6

han ché téc do phan huay sinh hoc (Hubbe et al., 2010)

3.1.1.4. Ham lwong cac chdt hoa tan trong nwéc ndNg va con cia vé keo trong qué

trinh phan hay

Bdng 3.3. Anh hurong cia ché pham sinh hoc dén ham lwong c&c chat hoa tan trong
nwéc NONQ Va con cua Vo keo trong qué trinh i

Céc chit hoa tan trong nudc nong Céc chat hoa tan trong con
A , (%) (%)
Cong thirc ————— N — — " o
Ngay tht Ngay thtr Ngaythe Ngaytha Ngaytha  Ngay tha
10 20 30 10 20 30
CT1 (bC) 18,4° 17,0% 19,6% 19,28 18,13 20,430c
CT2 18,92 17 4% 22,02bc 19,62 19,0 ¢ 23,7%
CT3 17,22 22,5°¢ 18,7 17,32 23,61 20,5°
CT4 19,02 14,7° 24 4°¢ 21,52 16,32 25,7¢
CT5 19,02 17,72 17,0% 18,12 19,8°¢ 19,0°
CT6 20,42 19,62 20,28bc 21,78 21,6 21,32bc

Ghi chu: Trung binh trong cung mot cot co chit cdi khac nhau thé hién sw khdc nhau
6 y nghia thong ké bang phirong phdp Turkey-Kramer test ¢ mire P <0,01, (n=18)

O ngay 10, ham luong cac chat hoa tan trong nudc ndng va con & cac cong thic
khong khéac biét thong ké so véi dbi chimg. Ngay 20, CT3 dat cao nhat (22,5%), sai
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khéc & mic P < 0,01. Ngay 30, CT4 ting cao nhat (24,4% nudc nong; 25,7% con),
khac biét co y nghia so vai ddi chung va cac cong thirc khac. Nhin chung, cac chat
hoa tan trong nwdc ndng va con tang 1,63-9,03% va 2,4-9,1% so vai ban dau, phan
anh su phan giai hop chat hiru co thanh dang dé& tiéu cho vi sinh vat. CT5 thap nhat,
cho thdy kha niang phan giai kém. Ham luong hoa tan trong con ludn cao hon nudc
néng, c6 thé do chira tannin va hop chat khang vi sinh vat.

3.1.1.5. Sw thay déi ciia d¢ am, pH cia vé keo trong qua trinh phan haiy

Bdang 3.4. Anh hwrong cua ché phdam sinh hoc dén su thay déi dé am va pH cia vo keo

trong qua trinh u

Do am (%) pH
Cong thirc Ngay tht Ngay tht Ngay tht Ngay tht Ngay thtt Ngay thu
10 20 30 10 20 30
CT1 (bC) 59,14 60,9 59,1% 6,2° 6,4° 6,4%
CT2 60,02 58,52 55,82 6,3? 6,42 6,4%
CT3 62,62 64,42 65,1° 6,3? 6,3° 6,4%
CT4 61,62 62,82 62,5% 6,2° 6,3% 6,4%
CTS5 62,32 61,8 61,3% 6,1° 6,2° 6,22
CT6 54,72 57,72 61,7% 6,2° 6,3% 6,3%

Ghi chii: Trung binh trong ciing mét cét c6 chiv cdi khédc nhau thé hién sw khdc nhau
c6 y nghia thong ké bang phirong phdp Turkey-Kramer test ¢ mire P <0,01, (n=18)

Trong thi nghiém, nhiét 6 duogc duy tri 6n dinh & 45 °C — muc tdi vu cho ndm
wa nhiét va quéa trinh phan hay lignin. Po am ban dau cua vo keo duoc diéu chinh vé
60% va duy tri trong suét qué trinh u & mac 54,7-65,1%, phlu hop véi yéu cau hoat
dong cua vi sinh vat. pH ban dau cua tat ca cong thuc 13 6,46; giam nhe trong 10 ngay
dau (6,1-6,3) do hinh thanh axit hitu co, sau d6 tang dan tro lai (6,2-6,4) vao ngay 30
nho qué trinh phan giai protein va giai phong NH,*. Khdng c6 su khac biét thong ké
vé d6 am va pH gitra cac cong thirc. Sy bién dong pH va 6 am phu hop véi quy luat
i compost: giai doan dau axit nhe, sau do tang trd lai gan trung tinh, tao méi truong
thuan loi cho vi sinh vat hoat dong va phan huy vat liéu hiru co hiéu qua.
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3.1.1.6. Sw thay déi ciia OC, C/N va N ciia vé keo trong quéa trinh phan hay
Bdang 3.5. Anh huéng cua cac ché pham sinh hoc dén mét sé chi tieu OC, C/N va N
trong qua trinh u

N (%) OC (%) CIN

Cong thiee  Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay Ngay
thr 10 tha 20 tha 30 tha 10 tha 20 tha 30 tha 10 tha 20 tha 30

CTI(BC) 14 14 15° 46,7°% 394® 316%° 34*° 286° 21,72
CT2 1,42 1,52 1,52 45,1%c 40,3%* 31,220 32,90 27,3 215°
CT3 1,42 1,52 1,4 44,6 395% 315° 32,8° 26,9% 21,9
CT4 1,32 1,42 15 415° 37,2%¢ 30,7¢ 31,3° 26,6% 21,1°
CT5 1,32 1,58 1,4 457%c 40,4° 30,5° 354" 26,6% 21,22
CT6 1,32 1,5° 1,48 429% 384%® 30,7¢ 33,9° 26,1° 21,7°

Ghi chu: Trung binh trong cung mot cot co chir cai khdac nhau thé hién sir khac nhau
c6 ¥ nghia thong ké bang phwong phdp Turkey-Kramer test ¢ mirc P <0,01, (n=18)

Ham lugng OC ban dau cua vo keo cao (48,06%) va giam 16,46-17,56% sau 30
ngay u. Ty lé C/N giam 20,64-21,44 nhung van con cao (21,1-21,9) do ham luong
dam thap (1,4-1,5%), han ché hoat dong vi sinh. Ham luwong lignin va xenlulo giam lan
luot 7,8-10% va 6,65-8,45%, trong d6 lignin giam manh nhat & CT4 (Emic) va
xenlulo & CT6 (Sagi Bio); cac gia tri nay thip hon dang ké so véi dbi ching. Ham
luong chat hoa tan trong nudc ndng va con tang 0,4—7,8% va 3,63-10,33%, cao nhat &
CT4. Sau 30 ngay, d6 am dao dong 55,8-65,1% va pH 6,2—6,4, phi hop cho phan huy.
Nhin chung, Emic va Sagi Bio thuc day phan giai hiru co tét, giup giam OC, C/N va
lignin—xenlulo, cai thién thanh phan dé tiéu caa nguyén liéu trong thoi gian ngan
3.1.2. Panh gia kha ning phan hiy vé keo béi mét sé6 ché pham sinh hoc dwoc
tuyén chon ngoai tw nhién
3.1.2.1. Sw thay doi dp am va pH ciia vé keo trong quéa trinh

Do am anh huong lén dén hoat dong vi sinh va téc d6 phan giai chat hiru co.
Néu qué cao sé& giam thong khi, tao diéu kién cho vi sinh vat gay bénh; néu qué thap
s& han ché mat do vi sinh vat. Muc téi wu 1a 50-60%. Trong thi nghiém, CT1 (khong
ché pham) c6 d6 am >60% & ngay 10-30 (60,18-65,56%), lam giam hiéu qua phan
hity. Nguoc lai, CT2 va CT3 (c6 ché pham) duy tri d6 am 53,91-59,57% & ngay 30,
phl hop cho vi sinh vat hoat dong, thic day phan giai vo keo. pH ban dau thap, ting
dan trong qué trinh ; sau 30 ngay, pH céc cdng thtc dat 6,42-6,51, phu hop cho qué
trinh 0 va tiéu chuan phan hiru co. Két qua nay phu hop véi cac nghién ctu trudée,
cho thay pH giam nhe giai doan dau do hinh thanh acid, sau dé ting tré lai nho qua
trinh phén giai protein va sinh amoni.
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Bdang 3.6. Sy thay doi d¢ am va pH cua vé keo sau khi u

Cong thirc Do am (%) pH

(CT) 10 NSU 20 NSU 30 NSU 1I0NSU 20NSU 30 NSU

CT1 (bC) 60,18° 65,56% 64,012 6,09 6,33% 6,42°
CT2 58,60° 64,66° 59,57° 6,05° 6,28° 6,46%
CT3 55,64° 61,85° 53,91° 6,10% 6,13° 6,51%

Ghi chii: CTI (Déi chitng): vo keo; CT2: vé keo + ché pham Sagi Bio; CT3: vé keo +
ché pham Emic; NSU: Ngdy sau ii;
Trong cting mot cét cé chir cdi khdc nhau thé hién sw sai khdc c6 y nghia thong ké
voi p <0,05 (n=9)
3.1.2.2. Sw thay doi khéi lweng ciia vé keo trong qua trinh

Giam khoi luong la chi tiéu quan trong déanh gia mirc do phan hay. Ban dau moi
cdng thic 100 kg vo keo, khéi lwgng giam dan theo thoi gian. Ngay 10, CT2 va CT3
(c6 ché pham) giam nhiéu hon CT1 (d6i chiing) 0,47-0,67 kg, khac biét co ¥ nghia.
Ngay 30, CT3 (Emic) giam nhiéu nhat, thip hon CT1 2.5 kg. Két qua nay phd hop
véi cac nghién ciu trude, cho thay sir dung ché pham sinh hoc thuc day qué trinh
phan hay, 1am khéi luong khéi u giam nhanh hon dang ké so véi u ty nhién, phan anh
hiéu qua hoat dong vi sinh vat trong qua trinh xu ly nguyén liéu hitu co.

Bdang 3.7. Su thay déi khoi lrong (kg) ciia vé keo sau khi u

Cong thuc 10 NSU 20 NSU 30 NSU
CT1 (bC) 99,972 99,002 96,007
CT2 99,50° 98,00% 95,00%
CT3 99,30° 97,30° 93,50°

Ghi chu: NSU: Ngay sau «; Trong cung mgt cot cé chiz cai khac nhau thé hign sy sai
khdc cé y nghia thong ké véi p <0,05 (n=9)
3.1.2.3. Sw thay d6i OC va CIN ciia vé keo trong qué trinh s

Ham luong OC ¢ cac cong thic giam dan theo thoi gian, dic biét CT2 va CT3
(c6 ché pham) thap hon ddi ching va khéc biét c6 v nghia & ca 3 thoi diém; mic
giam OC so Véi trude u 1a 3,34-7,62%. Ty 1é C/N ciing giam dan, ngay 30 dao dong
21,30-29,80. CT2 va CT3 ¢ ty Ié C/N thap hon ddi chung 6,4-8,4 (ngay 10), 8,0—
9,9 (ngay 20), 6-8,5 (ngay 30). Két qua phan anh quéa trinh khoang hda chét hiru co
dién ra tich cuc khi b6 sung ché pham sinh hoc, thuc day phan giai carbon va giam
C/N nhanh hon so vai u tu nhién
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Bdng 3.8. Sy thay déi ham lrong OC va ty 1é CIN cua vé keo sau khi i

OC (%) CIN

Congthic — /3 NSU 20NSU  30NSU  10NSU 20NSU 30 NSU
CTI(DC) 45000  4412¢  4210°  39.00°  38.30°  29.80°
CT2 4020°  3920°  3887°  3350°  30,60°  2520°
CT3 3033 3805  37.82°  3150°  2840°  21.30°

Ghi chd: NSU: Ngay sau u; Trong cung mét cét co chir cai khac nhau thé hién si sai
khdc cé ¥ nghia thong ké véi p <0,05 (n=9)
3.1.2.4. Sw thay déi ham lwong Nts, Pts va Kts cia vé keo trong qué trinh s

Bdng 3.9. S thay doi ham lwong Nts, Pts va Kts cia vé keo sau khi s

N (%) Ps (%) Kss (%)

Congthuc 10 20 30 10 20 30 10 20 30
NSU NSU NSU NSU NSU NSU NSU NSU NSU

CT1(PC) 1,10* 1,15% 142" 0,042 0,049 0,060° 0,132° 0,086° 0,187°
CT2 1,200 1,28° 1,54® 0,058" 0,059° 0,112 0,167* 0,109° 0,219
CT3 1,25 1,348 1,76 0,065 0,077 0,118 0,134 0,161*° 0,219

Ghi chd: NSU: Ngay sau u; Trong cung mot cat co chir cai khac nhau thé hién sir sali
khdc cé y nghia thong ké véi p <0,05 (n=9)

Ham luong dam tong sb cua vo keo ting dan theo thoi gian, tir 0,91% ban dau
1én cao hon 0,19-0,34% (ngay 10), 0,24-0,43% (ngay 20) va 0,51-0,85% (ngay 30),
trong d6 CT3 (Emic) cao hon d6i chimg 0,34% co6 y nghia théng ké. Ham luong 1an
téng so ciing ting, ngay 30 dat gap 1,15 lan (CT1, CT2) va 2,27 lan (CT3) so véi ban
dau. Ham luong kali ting, CT2 va CT3 cao hon d6i chung 0,032%. Sau 30 ngay,
CT2 va CT3 c6 d6 am 53,91-59,57%, pH 6,42-6,51; OC va C/N giam 3,34-7,62%
va 20,1-28,6; khdi luong giam rd, CT3 thap hon ddi chung 2,5 kg. Nhin chung, bd
sung ché pham Emic thuc day phan hity vo keo ngoai méi truong hiéu qua.
3.2. NGHIEN CUU MOQT SO BIEN PHAP U VO CAY KEO THANH PHAN
BON HU'U CO TU CHE PHAM SINH HQC PUQC TUYEN CHON
3.2.1. Nghién ctru xac dinh lwong ché pham sinh hoc téi wu dé @ vé keo thanh
phan hiru co trong diéu kién phong thi nghiém

Trudc khi tién hanh u, mau vo keo dugc phan tich nham dénh gia mot sé chi
tiéu ly hoa tinh va thu duwoc két qua nhu sau: OC (45,8%), Nts (0,94%), Pts
(0,0445%), Kts (0,097%), C/N (43,61), pH (5,85) va d6 4m (27,41%).

Sau u 30 ngay, cac chi tiéu dat dugc nhu Bang 3.10.
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Bdng 3.10. Anh hwong cua cac liéu lwong ché pham dén chi tiéu 1y héa va khai lwong
cua Vo keo u

oC Nts Pis Kis w Khoi

Cong thuc (%) (%) (%) (%) C/IN-— pH (%)  luong (g)

CT1 (bC) 39,40* 1,565* 0,039*% 0,270* 25,18* 7,49* 53,52° 3122
CT2 38,54* 1,680° 0,038° 0,301* 22,92® 6,96 63,02° 287"
CT3 39,128 1,720® 0,038° 0,261° 22,74> 6,84° 59,11° 265°¢
CT4 38,51* 1,907° 0,043* 0,340° 20,2° 6,75° 59,43° 2451

Ghi chu: Trung binh trong cung mot cot co chir cdi khdac nhau thé hién su khdc nhau
c6 ¥ nghia thong ké bang phwong phép Turkey-Kramer test ¢ mirc P <0,05, (n=12)

Sau 30 ngay u, cac chi ti€éu hoa hoc ctua vo keo bién ddi o rét dudi tac dong cua
ché pham vi sinh. Haim lugng OC giam nhe (~6—7%), phan anh qua trinh khoang hoa
ban dau; Nts tang manh (0,94% 1én 1,91%), lam ty I¢ C/N giam tur 43,61 Xuéng 20,2
& CT4, dat ngudng compost on dinh sinh hoc. Pts giam nhe chil yéu do rira troi, trong
khi Kts ting rd, cho thiy giai phong khoang tich cuc. pH duy tri trong khoang tdi uu
6,75-7,49. Khéi luong giam t6i 32,5% & CT4, ching t6 hiéu qua phan huy cao. Ché
pham 0,15% két hop ri mat 1% cho két qua ndi bat nhat.
3.2.2. Nghién cttu anh hwéng ciaa ty 18 C/N ban dau dén viéc i vé cay keo thanh
phan hiru co trong diéu kién phong thi nghiém

Ty 1é C/N ban dau caa khéi u anh huong dén mot sb chi tiéu ly hda tinh va
khéi lugng vo keo sau o 30 ngay duoc trinh bay ¢ Bang 3.11:
Bdng 3.11. Anh huwong cia cac ty 1é C/N khdc nhau ban dau deén chi tiéu ly hda va
khai lirong ciia V6 keo i

oC Nts Pts Kis w Khbi

el o e ) P o) wong(e)

CT1 (BC)  40? 2,027¢ 0,038 0,298* 20,9° 6,63% 62,64* 239,17
CT2 38,57 2,091® 0,043* 0,326° 19,2° 8,81 5842 2295?
CT3 37,5° 2,22 0,042°® 0,254 17,2° 8,94® 59,02° 2262

Ghi chu: *Trung binh trong cung mot cot co chir cai khdc nhau thé hién sy khdc nhau
6 y nghia thong ké bang phwong phéap Turkey-Kramer test & mire P <0,05, (n=9)

Thi nghiém @ vo keo 30 ngay vai céc ty 16 C/N khéac nhau cho thdy C/N dau vao
la yéu tb then chot quyét dinh hiéu qua khoang héa. Khi C/N giam (CT2, CT3), OC
giam manh hon, Nts ting rd, giup ha C/N sau & xudng 17,2 & CT3, dat mic compost
6n dinh sinh hoc. pH ting vuot 8,5 do amoni hda, can kiém soat dé han ché mat N.
Pts giam nhe, Kts ting rd nho khoang héa md thuc vat. Bé am duoc duy tri ti wu
(~60%), khdi luong giam ~37% nhung khong khac biét théng ké. CT3 cho chat
lwgng compost tét nhat vé dinh dudng va su 6n dinh.



16

3.2.3. Nghién citu anh hwéng cia ty 1é phan bo/vé keo ban dau téi viéc i vé cay
keo thanh phan hiru co
3.2.3.1.Két qud phan tich céc chi tiéu Iy hda cia cac cong thirc ¢ thei diém sau khi
i 30 ngay

Bdang 3.12. Cac chi tiéu Iy hoa va khoi liwong ciia nguyén lidu trieéc va sau khi i

30 ngay
Cong OM OC Nts  Pts Kis CN  pH W  Khdi luong
thic (%) (%) () () (%) (%) (ko)
Truoc u
CT1
®0) 52,7 448 097 008 007 200 804 566 1000

CT2 545 457 144 025 0,09 209 8,06/ 584 1000
CT3 55,7 460 1,76 036 0,11 21,99 8,085 59,6 1000
CT4 56,9 465 2,07 046 012 22,75 8,103 60,7 1000

Sau u 30 ngay

CT1
(BC)
CT2 51,05 33,12 2,38* 0,167> 0,264°> 14,01> 7,76° 71,66° 8250
CT3 52,23¢ 31,85 2,40° 0,412¢ 0,254¢ 13,28 7,91¢ 68,09° 650¢
CT4  56,89¢ 31,42¢ 2,64 0,286¢ 0,212¢ 11,75¢ 9,02¢ 58,48¢ 5804

50,31* 33,05* 2,21= 0,209 0,207* 15,02* 7,33+ 71,05 9002

Ghi chii: Trung binh trong ciing mét cét ¢6 chir cdi khdc nhau thé hién sw khdc nhau
c6 y nghia thong ké bang phirong phdp Turkey-Kramer test ¢ mire P <0,05, (n=12).

Sau 30 ngay 1, cac chi tiéu hoa hoc va vat Iy cua compost bién doi rd rét theo ty
1& phdi tron. OM duoc duy tri cao (>50%), dic biét CT4 dat 56,89%, cho thay hiéu
qua tich Iy hitu co tot. OC giam manh (tir 45-46% xubng 31-33%), phan anh qué
trinh khoang hoa tich cuc. Nts ting dang ké ¢ tat ca cong thuc, cao nhat tai CT4
(2,64%) nhd bd sung phan bo giau dam. Pts dat cao nhat & CT3 (0,412%) nho pH
trung tinh va hoat tinh enzyme cao, trong khi CT4 bi kiém wc ché khoang hoa lan.
Kts ting & tt ca cdng thic, ndi bat 14 CT2 (0,264%) do giir 4m va trao d6i ion tét.
C/N giam rd, CT4 dat 11,75 dap wng chuan compost chin; CT3 gan dat. pH ting theo
ty 1& phan bo, CT3 c6 pH tbi wu (7,91). B6 am giam dan, CT4 thap nhat (58,48%),
trong khi CT1-CT2 >70%. Khoi lwong sau u giam manh nhat & CT4 (580 kg), phan
anh phan hay hiéu qua. CT3 dugc xem 14 cdng thirc can bang nhat giira chat lugng va
san lugng.
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3.2.3.2.Cac chi tiéu kim logi ngng va vi sinh vét gay hai ¢ phau # sau 30 ngay
Bdng 3.13. Cac ch/ tiéu kim logi ngng va vi sinh vdt gay hai cua nguyén liéu sau u

30 ngay
STT Chi tiéu Phuong phap Cong thuc
phan tich phan tich CT1bC) CT2 CT3 CT4
1 As(ppm) TCVN 11403:2016 0,176 0,170 0,130 0,114
2 Cd(ppm) TCVN 9291:2018 0,137 0,220 0,250 0,290
3 Pb (ppm) TCVN 9290:2018 1,84 1,63 1,49 1,44
4 Hg TCVN 7185:2002 KPH <0,001 KPH KPH
5 Salmonella  TCVN 6846:2007 KPH KPH KPH KPH
6 E.coli TCVN 6846:2007 KPH KPH KPH KPH

Ké&t qua phan tich kim loai nang va vi sinh vat gay hai cho thiy tat ca cac cong
thire sau u déu dap tng QCVN 01-189:2019/BNNPTNT, an toan cho ndng nghiép, ké
ca hitu co. Ham lugng As, Cd, Pb, Hg déu thap hon nhiéu so véi gigi han cho phép;
dic biét CT4 c6 gia tri thap nhat, chiing to tang ty 1& phan bo khong gay tich liy kim
loai. Nguoc lai, lugng hitu co dé phan hay cao va C/N phii hop da thuc day vi sinh
vat hiéu khi hoat dong manh, gép phan 6n dinh kim loai qua tao phirc va ting pH,
giam tinh di dong kim loai. Hg khong phat hién trong tat ca cac mau, cho thay
nguyén liéu dau vao sach. Vé sinh hoc, Salmonella va E. coli déu &m tinh sau 30
ngay 1, ching minh qua trinh @ hiéu khi dat hiéu qua tiéu diét mam bénh. CT4 thé
hién muc an toan cao nhat, phi hop véi cac nghién ctiu vé kha ning sinh nhiét va khir
mam bénh ciia compost giau phan chuong.
3.2.3.3. Ddnh gid chit lwong phén hitu co & cdc cong thirc so véi quy chudn
QCVNO01-189-2019/BNNPTNT

Bdang 3.14. So sanh cac chi tiéu chdt lirong phan hitu co ¢ cac cdng thirc so Vi tiu
chudn QCVN01-189-2019/BNNPTNT

Y&u cau theo QCVN

Chi tié Panh gi4 so v6i
h‘tIh;ZE 01-189:2019/ CTL CT2 CT3 CT4 0 Qilf/ilo Vel
a
chdl luohe BNNPTNT
Dat tat c3
(OM) (%) >20,0 50,31 51,05 52,23 56,89 attatea
cong thuc
CT4 dat, CT1-CT3
Ty 16 C/N <12.,0 15,02 14,01 13,28 11,75 T
chua dat hoan toan
. Chura dat (can phoi
D6 4m (%) <30,0 71,05 7166 68,09 58,48 uadat(canphoi

hoac kéo dai 0)
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Yéu cau theo QCVN
01-189:2019/ CTl CT2 CT3 CT4
BNNPTNT

Chi tiéu
chét luong

Dénh gid so véi
QCVN

CT1-CT3 dat, CT4
pH 35-85 7,33 7,76 7,91 9,02 vuotngudng tdi da
(can diéu chinh)

Salmonella .

CFUIg) Khong phathién KPH KPH KPH KPH Dat tit ca cong thiic
E. coll <1,1x 103 KPH KPH KPH KPH Pat tht ca cong thirc
(MPN/g) ’ ' 8
Asen (ppm) <10,0 0,176 0,170 0,130 0,114 Dat tat ca cong thic
Cadimi <5,0 0,137 0,220 0,250 0,290 Dat tit ca cong thirc
(ppm) ,

Chi (ppm) <200,0 1,84 1,63 149 1,44 Dattatcacong thic
Thity ng ,

(p;lnz)ngan <2,0 KPH <0,001 KPH KPH Pat tht ca cong thirc

Ham luong hitu co (OM): Tat ca cong thirc vuot xa yéu cau t6i thiéu, chiung to
chat luong cao. Ty 18 C/N: CT4 duy nhat dat chuan chin hoan toan, cic cong thirc
khac can kéo dai u thém 10-15 ngay dé giam C/N. P am: Toan bd cong thirc déu
vuot ngudng 30%, can phoi thém hodc kéo dai G dé dam bao do kho tiéu chuan. pH:
CT4 vuot ngudng toi da 8,5, can xur Iy ha pH trudc khi sir dung. Kim loai ning (As,
Cd, Pb, Hg): Tt ca cong thirc déu rat thap, an toan tuyét dbi. Vi sinh vat gy bénh:
Khong phat hién Salmonella va E. coli, dam bao an toan sinh hoc.
3.3.NGHIEN CUU HIEU LUC PHAN BON HU'U CO SAN XUAT TU VO KEO
3.3.1. Anh huéng lwong phan bén hiru co tir vé keo dén sinh truéng, ning suit,
chat lwong cay cai ngot va kha niing cai tao dat
3.3.1.1. Anh hwong cia phan hitu co tir Vé keo dén mét sé chi tiéu sinh truéng cria
cay cdi ngot

Bdng 3.15. Anh huéng cua phan hitu co tir Vo keo dén mét sé chi tiéu sinh trueng
cua cay cdi ngot

buong  Tong thoi gian

Phan hitu co Chiéucao S614 Daila Rongla . . . . 7
Kinh tan sinh truéng

(tan/ha) (cm)  (la/cay) (cm)  (cm)

(cm) (ngay)
0 22,0P 11,40 13,1P 9,4b 26,1°¢ 41
5 25,32 14,32 145% 10,9®  289bc 40
10 2573 1309%  143% 105%  31,0® 39

15 26,2° 15,22 14,6®  11,1% 32,2% 38
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20 27,32 14,92 15,62 11,92 33,62 38
LSDo 5 3,3 2,5 1,9 1,8 3,8 -
Ghi chi: Cac cong thirc giong nhau dwroc biéu thi cing mét chir cai; cac char cai khac
nhau biéu thi su sai khdc c6 ¥ nghia thong ké ¢ mizc o = 0,05.

Phan hitu co tir vo keo ¢6 anh hudng tich cuc rd rét dén sinh truong cia cay cai
ngot. Bon 15-20 tan/ha giup ting chiéu cao cay Ién mac cao nhat (26,2-27,3 cm),
khac biét co ¥ nghia thong ké (P < 0,05). Cac chi tiéu 14 (sé lugng, chiéu dai, chiéu
rong, duong kinh tan) déu ting dang ké khi ting lidu luong phan, dat cao nhat & mirc
20 tan/ha, trong khi cong thtrc ddi ching thap hon rd rét. Biéu nay phi hop véi cac
nghién ctu trude day, cho thay phan hitu co tir keo c¢6 C/N théap, giau hitu co, cai
thién cung cap N, pH va EC, gitip ting kha ning hap thu dinh dudng, tir d6 nang cao
sinh truéng. Thoi gian sinh trudng ciua cay dao dong 38-41 ngay, trong dé cac cong
thirc ¢6 bon phan gidp rat ngan thoi gian thu hoach 1-3 ngay. Két qua khang dinh
phan hitu co tir vo keo 1a ngudn dinh dudng hiéu qua cho san xuat cai ngot, dac biét
trong canh tac hiru co.
3.3.1.2. Anh hwéng cia phan hizu co tir Vé keo dén ning sudt cay cdi ngoet
Bdng 3.16. Anh huong cua phan hitu co san xudt tir Vo keo dén khoi lwong cdy, ndang

sudt cua cay cdi ngot

Khéi luong (g/cay) NSTT tang so
Phan haru NSTT VoI
co (tan/ha) Tuoi KNho (tin/ha) dbi ching
(tin/ha)
0 47,30° 4,8° 15,5¢ -
5 70,21% 5,9Pc 22,90 7,4
10 77,80% 7,3%¢ 23,5P 8,0
15 82,402 8,5% 25,92 10,4
20 98,102 10,42 27,42 11,9
LSDo 05 31,8 0,22 2,4 -

Ghi chi: Cac cong thirc giong nhau dwoc biéu thi cing mét chiz cai; cac char cai khac
nhau biéu th su sai khdc c6 y nghia thong ké ¢ mizc o = 0,05.

Phan hitu co tir vo keo 1am tiang dang ké sinh khdi va nang suét cai ngot. Khoi
lugng cay tuoi va kho dao dong 47,1-98,1 g/cay va 4,8-10,4 g/cay, cao nhat & lidu
15-20 tan/ha. Ning suat thyc thu dat 25,9-27,4 tan/ha, vuot troi so véi dbi chung
(15,5 tan/ha). Két qua phl hop véi cac nghién ciu trude, cho thay phan keo giau nito
va phospho, gilip phéat trién ré, tang hap thu dinh dudng, thic day tich liiy sinh khoi
va sinh trudng. Piéu ndy khang dinh hiéu qua cta phan hiru co tir vo keo trong canh
tac cai ngot, dac biét ddi véi ndng nghiép hitu co.
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3.3.1.3. Pdnh gid chét lwong cay cdi ngoet
Bdang 3.17. Phan tich mét sé chi tiéu trong thanh phdn cia cay cdi ngot
Phan hitu Do don Po dang Acid hitu  Vitamin  Ham luong
co (tin‘ha)  (diém) (diém)  co (%) C (%) nitrat (mg/l)

0 1 4 0,083 0,0205 <10
5 2 5 0,083 0,0271 <10
10 2 3) 0,090 0,0337 <10
15 2 5 0,145 0,0491 <10
20 2 3) 0,158 0,0506 <10

Phan hitu co tir vo keo gilp cai ngot gion, ngot hon d6i chimg, ting ham lugng
axit hiru co (0,083-0,158%) va vitamin C (0,0205-0,0506%), cao nhit & mac 20
tan/ha. Ham lugng nitrat <10 mg/l, dat chuan an toan theo quy dinh Viét Nam va
quéc té.
3.3.1.4. Anh hwéng cia phan hitu co tir Vé cdy keo dén tinh chdt ddt trong cdi nget
3.3.1.4.1. Anh huéng cua phan hitu co tir Vo keo dén mét sé chi tiéu Iy hoa tinh cua
dat trong cdi ngot
Bdng 3.18. Anh hwong cua phan hitu co tir V6 keo dén Iy héa tinh dat trong cdi ngot

o Trudc Sau thi nghiém

Chi tiéu . ~ 5 . - 5
thi nghiém 0 tan 5 tan 10 tan 15tan 20 tan

Cat (%) 57,3 56,4 56,32 56,13 56,08 56,02
Limon (%) 19,8 199 23,12 23,23 23,45 23,32
Sét (%) 22,9 23,7 20,56 20,64 20,47 20,66
OC (%) 1,879 1,897 1,920 1,973 2,240 2,243
Nts (%) 0,121 0,126 0,129 0,138 0,143 0,145
Pts (%) 0,065 0,066 0,070 0,071 0,073 0,074
Kts (%) 0,168 0,178 0,188 0,202 0,209 0,215
CEC (cmol/kg) 1,187 1,190 1,267 1,330 1,310 1,443
EC (uS/cm) 18,049 18,067 20,797 21,583 22,167 23,533

PHkc 4,97 5,00 5,06 5,08 5,14 5,27

B6n phan hitu co tir vo keo gidp cai thién rd rét cac tinh chat dat. pH tang 0,09—
0,3 don vi, nhung dat van chua nhe nén can bon vdi bd sung. Ham lugng OC ting
1,897-2,273%, cao hon ddi ching, nho cii tao mun dat. Ham luong dam tong sb
ting, cao nhat & maic 20 tin/ha (0,145%). Lan tong sb ting 1én 0,066-0,074%, dat
muc trung binh, gép phan nang d6 phi. Kali tong s6 van nghéo nhung ting nhe 0,01
0,047%. Két qua khang dinh hiéu qua cai tao dat caa phan hiru co tir vo keo, dic biét
vé hitu co, dam va lan.
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3.3.1.4.2. Anh hwong cia phan hizu co tir Vo keo dén mét sé chi tidu sinh hoc ciia dat
trong cdi ngot
Bdng 3.19. S6 lirong Vi sinh vt trong dat trieéc va sau thi nghiém

Vi khuan tng s6 Vi khuan Vi khuan cd dinh dam
Chi tiéu (x 108 CFU/ phan giai 1an vo co tu do
gam dat) (x 108 CFU/gam dat) (x 10° CFU/gam dt)
Trudc thi nghiém 14,15 9,12 13,03
0 tan 21,06 11,73 16,74
Sau 5 tan 43,85 33,04 47,53
thi 10 tan 81,21 63,13 81,8
nghiém 15 tan 108,15 95,74 180,88
20 tan 117,04 132,78 247,35

Ghi cha: CFU (Colony Forming Unit): Pon vi hinh thanh khuan lac

B6n phan hiru co tir vo keo giup ting manh vi sinh vat dat: vi khuan tong sé ting
2,1-5,14 1an so véi d6i ching; vi khuan phan giai 1an va cé dinh dam déu ting ro rét
sau thi nghiém. Dat dugc bon phan giau chat hitu co, N, P, K kha dung va vi sinh vét
c6 loi, cai thién tinh chét Iy — héa — sinh hoc. Két qua cho thay bon 15-20 tan/ha I
lidu lwong téi wu, gitp cai ngot sinh truong va dat ning suat cao nhat. Tuy nhién
lugng bon 15 tan/ha 1a cd loi ich nhat vé hiéu qua kinh té. Phan hiru co tir v6 keo 1a
ngudn dinh dudng bén viing, phi hgp cho canh tac cai ngot hitu co.
3.3.2. Xay dung mo hinh wng dung phan hiru co tir vé keo trong canh tac cay
cai ngot

Cong thac thi nghiém téi uu duoc lya chon dé xay dung mé hinh san xuat cay
cai ngot 1a bon 15 tin/ha phan hitu co tir vo keo, ddng thoi so sanh véi mé hinh san
Xuat hiru co cta ndng dan sur dung 1 tan banh dau/ha nham danh gia hiéu qua sinh
trudng va kinh té..
3.3.2.1. Mgt sé chi tiéu sinh trwréng, phét trién ciia md hinh sdn xudt cay cdi nget

Bdang 3.20. Cac chi tiéu sinh triong, phat trién cia md hinh san xudt cay cai ngot

Téng thoi gian

... Chiéucao Sbla Daila  Rongla Puongkinh 7
Mohinh = cm)y  garcay)  ©em)  (m)  tan(em) SR TvONd
(ngay)
Banhdau  224° 124"  141° 1045 26.9° 40
HC-KEO  296°  141* 193"  131%  31,1° 38
p <001 <001 <001 <00l <001 :

Ghi chua: Cac trung binh cé chir cai khac nhau trén cung mét cot chi s sai khac co y
nghia thong ké bang so sanh t-Test ¢ muc P.
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B6n 15 tin/ha phan hitu co tir vé keo gidp cai ngot ting chiéu cao, sb 14, kich thudc
14 va tan lan luot 7,2 cm; 1,7 14; 5,2 cm; 2,7 cm; 4,2 cm so vé&i banh dau, rat ngan sinh
trueang 2 ngay, phu hop két qua Brito et al. (2017) va Mechergui et al. (2023).
3.3.2.2. Nang sudt ¢ mo hinh sdn xudt cay cdi nget
Bdng 3.21. Khoi lwong cdy va ndng sudt cua cay cdi ngot ¢ md hinh

Khéi lwgng  Khdi lwgng an  Khdilwgng  NSTT NSTT 50 V6i

MORINN 4 i (weay)  duoc (glcdy)  khod (gicdy) (tin/ha) i ching (tin/ha)
Béanh dau 59,1b 50,5° 5,1b 18,20 -
HC-KEO  126,4° 111,70 9,9° 26,8° 8,6

P < 0,01 < 0,01 < 0,01 < 0,01 -

Ghi chud: Cac trung binh cé chiz cai khac nhau trén cung mét cot chi s sai khac co 'y
nghia thong ké bang so sanh t-Test ¢ muzc P.

B6n 15 tan/ha phan hitu co tir vo keo gilp cai ngot ting trong luong tuoi, kho,
an duoc gap 2,1; 2,2; 1,9 lan so voi dbi chimg, niang suat cao hon mé hinh banh dau
8,6 tan/ha. Két qua phu hop Musara & Chitamba (2015) véi phan 14 keo ting ning
suat cai dau.
3.3.2.3. Pdnh gid chdt lwong cay cdi nget ¢ md hinh
Bdng 3.22. Chdt lwrong cay cdi ngot ¢ mo hinh
bodon DPoding Acidhitu  Vitamin Ham lugng nitrat

M0 hinh

(diém)  (diem) co (%) C (%) (mg/l)
Bénh dau 1 4 0,096 0,034 <10
HC-KEO 1 5 0,161 0,058 <10

Viéc str dung phan bon hitu co tir vo cdy keo c6 anh huong dén do dang, ham
lugng vitamin C, ham luong axit hiru co nhung khong anh hudng dén do don trong
cay cai ngot va ham luong nitrat khong vuot qua nghudng cho phép. Trong do, ¢ ca
hai mo hinh cy cai déu c6 do don 1a 1 diém. Cay cai & md hinh HC-KEO (diém 5)
c¢6 d6 ngot hon so vai md hinh Banh dau (diém 4).
3.3.2.4. Pdnh gid chit lwong dit & mé hinh
* Ddanh gid Iy héa tinh dit trwde va sau thi nghiém ciia cdc mé hinh

Bdng 3.23. Két qua phdan tich Iy héa tinh dat & md hinh sdn xudt cay cdi ngot

oM CEC EC

— N
Md hinh PHkel (%) (Cmol/kg) (mS/cm) (%)

Pts (%) Kts (%)

Pat trudc thinghiém 5,15 1,85 4,93 0,61 0,112 0,046 0,104

Pat sau thi nghiém
Banh dau 522 194 5,01 0,69 0,112 0,066 0,118
HC-KEO 5,57 2,31 5,39 0,75 0,130 0,072 0,119
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Bon 15 tan/ha phén hitu co tir vo keo gitip nang pH dat tir 5,15 1én 5,57 va ting
ham luong hiru co, dam, 1an, kali so véi trude thi nghiém. Cac chi tiéu dat & mé hinh
HC-KEO cao hon mé hinh banh dau, phu hop voi Barky va cs. (2013).

* Pdnh gid chi tiéu sinh hoc ciia dét truwée va sau thi nghigm
Bdang 3.24. So lirong Vi sinh vt trong ddt truéc va sau thi nghiém ¢ md hinh

Vi khuan tong sb Vi khuan Vi khuan c6 dinh
M6 hinh (x 108 CFU/ phan giai 1an vo co dam ty do
gam dat) (x 108 CFU/gam dat) (x 10 CFU/gam dt)
Trudc thi nghiém 13,26 8,37 14,01
Sau thi nghiém
Banh dau 54,72 36,15 67,93
HC-KEO 105,15 102,78 197,48

Ghi chi: CFU (Colony Forming Unit): Pon vi hinh thanh khudn lac

B6n 15 tan/ha phan hitu co tir vo keo cho cay cai ngot di lam gia ting dang ké
mat do cac nhom vi sinh vat trong dat nhu vi khuan téng s, vi khuan phan giai 1an va
vi khuan cé dinh dam, gop phan cai thién hé vi sinh vat dat. Nho ham luong dinh
dudng cao, phan hiru co tir vo keo tao méi truong thuan loi cho vi sinh vat va sinh vat
c6 ich nhu giun dat phat trién, giup dat toi xop, thoang khi, ting kha ning phan giai
va huy dong dinh dudng. Két qua 1a tinh chat ly, héa hoc va sinh hoc cua dat cét ven
bién Vinh Loc duoc cai thién rd rét, tién toi can bang va bén viing.
3.3.2.5. Higu quad kinh té ciia mé hinh sin xudt cdy cdi ngot

Bdang 3.25. Hiéu qua kinh té ciia md hinh san xudt lGa cay cdi ngot

Tong thu*  Tong chi**  LAi rong Lai tang/gidm Ty suat
M® hinh (:I'riéu (:I'riéu (:rriéu (Triéu dingiha) loi ich-chi

dong/ha) dong/ha)  dong/ha) ' phi (BCR)
Bénh dau 63,700 33,319 39,481 - 1,9
HC-KEO 107,200 43,867 68,833 29,352 2,4

Ghi chi: * Téng thu = ndng sudt thuc thu x gid ban tgi thoi diém thu hoach
(35.000 - 40.000 donglkg); ** Tong chi: Giong, phdn bén, cong lao dong, dién, medc,
chi phi khéc.

Két qua tinh toan cho thdy mé hinh HC-KEO c¢6 téng thu 107,200 triéu dong/ha,
cao hon mé hinh déi chiing 43,500 triéu dong/ha, véi ty suét loi nhuan tang 0,5. Chi
phi dau tu gitra md hinh Banh dau va HC-KEO chénh léch khong Ién (10,549 triéu
ddng/ha), nhung loi nhuan ting 29,352 triéu dong/ha. Hé s6 BCR dat 2,4, chung to
mé hinh bén 15 tan/ha phan hitu co tir vé keo mang lai hiéu qua kinh té hap dan va
kha thi cho ngudi san Xuat.
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Chuong 5: LUAN VA KIEN NGHI
5.1. KET LUAN

(1) Tuyén chon ché pham sinh hoc phan huy vé keo: Nghién ctu di xac dinh
duoc ché pham Emic 1a ché pham sinh hoc hiéu qua nhat trong qué trinh phan hay vo
keo, v&i kha ning phan giai lignin va cellulose cao, ddng thoi cai thién dang ké cac
chi tiéu hoa hoc va sinh hoc caa nguyén liéu sau 30 ngay .

(2) Nghién ctru mot s6 bién phap 1 vo keo thanh phan hiru co: Nghién ctru di xac
dinh dugc cong thuc  vo keo thanh phan hitu co dat chét luong compost tdi wu: Phéi
tron vo keo va phan bo & ty 18 3:7, bd sung 1,5 kg ché phdm Emic/tin nguyén liéu
(0,15%) va 1% ri mat/khdi lugng nguyén lidu, C/N ban dau cua vo keo 1a 20. Sau 30
ngay U, san pham u dap tng QCVN 01-189:2019/BNNPTNT véi ty 1é6 C/N < 12, ham
luong chét hiru co va nito téng s6 cao, pH trung tinh — hoi kiém, khong phat hién vi
sinh vat gdy bénh, ddm bao an toan sinh hoc va phu hop cho nong nghiép hitu co.

(3) Hi€u lyc phan hitu co tir vo keo: Phan hiru co dugce san XUt tir cong thuc tdi
wu d3 gitp cai thién dang ké do phi va tinh chat dat cat: ting ham luong chat hitu co,
dam, 1an, kali; nang pH dét tir 5,15 1én 5,57; dong thoi thiic ddy su phat trién hé vi sinh
vat ¢6 ich (vi khuan tong s6, vi khuan phan giai 1an, vi khuan ¢ dinh nito). Khi bon 15
tAn/ha cho ciy cai ngot, ning suit ting gip 1,47 1an so véi phuong phap sir dung banh
dau ctia ndng dan, chat lugng nong san cai thién (giam nitrat, ting do ngot) va hiéu qua
kinh té nang cao (lg1 nhuan tang 29,352 tri¢u dé)ng/ha, BCR dat 2,4).

Nhu vay, coéng thirc G v6 keo thanh phan hitu co: ty 1& vo keo/phan bo (3:7), bo
sung 1,5 kg ché pham Emic/tin nguyén liéu (0,15% w/w) va 1% ri mat/khéi luong
nguyén lidu (w/w), voi C/N ban dau 20, di cho chit luong phan hitu co dap tmg quy
chuan QCVN 01-189:2019/BNNPTNT, rit ngan thoi gian ¢ xudng 30 ngay, dam bao
an toan sinh hoc, cai thién d¢ phi dat va dem lai hiéu qua kinh té, k¥ thuat cao.

5.2. KIEN NGHI

Két qua nghién ctru cho thiy cong thirc t v6 keo thanh phén hitu co néu trén dat
duoc quy chuan QCVN 01-189:2019/BNNPTNT trong thdi gian 30 ngay cd thé ap
dung vao thyc tién san xuat phan hitu co quy mé nong h, trang trai va xudng san
Xuat phan bon hitu co. Dé nang cao hiéu qua va mé rong tng dung, can tip trung vao
mdt s6 hudng nghién ctu tiép theo sau:

(1) Nghién ctru cac bién phéap diéu chinh pH trong qua trinh G nham han ché that
thoat nito va 6n dinh chét luong compost.

(2) Panh gia hiéu qua s dung phan hitu co tir vo keo trén nhiéu loai dat va cay
trong khac nhau dé hoan thién quy trinh khuyén cao.

(3) Hoan thién cong nghé G quy mo 16n, tich hgp co gidi héa va quan 1y moi
truong nham tang tinh kha thi khi ap dung vao san xuat thuong mai.
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I. INTRODUCTION
1. Rationale of the study

In the current context, agriculture is facing major challenges related to soil
degradation, environmental pollution, and the shortage of high-quality organic
fertilizers. According to FAO (2021), approximately one-third of the world’s land area
has been degraded as a result of excessive chemical fertilizer use and unsustainable
farming practices. In Viet Nam, this problem is manifested by a decline in soil organic
matter and fertility, particularly in intensive cropping systems. Therefore, the
incorporation of organic materials and the partial replacement of chemical fertilizers
with organic fertilizers have become an urgent requirement to restore soil health and
promote sustainable agricultural production.

Viet Nam possesses substantial potential in agricultural and forestry by-products,
particularly acacia bark, which is generated in large quantities but remains
underutilized. With more than 2.35 million hectares of acacia plantations and an annual
timber output of approximately 47 million m3, the amount of acacia bark generated is
estimated at around 1.7 million tons per year, most of which is discarded. Acacia bark
is rich in lignin and cellulose and thus represents a promising raw material for organic
fertilizer production if appropriately processed. However, its high C/N ratio and
resistance to decomposition require suitable biological solutions to shorten composting
time and improve compost quality.

Sweet mustard (Brassica integrifolia) is a short-cycle leafy vegetable with high
economic value, yet its cultivation remains heavily dependent on chemical fertilizers,
leading to environmental pollution and nitrate accumulation in edible tissues. The use
of high-quality organic fertilizers is expected to enhance crop productivity, improve
vegetable quality, and increase soil fertility, while supporting the development of
organic agriculture.

Given that acacia bark is an abundant forestry by-product that remains
underutilized, the implementation of the study entitled “Production of organic
fertilizer from acacia bark (Acacia mangium) and its application in sweet mustard
cultivation” is of significant importance. This study seeks to evaluate the feasibility
and nutritional efficacy of the resulting organic fertilizer, while simultaneously
contributing to the reduction of production costs, the optimization of the forestry by-
product value chain, and the promotion of a circular economy approach toward
sustainable agricultural development in Vietnam
2. RESEARCH OBJECTIVES
2.1. General objective

To establish a scientific basis and develop optimal technical solutions for
producing organic fertilizer from Acacia mangium bark residues; concurrently, to
comprehensively evaluate the product’s performance in terms of growth, yield, and
quality of Sweet mustard (Brassica integrifolia), as well as soil health under cultivation
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conditions in Vietnam, thereby laying the groundwork for the effective transformation
of forestry biomass into a sustainable agricultural input.
2.2. Specific objectives

« Selection of biological agents for acacia bark decomposition: To identify
microbial groups or enzymes with strong capabilities for degrading recalcitrant organic
compounds (lignin and cellulose) present in acacia bark.

« Optimization of the production process and evaluation of product quality:
To determine the optimal formulation of raw materials (acacia bark, cattle manure, and
additives) and appropriate composting conditions to shorten the decomposition period,;
concurrently, to assess changes in the physical, chemical, and biological parameters of
the product to ensure compliance with the quality standards specified in QCVN 01-
189:2019/BNNPTNT.

« Evaluation of the effectiveness of acacia bark—based organic fertilizer on
sweet mustard and soil environment: To analyze the effects of acacia bark—derived
organic fertilizer on growth performance, yield, and marketable quality of sweet
mustard (Brassica integrifolia), as well as on the dynamics of soil fertility in cultivated
soils in Hue City.

3. SCIENTIFIC AND PRACTICAL SIGNIFICANCE
3.1. Scientific significance

This dissertation contributes to systematizing the theoretical framework for
converting forestry biomass rich in recalcitrant organic compounds (lignin and
cellulose) into bioavailable nutrient sources through targeted biological approaches.
The findings elucidate the potential to accelerate the mineralization of high C/N
materials, shortening the composting cycle to 30 days—a substantial advancement over
natural decomposition processes—while establishing optimal parameters to achieve a
biologically stable C/N ratio (<12).

Furthermore, the study provides important experimental evidence on crop
responses and soil dynamics following the application of acacia bark—based organic
fertilizer. These data not only confirm its potential to substitute for or complement
chemical fertilizers in short-cycle vegetable cultivation, but also contribute a novel
scientific data framework to support the development of circular agriculture strategies
and sustainable soil health management in tropical ecosystems.

3.2. Practical significance

This study provides an integrated and feasible technical solution for the effective
treatment of acacia bark residues, converting surplus biomass into high-quality organic
fertilizer within a short period. The production process, based on an optimized and
flexible formulation, is readily transferable and applicable across different scales,
ranging from smallholder farms to industrial production facilities, thereby maximizing
the use of locally available resources and minimizing environmental pollution
associated with forestry waste.
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The application of the product in sweet mustard cultivation not only demonstrates
its effectiveness in improving crop yield and product quality in compliance with food
safety standards, but also enables farmers to optimize input costs by reducing
dependence on chemical fertilizers. The outcomes of this dissertation thus serve as an
important foundation for the implementation of circular agriculture models,
contributing to increased value along the forestry—agriculture production chain and
promoting the sustainable development of organic agriculture in Vietnam.

4. SCOPE OF THE STUDY
4.1. Temporal scope

The study was conducted from January 2022 to June 2024, specifically as follows:

(1) Content 1: Selection of biological inoculants capable of efficiently
decomposing acacia bark in order to identify the most effective commercial product.
This phase was conducted from February to September 2022.

(2) Content 2: Investigation of composting strategies for converting acacia bark
into organic fertilizer using the selected biological inoculant, aiming to shorten
composting time, reduce the C/N ratio, and improve compost quality. This phase was
carried out from March to October 2023.

(3) Content 3: Evaluation of the effectiveness of organic fertilizer produced from
acacia bark on pak choi cultivation based on growth parameters, yield, and product
quality, in order to assess its potential as a substitute input for sustainable cultivation.
This phase was conducted from November 2023 to June 2024.

4.2. Spatial scope

Experiments on microbial inoculant selection and composting of acacia bark were
conducted at the laboratory of the Northern Mountainous Agriculture and Forestry
Science and Technology Institute and at covered composting facilities in Phu Tho
Province.

Pak choi cultivation experiments were carried out on coastal sandy alluvial soils
in Vinh Loc Commune, Hue City, an area characterized by a typical humid tropical
climate and representative of short-cycle vegetable production systems. Laboratory
analyses were performed at the Faculty of Agronomy, University of Agriculture and
Forestry, Hue University.

4.3. Content scope

This study is confined to the following key aspects.

In terms of production technology, the research focuses on evaluating the
biological degradation potential of recalcitrant organic compounds in acacia bark
(Acacia mangium) through the selection of specific microbial inoculants. Emphasis is
placed on optimizing technical parameters, including raw material mixing ratios and
molasses supplementation, in order to accelerate the mineralization process and
enhance the nutrient content of the resulting compost.
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In terms of experimental subjects and study area, the performance of the product
Is experimentally assessed on sweet mustard (Brassica integrifolia), which is
representative of short-cycle leafy vegetables with high nutrient demand. Growth
parameters, actual yield, and marketable quality indicators (biological safety and
nutritional value) are evaluated under the characteristic ecological conditions of Hue City.
5. NOVEL CONTRIBUTIONS OF THE DISSERTATION

(1) Advancement in accelerated biodegradation of forestry residues: This
dissertation establishes an optimized composting formulation consisting of 30% acacia
bark, 70% cattle manure, 0.15% EMIC, and 1% molasses, effectively addressing the
structural recalcitrance of lignin in acacia bark. The principal advancement lies in
shortening the decomposition period to 30 days—approximately one third of the
duration required by conventional composting approaches—while achieving a
biologically stable C/N ratio (<12) and a high organic matter content (56.9%). The
resulting product fully satisfies the biosafety and quality requirements stipulated in
QCVN 01-189:2019/BNNPTNT.

(2) Determination of optimal application rates for organic vegetable
production: The study identifies an optimal application rate of acacia bark—based
organic fertilizer at 15 t ha™!, leading to significant improvements in both yield and
marketable quality of sweet mustard relative to commonly applied organic fertilizers.
These results provide robust experimental evidence that acacia bark functions not
merely as a bulking material, but as a viable primary feedstock capable of fully
substituting chemical fertilizers in short-cycle vegetable -cultivation, thereby
concurrently supporting economic efficiency and environmental sustainability.
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Chapter 1: OVERVIEW OF THE RESEARCH PROBLEM
1.1. Theoretical background of the research problem
1.1.1. Overview of organic fertilizers
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1.1.1.2. Roles of organic fertilizers
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1.2.1. Status of production, consumption, and use of organic fertilizers worldwide and
in Viet Nam
1.2.1.1. Production, consumption, and use of organic fertilizers worldwide
1.2.1.2. Production, consumption, and use of organic fertilizers in Viet Nam
1.2.1.3. Production, consumption, and use of organic fertilizers in Hue City
1.2.2. Research findings related to the research problem
1.2.2.1. Research findings on the application of compost in pak choi cultivation
1.2.2.2. Studies on organic fertilizer production from plant-based by-products
1.2.2.3. Studies on organic fertilizer production from acacia bark and its application in
agricultural production worldwide and in Viet Nam
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Chapter 2: MATERIALS AND METHODS
2.1. Research materials

« Acacia bark: Dried acacia bark (Acacia mangium) was collected from wood
debarking facilities, ground into particles of 1-3 cm in size, with a bulk density of 250
kg m~3 and moisture content of 25-40%, and used as the primary research material.

« Biological inoculants: EMIC, EM*1, Sagibio, AT-YTB, and EMUNIV
commercial microbial products.

« Test crop: Sweet mustard (Brassica integrifolia).

2.2. Research contents

Content 1. Selection of biological agents capable of effectively decomposing
acacia bark for organic fertilizer production

« To evaluate the acacia bark decomposition efficiency of various biological
agents under laboratory conditions.

« To assess the decomposition performance of selected biological agents under
natural (field) conditions.

Content 2. Investigation of composting strategies for converting acacia bark
into organic fertilizer using selected biological agents

« To examine the effects of optimal dosages of biological agents on the
composting of acacia bark into organic fertilizer.

« To investigate the influence of initial C/N ratios on the composting efficiency of
acacia bark.

« To evaluate the effects of initial cattle manure—to—acacia bark ratios on the
composting process and product quality.

Content 3. Evaluation of the effectiveness of acacia bark—based organic
fertilizer on the growth, yield, and quality of sweet mustard and selected soil
properties

« To assess the effects of acacia bark—derived organic fertilizer on the growth
performance, yield, product quality of sweet mustard (Brassica integrifolia), and
selected properties of coastal sandy soils.

« To develop and evaluate an application model of acacia bark—based organic
fertilizer for sweet mustard cultivation.

2.3. Research methods
2.3.1. Selection of biological inoculants for acacia bark decomposition

Five biological inoculants were evaluated under laboratory conditions using a
completely randomized design (CRD) with six treatments and three replications. One
kilogram of acacia bark was composted in polyethylene containers at 45 °C for 30 days,
with moisture adjusted to 60% and inoculant application at 1 g kg™'. Parameters
monitored included C/N ratio, pH, organic matter (OM), lignin, cellulose,
hemicellulose, soluble substances, mass, moisture content, and temperature at four
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sampling times. Analyses were conducted according to TCVN and TAPPI standards at
the Northern Mountainous Agriculture and Forestry Science and Technology Institute.
2.3.1.2. Experiment 2: Field selection of biological inoculants

Based on Experiment 1, EMIC and Sagibio were selected for field evaluation. The
experiment was arranged in a CRD with three treatments and three replications. Each
treatment consisted of 100 kg of acacia bark per 1 m? jumbo bag, with moisture
adjusted to 50%. Turning was conducted on days 7 and 20. Samples were collected
according to TCVN 9486:2018. Parameters including C/N ratio, pH, moisture, organic
carbon (OC), total N, total P, total K, and mass were monitored on days 10, 20, and 30.
Analyses followed TCVN standards, and compost pile mass was recorded.
2.3.2. Composting strategies for converting acacia bark into organic fertilizer

Based on the results of inoculant selection, the most effective biological inoculant
was used for subsequent experiments.
2.3.2.1. Experiment 3: Determination of optimal inoculant dosage

This laboratory experiment (45 °C) aimed to determine the optimal EMIC
inoculant rate. Four treatments were arranged: control and three inoculant rates (0.5,
1.0, and 1.5 kg t™" acacia bark), with moisture adjusted to 60% and 1% molasses added.
Samples (200 g dry bark) were composted in PE containers. OC, C/N ratio, pH, total
N, total P, total K, moisture, and mass were measured before and after 30 days.
2.3.2.2. Experiment 4: Determination of optimal initial C/N ratio

This laboratory experiment (45 °C) evaluated three initial C/N ratios: control
(43.1), 25, and 20, arranged in a randomized complete design (RCD) with three
replications. Samples (200 g) were adjusted to 60% moisture, supplemented with
0.15% inoculant and 1% molasses. Parameters monitored included OM, C/N ratio, pH,
moisture, total N, P, K, and mass before and after 30 days.
2.3.2.3. Experiment 5: Determination of optimal cattle manure/acacia bark ratio

A field experiment was conducted using a CRD with four treatments and three
replications. Compost piles (1 t each) were prepared with cattle manure/acacia bark
ratios of 100:0, 70:30, 50:50, and 30:70, ensuring an initial C/N ratio around 20. The
inoculant rate was 1.5 kg t™!, with 1% molasses added. Compost piles were covered
and turned on days 7, 15, and 20. Parameters monitored included C/N ratio, pH,
moisture, temperature, OM, total N, P, K, mass, heavy metals, and pathogenic
microorganisms.
2.3.3. Evaluation of acacia bark—based organic fertilizer on pak choi and soil
properties
2.3.3.1. Experiment 6: Determination of optimal organic fertilizer rate

Based on prior results, compost was produced using 3 t acacia bark + 7 t cattle
manure, 1.5 kg inoculant t™, initial C/N ratio of 20, 1% molasses, and turning on days
5, 10, and 15. A total of 10 t compost was produced and evaluated on coastal sandy
soils in Vinh Loc Commune, Hue City.



8

The field experiment was arranged in a randomized complete block design
(RCBD) with five treatments and three replications: control (traditional practice), 5,
10, 15, and 20 t ha™'. Each plot was 20 m?, totaling 15 plots (300 m?). Growth, yield,
and quality parameters were assessed following Vietnamese Standard 10 TCN 216-
2003. Ten plants per plot were sampled.

Soil samples (0-20 cm) were collected before fertilization and at harvest
following TCVN 367:1999. Chemical properties analyzed included pH, OM, EC, CEC,
total N, P, and K. Biological properties (total microorganisms, N-fixing bacteria, P-
solubilizing bacteria) were analyzed at 0—30 cm depth.
2.3.3.2. Demonstration model

Based on Experiment 6, the optimal rate of 15 t ha™! was applied in a large-scale
demonstration model. The model was established without replication, with control
comparison, at a scale of 500 m? per treatment during the spring—summer season of
2024 (March—May). Growth, yield, soil properties, and economic efficiency were
evaluated.

Economic efficiency was calculated as:

« Net profit = Total revenue — Total cost

« Total revenue = Marketable yield x product price

« Total cost = Seeds + fertilizers + pesticides + labor

« BCR (Value-Cost Ratio) = Total benefit / Total cost
2.3.4. Data analysis

Data were analyzed using one-way ANOVA, followed by Tukey—Kramer test at
p < 0.01 using Excel 2016 and Statistix 10.0 software. Percentage data were arcsine
square-root transformed prior to statistical analysis.
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Chapter 3: RESULTS AND DISCUSSION
3.1. Selection of biological inoculants for effective acacia bark decomposition
3.1.1. Evaluation of acacia bark decomposition by biological inoculants under
laboratory conditions
3.1.1.1. Physicochemical composition of acacia bark

Prior to composting, the physicochemical properties of acacia bark were analyzed.
The results showed that the material contained 30.95% cellulose, 23.8% lignin, 48.06%
organic carbon (OC), 1.12% total nitrogen (N), 0.091% total phosphorus (P), 0.252%
total potassium (K), with a C/N ratio of 42.54. The contents of hot-water-soluble and
alcohol-soluble substances were 15.37% and 16.6%, respectively. The initial pH was
6.46 and moisture content was 40%.

These results indicate that acacia bark is characterized by high lignin, cellulose,
and organic carbon contents, while total N, P, and K levels are relatively low, which is
typical of plant-derived materials. The near-neutral pH and moderate moisture content
suggest that acacia bark is suitable for composting after being supplemented with
nitrogen-rich materials.
3.1.1.2. Lignin degradation by biological inoculants
Table 3.1. Effect of biological inoculants on lignin content of acacia bark during

composting
Content of lignin (%)

Treatments Day 10 Day 20 Day 30
CT1 (CK) 20,52 18,92 16,02

CT2 19,82 18,42 15,2%

CT3 20,42 18,82 15,2%

CT4 19,92 17,92 13,8°

CT5 19,52 17,28 14,6%

CT6 20,52 17,62 15,92

Note: Means within the same column followed by different letters indicate statistically
significant differences according to the Tukey—Kramer test at P < 0.01 (n = 18).

The initial lignin content of acacia bark was 23.8% and gradually decreased
during the composting process across all treatments. After 30 days, Treatment 4 (Emic
inoculant) exhibited a significantly lower lignin content than the control by 2.2% (P <
0.01), corresponding to an overall lignin reduction of 7.8-10%.

These results are consistent with the findings of Djarwanto and Tachibana (2010),
although the degradation rate observed in this study was lower than that reported for
lignin decomposition by Basidiomycetes fungi (23.7-39.6%). Lignin degradation
efficiency depends on chemical structure, syringyl/guaiacyl ratio, temperature, and
material thickness. The substantial reduction in lignin content demonstrates the
effectiveness of the biological inoculants and contributes to humus formation during
composting.
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3.1.1.3. Cellulose degradation by biological inoculants
Table 3.2. Effect of biological inoculants on cellulose content of acacia bark
during composting
Content of cellulose (%)

Treatments —4 010 Day 20 Day 30

CTL(CK)  27.6® 26,3° 24.3°
CT?2 27 8% 26,12 23 4%
CT3 28,67 26,6° 23 8%
CT4 26,00 24,9° 22,7
TS5 27 0% 24,7° 23 0%
CT6 27 2% 24,5° 22,5

Note: Means within the same column followed by different letters indicate statistically
significant differences according to the Tukey—Kramer test at P < 0.01 (n = 18).
Cellulose content decreased in all treatments after 30 days of composting, with a
reduction ranging from 6.65 to 8.45%. Treatments 4 (Emic; 22.7%) and 6 (Sagi Bio;
22.5%) showed significantly lower cellulose contents compared to the control (24.3%).
However, cellulose content remained above 20%, which is lower than the 26.8%
reported after three months of composting using Fito-K by Le VVan Tri (2016). The high
crystallinity of cellulose within the natural lignin—cellulose matrix limits the rate of
biodegradation (Hubbe et al., 2010), thereby constraining rapid cellulose
decomposition.
3.1.1.4. Changes in hot-water-soluble and alcohol-soluble compounds during
decomposition
Table 3.3. Effect of biological inoculants on hot-water-soluble and alcohol-
soluble contents of acacia bark during composting
Hot water—extractable compounds Alcohol-soluble compounds
Treatments (%) (%)
Day 10 Day 20 Day 30 Day 10 Day 20 Day 30
CT1(CK)  18,4¢ 17,0% 19,6% 19,28 18,12 20,4%¢

CT2 18,92 17,4% 22,0%° 19,6° 19,0 23,7%
CT3 17,22 22,5° 18,7% 17,3% 23,61 20,5¢
CT4 19,02 14,7° 24,4° 21,52 16,3% 25,7¢
CT5 19,02 17,78 17,0% 18,12 19,8¢ 19,0°
CT6 20,42 19,6° 20,22° 21,78 21,6 21,3%°

Note: Means within the same column followed by different letters indicate statistically
significant differences according to the Tukey—Kramer test at P < 0.01 (n = 18).

On day 10, no statistically significant differences were observed among
treatments for hot-water-soluble or alcohol-soluble substances. By day 20, Treatment
3 reached the highest hot-water-soluble content (22.5%), showing a significant
difference at P < 0.01. After 30 days, Treatment 4 exhibited the highest values for both
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hot-water-soluble (24.4%) and alcohol-soluble substances (25.7%), significantly
higher than the control and other treatments.

Overall, hot-water-soluble substances increased by 1.63-9.03%, while alcohol-
soluble substances increased by 2.4-9.1% compared to initial values, indicating the
conversion of complex organic compounds into more readily available forms for
microbial utilization. Treatment 5 showed the lowest increases, suggesting weaker
decomposition capacity. Alcohol-soluble fractions were consistently higher than hot-
water-soluble fractions, possibly due to the presence of tannins and antimicrobial
compounds.
3.1.1.5. Changes in moisture content and pH during composting

Table 3.4. Effect of biological inoculants on moisture content and pH of acacia
bark during composting

Treatments Moisture content (%) pH
Day 10 Day 20 Day 30 Day 10 Day 20 Day 30
CT1 (CK) 59,18 60,92 59,1% 6,22 6,42 6,42
CT2 60,02 58,52 55,82 6,32 6,42 6,42
CT3 62,62 64,42 65,1° 6,3 6,32 6,42
CT4 61,62 62,82 62,5% 6,22 6,32 6,42
CT5 62,32 61,82 61,3%® 6,12 6,22 6,22
CT6 54,78 57,78 61,7% 6,22 6,32 6,32

Note: Means within the same column followed by different letters indicate statistically
significant differences according to the Tukey—Kramer test at P < 0.01 (n = 18).

Throughout the experiment, temperature was maintained at 45 °C, which is
optimal for thermophilic fungi and lignin degradation. Moisture content was initially
adjusted to 60% and remained within the range of 54.7-65.1%, suitable for microbial
activity.

The initial pH of all treatments was 6.46 and slightly decreased during the first 10
days (6.1-6.3) due to the formation of organic acids, then gradually increased to 6.2—
6.4 by day 30 as a result of protein decomposition and NH4" release. No significant
differences in moisture content or pH were observed among treatments. These trends
align with typical composting dynamics, in which pH decreases during the early
acidification phase and subsequently increases toward neutrality, creating favorable
conditions for effective organic matter decomposition.
3.1.1.6. Changes in OC, C/N ratio, and nitrogen content during composting
Table 3.5. Effect of biological inoculants on OC, C/N ratio, and N content during
composting

N (%) OC (%) CIN

Treatments Day Day Day Day Day Day Day
Day 10 Day20 5" 19 20 30 10 20 30

CT1(CK) 14* 14 15% 46,7% 394® 316* 34* 286° 21,72
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CT2 1,42 1,58 1,58 45/1%° 40,3% 312% 32,9 27,3* 215°
CT3 1,42 1,5  1,4° 44,6™ 395% 315 32,8 26,9* 21,9
CT4 1,32 1,4* 15° 415° 37,22 30,7 31,3% 26,6* 21,12
CT5 1,32 1,58 1,4° 457% 404> 305% 354° 26,6® 21,28
CT6 1,32 1,5  1,4° 429% 384% 30,7¢ 33,9 26,1 21,72

Note: Means within the same column followed by different letters indicate statistically
significant differences according to the Tukey—Kramer test at P < 0.01 (n = 18).

The initial OC content of acacia bark was high (48.06%) and decreased by 16.46—
17.56% after 30 days of composting. The C/N ratio declined by 20.64—-21.44 units but
remained relatively high (21.1-21.9) due to low nitrogen content (1.4-1.5%), which
limited microbial activity.

Lignin and cellulose contents decreased by 7.8-10% and 6.65-8.45%,
respectively, with the most pronounced lignin reduction observed in Treatment 4
(Emic) and cellulose reduction in Treatment 6 (Sagi Bio). These reductions were
significantly greater than those in the control. Hot-water-soluble and alcohol-soluble
substances increased by 0.4-7.8% and 3.63-10.33%, respectively, with the highest
values recorded in Treatment 4.

After 30 days, moisture content ranged from 55.8 to 65.1% and pH from 6.2 to
6.4, which are optimal conditions for composting. Overall, EMIC and Sagi Bio
inoculants effectively enhanced organic matter decomposition, reducing OC, C/N
ratio, lignin, and cellulose contents while improving the proportion of readily available
organic compounds within a short composting period.

3.1.2. Evaluation of acacia bark decomposition by selected biological inoculants
under field conditions
3.1.2.1. Changes in moisture content and pH during composting

Moisture content strongly influences microbial activity and the rate of organic
matter decomposition. Excessive moisture reduces aeration and may promote
pathogenic microorganisms, whereas insufficient moisture limits microbial density and
metabolic activity. The optimal moisture range for composting is 50-60%.

In this experiment, Treatment 1 (control, without inoculant) exhibited moisture
contents exceeding 60% during days 10-30 (60.18-65.56%), which reduced
decomposition efficiency. In contrast, Treatments 2 and 3 (with biological inoculants)
maintained moisture levels within 53.91-59.57% by day 30, which is optimal for
microbial activity and promotes acacia bark degradation.

The initial pH values were relatively low and gradually increased during
composting. After 30 days, pH values ranged from 6.42 to 6.51 across treatments,
which is suitable for composting and complies with organic fertilizer standards. These
trends are consistent with previous studies, showing a slight pH decrease during the
early stage due to organic acid formation, followed by an increase resulting from
protein degradation and ammonia production.
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Table 3.6. Changes in moisture content and pH of acacia bark during
composting
Moiture content (%) pH
10 NSU 20 NSU 30NSU 10NSU 20NSU 30NSU
CT1(CK) 60,182 65,562 64,012 6,09% 6,33% 6,422

CT2 58,60P 64,66" 59,57" 6,05" 6,28° 6,462

CT3 55,64°¢ 61,85¢ 53,91°¢ 6,10% 6,13° 6,512
Note: CT1 (control): acacia bark only; CT2: acacia bark + Sagi Bio; CT3: acacia
bark + Emic; NSU: days after composting. Different letters within the same column
indicate significant differences at p <0.05 (n =9).
3.1.2.2. Changes in acacia bark mass during composting

Mass reduction is an important indicator of the degree of organic matter
decomposition. Each treatment initially contained 100 kg of acacia bark, and mass
gradually decreased over time.

On day 10, Treatments 2 and 3 (with inoculants) showed significantly greater
mass reduction than the control by 0.47-0.67 kg. After 30 days, Treatment 3 (Emic)
exhibited the greatest mass loss, with a final mass 2.5 kg lower than that of the control.

These results are consistent with previous studies, demonstrating that biological
inoculants accelerate composting processes, resulting in faster and greater mass loss
compared with natural composting. This reflects enhanced microbial activity and more
efficient decomposition of organic materials.

Table 3.7. Changes in acacia bark mass during composting

Treatments

Treatments 10 NSU 20 NSU 30 NSU
CT1 (CK) 99,972 99,002 96,002
CT2 99,50° 98,00% 95,00%
CT3 99,30¢ 97,30° 93,50°

Note: NSU: days after composting. Different letters within the same column indicate
significant differences at p < 0.05 (n = 9).
3.1.2.3. Changes in organic carbon (OC) content and C/N ratio during composting

Organic carbon content decreased over time in all treatments, with Treatments 2
and 3 showing significantly lower OC levels than the control at all sampling times. The
reduction in OC compared with initial values ranged from 3.34% to 7.62%.

The C/N ratio also declined progressively, reaching values between 21.30 and
29.80 by day 30. Treatments 2 and 3 exhibited substantially lower C/N ratios than the
control by 6.4-8.4 units (day 10), 8.0-9.9 units (day 20), and 6.0-8.5 units (day 30).

These results indicate that organic matter mineralization occurred more
intensively when biological inoculants were applied, promoting carbon degradation
and a faster reduction in the C/N ratio compared with natural composting.
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Table 3.8. Changes in OC content and C/N ratio of acacia bark during
composting
OC (%) C/IN
I0NSU 20NSU 30NSU 10NSU 20NSU 30NSU
CT1 (CK) 45,002 44,122 42,10? 39,902 38,302 29,802
CT2 40,20° 39,20P 38,87° 33,50P 30,60° 25,20P
CT3 39,33¢ 38,05°¢ 37,82°¢ 31,50° 28,40° 21,30°
Note: NSU: days after composting. Different letters within the same column
indicate significant differences at p < 0.05 (n = 9).
3.1.2.4. Changes in total nitrogen (Nts), phosphorus (Pts), and potassium (Kts)
contents during composting
Table 3.9. Changes in total N, P, and K contents of acacia bark during
composting
N (%) Pis (%) Kss (%)
Treatments 10 20 30 10 20 30 10 20 30
NSU NSU NSU NSU NSU NSU NSU NSU NSU
CT1(CK) 1,0* 1,15*% 1,42 0,042° 0,049 0,060° 0,132° 0,086° 0,187"
CT2 1,20* 1,288 1,54® 0,058° 0,059 0,112° 0,167 0,109 0,219
CT3 1,25* 1,34* 1,76 0,065 0,077 0,118* 0,134° 0,161 0,219

Treatments

Note: NSU: days after composting. Different letters within the same column indicate
significant differences at p < 0.05 (n = 9).

Total nitrogen content increased progressively during composting, rising from an
initial value of 0.91% to 0.19-0.34% (day 10), 0.24-0.43% (day 20), and 0.51-0.85%
(day 30) higher than the initial level. Treatment 3 (Emic) exhibited a significantly
higher total N content than the control by 0.34% at day 30.

Total phosphorus content also increased over time, reaching 1.15 times (CT1 and
CT2) and 2.27 times (CT3) the initial level after 30 days. Potassium content increased
as well, with Treatments 2 and 3 exceeding the control by 0.032%.

After 30 days of composting, Treatments 2 and 3 achieved moisture contents of
53.91-59.57% and pH values of 6.42-6.51. Organic carbon and C/N ratio decreased
by 3.34-7.62% and 20.1-28.6 units, respectively, while mass reduction was
substantial, with Treatment 3 showing a 2.5 kg greater loss than the control.

Overall, the application of the Emic biological inoculant significantly enhanced
the decomposition efficiency of acacia bark under field conditions.

3.2. Investigation of Selected Composting Strategies for Converting Acacia Bark
into Organic Fertilizer Using the Selected Biological Inoculant

3.2.1. Determination of the optimal biological inoculant dosage for acacia bark
composting under laboratory conditions

Prior to composting, acacia bark samples were analyzed to determine their initial
physicochemical properties. The results showed an organic carbon (OC) content of
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45.8%, total nitrogen (Nts) of 0.94%, total phosphorus (Pts) of 0.0445%, total
potassium (Kts) of 0.097%, a C/N ratio of 43.61, pH of 5.85, and moisture content of
27.41%.

After 30 days of composting, significant changes in physicochemical properties
were observed (Table 3.10).

Table 3.10. Effects of different inoculant dosages on physicochemical properties

and mass of composted acacia bark

O Nts Pss Kis W

W o w NPT gy MO

CT1(CK) 39,40* 1,565* 0,039® 0,270*° 25,18* 7,49% 5352 3122
CT2 38,54 1,680*° 0,038° 0,301* 22,92° 6,96 63,02® 287"
CT3 39,122 1,720® 0,038 0,261° 22,74 6,84° 59,11¢ 265°
CT4 38,512 1,907° 0,043 0,340° 20,2° 6,75° 59,43¢ 2451

Note: Different letters within the same column indicate significant differences at p <

0.05 according to the Tukey—Kramer test (n = 12).

After 30 days, the chemical properties of acacia bark changed markedly under the
influence of microbial inoculation. Organic carbon content decreased slightly
(approximately 6-7%), indicating the initial stage of mineralization. In contrast, total
nitrogen increased substantially from 0.94% to 1.91%, resulting in a reduction of the
C/N ratio from 43.61 to 20.2 in Treatment 4, approaching the threshold of biologically
stable compost.

Total phosphorus content decreased slightly, mainly due to leaching, whereas
total potassium increased significantly, reflecting active mineral release during organic
matter degradation. The pH remained within the optimal range (6.75-7.49) for
composting processes. Compost mass decreased by up to 32.5% in Treatment 4,
demonstrating high decomposition efficiency. Overall, the inoculant dosage of 0.15%
combined with 1% molasses produced the most favorable results.

3.2.2. Effects of initial C/N ratio on acacia bark composting under laboratory
conditions

The influence of different initial C/N ratios on physicochemical properties and
mass of composted acacia bark after 30 days is presented in Table 3.11.

Table 3.11. Effects of different initial C/N ratios on physicochemical properties
and mass of composted acacia bark
Nts Pts Kis wW
W ) " P ey MO
CT1(CK) 407 2,027 0,038* 0,298 20,9° 6,63* 62,64*® 239,1°
CT2 38,57° 2,091* 0,043 0,326° 19,2° 8,81° 58,42° 2295°
CT3 37,5 2,22° 0,042> 0,254° 17,2° 8,94 59,02¢  226°
Note: Different letters within the same column indicate significant differences at p <
0.05 according to the Tukey—Kramer test (n = 9).

Treatments

Treatments
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The 30-day composting experiment demonstrated that the initial C/N ratio is a key
factor governing mineralization efficiency. As the initial C/N ratio decreased
(Treatments 2 and 3), organic carbon content declined more markedly, while total
nitrogen increased significantly, resulting in a post-composting C/N ratio as low as
17.2 in Treatment 3, indicating biologically stable compost.

However, pH values increased above 8.5 due to ammonification, highlighting the
need for pH control to minimize nitrogen losses. Total phosphorus content decreased
slightly, whereas total potassium increased considerably due to mineralization of plant
tissues. Moisture content was maintained at approximately 60%, and compost mass
decreased by about 37%, with no statistically significant differences among treatments.
Treatment 3 produced the best compost quality in terms of nutrient content and
stability.

3.2.3. Effects of the initial cow manure-to-acacia bark ratio on composting
efficiency
3.2.3.1. Physicochemical properties of composts after 30 days
Table 3.12. Physicochemical properties and mass of composting materials before
and after 30 days
OC Nts Pts Kis CIN  pH W Mass
) () (%) (%) (%) (%) (kg)
Prior to composting
CT1(CK) 52,7 448 097 0,08 0,07 20,0 8,04 56,6 1000
CT2 545 457 144 025 0,09 209 8,067 584 1000
CT3 55,7 46,0 1,76 0,36 0,11 21,99 8,085 59,6 1000
CT4 56,9 46,5 2,07 046 0,12 22,75 8,103 60,7 1000
After 30 days of composting
CT1 (CK) 50,31» 33,05 2,21» 0,209* 0,207 15,02 7,33» 71,05* 9002
CT2 51,05» 33,12> 2,38> 0,167> 0,264 14,01> 7,76 71,66¢  825°
CT3 52,23¢ 31,85¢ 2,40 0,412¢ 0,254¢ 13,28 7,91¢ 68,09>  650¢
CT4 56,899 31,424 2,64¢ 0,286¢ 0,212¢ 11,75¢ 9,02¢ 58,48 5804

Treatments

Note: Different letters within the same column indicate significant differences at p <
0.05 according to the Tukey—Kramer test (n = 12).

After 30 days of composting, the physicochemical properties of the composts
varied markedly depending on the mixing ratio. Organic matter (OM) content remained
high (>50%) in all treatments, with the highest value observed in Treatment 4
(56.89%), indicating efficient organic matter accumulation. Organic carbon content
decreased substantially (from 45-46% to 31-33%), reflecting intensive mineralization.

Total nitrogen increased significantly in all treatments, with the highest value in
Treatment 4 (2.64%) due to the addition of nitrogen-rich cow manure. Total
phosphorus content peaked in Treatment 3 (0.412%), likely due to optimal pH and high
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enzymatic activity, whereas excessive alkalinity in Treatment 4 may have inhibited
phosphorus mineralization.

Total potassium increased in all treatments, particularly in Treatment 2 (0.264%),
reflecting favorable moisture conditions and cation exchange processes. The C/N ratio
declined markedly, with Treatment 4 reaching 11.75, meeting the standard for mature
compost, while Treatment 3 approached this threshold. Compost pH increased with
increasing manure proportion; Treatment 3 exhibited the most suitable pH (7.91).
Moisture content decreased progressively, with Treatment 4 showing the lowest value
(58.48%), whereas Treatments 1 and 2 exceeded 70%. Compost mass loss was greatest
in Treatment 4 (580 kg), indicating the highest decomposition efficiency. Overall,
Treatment 3 represented the best balance between compost quality and yield.
3.2.3.2. Heavy metal and pathogenic microorganism contents after 30 days

Table 3.13. Heavy metal and pathogenic microorganism contents of composts
after 30 days
Analytical Treatments

% (riteria Methods CT1(CK) CT2 CT3 CT4

1 As(ppm) TCVN11403:2016 0,176 0,170 0,130 0,114
2 Cd(ppm) TCVN9291:2018 0,137 0,220 0,250 0,290
3 Pb(ppm)  TCVN 9290:2018 1,84 163 149 144
4 Hg TCVN 7185:2002 KPH  <0,001 KPH  KPH
5  Salmonella TCVN 6846:2007 KPH KPH KPH  KPH
6 E.coli ~ TCVN 6846:2007 KPH KPH KPH  KPH

The analysis of heavy metals and pathogenic microorganisms indicated that all
treatments met the requirements of QCVN 01-189:2019/BNNPTNT and are safe for
agricultural use, including organic farming. Concentrations of As, Cd, Pb, and Hg were
far below permissible limits, with Treatment 4 exhibiting the lowest values,
demonstrating that increasing the proportion of cow manure did not result in heavy
metal accumulation.

The high content of readily degradable organic matter and suitable C/N ratios
enhanced aerobic microbial activity, contributing to metal immobilization through
complexation and pH elevation, thereby reducing metal mobility. Mercury was not
detected in any samples, indicating clean input materials. From a biological safety
perspective, both Salmonella and Escherichia coli were absent after 30 days of
composting, confirming the effectiveness of the aerobic composting process in
pathogen elimination. Treatment 4 exhibited the highest safety level, consistent with
previous findings on the pathogen suppression capacity of manure-rich composts.
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3.2.3.3. Evaluation of compost quality in comparison with QCVN 01-
189:2019/BNNPTNT
Table 3.14. Comparison of compost quality parameters with QCVN 01-
189:2019/BNNPTNT

Requirements according

S:f;:g’ toQCVNOL-  CTL CT2 CT3 CT4 EQVg'\‘jaN“g; agars!
189:2019/BNNPTNT
(OM) (%) >20,0 50,31 51,05 52,23 56,89 Met all treatments
CT4 met the
requirements,
CIN <12,0 15,02 14,01 13,28 11,75 whereas CT1_CT3
did not fully comply
Moisture

<30,0 71,05 71,66 68,09 58,48 Not met

CT1-CT3 met the
requirements; CT4

content (%)

pH 35-85 733 7,76 7,91 9,02 exceeded the
maximum allowable
limit

Salmonella
(CFUIg) Not detected (ND) ND ND ND ND Metall treatments
E. coli <1,1x 10° KPH KPH KPH KPH Metall treatments
(MPN/qg) ’

Asen (ppm) <10,0 0,176 0,170 0,130 0,114 Met all treatments
(zsg:g;' <5,0 0,137 0,220 0,250 0,290 Met all treatments
Pb (ppm) <200,0 184 163 149 1,44 Metall treatments
Hg (ppm) <2,0 KPH <0,001 KPH KPH Met all treatments

Organic matter content in all treatments exceeded the minimum requirement,
indicating high compost quality. Only Treatment 4 achieved the required C/N ratio
(<12), whereas the remaining treatments would require an additional 10-15 days of
composting to reach full maturity. Moisture content exceeded the allowable limit
(£30%) in all treatments, suggesting the need for further drying or extended
composting.

Compost pH values in Treatments 1-3 fell within the acceptable range (3.5-8.5),
while Treatment 4 exceeded the upper limit, indicating the necessity of pH adjustment
prior to application. All treatments met the standards for heavy metals and pathogenic
microorganisms, confirming their safety for agricultural use.
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3.3. Evaluation of the Effectiveness of Organic Fertilizer Produced from Acacia Bark
3.3.1. Effects of Acacia Bark-Derived Organic Fertilizer on Growth, Yield,
Quiality of Mustard Greens, and Soil Improvement
3.3.1.1. Effects on Growth Characteristics of Mustard Greens
Table 3.15. Effects of Acacia bark organic fertilizer on selected growth
parameters of mustard greens

Organic . Leaf  Canopy Total growth
fertilizer Height I\IIO' of/le?vets Length width  diameter duration
(tons/ha)  (©™)  (leavesiplant) (cm) ot e (day)

0 22,0 11,4° 13,1°  9,4° 26,1° 41

5 25,32 14,32 14,5%®  10,9% 28,9bc 40

10 25,73 13,9% 14,3®  10,5% 31,0% 39

15 26,28 15,22 14,6® 11,1% 32,2% 38

20 27,32 14,92 15,68  11,9° 33,62 38
LSDo,05 3,3 2,5 1,9 1,8 3,8 -

Note: Treatments sharing the same letter are not significantly different; different letters
indicate statistically significant differences at a = 0.05.

Results indicate that organic fertilizer derived from acacia bark exerted a
significant positive effect on mustard green growth. Application rates of 15-20 t ha™!
resulted in the greatest plant height (26.2-27.3 cm), with statistically significant
differences compared to the control (P < 0.05). Leaf-related parameters, including leaf
number, leaf length, leaf width, and canopy diameter, increased progressively with
increasing fertilizer rates and peaked at 20 t ha™'. In contrast, unfertilized plants
exhibited substantially lower growth indices.

These responses are consistent with previous studies reporting that low C/N,
organic matter—rich composts improve soil pH, nutrient availability, and nutrient
uptake efficiency, thereby enhancing vegetative growth. Growth duration ranged from
38 to 41 days, with fertilized treatments shortening harvest time by 1-3 days. Overall,
acacia bark organic fertilizer proved to be an effective nutrient source for mustard green
production, particularly under organic farming systems.
3.3.1.2. Effects on Yield of Mustard Greens

Table 3.16. Effects of acacia bark organic fertilizer on plant biomass and yield

Organic Mass (g/plant) Actual Actual yield increased
fertilizer Eresh Dried yield relative to the control
(tons/ha) (tons/ha) (tons/ha)

0 47,30° 4,8° 15,5°¢ -

5 70,21% 5,9 22,9 7,4

10 77,80% 7,330¢ 23,5 8,0

15 82,4082 8,5% 25,92 10,4

20 98,102 10,42 27,42 11,9
LSDo,05 31,8 0,22 2,4 -

Note: Treatments sharing the same letter are not significantly different; different letters
indicate statistically significant differences at o = 0.05.
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Application of acacia bark organic fertilizer significantly increased both fresh and
dry biomass of mustard greens. Fresh biomass ranged from 47.3 to 98.1 g plant™!, while
dry biomass ranged from 4.8 to 10.4 g plant™', with the highest values observed at 15—
20 t ha™'. Marketable yield reached 25.9-27.4 t ha™!, representing a substantial increase
compared to the control (15.5 t ha™).

These findings align with previous research demonstrating that nitrogen- and
phosphorus-rich organic amendments enhance root development, nutrient uptake, and
biomass accumulation. The results confirm the high agronomic efficiency of acacia
bark organic fertilizer in mustard green cultivation, especially within organic
production systems.
3.3.1.3. Quality Assessment of Mustard Greens
Table 3.17. Quality parameters of mustard greens under different fertilizer rates

Organic fertilizer CrispnessBitterness Total organic ~ Vitamin Nitrate content

(tons/ha) (score)  (score) acids (%) C (%) (mg/l)
0 1 4 0,083 0,0205 <10
5 2 5 0,083 0,0271 <10
10 2 5 0,090 0,0337 <10
15 2 5 0,145 0,0491 <10
20 2 5 0,158 0,0506 <10

Application of acacia bark organic fertilizer improved sensory and nutritional
quality of mustard greens. Fertilized treatments exhibited enhanced crispness and
sweetness, along with increased organic acid (0.083-0.158%) and vitamin C contents
(0.0205-0.0506%), with maximum values at 20 t ha™'. Nitrate concentrations remained
below 10 mg L across all treatments, meeting both Vietnamese and international food
safety standards.
3.3.1.4. Effects on Soil Properties under Mustard Green Cultivation
3.3.1.4.1. Effects on Soil Physicochemical Properties

Table 3.18. Changes in soil physicochemical properties following fertilizer

application
Parameters Prior to the After the experiment
experiment Oton Stons 10tons 15tons 20 tons
Sand (%) 57,3 56,4 56,32 56,13 56,08 56,02
Limon (%) 19,8 19,9 23,12 23,23 23,45 23,32
Sét (%) 22,9 23,7 20,56 20,64 20,47 20,66
OC (%) 1,879 1,897 1,920 1,973 2,240 2,243
Nts (%) 0,121 0,126 0,129 0,138 0,143 0,145
Pts (%) 0,065 0,066 0,070 0,071 0,073 0,074
Kts (%) 0,168 0,178 0,188 0,202 0,209 0,215

CEC (cmol/kg) 1,187 1,190 1267 1,330 1,310 1,443
EC (uS/cm) 18,049 18,067 20,797 21583 22,167 23,533
pHker 4,97 500 5,06 5,08 514 527
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Application of acacia bark organic fertilizer significantly improved soil quality.
Soil pH increased by 0.09-0.30 units, although soils remained slightly acidic,
indicating the potential need for supplementary liming. Soil organic carbon increased
from 1.897% to 2.243%, reflecting improved humus accumulation. Total nitrogen
content increased, reaching a maximum of 0.145% at 20 t ha™'. Total phosphorus
increased to moderate levels (0.066-0.074%), while total potassium remained low but
showed a gradual increase. These results confirm the soil amelioration potential of
acacia bark organic fertilizer, particularly in improving soil organic matter, nitrogen,
and phosphorus status.
3.3.1.4.2. Effects on Soil Biological Properties

Table 3.19. Soil microbial populations before and after the experiment

Total bacterial Inorganic phosphate- Free-living
Parameters count (x10®  solubilizing bacteria diazotrophic bacteria
CFU g'soil) (x10°CFU g'soil) (x10° CFU g soil)
Prior to the 14,15 9,12 13,03
experiments
0 ton 21,06 11,73 16,74
5 tons 43,85 33,04 47,53
. )(A‘;tﬁrnfgﬁts 10 tons 81,21 63,13 81,8
P 15 tons 108,15 95,74 180,88
20 tons 117,04 132,78 247,35

Note: CFU (Colony Forming Unit)

Application of acacia bark organic fertilizer markedly increased soil microbial
populations. Total bacterial density increased by 2.1-5.14 times compared to the
control, while populations of phosphate-solubilizing and free-living nitrogen-fixing
bacteria increased substantially. The incorporation of organic fertilizer enriched soil
organic matter and available nutrients, thereby improving soil physical, chemical, and
biological properties. Application rates of 15-20 t ha™! were identified as optimal for
maximizing crop performance; however, 15 t ha™ provided the best balance between
agronomic and economic efficiency. Acacia bark organic fertilizer thus represents a
sustainable nutrient source for organic mustard green production.
3.3.2. Development of an Application Model for Acacia Bark Organic Fertilizer
in Mustard Green Cultivation

The optimal treatment (15 t ha™! of acacia bark organic fertilizer) was selected to
establish a production model and compared with a farmer-managed organic system
using 1 t ha* of oil cake.
3.3.2.1. Growth Performance in the Production Model

Table 3.20. Growth characteristics of mustard greens under different
production models
Plant Number of Leaf Leaf Canopy

Model height leaves length width  diameter
(cm)  (leaves/plant)  (cm) (cm) (cm)
Oil cake  22,4° 12,4° 14,1° 10,4° 26,9° 40

Total growth
period (day)
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Acacia
fertilzer

P < 0,01 < 0,01 < 0,01 < 0,01 < 0,01 -

Note: Means followed by different letters within the same column indicate statistically
significant differences based on t-test comparisons at the P level.

Application of 15 t ha " acacia bark organic fertilizer significantly increased plant
height, leaf number, leaf size, and canopy diameter compared with oil cake
fertilization, while shortening the growth period by two days (P < 0.01). These results
are consistent with those reported by Brito et al. (2017) and Mechergui et al. (2023).
3.3.2.2. Yield Performance in the Production Model

Table 3.21. Biomass and yield of mustard greens under different production
models

29,6° 14,12 19,3% 13,12 31,12 38

Fresh mass Edible mass  Dried mass Actual Actual yield

Model yield  compared with the
(g/plant) (g/plant) (g/plant) (tons/ha)  control (tons/ha)
Qil cake 59,1° 50,5° 5,1 18,2° -
ACacia o6 4 111,72 9,92 26,8 8,6
fertilzer
P <0,01 <0,01 <0,01 <0,01 -

Note: Means followed by different letters within the same column indicate statistically
significant differences based on t-test comparisons at the P level.
The acacia bark fertilizer model increased fresh, edible, and dry biomass by 2.1-, 1.9-
, and 2.2-fold, respectively, compared with the oil cake model. Marketable yield increased
by 8.6 t ha™!, confirming the superior productivity of the Acacia fertilzer model.
3.3.2.3. Quality Assessment under the Production Model
Table 3.22. Quality attributes of mustard greens under different production

models

) ) Total ) ) )
Crispness Bitterness . Vitamin  Nitrate content
Model (score)  (score) organic C (%) (mg/l)
acids (%) ° g
Oil cake 1 4 0,096 0,034 <10
Acacia 1 5 0.161 0,058 <10
fertilzer

Use of acacia bark organic fertilizer enhanced sweetness, vitamin C content, and
organic acid concentration without affecting crispness or exceeding nitrate safety
thresholds. Mustard greens under the Acacia fertilzer model were perceived as sweeter
than those under the oil cake model.
3.3.2.4. Soil Quality Assessment under the Production Model

Physicochemical Properties
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Table 3.23. Soil physicochemical properties before and after the experiment

OM __ CEC EC N ) )
Model PR G0 (omalkg) (msiem) o P15 (0) Kis (6)
Soil properties priorto o,z 1 g5 4 g3 061 0112 0046 0,104

the experiment

Soil after the experiment
Oil cake 522 194 5,01 0,69 0,112 0,066 0,118
Acacia fertilizer 557 2,31 5,39 0,75 0,130 0,072 0,119
Application of 15 t ha™! acacia bark organic fertilizer increased soil pH, organic
matter, total nitrogen, phosphorus, and potassium compared to pre-experiment conditions
and the oil cake model, consistent with findings reported by Barky et al. (2013).
Biological Properties
Table 3.24. Soil microbial populations under different production models

Total bacterial  Inorganic phosphate- Free-living
Model count (x10® CFU solubilizing bacteria diazotrophic bacteria
g ' soil) (x10° CFU g'soil) (x10° CFU g! soil)
Prior to the 13,26 8,37 14,01
experiments
After the experiments
QOil cake 54,72 36,15 67,93
Acacia fertilizer 105,15 102,78 197,48

Note: CFU (Colony Forming Unit)

Application of acacia bark organic fertilizer significantly increased populations
of total bacteria, phosphate-solubilizing bacteria, and free-living nitrogen-fixing
bacteria. Enhanced nutrient availability and organic matter content created favorable
conditions for beneficial soil organisms, including earthworms, thereby improving soil
structure and nutrient cycling.
3.3.2.5. Economic Efficiency of the Production Model

Table 3.25. Economic performance of mustard green production models

Net
Total Total_ profit  Increase/decrease  Benefit—
revenue production . . . .
Model (million cost (million (million in net profit cost ratio
e .,
VND ha)* VND ha ')** \I::Il[)) (million VND ha')  (BCR)
Qil cake 63,700 33,319 39,481 - 1,9
Acacla 107,200 43,867 68,833 29,352 2.4
fertilizer

Note: * Gross revenue = actual yield x market price at the time of harvest (35,000—
40,000 VND/Kg); ** Total cost includes seeds, fertilizers, labor, electricity, water, and
other related expenses.

The Acacia fertilizer model achieved a total revenue of 107.2 million VND ha™,
exceeding the control by 43.5 million VND ha'. Despite a modest increase in
production costs, net profit increased by 29.35 million VND ha!, with a value—cost
ratio (BCR) of 2.4. These results demonstrate that application of 15 t ha™' acacia bark
organic fertilizer is economically attractive and feasible for farmers.



24

Chapter 5: DISCUSSION AND RECOMMENDATIONS
5.1. Conclusions

(1) Selection of biological preparations for acacia bark degradation
The study identified EMIC as the most effective biological preparation for acacia bark
decomposition. EMIC exhibited high lignin and cellulose degradation capacity and
significantly improved the chemical and biological properties of the raw material after
30 days of composting.

(2) Investigation of composting strategies for converting acacia bark into
organic fertilizer: An optimal composting formula was established: mixing acacia
bark and cattle manure at a ratio of 3:7, supplemented with 1.5 kg Emic per ton of raw
material (0.15% w/w) and 1% molasses (w/w), with an initial C/N ratio of 20. After 30
days of composting, the product met the requirements of QCVN 01-
189:2019/BNNPTNT, achieving a C/N ratio < 12, high organic matter and total
nitrogen contents, neutral to slightly alkaline pH, and no detectable pathogenic
microorganisms. The compost therefore ensured biological safety and suitability for
organic agriculture.

(3) Effectiveness of organic fertilizer produced from acacia bark: The organic
fertilizer derived from the optimal formula significantly improved soil fertility and
properties of sandy soils by increasing organic matter, nitrogen, phosphorus, and
potassium contents, raising soil pH from 5.15 to 5.57, and stimulating beneficial
microbial communities (total bacteria, phosphate-solubilizing bacteria, and free-living
nitrogen-fixing bacteria). Application of 15 t/ha to mustard greens increased yield by
1.47-fold compared with the farmer’s practice using oil cake, improved product quality
(lower nitrate content and higher sweetness), and enhanced economic efficiency (profit
increased by 29.352 million VND/ha, with a BCR of 2.4).

Overall, the composting formula consisting of an acacia bark/cattle manure ratio
of 3:7, supplemented with 0.15% EMIC and 1% molasses (w/w) at an initial C/N ratio
of 20, produced organic fertilizer that complies with QCVN 01-189:2019/BNNPTNT,
shortened the composting period to 30 days, ensured biological safety, improved soil
fertility, and delivered high technical and economic efficiency.

5.2. Recommendations

The results demonstrate that the proposed composting formula can meet QCVN
01-189:2019/BNNPTNT within 30 days and is applicable to practical organic fertilizer
production at household, farm, and small-scale processing levels. To enhance
efficiency and broaden applicability, future studies should focus on:

(1) Developing pH adjustment strategies during composting to minimize nitrogen
losses and stabilize compost quality

(2) Evaluating the effectiveness of acacia bark—based organic fertilizer across
different soil types and crops to refine application recommendations.

(3) Improving large-scale composting technology by integrating mechanization
and environmental management to increase feasibility for commercial production.
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