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Tém tit: Cam 12 ciy dn qua chu lyc trong phat trién kinh t& & huyén Cao Phong, tinh Hoa Binh.
Str dung cdc héa chit chita Cu trong canh tic cam qua nhiéu thap ky da Iam nay sinh 6 nhiém Cu
trong dat. Goc ghép dé trong cic gibng cam phd bién tai Cao Phong déu sir dung gbc budi do Hoa
Binh. Nghién ctru nay dugc thyc hién nhim danh gid anh huéng cia ham luong Cu dén sy nay
mam cla hat budi nhim du bdo nhiing rti ro tir 6 nhiém dat. Hat budi dugc gieo trong cic bau dat
chua 144, 2; 244, 2; 444, 2; 744, 2 va 1044, 2 ppm Cu, tuong tng v6i cic cdng thirc thi nghiém
CTO0, CT1, CT2, CT3, CT4. Két qua sau 15, 30, 45 ngay thi nghiém da chi rd muc ting 6
nhiém dong trong dit 1am giam dan sy nay mam cta hat budi. O thoi diém 45 ngay, ty 1& nay
mam cao nhit & CTO 12 100%, con & CT4 gy chét hoan toan hat budi. Trong khi d6 chidu dai ré
cao nhat & CTO 12 6, 8 cm, thip nhit & CT3 0, 6 cm, chiu dai than 14 phét trién tot nhat & CTO 4,
2 cm, CT3 khong phat trién duoc than 14, sinh khéi kho cao nhat & CTO 0, 4 mg, thap nhat & CT3

0, 12 mg.

Twr khoa: Kim loai ndng, 6 nhiém déng, su nay mﬁm, hat buéi, cam Cao Phong.

1. Mé dau

DPong 12 nguyén t6 vét déng vai tro quan
trong trong qud trinh trao d6i chat va tong hop
diép luc & thuc vat néi chung va ciy c6 mui néi
riéng. Khi thiéu Cu cdc enzym oxi héa trong
ciy bi giam, nguoc lai néu thira Cu s& giy doc
cho cdy nhu: ting hién tugng nit vo, chay
gom, lam ryng la cic cly trudng thanh va gidm
ty 1& nay mam ciia hat ciing nhu sy phat trién
cua cdy non [1]. Ngay tir nam 1952 khi nghién
clru trén cy cam Valencia 2-3 thang tudi dugc
phat trién tir hat, Smith va Specht di chi ra khi
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vuot ngudng can thiét thi kha ning gy doc cua
Cu gép 50 1an Mn va gip 12 dén 15 lan Zn.
Trong dat, khi pH vao khoang 4 thi & ham
luong Cu d& tiéu 10 ppm dd c6 dau hiéu lam
cham sy phit trién clia cy cam, lam ting hién
tuong vang 14 do giam sy hiit thu cic nguyén t6
dinh dudng khéc [2].

O nhiém Cu trong dit duoc xdc dinh boi
nhiéu ngudn khac nhau, nhung trong hoat dong
tham canh ndng nghiép sur dung cic loai thube
dlet nam, thudc trir sdu, trir bénh hai c6 chira
gbc ddng két hop voi sir dung phan bén vi
luong phun qua 14 da lam tang lugng Cu tich
trong dét canh tic [3, 4]. Theo Tran Thi Tuyet
Thu va nnk (2015), ham luong Cu tong sb
(Cuy) trong dat tr6ng cam Cao Phong, Hoa
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Binh déu & mic gan 6 nhiém dén 6 nhiém nhe,
trung binh 1a 80, 43-107, 08 ppm (mgCu/kg dat
khd); Cu dé tiéu (Cug) ¢ mic 6 nhiém nhe,
trung binh 1a 7, 57-11, 90 ppm, chiém 8, 17-14,
79% so véi Cu tong sb [5].

Trong nhitng nim gan ddy, cdy cam 1a mot
loai cdy kinh té chii luc cta huyén Cao Phong,
tinh Hoa Binh, d3 duoc cong nhan chi dan dia
1y “Cam Cao Phong” nam 2014. Nam 2015 ca
huyén c¢6 1.774 ha dt trong cam trong d6 c6
1.200 ha cam kinh doanh cho sin lugng trén
20.000 tan. Tong doanh thu trung binh ciia cic
vudn cam kinh doanh 8-10 tudi khoang 750-
800 trig¢u déng/ha dong gop loi ich déng ké
cho phat trién kinh t€ xa hoi ciing nhu giai
quyet nhu ciu lao dong viéc lam [6].

Dén nay da c6 nhiéu nghién ctru trén thé
gio1 chi ra anh huong cua ham lugng Cu trong
dat thi nghiém den kha nang ndy mam cua hat,
sy phat trién ciia ré va chdi ciing nhu sinh khéi
thuc vat [3, 4, 7, 8, 9]. Tuy nhién ¢ Viét Nam
chua thdy c6 nhirng nghién ctru cy thé vé& anh
huong cta 6 nhiém Cu trong dit dén sy nay
mam cia hat cung nhu sy phat trién cta cay
cam. Vi hau hét cdc goc ghép chinh dé ghép
mét cdc gidng cam déu st dung cdy budi do
Hoa Binh. Do vay trong nghién ctru nay da
déanh gid anh huong ctua ham luong Cu dén ty 1&
nay mam, sy tang chiéu dai re, chiéu dai than
14, tong sinh khoi cia mam hat buéi do Hoa
Binh lam co s& khoa hoc khuyén cdo céic bién
phdp quan 1y va sir dung héa chét chira dong
trong canh tic cam nham giam thiéu nhiing rii
ro tir 6 nhiém Cu trong dat dén stc sdng va sy
phit trién bén vitng cdy cam & Cao Phong,
Hoa Binh.

2. Vit liéu va phwong phap nghién ciru
2.1. Vit liéu thi nghiém

Hat budi ding trong thi nghiém 1a gidng
budi do Hoa Binh, dugc lay tir mot qua budi
trong tai Cao Phong, da dugc tuyen chon dung
lam hat gidng gieo trong dé lay gdc ghép. Rira
hat budi trong con 90° véi thoi gian khoang mot

phiit & khtr tring ndm bénh ngoai v6 hat sau
d6 rira sach 3 1an bang nudc cit 2 1an, u trong
khin vai man 4m mot ngay dém rdi béc can
than 16p v cling bén ngoadi nhung van giit
nguyén ven 16p mang trong bao boc lay hat
budi truge khi gieo.

Dit st dung 1am thi nghiém da tréng gidng
cam long vang dugc 15 nim, si dung nhiéu
phan khodng N, P, K. Tén goi dit theo thanh
phan co gi6i 1a dét thit trung binh véi ty 16 %
cap hat (sét 44, 10; limon 37, 47 va cat 18,
43%); dat c6 phan mg rat chua, pHgc 3, 85;
chat hitu co tong s6 & muc khd, OM 3, 22%;
CEC trung binh 14, 83 meq/100g dat; ham
luong N téng s& 0,17 % & muc trung binh,
P,Os téng $6 0, 15% & muc giau, K,O téng $b
1, 66% & mic trung binh, va dam, lan, kali dé
tiéu déu & muc giau, c6 ham lugng tuong Ung
lan luot 1a 10, 59 mg N; 19, 59 mg P,0s; 20, 42
mg K,O trén 100g dat; ham lugng Cu tong s 1a
144, 2 ppm, géap 1, 44 lan giéi han cho phép
trong dat néng nghiép 1a 100 ppm (QCVN 03-
MT:2015/BTNMT), Cu dé tiéu 12 6, 81 ppm
dugc ddnh gid 1a & mic cao so v6i nhu cau Cu
cua thyc vat n6i chung (< 5 ppm) va ¢ muc 6
nhlem nhe [4]. Do vay, néu ham lugng Cu tong
sO trong dat tiép tuc ting 1én, s& lam ting ham
luong Cu dé tiéu dén mirc 6 nhidm s& tic dong
khong nho dén céc qua trinh sinh hoc trong dat.

2.2. Phuong phdp b tri thi nghiém

Cin cr vao mot sb nghién ctru trén thé gisi
vé anh huong cua ham luong Cu trong dit dén
su nay mam cua hat [3, 4, 7, 8, 9] va QCVN 03-
MT:2015/BTNMT dé b6 sung thém ham lwong
Cu® 100, 300, 600, 900 ppm vao dét lam thi
nghiém. B4 tri thi nghiém theo sy hudng dan
cua TCVN 6497:1999.

Thi nghiém duge bd tri gdm 5 cong thirc
(nhu Bang 1), mdi cong thuc lap lai 3 1an bang
céch sir dung 3 bau dét riéng 1é ¢6 cling mot
ham luong Cu™ giy 6 nhidm. St dung dung
dich mudi Cu(CH;C00),.H,0 dé b sung Cu**
vao mdi bau dit theo tung cong thirc thi nghiém
(CTTN). Ham luong Cu™ dugc bd sung tinh
bang mg Cu®* trén mot kg dat kho khong khi.
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Dé 6n dinh dét trong thoi gian 72 gio, r01 tién
hanh gieo 3 hat bu6i vao moi bau dat, mdi tii
bau déu c6 kich thude 24x14x12 cm, chira 3 kg
dat da duoc xur 1y.

Tién hanh 1dy mau dat ¢ cic thoi diém 15,
30, 45 ngay sau khi giy 6 nhiém dé xdc dinh
ham luong Cu dé tiéu, xem x€ét anh hudng cua
ham luong Cu den ty 1¢ nay mam ciia hat budi.
O thoi diém cubi cung cua thi nghiém (45
ngay), dung dung cu lay mau chuyén dung lay
toan b mau hat mam gom ca r& & mdi bau dat
khac nhau trong timg cong thic thi nghiém,
rira sach toan b hat mam gdm re than 14 va
phoi mam dé xé4c dinh ty 1& ndy mam, tién hanh
do chiéu dai r, chiéu dai than 14, sau d6 sdy
kho trong tu siy ¢ nhiét do 105°C, can dén
khdi lwong khong dbi dé xic dinh tong sinh
khdi kho ciia toan bg sb hat ndy mam trong mdi
bau dat.

2.3. Phuong phdp phan tich va xir 1y s6 liéu:

+ Phuong phdp xédc dinh tinh chat dat: Phan
tich thanh phan co giéi bang phuong phép dng
hit Robinson va phan loai theo Katrinski,
pHxc: TCVN 5979:2007, OM%: TCVN
8941:2011, CEC: TCVN 8568:2010, Nito
tong s6: TCVN 6498:1999, Phét pho tong sd:
TCVN 8940:2011, Kali téng sd: TCVN
8660:2011, Nito d& tiéu: TCVN 5255:20009,
Phét pho dé tiéu: TCVN 5256:2009, Kali dé
tiéu: TCVN 8662:2011. Pong tong sé (Cuy):
TCVN 6649:2000, dong d& tiéu (Cugy) chiét
bang CH3COONH4 IN tai pH =4, 8 (ty 1€ 1:5),
dinh lugng Cu®* trong dung dich mau bang may

MT:2015/BTNMT, Cugy theo Obukhov duoc
trich boi Lé Dic (2010) [4].

+ Str dung phan mém Excel dé xt 1y thong
ké va mo ta sb liéu. Két qua nghién clru la gid
tri trung binh cta 3 l1an lip lai cia mdi cong
thirc thi nghiém.

3. Két qua nghién ciru

3.1. Anh hwéng ciia Cu dén su nay mam cia
hat buoi

Ham lwong Cu trong ddt thi nghiém

Béng 1. Bé tri céc cong thirc thi nghiém

CT Ham lugng Cu™ b6 Ham lugng Cu,

sung (ppm) trong dét (ppm)
CTO  Patnén+0 144,2
CTl  Pétnén + 100 244,2
CT2  Pétnén + 300 444, 2
CT3  Pétnén + 600 744,2
CT4  Péatnén + 900 1044, 2

Trén bang 1 cho thdy ham lugng Cu tong s6
trong dit & cac CTTN lan Iuot gép 1, 44; 2, 44,
4, 44; 7, 44 va 10, 44 lan so véi QCVN 03-
MT:2015/BTNMT. Sau 15, 30, 45 ngay thi
nghiém, ham lwong Cudt c6 xu hudng ting
theo chiéu ting ham lugng Cu2+ bd sung vio
dat. Tuy nhién & cing mot CTTN lai giam dan
ham luong Cudt theo thoi gian 15, 30 va 45
ngay nghién ctru. Két qua nay phan 4nh sy thay
d6i trang thai ton tai ciia ham lugng Cudt trong

ICP-MS, dinh Cu, th CVN 03- oo
dnh gid Cu, theo Q dat thi nghiém.
Bang 2. Ham lugng Cu trong dét (ppm)

Ham luong CTO CT1 CT2 CT3 CT4

Cuy 144, 2 244, 2 444, 2 744, 2 1044, 2
15ngay 6,11 37,16 114,91 163, 74 236, 23
%" 4,24 15,22 25, 87 22,01 22,62

Cug 30ngay 5,72 24, 36 84,13 117,94 203,07
%" 3,97 9,98 18, 94 15, 85 19, 45
45ngay 5,03 15,42 80, 71 101, 86 155, 15
%" 3,49 6,31 18,17 13, 69 14, 86

Ghi chii: © phan tram Cugy, so voi ham luong Cuy
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Bang 3. Ty 1& (%) s6 hat budi niy mam

CT (%) hat budi ndy mam

15 ngay 30 ngay 45 ngay
CTO 100 100 100
CT1 66,7 78 78
CT2 56 78 78
CT3 33,33 33,33 22
CT4 22 11, 11 Chét hat

Thoi diém 15 ngay ham lugng Cug cao nhat
& CT4 1a 236, 23 ppm, chiém 22, 62% va thip
nhit 6 CTO 12 6, 11 ppm, chiém 4, 24% so véi
Cuy. Sau 45 ngay ham lugng Cuy, gidm so voi
15 ngay, tuy nhién cao nhit & CT4 1a 155, 15
ppm va thap nhit & CTO 1a 5, 03 ppm. Ching to
theo thoi gian, Cu®* ¢ trang thai linh dong da
duoc hép phu manh bdi cdc phuc hé keo dat.
Diéu nay c6 thé giai thich rang mau dit thi
nghiém c6 pH = 3, 85 & muc rat chua nén Cu®*
c6 thé lién két nhiéu hon voi khodng sét, 1am
giam ham lugng Cuy trong cdc CTTN [4]. Tuy
nhién cling can luu y rang, su thay d6i d6 chua,
thé 6xi héa khir, ham lugng chat hitu co ciing
nhu hoat dong cia sinh vat dét c6 thé din dén
su thay di vé trang théi linh dong cua Cu trong
dat [9].

Madc du, theo thoi gian ham lugng Cuy &
céc cong thic ¢6 giam dan, tuy nhién tai thoi
diém 45 ngay ¢ cac CTTN bo sung Cu®* déu c6
ham lugng Cuy 6 muc 6 nhiém trung binh
(CT1) dén 6 nhiém cao (CT2) va 6 nhiém rét
cao (CT3, CT4) c6 thé giy rui 10 dén doi song
sinh vat dét ciing nhu sy phét trién cua thyc vat
[4]. Theo Graham va nnk (1986), murc tbi thiéu
vé ham lugng Cu dé tiéu gay doc trong dat thit
pha cat & Florida, My la 19-34 ppm. Khi tang
ham lugng Cu de tiéu trong dat s& anh huong
dén sy phit trién cta quan thé ndm ré Glomus
intraradices, 1am giam kha ning cung cap phot
pho d& tiéu cho ciy c¢6 mii. Cy thé 1a khi ham
luong Cug 16n hon 80 ppm va pH thap hon 5 da
anh hudng ro den su phit trién cua hé ré ciy c6
mui do nhom nam ré giam manh din d&én giam
cung cip phét pho va cic chit khoang khac [8].
Con theo Smith (1953), su tich Cu trong ré cay

c6 mui ¢6 twong quan thuén véi ham luong Cu
duoc bo sung vao dit. Ham luong Cu tich lay
trong ré ciy khoe dao dong 30-50 ppm, dén
600 ppm thi tic ché cAy phat trién va ré cay chét
khoang 800 ppm [10].

Anh hieong ciia ham lwong Cu trong dat dén
s ndy mam cua hat buoi

Theo thoi gian sau 15, 30 va 45 ngay theo
doi thi nghiém da chi 16 ty 1€ nay mam cua hat
budi & cic CTTN (Bang 3) chiu anh huong
manh boi sy & nhiém déng trong dat, thé hién
mdi tuong quan ty 1& nghich véi sy gia ting
ham luong ddng tong sd va d& tidu trong dat
(Bang 2). Két qua xu ly thong ké giita sy gia
tang ham lugng Cudt va sy ndy mam cua hat
budi tai 3 thoi diém nghién ciru déu cho mirc
tuong quan ¢ y nghia 0, 05. O ham lugng Cudt
dat muc 6 nhiém trung binh (CT1) va 6 nhiém
cao (CT2) da lam gidm ty 1€ nay mam cua hat
budi thi nghiém so véi dbi ching. Péng chi y
14 trong cong thu:c CT3, CT4 c6 ham lugng Cu
tong s6 gip hon 7 lan QCVN 03-
MT:2015/BTNMT va ham lugng Cu dé tiéu >
100 ppm & mic 6 nhidm rat cao [4] dd lam
giam ty 1¢ nay mam trén 50% trong tong s hat
budi thi nghiém.

Khi so sanh ty 1¢ niy mam cua hat buoi
trong cung mot khoang thoi glan két qua &
thoi dlem 15 ngay bd sung Cu®* vao dit c6 ty 1&
nay mam giam dan tir CTO dén CT4, cao nhat
o CTO la 100% va thdp nhit & CT4 la 22%.
Thoi diém 30 ngay, ty I nay mam van giam
dan theo cac CTTN. Sau 45 ngay ty 1¢ nay mam
van dat 100% & CTO va gy chét hoan toan hat
buoi or CT4, con tai cong thuc CT3 da xuat
hi¢n s6 mam hat budi khong phét trién dugc ma
teo héo roi chét di, 1am giam ty 1¢ nay mam tu
33, 33% ¢ thoi diém 15, 30 ngay xuong con
22%. Tir két qua nay c6 thé nhan dinh ring &
ham lugng Cuy 16n hon 700 ppm, Cug 16n hon
100 ppm da trc ché sy ndy mam va lam chét cic
hat budi thi nghiém ¢ thoi diém tir 30 dén 45
ngay. K&t qua nay cling phlt hgp véi cac nghién
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ctu cua Graham (1986) khi bd sung ham lugng
Cu tir 0-300 ppm vao dit thi & ham luong Cu dé
tiéu 16n hon 37 ppm dé lam giam manh sy nay
mam cua hat, su phat trién chdi, ré, chiéu dai
r&. Mot sb tic gia ciing da chi ra & ham luong
Cu trong dat thi nghiém 16n hon 100 dén 500
ppm lam giam 40% su nay mam cua hat déu
tam trong 14 ngly, su phat trién cua chdi va ré
ciy ca chua 12 ngay tudi chi dat 61% va 85%
so voi ddi chimg [3], gdy trc ché hoan toan sy
nay mam ciia hat ngd trong 7 ngay theo dai [8].

Nhu vdy, trong nghién cuu nay da phan
anh ro anh huong cua sy gia tang ham lugng Cu
trong dat 1am giam kha ning nay mam cia hat
budi sau 45 ngay thi nghiém.

3.2. Anh hwong ciia Cu dén 1y 1é nday mam,
chiéu dai ré, sw tang chiéu dai ré, chiéu dai
than ld, tong sinh khoi khoé cua hat buci

Két qua nghién ctiru mot s chi tiéu nhu ty
16 nay mam, chiéu dai r&, chiéu dai thin 14 va
t6ng sinh khoi kho ctia phdi mam hat budi & cic
CTTN sau 45 ngay (Bang 4) da phan anh 16 su
doc tinh ciia Cu trong dat.

Nhu da trinh bay ¢ trén, khi ham luong
Cuy, ting & cdc CTTN thi ty 1& ndy mam cua hat
budi & cic CTTN giam déan sau 45 ngdy gieo
hat va gidm 1an Iuot 22%, 22%, 78% so véi
dbi chimg moc 100%. Tai cong thuc CT4 c6
ham lugng Cu 6 nhiém & mirc rét cao thi sb hat
da nhi mam & thoi diém 15-30 ngay déu da bi
teo hat roi sau d6 chét hoan toan.

Bang 4. Ty 1¢ ndy mam, chiéu dai ré, su ting chiéu
dai ré, chiéu dai than 14, tong sinh khéi kho
cua phdéi mam hat budi

CT Tyl¢ Chiéu Chiéu Sinh

hatndy — dairé  dai khéi kho
mam (cm) than la (mg)
(%) (cm)
CTO 100 6,8 4,2 0,4
CT1 78 3,5 2,5 0,3
CT2 78 1,3 1,7 0,2
CT3 22 0, 6 - 0,12

CT4 - - - -

Du trong nghién ctu nay chua danh gia
dugc sy tich iy cling nhu phan b6 ctia Cu trong
ré va 14 mam ciing nhu sy anh huong cia Cu
dén sy c6 mit cua cic enzym trong phdi mam
nhung két qua bang 4 da chi 16 chiéu dai ré va
chiéu dai than 14 mam giam manh khi ham
lugng Cu tong s va dé tiéu trong dat ting 1én.
O cong thie CT1, CT2 cho thay ré va thén 14
van phit trién nhung ngén hon nhiéu so voi déi
ching (CTO) véi ty 1€ trén 50%. O cong thuc
CT3 thi tic dong cua déng da thuc su anh
huéng dén sy phat trién coa ré, kich thudc ré
giam 11, 33 lan so voi d6i ching va khong thé
phat trién dugc 14 mam. Chiéu dai ré, cao nhat
6 CT01a 6, 8 cm va thap nhét 1a CT3 0, 6 cm.
Nguyén nhan ciia viéc giam chiéu dai ré, than
14 ¢6 thé do ion Cu** da duoc trao ddi vao trong
céc té bao gdy doc va tic ché cic hoat dong trao
di chat.

Theo Nicolate (2015), chi $6 chéng chiu
(TI-Tolerance index) cua ré dbi v6i Cu c6 thé
duogc xac dinh bé‘ing cong thuc: TI = (d6 dai ré
trung binh trong CTTN/d6 dai ré trung binh
trong CT d6i chimg x 100). Khi ty 1& chéng
chiu 16n hon 50% thi s& dugc coi la c6 kha nang
chéng chiu tot, nguoc lai néu ty 1& nay cang
giam thi kha niang chdng chiu cang kém [7].
Theo d6, trong nghién ciru nay chi sé TI cua
cong thie CT1 1a 51, 47%, CT21a 19, 12% va
CT3 1a 8, 8%. Két qua nay cho thiy ¢ ham
luong Cu tong s trong dét 1a 244, 2 ppm thi
kha ning chéng chiu cta r& di ¢ gan muc gidi
han tiém can rui ro, khi ham luong 16n hon
444, 2 ppm thi tdc dong r0 rét dén su phat trién
ctia ré, sy ting chiéu dai ré.

Téng sinh khéi kho ciia mam hat buéi sau
45 ngay thi nghiém (bao gém toan bg chiéu dai
ré, than 14, hat mém) cling 1a mot chi tiéu quan
trong dé danh gia anh hudng ctia ham lugng Cu
trong dat dén su phat trién cia hat buoi. Két
qua bang 4 da chi ra khi ham lugng Cu tang 1én
thi téng sinh khdi kho giam xubng, giam dan tir
CTO téi CT4, tuong (mg voi mirc khdi lugng
giam lan lugt 0, 1; 0, 1 va 0, 08 mg. Khdi lugng
sinh khéi trung binh dat cao nhit & CT0 12 0, 4
mg va thap nhat & CT3 0, 12 mg. Két qua trong
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nghién clru nay cling twong tu nhu nghién ctu
cua Graham va cua mot s6 tac gid khac [3, 8].

4. Két luan

O ham lugng Cu tong sb trong dat tir 244, 2
dén 1044, 2 ppm di lam giam kha ning nay
mam cua hat budi & cdc cong thirc thi nghiém
s0 Vi dbi chimg tai cdc thoi diém 15, 30 va 45
ngay. Ching t0 rang & ham lugng 6 nhiém Cu
trong dat nén thi nghiém 12 144, 2 ppm do ham
luong Cu d& tiéu & mirc thap nén chua c6 dau
hiéu anh huong dén sy nay mam va phat trién
cua hat buoi.

Sau 45 ngay giy 6 nhiém, & cic CTTN c6
ham lugng Cu trong dat tir 244, 2 - 1044, 2
ppm da anh hudng rat rd dén ty 18 niay mam,
chiéu dai r&, chiéu dai than 14 va tong sinh khbi
kho ctia phéi mam hat buéi thi nghiém. Nhu
vdy, can c6 bién phdp quan 1y 6 nhiém Cu
trong dit nham giam thiéu céc tic dong rui ro
dén sy phit trién cta cdy trong trén dat.

Loi cam on

Nghién ctu nay dugc thuc hién voi sy tai
tro cua de tai cap Pai hoc Quoc gia Ha No§i, ma
$0 QG.16.19.
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Effects of Copper Concentration on Germination and Seedling
Growth of Citrus maxima in Orange Orchard Soil

in Cao Phong, Hoa Binh

Tran Thi Tuyet Thu, Nguyen Ngoc Linh

Faculty of Environmental Sciences, VNU University of Science, 334 Nguyen Trai, Hanoi, Vietnam

Abstract: Orange is considered the key fruit for economic development in Cao Phong District,
Hoa Binh Province. In last decades, ultilizing copper containing compounds for treating fungi in citrus
cultivation resulted in soil copper contamination. Rootstocks used for common orange varieties in the
area are Hoa Binh red pomelo roots (member of Citrus maxima). This study was carried out to
evaluate the effects of various copper levels on seeds germination of Citrus maxima, and predict the
risks from copper contaminated soil. Citrus maxima seeds were sown in the potting soil containing
144, 2; 244, 2; 444, 2; 744, 2 and 1044, 2 ppm Cu consistant with experimental formulas CTO, CT1,
CT2, CT3, CT4. After 15, 30, 45 days conducting the experiment, the results showed that the
increase of copper concentration in soil leaded to the decrease of seeds germination. At the period of
45 days, while CTO showed the highest germination ratio of 100%, all the seeds in CT4 were dead.
Root length reached the longest in CTO with 6.8 cm and the shortest in CT3 with 0, 6 cm; stem length
grew well in CTO with 4, 2 cm and couldn’t grow in CT3, the highest dry biomass weight was 0, 4 mg
in CTO and the lowest was 0, 12 mg in CT3.

Keywords: Copper, germination, seedling growth, Citrus maxima seed, Cao Phong orange.



