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1.2 ( ) ; C )
MgS04 ZnSOy4 3 20% 40% 40%
) 225kg hm™ ° , 8 203 4 5 .5 19
’ 4 ’ 1 Ve B 5
8 1m*(27mx3m), 64 28
, 0.4 m, 0.35m ( )
1
Table 1 Treatments and fertilization rates n the experiment
P,0 K0 n
: . hl\:n i ) ;mS i ) h2m i l\:g ) im . ) hfjn , Rape cake Peat
reaiment co - - - m - -
(kg ) (kg ) (kg ) (ke (kg ) (kg ) (ke hm-2) (ke hn-2)
CK(N) 225 0 0
NP,K, 225 7 150
NP,K, 225 150 150
NP,K, 25 150 75
NP K, Mg 225 75 150 15 00
NPK,MgZnB 225 75 150 15 00 3.0 0.75
NPK,RM 225 5 150 1500
NP, K, PP 225 75 150 3000
1.3 ) [7
, 14
NaHCOs NHOAC — — (SSR )
[8]
— ,Ve  2,6- ,
— [6] 2
2.1
, , Hzg)t H202 s ( 2) l
2

Table 2 Yield of lettuce in different treaments

Yield Significance Yield increase
Treatment code x s (%)
(kg b~ 2) Po.os Pool

CK(N) 10356 £75 ¢ C 100
NP K, 24723 %198 b B 238.7
NP,K, 26579t 143 b AB 256.9
NP,K; 244231182 b B 235.8
NP K Mg 25007 £ 181 B 241.5
NPK,MgZnB 28689 £33 a A 271.0
NP K,RM 25725t 124 b B 248.4
NP, K,PP 256351199 b B 247.6
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135. 8%~ 177. 0%, , ) ,
, NP IK;MgZnB NP:K; 81. 2% 1
, NP:K2  NPiK2 ,
, , [10,11] 3 ,
18.2%; NP2Ko  NP2K; ) , CK
» NP2K2 , , 10. 4% ~ 29.2%,
21 1% NPK:MgZnB > NP/KoRM > NPK,PP =
’ NP1K2Mg> NP2K1> NP1K2> NP2K2 NPle
Ve MZab NPk NP.K:Mg NPiK:MgZnB NP{K:RM NPy KPP
, MgZnB  ( NPiIK2MgZnB ’ > 4
) ; ,
, , ( ) :
MgZnB Mg 7Zn B
2.2 )
2.2.1 L
3
Table3 Nirate contents in ldgtuce stem and leaf m diferent treatments
Leaf Significance Stem Significance
Treatment
code Nitrate cont ent Increased Nitrate content Increased
x£s (%) xES (%)
(mg ke~ 1) Po.6s Pool (mg ke~ 1) Poos Poa
CK(N) 38126 100 a A 1210%46 100 a A
NP, K, 53818 845 b BC 1162%25 %.0 abc A
NP,K, 572%13 89 6 b B 1140+40 o.2 abed A
NP,K, 49216 770 cd CDh 1188% 12 %.2 ab A
NPK Mg 489%10 76 6 cd CD 1026£78 8.8 bed A
NPK ;MgZnB 452t4 70 8 d D 1015£52 8.8 od A
NPK,RM 484%12 759 od CD 974 0%24. 1 80.5 d A
NP, K, PP 489%17 76 6 cd CD 977 6£41.9 0. 8 d A
2.2.2 , Ve R
, CK 1.8% ~ CK Ve Ve
19.5% NPiKeMg NPiKeMgZnB NPiK2RM - NP1K2PP 7.9% ~ 26. 1%, NPK:MgZnB
( 3, ;4 ; NP1K2RM
NP;K,PP , ,
Ve
, , Ve L1
2.3 , Ve 0. 9% ~
2.3.1 C C 22.9% , NP KoRM ,

[13]

NP KPP ,
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Ve
4 Ve
Table 4 Vc contents in lettuce leaf and stem in diff erent treatments
Leaf Stem
Significance Significance
Ve Ve
Treatment wde Ve content Increased Ve content Increased
T+ Xt )
% %S (%) Poos Pooi £ L8 (%) Poos Poo1
(mg kg™ ) (mg kg™
CK(N) 18316 100 d C 5313 100 b D
NP, K, 197 12 107. 9 cd BC 5413 100. 9 b CD
NP,K, 202+ 14 110 7 be BC 5513 14. 1 b BCD
NP,K, 2041£7 1115 be BC 6212 115. 6 a ABCD
NPK Mg 05t 14 112 3 be ABC 6213 117. 1 a ABC
NPK ,MgZnB 230*4 126 1 a A 6313 117. 7 a ABC
NP, K,RM 207t 14 118 8 ab AB 65t5 12. 9 a A
NP; K, PP 21512 117. 6 abc AB 6415 120. 9 a AB
2. 3 2 ) 2
NP1K2Mg NP1K2MgZnB
2. 2%~ ,
26.2%  0.6% ~ 10. 0%, NPK,PP ,
NP1 K2RM )
5
Table 5 Contents of Amino acid in lettuce leaf and stem in different treatments
Leaf Stem
Significance Significance
Amino acid Increased Amino acid Increased
T reatment
@ntent (%) content (%)
x £ ¥=xs
Poos P oot P o.os P oot
((mg kg 1) ( mgkg ")
CK(N) 261%27 100 b C 26852 100 a A
NP, K, 268 21 102 2 b BC 270135 100. 6 a A
NP,K, 27241 103 8 b BC 277 %31 103. 1 a A
NP,K, 26919 102 7 b BC 272129 101. 3 a A
NP,K Mg 27312 104 3 b BC 295158 110. 0 a A
NPK,MgZnB 29514 112 6 ab ABC 293%t8 109. 3 a A
NP K-RM P2t14 123 0 a AB 283124 105. 6 a A
NP; K, PP 3B0L 18 126 2 a A 287%8 106. 8 a A
2.4

2.41
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NPK,MgZnB ;
(6, CK ,
, NP2K2 ; NPiKaMgZnB ~ NP1K2RM
, NP1 KoRM )
, NPK,PP R
242
6
Table 6 Determination of forms of N mutrient in lettuce leaf
/ /
Total N Protein N Non-protein N Norr prot ein Nor protein
T reatment N/total N N/total N
code T4 TS TS
(ke ]n(fa;ed (gl ln:f)d (ke 'n(;‘)d (%) (%)
CK(N) 17.1£1.2a 100 92%0 7 100 7.9%0 5b 100 53 8 46.2
NP, K, 16.4%0. 6a 95.9 8.4%0 4ab 9. 3 8 0X2. 5ab 101 8 512 4.8
NP,K, 15.6%1.4a 91.2 7 530. 4 8. 5 8 1%£1.0ab 102 5 48 1 51.9
NP,K; 16.4%£2.0a 95.9 8.1%0 4ab 88. 0 8 3%£1. 6ab 105 1 49 4 0. 6
NPiK Mg 16.2%1.3a 94.7 8.2%0 9ab 8. 1 8 0X0. 4ab 101. 3 50 6 9. 4
NPK MgZnB 17.6£0. 6a 102 9 92%0 5 100 8 4%0. 1ab 106 3 523 4.7
NP, K:RM 17.5%2 1a 102 3 7 720. % 83. 7 9.8%1.2a 124 1 440 56. 0
NP,K,PP 17.1%1.4a 100 0 8.0t0 2ab 87.0 9 1%£1.2ab 115 2 46 8 53.2
, , 0.9% ~ 6. 8%,
7 ) ) ,
,
50.0% ~ 64. 9%, 35. 1%~ 2.9% ~ 24. 3%, 1.9%~ 33.3%,
50. 0% R 1.8% ~ 33.9%, NP KoMg
NPiK2 NPiIKoMg ~ NPiK2PP NP1KaMgZnB NP1K2RM NPiK2PP 4
NP2K;
5.7% , ,
)
( NPiK> 2.5
NPiK:Mg NPiK2PP NP2K1 4 )

NP, K:MgZnB
,NPiK2PP

2.4.3

NP, K, NP KMg NP K,PP

?

NP1 K:MgZnB

B.2% ~ P 1%,

(NR)
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Ve
«C9 . Ve Ve
Ve s
7
Tale 7 Ded emination of forms of P nutrient in lettuce 1 eaf
/ /
Total P Protein P Non— protein P Protein P/ Non-— protein P/
T reatment _ _ _ total P total P
code ! ii Increased * i751 Increased y isl Increased
(gkg™) (%) (gks™ ) (%) (gkg™) (%) (%) (%)
CK(N) 5 8%l 3ab 100 2.3%0 4hce 100 3.5%0.9a 100 397 €. 3
NPK, 6 1%0.3ab 105 2910 1a 126. 1 3 240.2ab 91.4 475 2.5
NP,K, 5 620. 6ab 96.6 2.3%0 1he 100 3 320. 5ab 94.3 411 58.9
NP,K, 5 7%0.9ab 98.3 200 4¢ 87. 0 3.7%£0.5a 105 7 351 4.9
NP K Mg 5 920.3ab 101. 7 29%0 Ia 126. 1 3 020.2ab 85.7 492 0. 8
NPKMgZnB  4.8% 0.5b 82.8 21%0 1c 9. 3 2.7%0 3b 77.1 438 56. 2
NP K.RM 53%0.5 91.4 2.4%0 3he 104.3 2 90. 2ab 82.9 453 54.7
NP;K,PP 6.4 1. (a 110 3 32107 139. 1 3 230.3ab 91.4 50 0 0. 0
8
Table 8 Determination of forms K nutrient in lettuce leaf
/ /
Total K Protein K Nor-protein K Protein K/ Nor prot ein K/
Treatment total K total K
code x £S x £S x£S
Increased Increased Increased
(gkg™) (%) (gkg™ ") (%) (gkg™) (%) (%) (%)
CK(N) 37. 811 2¢ 100 2 47%0. 1b 100 35.4%0.55¢ 100 64 %B. 6
NPK;, 40. 045 9¢ 105 7 2530. 2 129 37 530.21be 105 9 62 9. 8
NP,K, 41. 6£10.9be 109 9 2 730. 2b 111.5 38 90. 52be 109 8 65 9.5
NP,K, ®.5%E2. 7¢ 101. 8 2 530. b 100.0 36.1%0. 12¢ 101. 9 63 B.7
NP K Mg 49.3%3.0a 130 5 28%0. 3 117.1 46.5%0. 122 131 4 58 .2
NP K MgZnB 50.719.3a 1339 35103 142.9 47.2£0. 43 1333 68 9.2
NP, K,RM 47. 6%7. 6ab 255 3802 154.3 43 830.36ab 124 3 14 %. 6
NP, K,PP 47. 31 4. 8ab 124 8 35%0 3% 1429 43 830.21ab 123 6 09 9. 1
2.6 9, >
s
s Ve
)
) s
,
5
Ve

Ve
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2 2 2 2
[15]
9 (r)
Table 9 Correlation wefficient(r) between form and quality of nutrients in lettuce
Ve Ve
Item Nitrate in leaf Nitrate in stem Ve in leaf Ve in stem Amino i leaf Amino in sem
Non-protein K - 0BT -o9n*” 0.806" 073" 0.590 0 %6" "
Protein K - 0640 -0931"" 0.831" 078" 0.919" 0 756
Total K - 072" -09%"" 0.825° 0 750° 0.636 0 982" "
Nor-protein P Q 580 Q 789" - 0.762* - 0460 - 0.508 - Q812"
Protein P - 0039 - 0357 - 0.065 Q 048 0. 349 0 182
Total P 0 356 0228 - 0.566 - 0272 - 0.046 - 0391
Non-protein N - 0503 - 073" 0. 5% 0 753" 0.918 ~ 0 392
Protein N Q176 Q218 - 0.093 - 027 - 0.280 - 0 006
Total N - 032 - 0500 0.483 0477 0. 624 0 369
Nitrate in leaf 1 0 724" - 0.883"" - 0857 - 0.563 - 0 M2"
Nitrate in stem 1 - 0.803" - 08%4" " - 0.856" " - 084" "
VVeinleaf 1 a 791" 0.691 0 80°
Ve Ve in semn 1 0.765 0 750"
Amino acid in leaf 1 Q 576
Amino acid in stem 1
tn= 6,7405=0. 707 ry,= 0834
199, 15(2):27~ 34. ZhangS M, Sun D G. Effect of balanced fer-
3 tilzation on aop quality improvement (In Chinese). Chinese Agr
cultural Science Bulletin, 1999, 15(2): 27~ 34
[3] ) , ,
) CK .
,2003,40(2):261~ 266. LiJ L,
135. 8%~ 177. 0%’ ’ NPleMgan ChenX P, Li X L, @ d. Effect of N fertization on yield, nitrate
content and N apparent losses of chinese cabbage (In Chinese). Ada
10.4% ~ 29.2%  1.8%~ 19.5%, Pedbhgica Sinica, 2003, 40(2) : %1~ 266
Ve 7.9% ~ 26. 1% , [ 4] WangZH, LiSX. Effeds of N forms and rates on vegetables growth
and nitrate accumulation. Pedosphere, 2003, 13(4) :309~ 316
0. 6%~ 10. 0%, NPiKMgZnB [5]
’ ’ , 2003, 40( 3) : 465~ 470. Shen Q R,Tang L, XuY C. A
review of the behavior of nirate in vacuoles of plant ( In Chinese) .
, 3 AdaPedologica Sinica, 2003, 40( 3) : 465~ 470
[6] . . (
(V ) ) . : , 1992, 75~ 80. Northwest A-
(¢
griculture University, South China Agriailture University. eds. Agre-
chemstry Analysis Methods (In Chinese) . 2nd Ed. . Beijing: China
Agricultural Press, 1992. 75~ &0
[ 1] [7] )

,2002,24(2): 112~ 114. Ye Q. Nirate accumulation in ,1998. 120~ 127. BaiH Y, Xiao J Z. eds. Experimen
several leafy vegetables and its relationship with their nutrient quality tal Research and Statigical Analysis (In Chinese). Xi’ an: World
(In Chinese) . Joumal of Southwest Agricultural University, 2002,24 Book Press, 1988. 125~ 126
(2): 112~ 114 [8] > . ,

[2] ) . . , ,1993. 23~ 24. Bai B Z, Tang X J. Determination Tech-



4 : 659

nology on Plant Physiology (In Chinese) . Beijing: China Science and . , 2003, 25(1) :66~ 6. LiH

Tednology Press, 1993. 23~ 24 H, Wang ZY, ZhangH, @ d. Effeds of organic manures on nutr-
[ 9] s , .. ent quality of foliage vegetables grown i soilless ailture ( In Chi

, 2004, 41( 3) : nese) . Joumal of Southwest Agricultural University, 2003, 25(1):

420~ 425. Chen W, Luwo JK, JiangH M, et al. Effects of different 66~

NO3-N/ NH%—N matios on the biomass and nirate content of different [13] N s s

cultivars of Chinese cabbages (In Chinese) . A daPedobgica Sinica, . ,2003,3(1):28~ 30. Xu P Z, Chen J S,

2004,41(3) : 420~ 425 Zhang F B, et al. Effect of control released fertilizer on yield and
[10] R s .. quality of vegetables (In Chinese) . Guangdong Agriculiure Science,

, 2000, 6(1): 30~ 34. 2003, 3(1) : 28~ 30

Chen X P, Zou CQ, Liu YP, ¢ al. The nitrate content difference [ 14] N s

and the reason among four spinach varities ( In Chiese) . Plant Nu- . ,2001, (6): 553~ 556. Xiu WH,

trition and Fertilizer Science, 2000, 6( 1) : 30~ 34 Wang ZY, Luu F. Effects of fertilization on nitrate content and nutri
[11] Biemond H, Vos J, Stuik P C. FEffect of nirogen on accumulation tional quality of lettuce grown in different soils (In Chinese) . Joumal

and partitioning of dry matter and nitrogen of vegetable. 3. Spinach. of Southwest Agriaultural University, 2001, (6): 553~ 556

Netherlands J. Agri. Sci. , 199, 4(3):227~ 239 [15] Ni WH, HardeterR. Infulence of potassium fertilization on yield and
[12] s s .. quality of foliage vegetable crops. Pedosphere, 2001, 11( 1): 77~ 82

EFFECTS OF FERTILIZER COMBINATION ON YIELD AND QUALITY OF LETTUCE

Di Caixia' LiHuihe! Wang Zhengyin® Ding Huaping' Li Xiaoging' Li Qingrong' Xiang Huahui® Liu Xing®
(1 College  Resources and Emironmenial Saence, Southwest Agriciliure Uriversity, Baba, Chongging 400716, China)
(2 Judongpo Agriciltural Department in Chongqing, Shipinggiao, Chongging 400051, China)

Abstract A field experment was conduded to study effects of fatilizer combination on yield, quality and forms of nutr+
ents in leaf of lettuce. The results show that yield of ldtuce was significantly mereased ( 135. 8% ~ 177. 0%) by balanced appl+
cation of secondary- and micre- nutrient fertilizer and organic fetilizer in addition to N application at the same rate in CK. In
terms of yield increment, the treatments were in the sequence of NP, K.MgZnB> NP,K,> NP,K,RM> NP K,PP> NP, K,Mg>
NP K,> NPK,. Nitrate contents of lettuce were reduced in all treatments. It was the most significant in Treatment NP, K,MgZnB
and the least inTreatment NP,K, in leaf, and the most in Treatment NP, K,RM and the least in Treatment NP K, in stem. Quality
of the lettuce was mproved in all the treatments and the most in Treatment NP, K,RM. In terms of forms of nutrients in the plant,
protein-N, nor proteir-P and nor- proteinr-K dominate, respedively, in the lettuce leaf. Effects of fertilizer canbination on forms
of N and P nutrients in the leaf of lettuce differed from treament to treatment but the effects of raising contents of the three forms
of potassium were similar. Among the forms of nutrients, only nor-proteir-N showed a significantly negative correla ion wih n+
trate in the stem of lettuce, but a positive one with Ve content in the stem and amino acid content in the leaf, nomprotein-P
showed a significantly negative correlation with Ve in the leaf and amino acid in the stem, and nor protein K and total K showed
a significantly negative correlaion with nirate in the leaf but a positive one with Ve contents in the stem and leaf and amino acid
in stem. Protein K showed a significantly negative correlation with nitrate in the stem, but a positive one with Ve and amino acid
in the stem and leaf.

Key words Fatilizer cambination; Lettuce; Yield;, Quality; Nutrient form



